'f\yjf - _f{;lR -

and tossed down shutes running between the pans to the
ground floor. Here the salts land on sloping wooden
grids on a metal framework over rectangular metal tanks
wnere- further draining occurs. The final salts with a
¢.p. of approx. 65°C are shovelled on to & long screw
conveyor, which either takes them via a cross conveyor-
cum-elevator to .railway wagons or, by rotating the othsr
way, to a 'Malische' (see sketch opposite) via a double
toothed roller .crusher. . The resulting mash is whizzed
to produce 75-76? c.p. materisl , wnich then goes to the
- Naphthalene press house. Here the materiasl is onece
more mashed up, and also warmed up, in verticsal open _
¢ylindrical tanks over the presses, of whioch there were
(whole plant now totally destroyed) two large ones with
cages l.8 m. high and one smaller one with cages 1.2 m.
high, all made by the Harburger Eisen-u-Bronzewerks.

The operating pressure was about 2% tons P.s.1, (350 .
atm.) A hydrsulic accumilator was used, fed by two :
pumps (a) a low pressure direct coupled six stage turbo-
pump up -to 50-60 atm. pressure and (b) a high pressure
ram pump up to the full pressure. s .

Using only the two large presses the highest
Production obtained was 66-70 tons/24 hours, but the
normal production was approx. 60 tons/24 hours. The
welight of pressed material obtained was 175 Kg./pre'ss. N
This is equivalent to : - 7

538" - 10,000 Ke/press/snire = 30,000

= 7 presses/hour, or 1 every 8% minutes.

By means of a pressure recorder charts showing the exaoct
Pressing times and when the men took meals and so on
were normally kept. The pressed naphthalene was 79°
C.P. minimum and was sold as such. .

It was said that Dr. Moehrle had intended to
press for a complete revision of the naphthelene spect
fications, contending that a drained, whizzed, washed
and distilled product, 76° c.p. minimum, would serve
-~ the purpose of industry in most cases equally well

- wWith the pure naphthalene and would be mugh cheaper

< i

et
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becsuse of the elimination of the costly bressing equip-
ment. Most of the pressed naphthalene went to I. G. -

- Tmdwlgshafen,

Naphthalene and Anthracene Plants in full oper-
-ation required 60 men each. The naphthalene press B
plant with two presses working needed one press mamn amd
one cake handler per press, one top hand and one cellar
man, i.e., six men/shift. - '

Steam. The Works' boiler plant consists of four Lan-
cashire type and two 3-flue type boilers, of a capaciiy
of approx. 3 tons/hour each. The pressure at the
-boilers is 15 atm. max. - 12 atm. min. = The evaporation
- figure with ges is approx. 4.9 Kg./N.cb.m,, and with oil
(asual mixture of approx. 80% pitech and‘aoﬁ heavy oil)

is approx. 11 Xg./K&. -

.7 -+ The maximum steam production in winter 1s of
the order of 14,000-15,000 tons/month with 45,000 tons
tar/month -~ 1/3 tom steam/ ton tar, of which a good ‘
' ‘quarter is for warming end discharging the tar from rail
tanks. - A Experiments whichk they have carried out indicate
that the lagging of the rail tanks for crude tar is well
worth while and results in a considerable saving of
‘steam,; since the tar if loaded at the ovens at, say,
60°C arrives. at the works at, say, 30°C. They had pro-
posed to complete the lagging of all their rail tanks in
"due- course. - o S . '

 par and 041 Stills. A special runway is built out over
all the vertical tar and oil stills except one, so that -
-when a renewal of the still is necessary it may be

‘1ifted by a<travelling blook, half the brickwork removed,

‘the still placed on—a-bogey.running on rails along the
battery and removed, and a new still put in in the same
waYy. The repair, working days only, lasts a week to
10 days. . ‘this system is followed even when a still
bottom reguires renewal. ‘'he columns are supported
- independently and alongside the stills.

of the horizontal stills, these are Jjacked up and moved
out on wooden rollers. One of_ the vertical batteries
has no room for this overhead conveyor system and the
difference in time and money to complete the repair is
. considerables- R ' - L .

-

Miscellaneous notes

_(1) .normg;;prOS?ss.worker's'pay is Rpf.ao/han.
(2) 'Cost of ocurrent is Rpf.4.5/Kwh,
(?) ‘Cost of 1st distillation of tar RM.4.60/ton.
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AETENDIX D

AVERAGE ANALYSIS OF CRUDE TAR wonxzd'uy AT
RAUXEBL . .

Speo'ifio Gravity
Water Content

Dist 111at ion:

up_to 1eogc
o 1803 - 220°C
- - . 230° - avo°c
: 270° - 360°C
: Pitch

yield.s the following $-

'~ pitoh- yields :-

88-90 Kg. Hard Pitoh

'1.180
. 443%
Chlorine Content "0.063% -

g

5.0 (4.2% water)

) 6.0 (00

7Ted

2w
5§9.6 (Sp. 67 °c)
m ,

*

s - Coks o ' S R Y5

f Ash . , 0611

] Free Carbon 67

' Phenol 0.284
Cresol

.671

Water ; 4’.‘0
. ‘Light 011 0.8
o Midale 01l . 840
' Heavy C1il - 1260
Anthracene 0il I 22.0
Briquette P:ltoh ' 54-56%

ANIIXSES OF THE FRACTIONS

8% Light 01il)

D:latillat:lon of the a.bove tar u_nder high vaeumn

Diatillation or 100 Kg‘ briq_uette pitah €0 hard

10-12 Kg. Hard Piteh Distillate

Hard Pitch Distihiate - Sp.Gr. 1.190. - " 77% distils be-
_tween 325-435°C.
Hard Pitch - .50-52% coke. 0. zs% ash: 150 160°C. s.P.

(s

Appendix D - page 2. -

Light Gil - Sp. Gr. 0.930. 90% distils below azs °%.
‘ﬂiﬁ! IIzht

oil goas to G.f.T. Melderich for working u.p. |

Ammonjiacal Liquor - Containa 0.55, ammonia and is
concentrated to 15%. _ : |

| Mldale oi1 - Sp.Gr. 1.020 s0% aistils ve-

. ~ tween 190-270°C.

He‘vl 611 - Sp.Gr. 1.033 90% distils be-
' o ‘ o tween 212-307

Crude Anthracene Dil - Sp.Gr. 1.094 864 distils be-

, ' ‘ twaen 240-3607C.

‘Filtered Anthracene 01l - Sp.Gr; 1.096  82% distils be-

, i T A twaen 245-360 C.

Pitoh - Sp.Gr. 1.250. Softening point 60-75 c.
- Carbon eaontent 25-30°¢.
Coke- regidue  max.

---------- 4sh max. - 0.5%

‘Phe uiaala 0il - Heavy 0il together, distilled through
~ the o1l stills yields :- | .

__q&eou forerunning_ - 3. 5%

Carbolie - 47.0% Sp.Gr. 1.002. 90% distils between
011 S 180-2249C. 8prox. 504 naphthalene
—— . N aontent of 65 ., Tar Acid con-
tent of dra mea oil 34%. fThe
drained oil goes to Meiderich. -

Na;mggg;ene - 12.5% Sp.Gr. 1.023. 90% distils between

- 208-2479C. Bprox. 60% naphth‘.alene
content of 65 P. .

Solvay = =~ 16.0%. Sp.Gr. 1.053. 90% distilsobetween
Wash_o:ll e T 228-290°C. "No solida at 0 C.
Anthracene - 11.0% Sp.Gr. 1.094 86% distils between
- 011 IT ‘ 270 - 9¢c. 11% anthrecene solias .

'~of 25% content.

1]
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Appendlx D - page 3 o : ]
Residus IY - 10 0% 80% pitch content, usei as ruel.

150 Xg. hard pitoch, softening pcint 150-160 C. yields
_on coking s~ _

70 Kg;' Pitch Coke
20 Xg. ‘Piteh Coke 0il’

The remainder 18 loss and gas, having a hydrogen content
of ¥8-80%. . |

| :

Analyses:

Pitch Coke Water - 1l.0-1.2%
: 4 ~ Ash 0.4 a
Volatile O. 6%

Pitch Coke Softening  40-45°C,.
0il : point RN
Water 2.0%
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. _The object of B.I.0.S. trip number 4252 was to

gtudy the manufacture of high temperature refractories

and ceramic materials and obtain information on the
fabrication of ceramic turbine blades. - .

1., HeRNalN GOERING LURLE ARRTIFORSCHUN GS.&NS‘I‘AL’.E'
H t 9 I\ ho CK. C ‘ C

'(a) DATE OF VISIT.

The works was visited on the 2nd and srd
October, 1945, The personnel inkerviewed were:
Professor Dirksen, Herr Trapp and Herr Bammert.

(b) INYERVIEW WITH PROFESSOR- DIRKSEN J4ND HEHR TRAPP.

_ thermal shock characteri
 presumably . to ascertain their suitability for

Dr. Dirksen.hédvbéen in charge of'experiments
on the mechanical properties and thermal shock resis-—
‘tance of various refractory ceramnic products. He

briefly outlined the substance of five reports which
appear as Appendix I. - . _

Phe most important discovery was that although |

the compressive strength of the ceramic materials-
tested was considerably greater than the tensile
strength at raom temperature, the two became approx--

7™ imstely the same at about 700° to 800°C.

The apparatus used for this exgerimental work
fw§s‘exhibi_ed by Herr Trapp. : Tens le tests had been

-5 -

-

largely abandoned due to the difficulty of obtaining
true axial loading of the specimens. Instead"
me asuremrents of'trans?essghstrengtn were carried out

in a horizontal electric furnace heated by sillit
‘rodse. Provision was made for measuring the extension

of the portion of the test rod in tension and the
contraction of that part in compression by means of
two mirror systems and thus testing the similarity of
i s for tension and compression.
d out in this spparatus in

addition to measurements of strength. . 1In vertical

‘gompression tests the deformation on opposite sides

of the specimen was messured in order to ensure TN
correct alignment of stress. The apparatus was
orthodox in other respects. : o :

Tests had also been done on a comparative

stiocs of ceramic venturis,

combustion nozzles in gas turbines and for rocket
propelled‘prbjectilés. Combustion Gases at an

_estimated temperature -of +7000C and spprox. 30 atms ,

pressure issued through the venturi for 5 mins.
The cycle was repeated until fracture. The resu}ts

‘were poor, most of the ceramic venturis failing by

cracking after one or &a few cycles. Cutting the
venturi into three equal segments and mounting them
in a metal case, with or without the backing of

‘another ceramic venturi was found to prolong the

life.

7 -

(¢) INRERVIEW WITH HERR BAMERT:-

Herr Bammert of the engine division was interviewed
on the application of ceramics ,to gas turbines. Blades
in various ccramic mgterials-such as gsillimanite,

‘alumina, porcelains, etc. which had been made DY the

following firms were inspected.

Stemag ~ Berlin.
riesche Hermgsdorf.
Degussa . ir urte.,
xroppers usseldort.

=l




,‘ - -
. State Porcelain Factory < Berlin. L
Siemens Halske - « Berlin. ' '

No actual turbine had been built with ceramic blades;
the work had been only on methods of mounting and on
heat resisting properties. A turhine with metal
rotor bladea and ceramic stator blades had been .
designed. The mounting of the blades had presented
congiderable diffioculty. The most suitable method
was found to be sintering the blade in a'slot in a-

. heat resisting steel base with powdered iron. . The
sintering temperature was 1300°C., the various

. operations being normal powder metallurgy technique.

. The heat resisting properties of the blades were
tested in a combustion rig in which they were subjected
to a stream of hot combustion gases, the mass flow.
being of the same order as in a gaa turbine, and to -
various degrees of temperature change, until the blade
failed by cracking. the outstanding blade in this -
test was one consisting of a mixture of silicon carbide .
and clay with a glazed surfeace. o

One blade, made of sintered alumina, was hollow to-
permit of hot air being passed through it to mitigate
" the thermal shock of combustion gases impinging on the
‘exterior. This was considered a promising development.

. It was staeted that the intention was, had the war
proceeded, and conditions allowed, to build a turbine
with a water cooled metal rotor and a glazed silicon
carbide stator and to arrange for an unequal reaction
between stator and rotor so that the metal was more
gstressed than the ceramic material. : 2

{d) CONCLUSIONS. )
Tt is difficult to assess the value of the wark

' done at Volkenrode. The different divisions of the’
experimental work seemed +0 have proceeded independently.

For example, Professor Dirksen was not 1nfomed of the

-7-

co_m;ioé"ifion of the bodies he tés’ted,‘ and the exg:lné

" section proceeded on the agssumption that ceramic

materials are weaker in tension than compression
when hot, despite Professor Dirksen's expariments.
fhe German workers conveyed the impression that :
they considered that there was a fair prospect of
ultimstely providing a method of using ceramic

- 'materials in gas turbines.

5. SCHETIDHAUR UND GISSSING, LUISBERG
TDIDI oR= WAk, AeGe ) __ '

(a) DATE OF VISTE.

A visit was paid to this factory on the 8th
October, and Herr Katheriner, the works manager,
1ntervi’ew_ed. e ' T ,

s

(b) CONDILION OF TaARGHET.
The works were badly damsged in parts; other o
parts were intact. Some of the kilns, pressing shops,
and carbon brick kiln were badly dameged. All the
grinding and mixing plant was intact. - Roughly 25

per c¢ent-of the plant was damaged but a considsrable
output was thought to be possible with the factory -

as it stood. S - .

(¢) PRODUCTS.

‘The works used to make firebriocks (chamotte
bricks), silicon carbide products, glass tank

’~

" refractories, sillimanite products, corundum

refractories, graphite stoppers and nozzles, carbon
blocks and acid resisting bricks. Total month .
output 4,000 tons.  Sillimanite bricks had not been
made during the war owing to the cessation of

imports of. kyanite. = Highly grogged fireclay bricks .
woere made as substitute. The methods of manufacture
for most of the products were very similar. We direc-
‘ted our attention chiefly to the sillimanite, silicon

‘carbide, corundum and.carbon produots. -




“u_gradual;y displacing the forner in this works.

" an arc tor 2 or 3 days with slow stirring.

(d) MANUFCUURING PROCESSES. . y - '
The works is equipped with a number of overhead
conveyors to deliver raw materials from each main

ump to the jaw crushers, from which it passes to the
¢érushing rolls; 1t 1is then magnetted, elevated,
secreened in _rotating octagonal sleves or double banks
of vibrating sieves operated meéchanically. ust
collection by the.seth system (Lubeck) is provided.
The fine middle and coarse fractions are coaveyed -on -
the same vibrating conveyor bsalt side by siae and can.
be diverted as required ,to bunkcrs collecting the -
required grade of material. Several openings to
different bunkers are provided. Each bunker is L
equipped with a weighing machine so. that =sach item
of the dry batch can be discharzed on to a moving -
belt which in turn discharges it into a receiver on

an overhead rail. Two types oi mixer were seen, the .
. Werner and Pfleiderer and the sirich, the latter '

arter
15 minutes dry mixing the slip required o effect ‘the
bonding is introduced. fhis consists of witterschlik
clay, dried and ground in a ball mill with iron or
flint pebbles (according to type or- mix) and mixed
with water and 0.5 per cent Kasseller-sraun, 4.5 per .
cent dextrin, +.2 per .cent soda ash in a blunger. .
after 15 minutes vigorous mixing the slip is stored in
Atter
surther mixing of slip with this dry batch in. the saker
berkins or FRirich mixer, “it _is delivered into -a waggon

on the floor below to be taken to the dry .pressing or '
tamping appliances. o - - I

'whe composition of typical mixes was given as:-
3i{llimanite aix. 2% - 6 mm. calcined kyanite 33 per .
‘cent; 4+ - 23 MM, calcined kyanite, 47 per cent; O - 4 _mm.
celcined kyanite, 50 per cent; fine clay added 8 per cent.
water content, 5 - 6 per cent. T _ -

Corundunm Mix., Similar to the s illimanite, repleacing
ne calcine anite by fused alumina similarly graded,.

vobt§ined from reldmihle.

-9 -

1 - 2 mm., 50 per cent; o -

$ilicon Carbide Mix.
0 - O,1 mm., 40 per cent;

0.4 mm,, 10 par cent;

. 8 per cent of added clay.

For. moulding stock silica brick sizes a

rotating table type press in which the damp mix is

swept in turn into each mould and pressed from
below by eccentric pressure action is used. The

output was given as 6,000 bricks in 8 hours. - A

‘hydraulic press employing 400 atmospheres on the
ram and 277 kilo per sq. cii. on.the top and bottom.
of normal sized bricks was seell. _The ram presses
3 normal sized bricks per stroke, 4,000 bricks per
stroke per hour can be shaped. :TO obtain the

- pressure water is pumped to an accumulator at 50

gtmospheres pressurej this can be intensified to 400

on the ramiof the‘machine.

The temping apparatus end method for which this
firm is noted was explained by reference to both
small and large shapes.  The mixture is tamped into

. the mould using a pneumatic ramn with a curved end
- measuring about 3 in. X i in. having several teeth.

wor the larger pieces one man continuously feeds the.
mixture and anothervcontinuously tamps. Pleces

messuring ebout 4 ft. X 6 ft. x 6 in. take about i
' The moulds are carefully

.— designed of metal SO as to be readily disconnected.
_‘fhe process is illustrated in irans. Ceram. SOC., .

Wedgwood Bicentenary Volume, 280, 4930 and In
npefractories” by w,H, horton, iCGraw Hill, 2nd.
wdition, 1942, pp.245 n_246. Dryinz of the shepes
takes place. in a building of several storeys, hot
'gir being passed up through the whole building from
" a heater at théﬁgase. : '

Phe 1irin, oi the products (other than carbon Or
graphite) takes vlace, in a small noffiana type ot
continuous kiln with permanent aivision walls. . The
Cimensions of a chamber are about 8 ft. x 8 ft. x 7 it.
(to the crown). +hree cnambers out oI tihe if§ are under
+tire at one time. riring is to osegsSr Sone 13, +4, or
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15 according to the ware being fired. The crown
above the firing zone is of silica bricks.

For making carbon blocks (for blast-furnace
hearths) foundry coke of low ash content is used.
It is crushed in an edge runner, screened, and
mixed in a very strong Bsker and Perkins machine
at 60° - 709C, with tar. ‘Phe mix consists. of 84
per cent’"¢oke 0 -4 mm. in size, and 1§ per cent
tar céontaining 75 per cent- anthracene oil and 25
per cent pitch.- After mixing it is discharged on
to & warm floor and allowed to cool slightly and -
tamped or pressed while still warm. The press  is
& large hydraulic one, the dies are not heated.

The operation is similar to the one already described.

The blocks are fired, buried in coke dust in four
parallel trenches about 4 ft. deep and 4 ft. wide and -
150 £t. in length which are heated from the sides by
6 rows of step grate combustion checker work flues,
which form the walls of the trenches.  ©Fine coal is
fed on to the grates and burnt by hot air drawn along
the flues. The ooal is thus burnt much in the same

- manner as a Hoffmann kiln, The fire is made to .

- -progress round the circuit, the flue gases eventually
passing to a main central flue and to the stack.

The temrerature attained is a red heat. Three weeks
are required to reach top temperature ami 3 weeks are.
allowed for cooling. The coke in the trenches is .
not covered. Heavy blocks are removed by means of

The blocks are then ground to size, assembled, made to
Tit, and numbered for reassembly on the site. o

. The nix for graphite stoppers and nozzles
conaists of 50 per cent chamotte 0 - 4 mm.; 25 per
cent clay O - 0.5 mm,.; and 25 per cent of Bavarian -
graphite O - 4 mm, This is made into a plastic mass
and shaped in hand moulds. § _ -

blocks and tackle. Smaller sizes are removed by hand.,

" and of silican carbide for zinc retorts.

. 11th October, 4945,

\'...111..

(e) CONCLUSIONS. ;
Phe works prodﬁced éome very attractive

examples of tank blocks of sillimanite and c;!g:motte -

accuracy of shape obtained by the S. u B. process
é%ed by this firm was well-known before the

origin
war% The works was not particularly well laid out .
but good use had been made of conveyor systems.

Owing to the obvious heat losses the firing process
cannot be regarded as efficient. g ,

- 3. HEJNRICH KOPPIRS, DUSSELDORE. HEERDT.

(a) DATLE OF VISIT.

This works was visited on the 9th, 1O0th and
The personnel interviewed

were:s: =’ | |
Herr Schuffler (Technical Director).
. Dre Frank %Wbﬁks?Manager).
Herr Kuhn - Chemist).

(b) CONDITION OF WORKS. |

| The works was largely undamaged,  There was
only sporadic damage by artillery and some
internal damage and looting by_displaoed persons.

(¢) PRODUCTS. |
| These may be classified as follows:-  °

(1) ¥irebricks.

2) Silica Bricks. _ - |
gsgiﬂagnesite and anome-magniiiz; ngducts
al refractories:  si anite,

(4) §2901 . gilioon carbide,
~ and corundum products. |
and sintered alumina laboratory -

(5) Sillimanite-
waree. ’
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Groups (1), (2) and (3) had been investigated by a
previous team., Attention was paid to group (4) and
particularly group (5). AR - :

(d). INSE-CUTON OF PLNG.

. koppers specialize in nigh quality sillimanite
products.”™ 'All the kyanite is prefired in a large
tunnel kiln of cross section approximately 6 ft x
6 ft. This kiln is fired with producer gas made on
the site and has a regenerative system for preheating -
¢§%e air. Silica bricks are used for the lining and

e temperature of firing is 4500°C. During the war
chamotte or chamotte fortified with alumina had to be
useq. . 3 - 4 .

‘*he manufacturing process consists in crushing
the calcined sillimanite, Mmagnetting, elevating to
a 3 tier shaker sieve and collecting the required
grain size fractions. A tube mill is provided for
fine grinding. - Mixing is carried out in an Eirich
‘mixer following practice similar to the S. u G. method.
Varjious proportions of clay msay be added. For best .
quality ware-selected sillimanite and only 5 per cent
‘of clay dispersed with Kasseler Braun is used.
“Wooden moulds, steel-faced, are used for the tamping

- process. . A pneumatic hammer is uséd for tamping one

- man working alone for small pieces, roughening the -

_ surface before making each fresh addition. Burner

— . ,blocks for Wistra burners are made by this method
using a mould which separates at the junction of the
‘cones. ¥or high temperature furnaces these blocks
are made.with a mixture of sillimanite and corundum
to give an alumina content of 85 per cen%s. Trhe water
content of the tamping masses is 3 - 4 per cent. A
vibrating mould hydraulic press is also available based
on a design used for meking moulds foér foundry work.

" The mould is,vibraﬁg&r hile a pressure of 70 atmospheres

Sl

'is -applied. . S

*

-

o

-13
Ware is dried on steel pallets in a.Pfoétbr dryaer.

The kiln usually employed for firing the sillimanite
and special goods-was about 23C f£ft. long. The kiln

. . was about 4 ft. wide and stacked 4 ft. high, fired by

Wistrae (wirbelstrshl brenner) burners using coke evern
gas and air preheated by recuperation in heat resisting
steel and silicon carbide pipes. The temperature -of-
firing is up to 1600°C.  Silica bricks are used to,
line the high temperature zone. : :

| There are several intermittent zas fired kilns
for firing sillimanite ware to 4600°C, The goods are
introduced into the kiln on a truck measuring about 8

'ft. x 42 £t. 'and stacked about 8 f£t. high. Heat ing

is from either side using Wistra burners. Hot air

- from a cooling kiln adjacent had sometimes been

employed for combustion but preheating within the
furnace had been discontinued during the war owing

to difficulties in obtaining hest resistant steel.
The furnaces are lined with 60 per cent porosity
sillimanite bricks of their own manufacture. The
condition of these bricks was good despite the. -
temperature at which they had been used. The hricks
are made of hand-picked caleined kyanite, the grading
being “70 per cent 0 - 0.5 mm, and 30 per cent O - 0.1
mm, Nine parts oi the graded kyanite and one part
of Pfelzer clay are mixed.  To promote porosity a
semi-bituminous coal of only 4 - 6 per cent ash and

“ low swelling properties is added being graded so as
to correspond to the grain size of the kyanite and
added in an amount which may reach up to 44 per cent of the

total weight of the mix. The mass is hand moulded or .
pressed in a hydraulic press with a limited travel.
Firing is normally to 1450°C., but the super quality
bricks to withstand 1600°C. on the hot face are fired

to 1600°cC.
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. ) :
" A nuaber of gas fired furnaces for firing alumins

and sillimanite to 1800°C. were insrected. They are

.0f circular cross section, diameter 2 ft., internsl

- height i0 ft. Heating is by two diametrically epposed

vertical rows of Wistra burners. - Alumina and

sillimanite tubing up to 2 metres long is fired in these

furnaces suspended from a "pipe-rack" slot arrangement
in the roof. ' o - ' :

i ' This furnace is lined with special quality
sillimanite bricks made from hend-picked kyanite
bonded with 5 per cent cleay. The maximum grain size
is 5 mm. and the grading is selected to give close
packing. Between: 20 and 25 per cent of sillimanite
ground to less than § A is included in the mix,
Shapang is by pneumatic hammer and the firing is to
16007C. in a 72 hour cycle. A detailed drawing of
the furnace is available on application to the
authors. | _ ' '

(e) PROCESSES FOR SILLIMANITE AND aLUMINA WARE.
Sillimanite Ware. | .

- The raw kyanite is fired to 1500°C., for 24 hours
then ground by normal methods to a maximum grain size
of 3 mm, further grinding is done in a ball mill

~with flint pebbles, a typical charge being 1,500 kgm.
fired kyanite to 900 litres of water with the mill
half filled with flints. The mill is run at cascade
speed for 2 days giving a total of 45,000 revolutions.
This reduces all the particles to less than 6% .
The ground slip is then. strained through a 10,000 -
mesh/ocm? sieve into a mixer in which 1,000 kgm. Pfelzer

_ clay and 500 kgm. kaolin are added. After thorough

" mixing, passing_over a wet magnet and straining through -

a 2,500 mesh/cm, vibrating sieve the slip is filter
pressed and the mass aged for 6 months in a cellar.
Before moulding the mass is kneaded by machine for
three hours to remove air and then is ready for -

tubes being caught--on a V-shaped board held at an
angle, and pinched off-when -the desired length has
been attained and the extruded tube rolled out on
t a flat board. For siges L - 7 mm. in diameter
a hand operated press with a simple die plate
affixed to an untapered cylinder is used. koxr
larger diameters a motor driven press of similar

‘design with a varisble gear coupling is used. :

fhe tubes are dried in air for 1 - 3 weeks according
to size. If closed ends are required they are g
affixed while the tubes are in the leather hard
.state. The rounded end is either slip cast or
jolleyed to shape if over 60 mm. diam. The
flange for supporting ‘the tubes for firing in the
Xiln was also affixed at this stage. This was

done by cutting .off a length from a tube of slightly .

larger size and making a union with slip. The
small sizes were merely deformed at the top and a
ring of the body bent round so that the piece could
be slung in the mpipe-rack" suspension brick in the
roof of the kiln. - . e

In addition to shaping by extrusion, suitably
shaped articles are pressed, 8lip cast or jblleyed.
For slip castin% 0.5 per cent of water glass

.'(lNaZO:LSiOZ 34° Baume) is added to.the slip. A8

the required weter content is 23.0 per cent (on the
dry weight) it is necessary to add d4dry material to

" the usual slip from the blunger. Smgll crucibles

below 60 mm. in diameter are slip cast and larger
sizes jolleyed in plaster moulds. o -

. Ordinary sillimanite wareb called 101 1is fired
up to .1600°C then held at 1600°C

this grade equal to pythagoras porcelain. Special
quality sillimenite ware, 91, made from hand picked
kyanite but other-wise processed as above is fired
for 2 hours at 4780°C. "This ware is gas-tight up
to i500°%. as compared with 1400°C. for 104.  The

e The firm consider

extrusion. gxtgggion is vertically downwards, the

hFinkage -of-the 94 sillimanite on firing is .5 per
cent. ‘ : ,

a
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Alumina Ware.

The raw material is a hydrated alumina of
approximate composition Als03.3H20.  This is wet
ground for 3 - 4 hours, filter pressed, brigquetted
and calcined at 1500°C. for 12 nours. The Hag0
content after calcining is about 1 per cent.

After celcining the material is crushed and ground
in & rubber lined ball mill. Mill charge is 300
kgm. alumina and 150 litres water. - , .

The grindingtis-dope by hard-fired sintered
alumina plates roughly 10 cm. x 10 cm. x 2 cm. w

which the mill is hself filled. o

ith
The grinding '

- period is 2 deays at 40 revblutibns per minute after

. which all the particles are less than 5 . The

8lip is then filter pressed and the material atr

. dried for 8 days.

For extrusion a bond made as follows is used:-
600 gm. of a hydrated slumina, approximately Al203 L.5HS0

obtained from Lautawerke Saxony is treated with.
800 cc. of hydrochloric ecid (4 parts of concentrated-
acid diluted with 4-part of water). Then cold
water is slowly run in with continuous stirring until
the total volume is 3 litres. Heat is developed and
on cooling the mass sets to a stiff gel. _25kgm, of
this gel is mixed with 100 kgm. of dry ground: :
aluming in a rubber lined Werner and Pfleiderer mixer
and the mass adjusted to the desired extrusion
consistency by the addition of water. o

A suitable amount is then cut off and placed
in a simpie evacustion chamber which it fits fairly
closely, It is compressed while under vacuum and '
then transferred to the extrusion cylinder. Landling
methods follow those for sillimanite ware. Ordinary
hardened steel dies are used. Except for the
smaller sizes the ends of closed tubes are slip-cast
and jointed to the open tubes by slip when both are

" furnace .is allowed to cool overnight.

-uged for sillimanite is employed.
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#or slip-cast alumina were & slip is made from
100 kgm. ground calcined &lumina, 45 litres of waler
and 5 litres of hydrochloric acid (4 parts of |
concentrated acid to i part of water). - wnormal slip-
casting procedure is followed. 800 mm. is the great
est depth used in casting. Tubes above 48 mm,-

diam. are slip cast.

. Phedumina ware is fired for 2 hours at 1820°cC.,
the temperature being rsgached in 6 hours. The
' a technique

' : umina tubes similsar to that
for suspending the al iler to that,
fired in saggars made of alumina. The shrinkage is
23 per cent from the mould size. No. additions are
made to restrain the grain-growth during recrystall-
ization. The largest grain size in their ware is

" stated to be gbout O.i mm. . .

(£) CouraiIC TURSING SLaiws, =

o kbppefs made a rew ceramic blades of sillimanite

- for the Hermann Goering Luftfahrtforschungsanstalt.

the blades were made by extrusion through a die having
an obstruction plate on the inside which could be
adjusted by trial and error to give equal rates of flow
over the different blade thicknesses. o

: “hey had ino knowiedgerf the suitability of
sillimanite as a material for gas turbine blades.

( g ) UCJN\}LU j IOL‘D‘,

Koppers enjoy & high reputation for their special
retractories. he good-performancs of their sp cial

" ‘quality sillimanite bricks msgy be attributed to the

careful selection of the sillimanite and its grading
and the use of minimum amouvnts of clay. The ki;n
for calcination of raw kyanite is inferior in design
+0 one used for this purpose in this country.

In the manuracture of their laboratory alumina .

quite dry. Jolleying methods are used for suitsble

‘shapes. : -




"viewed: -
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- ware the method of obtaining a plastic gel appears to

~,

be a apecial'qevelppmeﬁt'of 'this £ irm, Uegussa
(Prenkfurt) for example, introduce organic combustible
material such as gum tragacanth or rubber. The care

taken to avoid contamination of the alumina with'iron-'

during preparation of the mixes is noteworthy as it

avoids the need for subsequent acid washing treatment.
A high standard pf'craftsmanship is attained.

4. FELIMUHLE, LULSDORE/BHoIN - MANUKFASIURSRS Op
NI “AND APz T ALS. 3

(a) DATE OF VISIT aND PARSONWAL INPERVIEWEL.

The w rks was visited on the i2th Uctober, 1945,
and the following members of the staff were inter-
- | :
. Dr. Holsch, General ianager,
Herr Hack, Chemist,
Herr Schmidt, Engineer,

(b) CONDITION OF TARGET.

The works was very little damaged; a small
amount of structural damege due to shelling had been
suffered. The management were waiting for material
to repair buildings and for permission to restart

;manufactdre.

(c) PRUDUCTS.

The firm manufactures a considé}éiie range of
chemiocals, including the following fused refractory
materials in which we were interested. '

"~ (4) White fused alumina (Trade-name BIKORIT).
. (2) Pink fused alumina (Trade name UIRKUBIN).
(3) Brown fused alumina (Trade name RSEDURIT). . -
(43 Black fused alumina (Trade name itiWaGIT).
Fused magnesia. : .

6) Fused spinel. ' .
{ { Fused fgrro-silicon (by-product).
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The above products.are fused on a large.écale énd

-~ afterwards crushed and graded for sale to the

abrasive, and refractory_industries.

(d) MANUFACTURING PRUCESSES.

A special feature of the plant is the degree

of mechanisation and the continuity of operations.

(1) White fused Ailumina (BIKORIL).
Handling and Furnace Feeding Arrancementse.

The raw material used is saeyer processed

"calcined alumina from Martinswerke, pirkheim. A

very complete assembly  of cyclones and backing

pump of the Nash type is used to transfer the raw
materials to the various hoppers. ‘The material is
sucked from the trucks into the storage hoppers and
as required materisasl thererrom is hand-fed to:a suction
point or sump at ground level, and elevated to the main
hopper above the furnace. The return air Iflow _
passes -through two cyclones and a water filter before
returning to the pump, and escape material from the
first cyclone returning to the furnace, this amounting
to about 0.3 per cent of the charge weight.  The
mgterial from the main hopper passes from a worm
conveyor to a tipping scale pan, delivering batches

of about 40 1lb. at a time, direct to the furnsace
through twin delivery shutes. (See diagrammatic

sketch NO.4.)

_ ®
fuarn ace .

_ The furnace consists of a slightly conical
steel cylinder 180 cm. (6 f£t.) in diameter by 480
cm., (6 ft.) in depth cooled with a water spray
mounted on a base with rail wheels fitted. baring

fusion the assembly is rotated on a rail turntable,
actuated by a reduction gear and pawl rod which

‘engages a rack on the periphery of the base plate.

The furnace rotates once every- 8 hours thereby-

" producing a symmetrical Tusion (Segfsketch NOe2)s
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The arc rods are vertical and held in water cooled.
Plate electrode holders, suspended from steel’

beams by a pulley system from am overhead crane.
The running conditions are as follows: -

" Power . ' Single rhase supply from

. : a 550 XK.V, a. Transformer,
Carbon Rods. S Rectangular 40 xm. x 20 -cm.
. at' 90 cm. centres. :
Average current. -~ dbout 2,000 amps.
Voltage betwesen electrodes Approx. +70 - 220. '
Arc Starting. , Coke bed, about 60 1b. in =~
LT weight arranged between
‘ « electrodes. .
. Total running time. 50 hours. o ;.
" Total charge weight. About- 15 to 16 tons. -
Fusion weight. About 14 tons.
Processing.

~ After. ccollng by water spray, the conlcal

furnace body is withdrawn and the fusions lizted by
crane and dropped onto a steel breaking spike and .
thence to two stages of jaw crushing, (the jaws are
., of 12 per cent manganese steel). The product is

then passed through manganese steel rollers over a
~drum - type magnetic separator, and thence to a

multi cascade horizontal: screen bank of the oscilletlng
type, giving grades from - in.. mesh downwards. H*iner
grades for polishlng'powders are dealt with in &
separate 10 stage vertical sieving bank of the '
oscillating type and finel producis fall to bagging:
hoppers. 'The grain sizes are thoce_normally required

- by the ebra31ve industry

¥ine mllling of. the fused alumina is carried
out in three cylindrical ball mills about 2 ft.
6 in. in diameter and 6 ft. in length with liners
-and balls of 2 per cent chrome steel. i‘hey are
connected to a cyclone air separator of the dardinge
type. The direct product frcm the mill is approximately

30 microns and riner, with a small percentage up to 50
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- micron size. The air separated material is

predominantly up to 40 microns. ‘The iron content -
is 3 to 4 per cent and is not normally removed. :
Acid treatment is carried out oh a emall scale 1if

specially required.‘
(2) Pink fused alumina’ (DIﬁUBIg)

The material is produced in a similar manner

' to the white fused alumina. 4n addition of 0.5

per cent of chromic oxide is made'to the melt.

(3) Brown and Black. h‘used ulumina (MU:{I‘L‘ and
T R AGLT) .

Ra.w Materials.

s

Bauxite is obtained Irom”marseilles, PFrance
and Hungary. Anthracite is mized with the charge
t0o reduce the iron oxide. The ferro-silicon formed

. as a‘by-product contains 1l6-i8 per cen; gsilicon.

N

E‘urnace . ,

The furnace body is of similar design to .
the furnace for making white alumina but is larger,
being about 240 cm. (8 f£t.) in diameter by 490 cm.
(6 £t. 3 in.) in depth. Yt is rotated at a
gpeed of about 1 revolution per 6 hours. The
running conditions are as follows: -

- \e

Power: Three phase supply from a 2 000 KVA
' transformer.
Carbon Rods: Three rods 55 cm. (zz-in.) in
~ diameter are -set vertically at 120 cm.
(4- £ft.) centres; sections are joined
together by means of & heavy male and
female cone thread. The total length
of the rods is about 8 ft.
.Electrode Holders: The electrodes are held by
6 sectional water-cooled clamps secured

= - -by-bolts- p3581ng through an externsal
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Peripheral ring which is attached to the ,
lower end of the main metal sleeve supporting
each of the suspended electrodes. The ring
is also water cooled by by-pass water. |
. These heavy rods are supported by a wire rope
pulley system passing to heavy counterbalance
weights, and elevation is carried out by a :
crane sbove. ' " ) 4

Voltage at Elgctrodes: Jbout 450 volt s between
- Phases. / -

Arc Starting:  Coke bed used to bridge the 3 rods
Total Eﬁarge:. Bauxite,” ~ " "About 390 tons.
A " - 4nthracite™Coal. ™ 2% tons. ’

-, . ‘The charge is mixed_and.fed in by hand ffom a
large steel platform arranged at the level of the
furnace topg; 9n operater breaks down the shell
formed progressively during the fusing, by means of -
: a:éiltb:r;d df.head of about 3 in. of material

s naintaine ove arc level, and periodic charg
ococurs every 15 - 20 minutes.?\ P : . iqg

Total Running Time : 60 hours. . S

: (
-~ TPotal Ibightﬂof'Fn-ian: About 22 tons.

. | jUieful Weight of Black Fused Alumina: * &bout"la tong.

N The balance, consists of -outer coating
.- eventually refuseﬁ, and the by-product ferro-silicon.

Prooessigg.

- The fusions are impact broken and jaw cpushed
pPaseed through rollers and over drum‘magnegic"’ sted,
separator and thence teo multi cascade horizontsal o
bank of screens of the oscillating type, the resulting
Preducts passing to bagzing hoppers. i

»

In the case of the brown bauxite (REUUKIT) the -
8equence follows direct to a rotary calcining oven,

" coal fired to 1200°C. The feed is continuous, and the

- elevator to the upper hoppers. .The special feature _
about this screening bank is that it introduces a "side" -~ -~
-oscillating motion to the screens’which are angled in

- efficiency factory L

two vertical tiers of three sieves linked together,

'will be of interest to screening plant manufacturers. -

by the abrasives industry.
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final stege of the series of operation consists of
screening of finer meshes on a special type of sieve
designed by the firm, the material being lifted by

the normal way to the horizontal, resulting in a
zig-zag path of movement of the particles giving a high

Each of the Four cascade banks QSed, coneists off

and each bank is suspended by pine leaves to allow
transverse motion. This motion is imparted by a
floati rotary steel shaft having eccentric sheaves
dﬂa'ﬁorizontal rods linking the sieve frame at each
epd. The shaft is suspended from agbove at the two
bearings by pine leaves, and a motor drive above
transmits motion by bYelt to a pulley in the centre
of the shaft, the whole assembly producing a highly
efficient oscillating motion. This is e definite
improvement on the normal and oscillatingtype, and -

The products pass to 24 bagging points, giving
grain sizes of the normal standard grades required

(4) Fused sMagnesia.

N Calcined megnesite obtained from Jugo-Slavia

or Greece is fused in a similar vertical conical
furnace, the &ize of the body being similar to the
furnace for fusing the white alumina (6 £t. diameter
x 6 ft. deep) but fed from the platform in a similar

manner to the black bauxite furnace. -

- The supply is single phase taken from a 1,500
KVA transformer, and(very large carbon electrodes . .
are used, namely 60 cms (24 in.,) x 35 cm. (i4 in.)
rectangular section, set to hang at about 25 cm..

S, g G SO




- furnace is used.

.-.ZQ - |

i

holders, (water-cooled), which in turn are suspended
from horizontal steel beams which also support the -
heavy leads. These beams are supported at two points
by a rope and puiley system actuated by a crane, so
that a horizontal pull on one rope elevates the beam

. a8 required.

Yery little fused magnesia has been made, and thls

furnace had been used for making smaller tusions of
bauxite. No further running data were available,

but it wasyestimated that fusions of about 42 tons:

were produced in 45 hours total running time. These
large fusions’ . of magnesia cool slowly, and
‘thereby produce, Large crystals of periclase in the
centre; specimens which were seen measured Lf 1n..
to 2 in. by ¥ in. - '

(5) Fused §Einel.

Phe materials a;ed for the manuiacture of fused
spinel (MgO.4lp03) are the white calcined alumina and
the calcined Jugo-Slavian magnesite.  The magnesia
Relatively small amounts of fused

spinel had been produced.
(6) Final Greding of Finished Products.‘

[T
98 (basmaromonvrime

48 & safeguard sgeainst any faulty screenlng in
the normel processing, three small plants, each
consisting of two bank oscillating sieves combined
with drum or roller type magnetic separators ar:
provided. Bach bag of material is elevated on a
bag hoist to one of these units and any oversize
or magnetic ingredients removed. The bags are

then stencilled-wigp a material aﬁdAgrain-sixe marking.

(e) COBCLUbIQN

" This works has bheen carefully laid out for the ,
large scale production of fused alumina amd mgnesia.. '
Great pains have been taken to ensure maximum -
“efficiency in manufacture and a ‘uniform series of”
produota. . o

(10 in.) apart, and suspended by steel plate electrode

_(a) Date of VlSlt 17th and 18th October, l945.~

{v) General Report

5.  HERABUS QUARZGLAS GESELLSCHAFT, HABAU |
‘and. QHARZGLAS FABRIK |

Investlgator Mr B.B. Mlller

mohnL Works. Manager andqug1neer

NS

The Wbrks have been badly damaged. In the sections
prodaclnD Rot031l (opaque Silica) tubes and pipes, the fur-
naces, c¢f which they nad two, have been badly damaged, but
they are repairing parts with the intention of getting one -
into operation. They still. have a number of steel fur—
nace tubes ranglng from asbout 5" to 16" dlameter@

InterV1ewea Dr. H..

The sectlon produclng transparent quartz has squered
most, all the forming furnaces having been destroyed, in-
eludlng the furnaces for building up tube billets (ordin—

ary and sub-normal Qualltieg% and also their optical

quartz furnaces. Their quartz powder preparing plant,

‘although dislocated, could be vut into commission fairly

readily. They have & billet redrawing furnace, operated by
one man, and are at rresent drawing tubing, both transluc-
ent and transpsasrent from rather poor quality stock billets
which had been normally re jected before the Works were put

out of’ comm1331on.

Ian the blowplpe section, they have about 8 men work-
ing, chiefliy producing small electric heaters, for boil-
ing tea end coffee, from translucent silica tube with
‘internal element of nickel chrome. Other articles in-

clude transparent gquartz crucibles. for coking tests. They

" are, however, erecting suction plant (SEE SIETCH NO.1l)

in another room which will house sbout 50 blowpipe hands
for the production of quartz lamps, etc. The department

.normally producing these lamps has been totally destroyed.

They have elso in operation a amell silice moulding

furnace for forming opaque crucibles and basins on a

limited scale.

PR e e e e
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They normally employed -,prelwar 170 R :u

- during the war '250 RER—
'at present- -~ 40-

Estimated damage - furnace sections 90%'damége{'f
fabrication " - 754

-... The following is & list of' their various products;:—
TRANSPARENT FUSED SILICA J o
(1) Blectrosil Quality

‘ths_vaporising process wes not mentioned dr kn
the time of the vigit, but is referred to in C.I.O.g?n st
Report No. XXVIII-67 (Item No.21). - o

(2) "HOMOSIL" Opticel guality.

- "Phis is their best Optical Quality and is uSed.£;r 8

. . - _ eCc-—

ial blocks, lens, prisms, being rgflatively free from 1n;p_f
Yernal striations, bubbles and strains. End reflecting

-mirroprs for range finders are made from this material.

(3)_§E;é£2;932i££y,(SORTE I).

: Chiefly tubing and<épparatﬁs made therefrom; also‘ ‘
plates and other solid shapes for use where Optical—Quality
is not necessary. : , o : S o

(4) Sub-normal guality (SORTE 2).

Being chiefly poorer quality rejects from hormai“aﬁaia
ity menufacture, and is sold at reduced prices. )

(5) quartz Wool. . o ' | - .
For high temperature insulation. S |

NON TRANSPARENT FUSED SILICA.

(1) "ROTOSIL" Tubes and Pipes, and apparatus mude therefrom.

(2) Moulded A;ticles such as basins,-cruciblés; etc. : .

—

- products normally produced.

(a)

‘ .2l |
 The following desls individually with the various |

. i
1

TRANSPARENT FUSED SILICA .

'in & 600 cone boredat the lower end.
‘an agate cone with provision on the driving mechanism to

___the zone of the  oxy hydrogen flame, 2ir being relatively

“excluded. .
- --—--@ traverse mechanism, thereby permitting billets up to

(1) Electrosil guality. L -

No data obtained.

(2) "HOMOSIL" Cptical guality.

 ‘selected Brazilian Quartz Crystal is acid treated with
cold hydrofluoric acid, and water washed with tap water

and twice with distilled water, and dried. It is then
passed through a rotary silica tube furnace running at about
900°C., the furnace being €boudg 6 feet long by 5" bore,

and the emerging cryst is quehched in cold distilled

"water to disintegrate it into readily frisble pieces.

After drying, it is passed to & cone gfinder'cbnsist-

ing of & stationary quartz erystal about 12" diameter x 8"

- 9" hignh, having a vertical hole 3" dismeter, terminating
In this cone rotates

adjust the gap as required.

‘The setting preferred gives a final product 1 mm. size
and below, and the powder is transferred to a simple silica
pipe air separator which has the suction adjusted to remove
the fines below 0.2 mm. The powder is then stored in glass

" bottles and is ready for. fusing in the optical furnace.

Optical. Furnace.

Thig consists of dlspecial oxy hydrogen blowpipe with
a quartz funnel attachment permitting the powder to be
entrained in the flame. The powder feed is adjusted by

" memns of the varisble speed of a rotary angled silica tube

above the funnel, driven by a small motor drive with var-

.. iable disc traverse, and the preferred feed is about 28)

gns. per heur. The burner impinges on a horizontally
rotating and opposed quartz rod, this taking place inside
a gilica pipe economiser. The fused powder builds up within

" The billet progressively formed is receded by
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about 20" long to be made, the popular diameter being 40
to 50 mm. diameter. With 2 Plowpipes side by side, a
billet about 80 mm. diasmeter can be produced, but the

..quality is not 80 relisable..

The billet so formed can be cut direct for dises,
or alternatively forged up to larger diameters in = mal-
ti blowpipe furnace, and finally moulded in graphite
moulds to the required shape. " .

Bnd refleetor mirror plates are formed in this -
manner, and finally machined with carborundum cutting

and grinding wheels to the desired cross section. These

blocks are sent to Zeiss, who seleet and cut where re—

quired to produce the best quality active mirror plates,
and the bases from any materiasl considered inferior qual-
ity. After return, these plates are mounted in a spec-
ial two part anmealing furnaece (SEE SKETCH NO. 2) having
three side plungers externally spring loaded which hold
the plstes .and base mssembly in position against a jig

. prism mounted in the centre The whole essembly stands

- on a amooth silica plate mounted on fused gquartz gran-—
ules in the lower half of the furnace, leaving the lug
-portions of the side platea exposed for fusing to the
base, which is done using optieal quartz rod filling and
‘an“oXy hydrogen blowpipe. Protection plates of quartz
gbout 10 mm. thick are placed outside the active plates
and on top of the Jjig prism to prevent flame impingement

. Guring fuasing. The lower portion of the annealing fur-

" nace is kept at 860°C., and after fusing, the top port—
ion of the annealing furnace is put on, and raised from
an initial tempgrature of sbout 860°C to 1060°C and the
essembly is then cooled slowly, the whole process taling
about 4 hours. - i o : e

(3) Normal Quality (Sorte 1)

N This quality is produced in billet form either solig

or hollow, im a special multi-blowpipe furnsce, coasist-

- ing of 4 jets of oxyhydrogern passing through the side of

an opaque silice pipe horizontally disgosed, which forms
an economiser, This is mounted inside & water cooled

' gquartz powder.

. the furnace.

" carriasge méchanism, with a mo

. burner.

- acid treated and

- 29,
' | . ing i ne ion ext ting arran-'
steel sheect furnace housin hav1ng sgcylon exheus -
ements fitted at the top. (SEE SKETCH NO. 3). A Special
sliding platform is arranged through the side, allowing
feeding on to a graphite slab, of quartz powder of from 1

.-Ato 3 mm. size, this bed being placed in front of the open

' ilies pipe.’' The fusion is built up initially,
gzéaogaﬁgeqssrtz bglgejumounted’on‘the end of & silica work-
 ing tube, -and the operation comsists of progress;vely heat-
ing the billet and rolling the softened surface in the

For hollow billets the bore is kept open by

pushing the hot billet on to & tapered graphite pin outside

Billets are produced up to &bout 24" long and 3%
extern;l diameter?iand may be further forged as required,
or re-drawn down for tubing of varying sizes from 3 mm. to
30 mm. external diameter in a speciel furnace. -

Redrewing Furnsace | _
- A : - |
‘ furnace consists of a hesdstoek holding and rotat-
ing'a?%igle%rzounted'on a ground silica tube, which is .
edvanced progressively into the heating unit, which cqnsisrs
of & heat resisting steel burmer giving an internal ring o
slit freme, srranged for burning either oxy-&yaroggn or1
oxy acetylene, the former being greferred. The tu %?g s
drewn along the 50 ft. bed of the furnace on a rotating
| tor drive syncngonoui gltg tge
edstock drive, thereby sllowing the drawn down tube 1o be
?§:§:Zdat the ;ame speed as the bille?. - The speedbof with-
drawal of this carriage controls the size of the tu %ﬁg,b _
and this is arranged by. s motor drive at the end of t e ia,
linked to a variable speed gear-actqatlng a cheain 4dr veiaéa
ong the bed, to which the carriage is engaged when ;equ red,
g1l controls being operated at a panel#adaacent tothe

' (4) Sub—normal gQuality (Sorte 2).

1 3 i rli the poorer
This material is chiefly Suprll?q from the
imens selected from normal guality proguction, aan
therefore follows the same technique of manufacture. e-

i - Yy is
3T al not normally used for either (2) or (3)
Jeoted oies can be processed in the normal manngr

spec

. e e

_thereby. economiging in raw materials costs. .
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(5) ggarté'Wbol.*

. This is produced on a spécial machine,
-and has been supplied in large quantities for high temper-

- ature insulation mats. It consists of a carriage driven
along a steel structure. bed by a motor drive. On this car-—
riage are clipped in a fairly close‘spaced_row, 20 hori-
zontal quartz rods or tubes, the latter vreferred, about:
 to. ] mm. diemeter. Hach rod passes. through & graphite
guide and over a vertically disposed OXy hydrogen burner
which reduces the fibres to about 0.2 mm. diameter. fThese
fibres pass through & further grapnite guide block with 20
holes in it, disposed immediately in front of a bank of 20
axial jet OXy-hydrogen blowpipes, which entrain the fibres
and bleoew them forwvard in the form of wool. - :

The wool is finally collected on a rotating drum ‘
about 3 ft. diameter, with wire meshing on the periphery.
The collecting drum has its speeds adjusted so that no :
tension . is ereated on the forming wool. This machine is .

- mainly destroyed, and therefore could not be seen in oper-
ation, but the method has been previously mentioned in

- C.I.0.5. Report No. XXVIII - 67. Item No. 21, and B.P.
507951. | ~ \ o

NON-—TRANSEARENT FUSED SILICA.

A

(1) "Rotosia". .- - _

Tubes. or gipes are formél in a steel rotating furnace
_tube, using DOrentrupe Silica Sand (approx. 399.74 SiOo)

obtained from Lippe, the heating being supplied ﬁy an -

(SEE SKETCH No4)

) N
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rhead carriages designed to run along steel structure
;Zgways disposeg axially at each end.of‘the furnace. The
erc is struck from one end and progressively fed through-
out the length of.the_fgrnace at a coptrollea'speea to
‘give the necesssary conditions of heating to form tpe des~ -
ired wall thickness. A minimum of 20 mm. of sand is left
unfusgsed, aeting as & heat barrier. .

L

avy walls up to about 2" can be formed on relatively
smal?etzges, whilgtvwith the maximum diameter made, nameig:
350 mm. (sbout 14") externsl, the maximum permissible wa
to "avoid cracking has been found to be 15-mm. Small sized
tubes can be ground on the surfsace and_re-drawn in tl?.e
furnace previously described, into satin surface tubing.
i uilding up of tube assemblies and special apparatus
is cﬁrried gutpwithfblowpipes, vhilst a lim}ted~gr1nd1ng
department deals with the grinding of Rotosil tubes-etc.

(2) Moulded Articles

zibles up to 15" diameter have been made, but their
presgggc;mail plant cZn only produce articles sbout 5
external diameter x 3%" deep, and they arejmang%acturing
such basins with & wall thickness of about 3/16". Experi-
mental tea cups had been made, but the costs were too.
high to be commereial.

i yi tat- .
The furnace consists of a turntable carry;pg_} ro
ing tebles, each driven direct from a motor. The tables
are filled with sand, pre-shaped by hagd formgrs agd;,‘ p—
scoops, and at the fusing position, an arc using 3-elec- . .

opposea electric arc using current at 220 volts.

. . . The send is preformed to the required annular depth in
the furnace tube by sweeping the bore with a forming tube,
coatrolled externally from brackets mounted on the elect-
rode hoplders. - N -

The speed of rotation of the fdrnace tube is varied-
accoraing to the. size used anc¢ is arranged to give a
common peripheral speed of about 400 £t /min. ..

The electrodes consist of grephite ends coned into
copper electrode tubes which are arranged for water cool-_

T trodes is slowly lowered,

" their pre-war production levels, as apart from their

and progressively sinters and’
fuses the shape formed. - X . o :

A considerable time will elapse before they can attain

plant dislocation, their buildings are beadly gamaged.




'~ (Chief Research Chemist) were interviewed.
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6. SCHONWALD PORZELLAN FABRIK.'

This factory is locgted &t Schdénmwalid,2 km. from Selb,
North-Eastern Bavaria. It belongs to the Kalls group sa=s
does the Hescho eoncern, the latter being loesated in the
Russian zone of occupation. A visit was paid on the 19th

' October,,K 1945, in an endeavour to conteset some of the Hes-—
cho technicians and obtaein details of various ceramic tur-

bine blades and stator assemblies which the Hescho firm

had meade. , N

The former technical director. of the Sch8nwsld Porz—.

-

ellan Faebrik, Dr. Sauer, was interyieawed but he had no
knowledge of the whereabouts of any of the technical

staff of Hescho nor of any of their processes and—compos~—

itions.

In the Seh8nwald factory ornly household porcelain is

- made. During the war they did, however, apply silver
- films to electrical porcelain for Hescho who sent the .

partes to the Schdnwald factory for this process.-
vered parts were then shipped back to the plant in Phur-

- ingia. . This part of the plant was inspected.

The-ail—'

. The siliér.solution, which appeared to be @& éiivef
colloid.in an essential 0il medium, and supplied by Deg-

ussa, Frankfurt/fain (Reference Nos. 103 and 110

sprayed onto the ceramic through a mask to give

e

=]

to des- |
ired outline, dried in a small oven, then fired at 8500°cC.

for two hours in a small resistance heated tunnel kilnm

approximately 8 ft. long.  Thig kiln has an ednless ceramic

after verj heavy danagé‘tovtheir factory in.Berlin in a:i -

_the Hermann Goering L.F.A. which were promising from the

. wheresbouts were unknown but believed to be in custody as
-an S.S5. suspect. . o '

' the proecesses or comrositions in making the blades, but

raid on 22md to 23rd November, 1943.
(b)) CERAWIC TURBINE BLADES | - :

. The eévacuated factory had made turbine blades for

aspect of ?esistance to thermal shock. 3Inquiry revesaled
that the work on these had been done by a Dr. Mlller whose

.~ Personnel guestionmed said they had no. knowledge of

later esdmitted they were restarting experimental work on
the same kimd of material having the previous day received
an order from the Hermann Goering L.F.A. (now controlled
by the R.A.F.) for & new suppiy of silicon carbide blades.
They were proposing to use a mix containing 70 per cent
silicon caybide passing a sieve having 80 apertures per
sg.cm. and resting om a sieve having 250 aperturee per sgq.
cm. and 30 per cent of Zettlitz kaolin. Shaping was to be
done in the plastie condition in plaster of paris moulds..
After firing at 1400° to 1500°€. a porcelain glaze to which.
a prorortion of alumina was added was to be applied and

the -produets refired at the same temperature. A simple
porcelsin glagze does not wet gilicon carbide. ' ‘

(c) BERLIN PORCELAIN COMPOSITIONS. -

& very adherent bright silver film on the porcelain.

7. BERLIN STATE PCRCELAIN WORK§, SELB.

© (a) DATE OF VISIT.

——belt 6 dm,-wide, om wnich the articles passed through the
hot zone. A second sprayed coat is apgslied over the first
after firing, and the article refired. The process gives

‘This works was visited on the 19th October, 1945
end Dr. Frank, (Technical Director) and Dr. Koenig

The Berlin State Porcelain factory was evacuated
to the Paul xdller pbrcelain works, Selb, Bavaris,

-
.

'KTMaqg

‘higheat temperatare of use as 1700°C.

- 15000€. This grog is them ground, mixed with Zettlite or
‘Halle clay in equael proportions by weight, shaped and

~ “Some details of the Berlin porcelains were obtained. |
Tne first four are claimed to be impermeable to gases.
The remainder require to be glazed with a felepathic glaze.

The melting point is given as 1800°C. and the -

- A grog or sginter composed of 60 per cent calcined
alumina and 40 per cent felspar is first prepared by
grinding thege together and firing for three hours st

fired at 1500°C. for three hours. .
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Prokorund I

._’

The melting p01nt is given as 190000. and the highest

temperature of use as 1800°¢C.

A grog is made from 50 parts calcined alumzna and:2£
parts Zettlitz clay, by firing at 14000¢. |

The fOIIOW1ng compositlon is then prepared t=—
40 parts Zettlitz kaolln (raw)
50 parts Zettlitz kaolin (fired et 14oo°c )y
10 parts. grog._- '

Th).s is ground and artlcles made :f.’rom the mass :fired to
16000 to 1700°c. |

Irokorund 2. - - f’” - o :w ,a¢m~¢

N Thls‘mixture comprises 50 per cent Zettlitz ksolin
(Raw 2 and 50 per cent calcined alumina. The articles are
fired to 17000c¢C. _ , , ~ T

Prokorund 3.

Thig mixture consists of 30 per cent Zettlitz keolin
(raw) and 70 per cent calcined alumina., The articles are
fired at 1700o to 180000. ' S

| 35
(passing a-mesh of 150 openings per sq. cm.) end 50 per .
cent Zettlitz keolin and is fired at 150000.

Dla Mags.

The meltlng point is given as ;85000.‘and the high-
est temperature of use as 1700°C. -

’ The mixture comprises 60 per cent fused alumina and
40 per cent. Zettlitz kaolln and is fired at 150000.

D4 'Mass. ’ o

The melting point is given as 192000. and the highest
temperature of use as: 180000. . . y

: The mixture comprises 50 per cent calecined alumins
(speclally low in iromn), 50 per cent Zettlizz kaolin and
is flred at 15000¢.

(a) INSEEGTION OF PLANT. .. .

- The plant was that of an ordlnary porcelain factory
No special equipment apart from a horizontal extrusion :
apparatus for extruding porcelain pipes in large diameters.

‘(up to 25 cm.) was seen.

The kilns were intermittent and fired with coal and
typical of those used for the manufacture of porcelain on
the Continent. The goods for glost firing were set in-

Marguart . | . 'i‘ o o : m:

| ‘The. melting point is givqn as 1820°c. and the higheet
temperature of use:as 1700°C. ,

o The mixture comprises 6% “per cent celcined alumin&
52 per.cent mixed clays and 1 per cent feldspar, and is
flred at 1500090¢. _

D2 Mass.

The melting p01nt is given as 185000. and the hlghest

.temperature of use as 170000.

Tne\mlxtur¢ comprises 50 per cent fused elumine

the Iower portion of the Kaolin at ground level and those
for biscuit firing at higher levels reached from the first
and second floors of the factory. No equipment for firing
at temperatures higher than the 1500°C. reached in these
xilns was available at the Selb factory.\

(e) CONCLUSIONS.

r's

The detasils of manufacture of turbine blade materia1s

which we hopéd.to obtain were not .available owing to the
absence of Dr. Miller. Although some plant had been evac-
uated from Berlin there was very little specialised equip-
ment pertaining to refractory ceramic materials available

at Selb.

We gained thé imiTression that the good quality of the
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o ; ' , . )
" products of this firm were, due primarily to the carée exer—

cised during manufacture and the craftmanship of the oper—
‘atives. : - - o o . ,

8. ROSENTHALL INSULATOR WORKS, SELB.

(2) DATE OF VISIT.

The works.were visited on. the 19th October; 1945
and the personnel interviewed were Dr. Seigler (Research
Engineer), Dr. Xohl (Chief'Chemist) and Dr. Ullman (in
charge of resistence plant). -

(b) SOMB SPECIAL CERAMICS.

_ The above firm make technical'poréelain such as
high frequency low lose ceramics, electrical porceleain

- for close tolerance work, special fixed carbon resistors,:
heater ceramics, etec. T ' - :

A.E.G, Berlin had asked them to make ceramic turbine
blades in emall quantities for experimental burposes, but
none had been made before the end of the war. A few
experimental mixes which it was considered might give high
strength material were made and samples in rod shape had
been sent to A.E.G. for teat but no results were known.

A oomposition considered the most promising had the
following comrpositions—~ = - » :

25 per cent hydrated'alumina..
QR NV
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(e) 40 per cent silicon carbide (p) 20 ggg'cent silicon
- ' high plastic 4 carbide.
| .‘2ga§er cen# 1g bee , 20 per cent fused
alumina. ,
- : 60 per cent high
S S S o plastic clay.

' The composition of the electric porcelain for making

shapes to close tolegances was given as:~-

Tale, - - 42 per c%nt
Sericite, ' _48 o o
tlastic kaolin 6 . |
Celcium benton;te, 4 |

’ ‘sericite minersl is of the horneblende type and .
approgggates to the compbsition.guartz 30 ger cent,ﬁmgga
70 per cent. This mix has & shrinkage of rer cenf %‘}n
the direction of pressing and 8 per cent in the direectio
at right angles on firing to cone 9.

(c) SEECIAL CARBON RESISTANCES

isi i i ' tory of the

‘ sit was also paid to a subsidiary factory .
Rosen%hZi concern making small fixed ca&rbon registors, o
consisting of a film of fused glass and grapnite on & cer-.

" amic former. The details of the manufacture of tThese were

obtained.

i

Compositidn of glese used.

-25rper—cent-calecined atuming,
30 per cent kaolin (two plastie clays).
15 Yer cent grog (from fired mix of above 3 constit-)'
- ‘ R : uents).
- 5 per cent titanium dioxide. o
It was fired at 1450°c.
- N

'«This material wag claimed to have a-high compressive .
"strength (about 12,000 kgm./cm.2). Venturies had been
made from it for the.ﬂermann,Goering L.F.A., Volkenrode.

‘They had alao experimented with Silicdn carbide -

clay mixes and found the following compositions good for |
resistance to thermal shock. o - A

-

. 10
Nazéé 5 " . :
Silicgz N 15 : (fine water ground)
Jena glass 10 " _

Zno » 10 N .

ceo, 5

Feldspsar, 5

Fba0g453— 40fpaftsf
528

' Phis is melted in an electric furnace, granulated

rin ~ster and finely ground in a rebble mill for one

week. The grouné glass after drying @s mixed wz??naq%gous
colioiGal graphite in verying croportions, accoraing .
resistance reguired.
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Example 1: for 50 — 100 ohms,
. -+ 1 part glass o
1 part colloidalsgraphite

- | 1 part water o - .

Example 2: for 1,000 ohms,
- 5 kgm. glass
1.2 kgm.. graphite
3.2 kgm. water

Example 3: for 3,000 - 5,000 ohms,
ST 5 kegm. glass
1l kgm. graphite
3.2 kgm. water

The glass graphite mixture is sprayed ontdé the ceramic
formers, hollow cylinders, a film thickness of 0.1 mm. be-
ing aimed at in all cases. Spraying is carried out on a
rotary table, a hot air dryer forming part of the cycle.
The parts are now fired to 8009 to 9009C. in & tunnel kiln,
nichrome heated, the firing being carried out as quickly as
‘posaible, the average time beipg 1 +to 2 minutes. The glass
graphite film is fused at this stage. End caps of brass
are now pressed on, the whole is lacquered, them the fused
film cut on a spiral cutting machine to the desired resis-
tance. The cutting is done with small carborundum wheels

cutting right through the film. They have & fully automatic

mechine which is set so as to stop cutting when a pre-
arranged resistance is reached. -

The tolerance is asbout % 1 pexr cent of the stated
value. ; ‘

“

-
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6r from Lonza in the required grain size. "The ususal mix
consists of 40 per cent corundum, O - 3 mm. in grain size;

 ]40 per eent.corundum, 0 - 1 mm. in grain size and 20 per

cent finsly ground c¢lay. The clay was supplied by Schiff-
erer and Kiercher, Allendorf, Kreis Wetzlar. Its analysis
was given as: SiOo, 44.3 per cent; Algo? and TiOo,, 38.14
per cent; Fe ;, .3 per ecent; loss-on-fgnition, 12.8 per
cent; refractofiness, cone 34. Shaping is carried out by
hand temping of the mix at a water content of 4 to 5 per
cent. Piring is to come 10 (13000¢.). It was claeimed theat
the ta value (temperature of subsidence 6 per cent from
maximum height) under a load of 2 kgm. per sq.cm. is 1730°¢.
and ghe te value (temperature of 40 per cent. subsidence} is
1780%¢. ' o

Other produ¢ts of lower alumina content are made and
in pre-war days sillimanite products were also s®uprlied. -

Silicon Carbigde Bricks.

. Similar procedures are adopted for the manufacture of
silicon carbide shapes. The materialis purchased in the
desired grades and bonded with some Allendorf clay. For =2

finely graded mix the proportions are given as: 42.5 per .

cent silicon carbide, O — 0.1l mm.; 42.5 per cent -silicon
carbide, O - 2 mm.; 15 per .cent fine clay; 0.5 per cent
addition of socdium silicate. Faor & coarser mix the prop-
ortions are identical except that 42.5 per cent silicon
carbide, O - 3 mm., is used in place of the 0 - 2 mm. grade.
firing is to Seger comes 10 to 11 (1310°cC:. o

(c) EQUIPMENT.

(2) DATE OF VISIT AND PWRSONNEL INTERVIEWED.

, This firm, before the war, made firebricks and

- §illimanite, corundum and silicon carbide bricks. It was
inspected on the Z25th October and Herr A. Schoddel the
commercial manager and Herr G. Biemann, the teechnical
 manager replied to the questions put.

(b) FROCESSES. B

Corundum Bricks.

Corunaum is bought from Elaktroschmeltz Werke, Xempten

The main output from the works is chamotte TiTre-"
bricks and the equipment is therefore arranged meainly to
this.end. For chamotte preparation there are provided a

' jaw erusher, screen, and & get of rolls. The material
passing the sereenr is conveyed to the storage hoypper, the

oversigze passed to the rolls for further crushing. The
storage silos are of metal discharging at the bottom. 'The
clay ie treated similarly. The grogged clay mix is pre-
paered by mixing first dry in an Eirich mixer (60 parts of
grog to 40 parts of clay), followed by & plastic mixey
arranged as & vertieal pug from which the mess is shredded
as it is discharged through & vertical grid opening in

the side of the barrel. The bricks are made either in
hand presses OT in simple plastic machine presses.
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- The soeolal corundum or silicon carbide mixes are .
shared by hand tamping methods dfter first mixing the in-
gredlents in an BEirich mixer. . Wooden moulds lined with
3/16 in. steel ylates are in use. A metal tool is used for
. temping and the tamped surface is roughened by scratching

'before each fresh addition.

The chamotte brchs are dried in chsamber dryers heated
. by waste heat abstracted from the cooling goods in the kiln.
Temperature snd humidity ere under control.

Firing of. the ware, both fi ick 2nd siliiecon carbide,

is carried out in a continuous chamber kiln of. the Hoff-~
mann type. There are 22 chambers, with ;permanent walls.
. Eaeh chamber measures approximately 15 ft. x 10 ft. x 7 ft.
Firing is from above on to oheckerwork adjacent to the
prermanent walls. A feature of this kiln is a secondary
firing belt across the middle of the chamber. Here coal is
fed from the roof of the kiln on to checkerwork of & more
open pattern than that adjacent to the division walls. This
. subsidiary firing zone probably helpe to achieve greater
uniformity of firing. -

( d ) CONCLUSIONS.

This worrs, is probably the most important producer
of refractories in the Kasell area. It appeared to be
competently directed but nothing really noteworthy was
encountered in manufacturlng technique or equipment '

APrENDIX I. =

S
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’_(4) Pegtigkeit keramischer Werkstoffe und Wermebelashar~

‘keit keramischer Bauteile by Dirksen F22/45.

“) Vereuche an Dusen aus Warmfesten Verkstoffe No.

86701/2 |
A.PPENDIX 1T

VISITS TO WURKS CF SECCNDARY INTEREST.

- AUG. GUNDLACH; GRCSSALNILRCDE , BEZ XASSEL

- cafen This flrm specialises in the manufacture of Tlumbago
. 022/3241 Crucibles, Covers and Standd. |

DATE_OF VISIT

| October 25th, 1945.
PERSONNEL INTERVIEWED

Mr. Miller - Proprietor; Works seen and questions
: enswered. :

GENERAL CONCLJSION

Meterials and methods used, and quality of product,
all 1nd1cated th&t no progress has been made for many

years. | -

BAW MATERIALS

LIST UF RErORTS ON THE MECHANICAL TESTING OF CERAKICS AT
THE HERMANN’GOERING LUFTFAHRTFCRSCHUNGANSTALT VOLXENRODE,
____NEAR BRUNSWICK,

(1 Zusammenstanlung der Bisheringen Versuchenergebnisse
und & Dusen. Msy Jth, 1941, NoF 464F/41.

(2) Flickkraft Zugversuch an kersmik Schaufelproben by
Xalisch, Sertember, 1343, No. 2092.

(3) Versuche zur Bestimmung der warmefestlgkelt von
keramik, l&th August, 1944, Wo. 860701/1.

Main raw maxerlals used were°—

Pagsau Graphite - 93/95% Carbon. Foor smell size
, cruolﬁie flake.-

-Kllngenberg Clay - Well-known cruclble clay, refract-
orlness Cone 32, 33 :

'Grossalmerode CIQy - Well-knovm. ﬁefractorlness Cons‘.

30/31.

Small ouantltles of eleetric furgace products were &l
_so used. See comments under “Mixings". : :

MIXINGS
The mixlngs employea wele of old-fashloned
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convential type containing 40450%-of plumbage bonded with
clay and sand, with up to 15% of eleectric furnace prod-
ucts where extra resistance to slag or flux was required.

In the case of crucibles used for aluminium, as
much as”40%.of bond clay was used to give greater protec-— -l /922

tion against perishing or oxidation of the plumbago at ' N/32,2

the lower furnace temperatures employed in melting this
metal. Resgistance to cracking must, in consequence, have
been sacrificed. ' B B -

. The mixing employed in steel melting erucibles was
of the familiar highly grogged type containing only 25¢
plumbago. The electric furnace products used inecluded’
the usual gilicon carbide (Lonzawerke ) ferro-slloys, ete.

PRCCES LS

 Mixings are dary and'wet mixed in.Eirichfmixers, then -
pugged and the pug rolls eut up into lengths for matur-
ing.  The matured material is repugged and the crucible

"balls" built up by the old-fashioned and laborious hand - e

method. The crucibles are shaped from these "balls" by
Jolleying in plaster moulds and it was claimed that the
shared crucible had a rapid grain.

The shaped products are dried slowly - taking up to
five weeks in the case of the larger sizes. - in steam
heated drying rooms. When d4dry, the warm orucibles are

-Schurlze of Dresden.

paintet —twoor—three coats of pottery type glazes

- They are then fired im periodic: kilns of the type
used for firing porcelain ware, built by Paul A.F.
f Dix - These xilns have semi-producer -
type fireholes and =are down-draught. _The gases, after
rassing through the floor, are drawn up vertical flues
in side walls between the fireholes and, if desired, part
of the products of combustion may be short-circuited.
from the fireholes direct into these wertical flues.

The kiln temperature was given as 1500°C, but consid-
ered to be nearer 1350°9C. In firing, care is taken to ‘
maintain as reducing an atmosphere as possible above

7000C while in both heating and cooling the ware is kept

~ above this temperature for a minimum of time to prevent
oxidation of the plumbago. S

" ployed.
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 KERAKISCEE SCHLEIFSCHEIBEN FABRIK
& DS AND BIBDEL) LARL .

(a) Date of Visit and Products Made.

Pnis firm was visited on the 23rd October and Herr
Krebslinterviewed. As indicated by ite Fltle its chief
‘output is grinding wheels, whetstones and similar arti-.

-~ cles, prepared by bonding silicon carbide, fused alumina

: i ‘ ich prev-
snd emery grain. The firm Corund Union 4A.G., ﬁhlc pr
iously had operated in Karlshafen, had been taken over
by ¥rebs and Riedel. :

(b) Processes

. Phe works ' is small -and customary processes 8re em-
iiogt of the manufactured articles are bonded
with a porcelainic bond, but rubber and sorel cement are
used for some clases of ware. & typicg@ geramic;bgnded
mix consists of 80 per cent of grain (silicon carbide,
emery, etc. of -the required grain size) and 6.3 per cent
of clay and 13.7 per cent of felspar. The sbrasive grain
is normally® purchased correctly gra@ed and is first mixed
. dry with the remaining ingredients in one of three Eir-
jeh mixers. Water and sulphite lye are then added and
. further mixing carried out. The wheels were pressed in
hydraulic presses operating up to 40 satmospheres on the
rem. The pressed wheels are dried on steam heated racks.
riri 3 in gmall intermittent round or rect-

angular down—draught kilns to & tempersture of 1300°C.

. The firing cyecle extended over 130 to 150 hours. Coal

from the Xassel region is normsally employed. .

- A small well equipped shop for dressing and priém-
ing the wheels was provided. A test eet.for testing
the bursting strength of the wheels was inspected.

" Although no formally set-—out screening plant was
used one of the smaller items of interest was g_clrcul&r
sieve sbout 2 ft. in diemeter vibrated by rotating of
balance weight and traversed radially by 3 rotating
brushes, the whole being suspended by a stirrup. The
gieved product passed direct into paper sacks. The
‘machine was used for checking the grading of some of the
batches of grain. It was made by Fraisenet of Chemnitz.




BECKER UND PISCANTON

CROSSATLERODE, KASSEL

(a\ Date of Visit and Products Meade

| ca/s20
lc22/3243

This firm specializes in the manufacture of graphlte

crucibles, covers and stands. The works msnager was away

et the time of the visit on the 25th October, 1945 and we
were shown round the works by a foreman. L

(b) Flant and Processes.‘

The plant, although larger than Ang Gundlach was no
mnore up to date. A ball mill is used for grind1ng the
boné clamys, some. of which are local and some Bavarian
(Kllngenberg,. ¥ixing eand tempering are carried out in

‘an edge ruaner pan of old-faghioned typﬁ with double. rolls
. and a narrow grinding surface.  The mix

is then pugged and

. 'stored in a cellar for 3 weeks.

The snaping is carried out in plaster moulde, =a
so0lia ball being hand shaped first. This is allowed to
dry for 4 to 5 days and then the interior is ¢ut out with
a steel faced tool. A block and tackle are used to help
in the manipulation of heavy shapes. The crucibles are :
dried on steam heated racks. They are then glazed inside
and outside and fired in the same type of Schulze Xkiln.
Temperature -of f1r1ng was given as.lZOO° - 1300°C.-

N
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zrticles. The bond clay was grouna in a ball mill.
The grog-cley mixture was rrevared in & vertical pug mix:

Crucibles were shaped by a jolleying process on & wheel.
" Bricks were made by hand moulding and by wire-cutting

40 a limited extent.

The vest clay was reported to con-

tain 38 grer cent AlaOf in the firea state. Crucibles
wers also made from a mix containing 2 parts of firecls
1 part of sand and 1 of used grarhite crucibles. - The

.graphlte is added neraly to increase norosity and thermal

snock resistance. Firing is to. 11000C.

c21/916a 1

222/3240(a)

It was clear that .the quality of the product at this
works was attributed more to the care and craftmanship of
the workers than any excellence in the plant equipment
or its technical control. _

GOEBEL AND somr, EPTERODE‘

This works was visited on the 24th Oétober and the
proprietor ihaterviewed. It proved to be a small concern
making grogged fireclay cruecibles and firebricks. No
equipment of real interest was seen, in faet the plant
wag old-fashioned. The clays of the locality were used.
For crueibles, the proportion of chamottes to raw clay
was J:2. A set of vibrating 2-bank screens was availsable.
for grading the grog into three gizes. A trommel was. .
used for dealing w1th the coarser grog'used for-the 1arger
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f Intefrdgatlon of Herr Eelmut Plote
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(“vacuated to Uitzacker},
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July 8th - 11th, 1945

'-_ngorted by:-
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British IZinistry of
” Fuel & Power

BIOS Target No. C 3Q/1.i9(o)

British Intelligence Objectives ‘SubwCommittee
32 Bryanston Square,
. I-Iondm’ W.l.
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— - L — o Pa.ge ‘ ‘ : . i e . ,
. No. - ‘ , SULMARY - ’ .
Summa‘ryv : B ce . 1 o o "1, Due to the bcmb:.ng of Berlin the various departments of the
’ . S : o S . WIFO. Eeadquarters had evacuated to separste locations, that
Introducthion o Ty , - ' chosen by the Construction Department being the WIFO, Eitzacker,
) N N RS g R . ' Ferr Plote was located during an investigation of -bh:.s 't:a.rge..
Qrz‘;anisa.tion of WIFO | . o - _ and 1nterrogated on the organisa'tlon of WIFO,
| . pdministrati ' 2" 2. Herr Plote appeared an intelligent man and appeared to have
- & mr';.Ls _ -on - : a good, if somewhat limited, knowledge of the organisation
Acti’vities of the Vineral 011 Dep'b.j f 4 - - g - - and supplied qu:.te e wealth of. 1nform-l-ion on %he whole concerrn,
telle (Depot ' 6 3, Information was obtained on some of the WIFO activities
- aussenstelie (2 p s) o R ocutside Germany proper,. their work taking them to locations
'Distributlon - S ‘. h 8 in mos'b, if not a11, of the occupied coun'l:ries.
¢ . Tankholzenlazer = N S ' 10 s _ 0 4 Amongst the other activities of mporte.nce are included ‘l:he
o h v e . R o various pipe lines, including five across the Rhine,.the _
Pipe Line's. - S [ s R : -+ Tanksholzanlager and the relationskip of the Construction Depart-
. > o o ~ o - ‘ment with the Geilenberg programme. _ -
Other nG"‘lVl’bleS h o S 11 ' ' ' o
y S . : S - _ - Se Seven bags of documents and drawings were eva.cua’ced. dealing
. : . - ’?omb Damabe 'to Installat* ons’ : o 12 , | : B with the topics given above and also giving drawings of some
. o , N ‘ - - o of the 1nsta11a.'b10ns in which WIFO were 1n'beres-bed :
uc.q.lenberg Probra.nme : T £ | S __ | . T o
;’)o'cumen’cs R e N 2 ' R 7 INTRODUCTION
vonclus’ ons :;eco***end%:.ons _ | 14 R ' . } - R i . It was already known from 't:he CAFT Assessment Repor‘l:
. , L~ : L L . that the Ccmstruction Dept, of the WIFO Headquarters, Berlin, had
‘A_Ppendlx n.n | R ' . o been evacutted to Hitzacker and that Ferr Plote, in charge of this
» : . Functiens cf ‘."IIFO' . o ST ~ department, was also resident in the town, - The opportunity was
R . . nppeqdu tpt _ o N therefore taken, as part of the investigation of the WIFO,
‘  Scope and Respor|51b111ty of Pr::.nclpal LT R I Hitzacker, of interrogating thls ‘man an the subgect of the crga.n-
f‘vv'rmpas_(l\.lnaml cil ..torage). o : e . -~ isation of WIFO,
- ‘LLL endlx "C"“_ﬁ o oL . . .\ E T . - : "
Lis: of Places where WIFC were. o : _ : o ‘ The following n.nfornat:.gn was obtained during this
! active, . | ’ ST - U interrogation and by a eursory. examination of the considerable
| . - ' ~ - o - collec.tlon of files ‘and records of 'bhls department,
(3 . .
~ o - | ) : .II\TTERROGATION OF HERR PIDTE T
P 1 of Team o | )
: ersomnec ol s S o : : - S Aged 37 and tx-a:.ned as a mechanical engineer, Plote
. Lt, Col, T. 7. Jozes nritish, ’ar Office S R - , had . been emplcyed on rail, loco and rolling stock construction for =~
Zrjor L, Zoserfeld Tritish I’_mlsbry of - . A the Reichsbahn.until WIFO was founded in 1934, when he was trans-
. . SR ; Tuel ¢ Power L s ferred by direction of Berlin to the latter organisation, :
rr. F. L. West Fritish,linistry of B} e Lo Allegedly forced to join the S,S, in 1933, Plote admitted that he .
- _ » - Fuel & Power . e ‘ g wes a member.of the Nazi party, but stated tha'c he had only been a
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merber of the S,S, for a short while,. (This was subsequently
found to be untrue, as some correspondénce was found addressed
to him as S.S.Unterleiter and dated 1945),. Plote spoke very
good English but appeared to be a nasty but knowfledg;dable
character, and altkhough seemingly co=-operative, it wae felt

thet he did not disclose anmy more information thar he thought -
was necessery to keep him out of trouble. Replying to the-
guestion as to why he had not destroyed his records (see later
section orn documents), he stated: that "he had seen what happened
to the French and people in other occupied countries who had )
destroyed their documents", - Certain documents bearing on the
party relationship of both Herrn Plote and Levsen were found and
handed inr at G(T) C.%, branch, 21 Arny Grp. BAD OEYNERHAUSEN for
forwarding to the proper authority, . . .

ORGAETSATION OF WIFO

o . The Wirtschaftliche Forschungsgesellschaft m.b.H, was
founded in 1934 with a cepital of Bm, 100,000, the capital being
_jointly subscribed by the I,G,Farben one. part and the Government
four parts. The original objeot was to store petroleum products
and to manufacture nitric acid. Later in 1934 the capital was

jnereased to Rm,100,000,000, all held by the Govermment, the object -
then being to store 211 military and econamie reserves, particularly - .

petroleum products, both for the Wehrmacht and industry, and to -

manufacture certain chemiecals (apparently these were the main
chenicals reguired for ,explosivgsge.‘ : . . '

' ADMINISTRAT ION

, . The menagement of the concern was directed by & board o
of directors and five main depertments., The Gemeral Director was

Franz Wehling, deputy General Director Friedrich Frey with Hans Attig,

[l
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- Albert. Fenne ‘and Prenkel to cormplete the board, The main depart-
ments were Administration, MMineral Oil, Tramsport, Construvetion and
" Factories. The information obtaihed concerning these departments

was limited by.two factors, namely; the main interest of the investi-"

gating team was in the Nineral 0il Department, and the fact that )
Plote was himself %#n charge of the Construction Departmemnt and this
. was naturally his chief interest, Below is given the constitution
of the board of directors and the Mineral 0ijl and Construction .
Departments showirg the inter-relation between the board and the .
Departments, ' _ L . "
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% The names of these individuals were not sought but are prébabl&'well-known.

- LARGE DEPOTS
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: uepartmehts are given ir aAppendix A, This shows. the wide field of
. interest of the WIFO organisation,

Because of the bombing of Berl:.n the various depe.r‘hnen'bs
evacue.ted as follows: ,

A3

¥inerel 0il Dept, to Derben(or if that was in danger to
" ‘ : : Stassfurt) o
Transport Nert,., to Neuberg on the Danube - o -
Coustruction Sept., to Hitzacker ‘ T '
. Chemical I'nnufacturing ' : o
‘ Do'nt . %o l.elbeck-Embsén (1.C,Ferben plent)

(Prankel, with others of this. department,
was -apprehended at Bienenbuttel .which is
clcse by. See CAFT report).

ACTIVITIES OF TI'E LINERAL OIL DEPARTHENT

As stated above the main interest of the investigating
team wvas in the liineral 0il:Pepartment. ‘Information in regard to
the Construection, Transport and Chemical Factories Departments was
not sought and such ac was obtained was more by accldent than
design.. . y s

' The workmg of the department was in the hands of four -
prokurists (executive chief clerks) the duties being sub-divided
" as follows: - : '
Horbert Tartung
Gembalski *
Dipelinge,dogun
- Dro.Ing. Fiemsted‘h

Lock .:uperv:n.s_wn
t‘x.'.y'..*.,a and, Sellln,:,
TecLn, Jorks Supervisor
Chen::.cal Quality Superv:.sor.

T v
€

The- iir eai—grl_yen&rtnentmem:tcd_larﬁela_a&&eamme::eie"

The functions of WIFO and the su‘b-divisn.on of” the T e
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s LIST OF- THE GHIEF EMPIGYEES OF WIFO AND THB
, M’INISTRIES WHICH GO-OPERATED OoN MINERAL oIL

e .Pkosms
'w. AR FOBCE Fusls & Lubricamts WIFO | MINISTRY
1, Quantities and disposition ~  EARTUNG - LFRENS
2, Frontline supply and recalls HARTUXG - BAUM.
S, Quality control : Dr,Kiemstedt Dr,Beyer
4, New Construction and Exten- Plote and Dr.Nocker,

‘gsions of plants - leévsen - Griebel,
| Frigate Capt (om)

b Amu Fuels and. Lubricants

1, Quantities and disposition EARTUHG; BEYNOID w&xl begimung 144
2. Frontline supply and recalls HARTUNG) NORKUS from beginning 1944.
3. Quality control Dr,Kiemstedt Dr . Hagemain -

o DrK,O.,Maller .
4, New Construction end Exten= Plcd:e and HBYNOID until begirning'44

~ sions of Plants, _ ’ . " Levsen NORKUS from beginning 1944

Before the war ".ﬁIFO‘,was concerred mainly il"z buying

"aviation, army and indusirial products for reserve storage, [or

example, in 1935 .to 1936 WIFO bought aviation products direct from
U.S.As (from the Standard 0il Co, of New Jersey, in which transactions
the Deutsch=Amerikanische Petroleum Gesellschaft were intimately
connected) and from Mexico, These products were trmnsferred from
tankers to barges on the feser and Elbe and shipped to the WIFO derots, .
later they bought direct from Roumania via Astra, Romano Americena -
and Creditul Minier, Subsequently, as other countries were over-ruu
HIFO (in Paris 1940) purchased stocks and products from French
Companies, undertcok constructional repeirs to refineries and arranged

undertakxng, buying raw materials and products frou the refineries
end synthetic manufacturers and alsc from foreign countries, .~
re-sellin;, finished, blended products to the Air .or'ce, Army, Xawy -
and to 1r~dustry.

B The cormecti on between the sube~divisions of this. o :
depertment and the resrective Ministries and the persormnel involved
‘- is given in the following table,. » '

" manufecture: the I'rench WIFO organisation was practically indepen-

dent of the WIFO L4Qe Berlin, imch the same type of orgam.sa.tlon
existed in other occupied countrles. Svidence was found of Plote
himself hannb lost personal effects due to bombing at Bucharest:
and of purchasing articles at the Serman Army- shop in Paris, Also -

in the Eastern countries trus‘cs were zormed. to purc!ase Roumanian

and Russian products.

e .- - . Ipside uerma‘.y TIFC purchased {row the Z,B,(Zentral Buro :
fur iiineralsl, cox .pr:.slng all German oil firms - Shell, Standard,
Olex etc,) which handled all motor fuels and lubricants for German
industry. 4as the war progressed WIFO tended to by=-pass the ZéBe
and purchase direct from the refineries, produoers of synthetic
products and conl tar mnufaohtrers.

- -
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T+ has been noted that large stocks of odd chemicals

have been found at WIFO installations and it appears that these ' ~

. were dispersal or transit stocks held at least partly for the
chemical branch of the undertakinge =~ - S

" ' J - ,
Plote alleged that all Ethyl Fluid plants were
constructed and -owned by WIFO, . . ' - ¢

AUSSENSTERELE

The oil storage and blending installations were

' divided into four classes, namely, "Grosslager! or “Hauptlage}" -

="large installations dealing me.inly with products for the Luftwaffé

and to a.smaller extent with Army supplies; "Heereslager! or

"eersstanklager" - being, as the neme suggests,.depots concerned
solely with Army products; "Tuft-tanklager" - depots concerned
' only with Air Force products (they hed facilities for T.E.L. -

blending); &nd "Marinelager" - depots.concerned only with stoeks .

for the Navy, . T

. Same confusion appears to have existed as to the-
meening of the.tenms~"Umsghlaglager?.and_"Ndchschublﬁger" applied
to both the Grosslager and Heereslager, It would seem that these
terms, if taken in their strict literal translation, viz, )
"transfer or tura round depot" and "reservs storage depot" might
be applied to either or both with equal eptitude, It is known:
also that the Army and Air Force had smaller ‘storage depots,

‘the Army for packed products ard. the Air Force at aerodromes.

o . Below is given a list of the WIFO 0il storege and

" .blending depots, Before the war most of these depots had camouflage
" names which were used in an endeavour to retain some secrecy &s to
their exact location. As far as they are lmown these nzmes are
included In the list below, During the war the use of'these names

has beern Imost discontinueds —It will-be-noted that-all-the—

camouflage names for the Grosslager end in "berg™, those for the
Eaereslager‘end in "au" whilst those of theé Lufttanklager end irf =
Malh, I ' : ! "

]

s

e .
. (a) Grosstanklager
" DEPOT. CAMOUFLAGE TOTAL FUEL TANK DATE OF
L NAME . CAPACITY IN CONSTRUC=-
' 1000 cu,metres, TION, .
Derben - " Lowenberg - 160 . 1934
Drugehnen Eegeberg ™ 2 . End of 1934
Farge Wasserberg 220 1936 -

. Hitzacker "Bellberg 100 End of 1935
Mimchen Munchberg 100 1934=-1935
Neuburg ‘Buchenberg 100 1935=1936
Nienburg - " Kuhberg 100 . End of 1934
Paudnitz - T I 60 1940

assfurt Bela - 220 . 1934
Vienna ™ - - T 140 1940
(b) Heersstanklager - -

— = . ) _ 7

_Amstetten Ammenau Tel ° -
Ebrach . Eberau 7.2 -
Bickeloh ‘Rodenau - T2 -
Heiligenstadt Hoiligau 7e2 1937-1938
Mahrisch-Schonberg = = - - 5.2 - -
Yuunchenbernsdorf Sonnenaun Te2 -
ngenheerse . Bekenau 7.2 -
Ruthen . Sbeinau - o Te2 -
Vorderheide ' Héidenau ? -
Zarrentin Ludwigsau - 7.2’ -
(c) Lufttanklager

Annaburg Elbtal - -
Bad Berka Efftal - -
. Dulmen Wosttal— -

. Ebenhausen "~ Kirchtal - -
Ehmen Elendstal - -
Lahgenselbold ‘Burgtal - -
Lowenhagen . _ Osttal ' - -

Niederullersdorf  TUllertal - -
Weissenhorn " Hormtal - -
| Ieter the ILuftwaffe built the following:
Tloster loccum - - -
Cldendorf’ - - &
Buchholz - - -

a) Earineiggeru'
Bleckede . -
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(1) L’arine"lagl or (o'dntinued-)g' |

Einswarden
Farge

- Flemhude

. Xonkeberg
Nordholz
Sande
Schaf'stedt
Wilhelmshafen

. s . :
N ¥ . % K . ‘.
{ I B B N A B
. ~ -QD
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: -From examination of the Grosslager and Eeereslager and
a study of the layout of the remaining depots it would appear that
the construction of both of these types of depot follow. a standard
layout with minor variatioams due' to topography and in the ultimete
storage space used, In.general it can be said thet if a depot of
each of these types has been visited, little fresh will be learned
by visiting other depots of.the same type. This is not so, however,
with the Stassfurt depot - now in Russian hands - which was from

its very inception regarded as a special depot,

. . The menagement of these outlying depots was in the hands
of three senior officials known as-the Mechanical Engineer lanager,
the Commercial Manager and the Chemicel and Technical Menager,
These mon were directly responsible to the General Director and.
not to any subordinate official, The director would appoint any
one of these three to be "Deputy Works Leader™, this post would usually
fall to the one who was the most reliable party member, The duties
of the individual managers are given in Appendix "B" which is an

abbr'e_via'l:ed_ translation of a Feadquarters circular, :

DISTRIBUTION _,

__WIFO,

-

- . “Although the Iuftwaffe drsw the bullz of their supplies
of fuels and lubrieants through WIFO, the army only obtained sbout
30 to 40% from this sourse, the remainder being obtained direct
from the aistributing companies e.g. Rhensnia, Ossag, Vacuum,

" DeAeP.Ge, Olex ets, The Army did give the WIFO.certain special

tasks i.e. glycerol (and substitutes ?) and gremses. As transport:
difficulties increased both the Luftwafe an? the Army tended to

.~ draw stocks from the most convenient source, a practice which '

resulted in an increasing use being mmde of the distributing

companies., It is known that the Army used guick coupling piping

(the "Perrot" system) for pumping supplies:to forward areas,

During the war the Luftwaffe took over the Luftentlager
and operated them independently of WIFO end even conrstructed ‘some

additional installations, The Navy was, as might be expected,

very independént, managing their own depots without reference to

o As the war progressed and other countries were over~-run
WIFO set up installations to serve the advancing Lrmies, making'
use of existing storage installations in the occupied countries
and where necessary, even building new storage capacity, it is
diffioult to/say exmctly where all “these Installations were located

- but the Table below gives -those in ocgcupied ‘rance, These were.

all called Eeereslager and were operated by the French under’

. German supervision, . o

- WIFO IN FRANCE

Places in which in -1’94_0 Feereslager .irere set
up in France ‘ '

1. Paris . . . -
Paris - Genevilliers

| Herr Plote was not very well informed on distribution .,
but it is known that the WIFO installations had to inform Berlin of
their stock position daily and it can be assumed that stocks were
kept at a reasonable level, Orders would be sent from H,Q, Berlin
for supplies for the Luftwarfe or the Army and the depot would
-prepare the necessary quantity, notifying Berlin when ready for
despatch, According to the district in which the depot was situated.
the central distribution office (Hamburg for Hitzacker) - which was
usually associated with the. Reichsbahn - would call forward a train-
and/or other transport which would bé loaded and despatched. The
only indication of the destination of the products would be the train
referenée number: the personnel of the installation never kuew
where the products were going, It is known, also, that the Army
could order supplies direct fromt the Heereslager. '

e - .= Soc, Maritimes
- Paris -~ St, Ouen
" Soc, Carburants,
' 2. Eonfleur ' - ' _ _
. 3. Rouen T : ) : , _ . —_—
" 4, Cherbourg
. 5, Rennes _ ' : CL
6, . Nantes-Donges ' . : -
7. la:Rochelle S
8. Raun Bordeaux (zu.Begimn etwm & Anlegen)
© 9, Sens ‘ I -
10, - St., Florentin . _ e
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. In the beginning .of 1944 new erections ware se‘b in
the rollomng places for safety ‘from bomb attaek. S

SenS" o . oy
_«a.za.ncourt be:z. Relms '
. Lyon
T le Mans -

»

The names of those ple.ces used in otber oeoupled countr:n.es were not

obtained but it is kmown that Oslo was used in Norway. -In Appendlx

C a lis%t. of names of pledces is given where- it is Imown that WIFO

had an interest; these may not refer to petroleum: storage only, .'but._

‘may also be for the chemical department

Tankhol zanlac-er

. As is well knovm the Germans re;tied to & considerable
~extent on the use of producer gas generators for operation of -
internal road transport, . ‘Whereas civilian transport had to meke

do with c¢oal, ¢oke, anthracite etc., producers, those used for the

“armed foroces cperated exclusively on wood,; This was due no doubt

to the fact that it was found thet less trouble was experienced with

‘ 'produeers ‘operating. on this fuel, It apparently fell to WIFO to
'arra.nge for suppl:.es of" ch:Lpped wood for this purpose, Evidence
was found, in searching through the documents, of storage depots

for wood which included machinery for sawing up the logs and reduc-_

ing these to cl‘:.ps. This type of storage went under the name of

"Tankholzanlager®”, It is believed that most o*‘ these were s:.tua.ted'

in the eastern oc-upled countries.

o,

' P:.pe L:Lnes

N It is probably already known that pn.pe lines were used

R T S

‘”-11.- o S

RS Na.ture.l Ga.s Lz.nes

Benthe:un to Huls , -
langensalza '
Rumanian gas lines

- 0f the above progeots pro'ba‘bly the most interestirg is

- the five pipe lines ac¢ross the Rhine, as it would appear that’ this

 is the first intimation that has been obtained of their existence.:
It is nown that three of these were completed, but it is not
possible to give more exact informaticn without consulting the

_ documents. These were no doubt intended to maintain supplies to

. forward areas if road or rail: transport should fail due to - -
destruotlon of 'br:.dges. :

14

- Other aotivities

- The Constructlon Department of WIFO had meny diverse
and wide-spread activitdeg, Considerable ‘evidence exists of
- constructional work heving been carried out at chemical manu- -
facturing plents; particularly those belonging to the I.G.Farben~-
R Aindustrie, This is perhaps explained, somewhat, by the stetement
v o mentioned earlier of the financial interest of the I,G, in the = |
. founding of WIFO, ' Two .places of particuler interest are the -
Mel‘beck/&nbsen plant, to which, it will be remembered, the Chemioal
Depertment evacuated and the Nn.edersachswerfen location, _
Ruhrbenzin and Ruhrchemie at O‘berhaueen/"olten also had a. close
relatlonship with WIFO.

_ Another e.otivity for which no explanation has yet been
iven is the erection of "Hoko" plants, Evidence was obtained of
such plants being ereeted at Heidebreck, Oberhausen, Dober:.tz,.
Embsen and Neuenkirohe'n. The extension e.t Exrbsen mas be:mg carried

by the Bermans for transportation of their petroleum supplies. The

information give: here will, therefore, either confirm or supplement
 that already known, Tke pipe: lires .constructed did not recessarily .

relate entirely to petroleum as some were laz.d to feed chemical-

works with natural gas for such rurposes. as synthetic rubber
/ménufacture. The following petroleum pipe-lines are krnown to have

been 1° id or to have 'been under eonstructlon' or conei.deration.

011 Pipe Ln.nes :

Ploest1 to Giurgiu -
Raudritz (Roudrnici) to V:Lenna. (300 mm diam.1940)
Neusiedl to Viemna
_ ~ Stassfurt to Gussen
S ' Ferge to Osterholsz’
: . Five plpe ln.nes across the Rhine. :

.

out w:.th ple.nt rémoved from l'ranoe. o _ . S

It was learned from the documents that orders were issued
that the various rocket fuels, components ete,, were not to be :
_known by their usual names, e.g. T. Stoff etc., but were all to be
called Sonderstoff, Many storage plants for these materials,

Parey; Ehrach, Krumnussbaum, “Mitfeldeutschland and Diedringen.
. In ad_dit*on it is most likely that the existing Grosslager were
also being enla.rged to 1nc1ude Sonderstofr storage

'1 . _' - particularly’ T,Stoff, were 'being erected, the locations named being

.One rather unusual undertaldng wes known as "Operation
.Ph:lli.pp... “This was the proposed engine test laboratory being
built for the RIX and DVL at or near the Neuberg on the Danube,
WIFO installatioﬁ. This has ‘been located a.nd was not completed,




but the leader of the section of 'bhe DVL who apparently geve

aze -

his name to the operation = Dr..A. von Philippovich - has been -
1oca1:ed in this area. . X
1

Bomb Damage to Oil _nstallations R | SN

"~ FProm doctmentary evidence it is Ynown that several of the

- Grosslager and Feereslager were demaged by bombing, For example,
" the depots at Drugehnen and Vordeheide were out of use ‘on the 1st

February, 1945, Similarly it is known that on the 18th December, .
1944, repair work was in hand at the Vienna and Nienburg depots,
to make’ good damage due to air attack, From the report on' the
Feiligenstadt depot it. is known that four tanks were damezed.on
Good Friday 1945, whilst at Hitzacker the extension to the site
was damaged, one set of five tanks receivimg a direct hit and "the.
ra.ilmy siding being damaged, -Most ef ‘the bombs however, fell well
tside the 'l:arget area, = ~ . : ‘

Geilenberb Probramme

It would appear that in the later years of the war, and,

- preeumbly, after the initiation of the Geilenberg programme, most -

of the WIFO constructional work was co-ordineted in this progremme, |
Thus the pipe lines under the Rhine and some of the other lines pre-
viously mentioned were being carried out as- part of this programme;
so also were extensions and improvements at the following depots =
Drugehnen, Hitzacker, Viemna, Raudnitz, thz.th, Neuberg, Farge,
Derben, Nienburg and Stassfurt, I\Iaturally bomb demage repalr came
under_this heading as also did- much of the Sonderstoff storage and
the "Operation Ph:.lipp . o

”

.On or a’bout 18~bh December, 1944 some endeavour was be:mg

'mde to increese storage of residual oils suitable for fuel. oil,

This may have been due:to the accumulation of stock not being.used
due to the curtailed activity of the Navy. In addition to work dat
I.ar:tnelager mentioned earlier, a special 'measure in the Geilenberg
programme in corrl:ract to the Reiechminister ‘for Armaments ahd War
Production, Raw laterials Dept., was being undertaken-for the '
storage of petroleum residues and coal tars, This .consisted in.

the use of cle.y pits -at. OTTENSEN, LAA 1 and LA.A. II and’ NEU WEIDEN--

BACH,

Vd

Documents

LS

’ > - l < - . ’
- The large mess of files and drawings belonging to the
. HeQe Construction Department were gorted and seven bags of material. -

ifé;"ﬁiG;ﬁﬁ?‘l@ﬁgG_“__“ﬂi§6§IIEﬁb6ﬁE—Dréﬁingi—“PIEnB—and—Mtps

. _.13— .

: o.i‘ possﬂ)’e use 1mre evacusted The contents are as below: B

mg *._0. %43% S Rohrleltunsen Uber den Bhe:.n (P:.pe 1:.nes o
e o . across the Rh:l.ne)

. _ L _ | Aussenstelle, WIr'0, Germany

ofricial. Instructions and Circelars
Assor'bed ’*v’_lcro I‘11ms. .

BAG N0, '4489B Techn;cal Drawi ngs and Oalculations of
‘ © - WIFO plant installations
'BAG NO, 4489C - Technical Drawn.ngs ‘and Caloulat:.ons of _
o WIFO plant installations, _
.Orgenisation and Scope of WIFO :
A,R.P, and Borb Damze at WIFO mstallationa
Technical Papers (including 1nfomt:.on on.
Petroleum Industry USSR).

0il and: Ga.s Pipe Lines

Sundry ape rs

- BAG NO0,4489D
. - Geilenberg Prcgram. ‘ , ' A' .

RAG NO,4489B WIFO activities autside Gemnny
. v . WIFO building programme - .
Evacuation Measures
DVL Test laboratory (Operation "Philip"j
TEL Blending
- Tankholz Anlagen

BAG NO, 4489F = Sonderstoff
e ' Sundry Films
Maps and Drawings

A The documen'be relating to the pipe llnes aoross ‘bhe
Rhine include .detailed drewings showing the location of these
' pro,)ects, explaimng the:.r use and constructlonal difflcultles.
From the Teohmcal ‘papers re'latlng to the USSR Petroleum
Industry it would appear that this subject was being carefully
studied so as to mzke the best use of the fe.cllities when, and if,
v'{:hey should be available, .

-




Conclus:.ons and Recommenda'b:.ons

.~ - The WIFO organn.satlon a.ppears to have been one of the
most mportant of the State org;an:x.sat:.ons connected with the
progecution of the war. Yot only were.its connectioms with the
petroleum producing and distribution concerns of importance
but its obvious conmections with the chemical producers would
appear to merit ‘further :mvestigation. The fact that it would
appear that only trusted Nagi party members were allowed to hold

executive office indicates tha'*- its actlvitles may not be above B

suspicion, - ‘

The relation between 'WIFO and the armed forces as .
regards supplies of petroleum products-is not yet clear and its-
exact functions, difficulties encountered, success or failure
would appear to warrant further attention; particu‘.larly is this
so. with supplies.to forward areas, There.is no doubt that the
outlying depots were well, almost elaborately, equipped and it
‘would be surprising if.such an elaborate organisation should
‘not return dividends in efficiency or ease: .of operation, It :
is noteworthy too that few of 'bhese depots 'have been mterlally
damaged by air attaock, _ , _ P

‘To further cle.rlfy the picture of quallty control and .
demands for petroleum products by the various sub-divisions of -
the armed foreces, it would appear to be worth while interrogating
_the members of the various ministries mentioned in this report
"end also ‘some. of the service chlefs concerned w:.th the supply
- of petro).eum products. .

" The rela:!;:.onsh:.p between the I1.Ge arbenindustriae and

vesti r"a 173 .Lv.u.

\
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AFPENDIX "A"

FUNCTIONS OF m:Fo

LIST oF CODES FOR THE IZIFFEP..ENT BRANCHES USED “..O‘I '_T.‘HE

1st APRILL1943 OIVIARDS. = 3 o

-

G. " mmémr

G=GDW Management - General Directorate Wehling

G-DFR -

G-DAT"

G-DHE

G-DFR

GDW

DFR
DAT

 DHE
' DPR

-~ Directorate Frey

” - . ne Attig
L - " .- Henne
L - " ‘ PranLel

re latlng Management G roups o

' General dn.rgctorate group Wehling (General Secretariat) = "

\ Frey
3. " Attig .
7" " Heme
" © " Prankel

Ge DEP.B.RTI’LENTS IM!&ZEDIATELY UNDER THE I.AIIAuElEI’T

GBU
GRA

‘Scientific and Technical Development,

Work Organlsa.t ion :
Auditing and Contract Supervis:mg : ¢
Chemistry and Iaboratory :

H, MAIN ADMINISTRATION

WIFO appears to have been very intimate and might merit. further glz,g | g::zr;trﬁ:::?té?% joe
' ‘ ) ' HEM Central Buying and Stores Ma.na.gemexrb
HAV . Gerneral Administration -
. Further informati on concerning many of the sub,jec'hs )
mentloned in the body of the report can be ob*balned by a study gﬁg Contract end Legal Department

‘ of the documen'bs mentioned above,

- MWL

Ground, Forest, Agrlculture '

M, MINERAL OIL CHAEF DEPT

LVK
MLV

. VBB

uTB

" Technical Works Supervision .

D epari:men'b Se

Buy:l.ng N
Sales

Stores Administretion
Works Accountancy

Works Guard - and A R P, -

.




Fo

-FBV
- FRP
BB
FBS
FBT

FET,

_B.

BVP
BKS
BBT
EBH
. BEF

BSP
BMR
‘BET
BRB
“BRA

-2-

. APPENDIX "A" continued | -

CHIEF DEPARTMENT ’*‘ACTORIES '

Works A.d.mmistration ‘ N
Accounting and Price Control '
Works and Constructions Book-Keepmg ‘ )
Works Superv:.sion and Construotion of Nitric- Acid Plant,

: " Toluol and Sulphur Pla.nt
Eledtrote chnics . .

'cnmr-‘ DEPARTKENT CONSTRUCTION

_Departments S : - S EERNEE S

Survey and Planninb
Construotions and Statics

. : Underground -
" above Ground Level Constructional
" of- Faetories ‘ Eng:meering
Spray Pla.n'b
'lhchinery and . Pipe L:Lne uonstruc'bion
.Electrotechnics

accountin,__, and Price Cantrol COnstructional Eng1neering
" Machines and Elec‘t’rotechnlcs -

: Book-keepi.ng and Aed oun*bancy

Personnel and Genera.l Admn.nls'bratlon ' ‘ T

<

CEIEF DEPARTMENT TRA}\,SECRT

—)
Departments

+1B
TRV
TID
TFT
Ta4

by
EY

Berlin’ . 2203.43.

Technical Supervision and Quallty
HeTeWWo and Vehicle Administrati on
Transport Disgposition

rreights and Tariffs

Book=-keeping and Accountancy :
Personmnel and General u.dm:Lmstration.

a

| 2ol

Seen and-izreed
by lanasgement

(sgd) Tehling, Trane;

-

A.PPEND]X "B'f

~

Abbrevzat ed. Transla.t:x.on

cmc“m NO. 596

TO ALL AUSSENSTELLEN

_ Berlin 23,3,43,

store (subsequently called AUSSENSTELLE),

.. rerreseried as’

Ref': Scope end Respons:.blli'by of prineipal employees

(rineral 0il Storage).

- e send you “enclosed the new instmctmons for our
‘branck (iussenstelle) Managers which will be valid as from

1,4.43.

Th_:i:s cancels circdlars iIo.?,_a.nd— 53.

- WIFO S

(ssd) 'Tehling(?) P

L A)e ‘Campetence and gg_ggensibiiigz

I, Branch Management

As a rule there are threemans ers irn a m:weral owl
i.e.

1, mechanical engineer manager (Ag'
1 Cormercial manager B

1 chemical & Technieal lanager (C)

;he, nre 1mediate1" -mbordlnated to the monaging direc‘tion to
wrich they: oTe E1s0 7'c-:'s;pcms...oxe. : : ) -
“T.en atsent or otherwise prevented the xm.‘mgers are
follows - if ¢ srmecial rerpreseriative ha* not been
u.@l cgated 1 By Lhe cliial e.dm-n..s‘tmtlon. ‘ '
(&) by the rlant engineer nominated by the
- meneging direction,:
C) by the commercial employee. designa'!:e.l 'by

~the rmroging direction, :
(C) by the chemist des1r-r~a'!:ed by the maneging 431 rec‘c* on,
1, Norks lansger |

the Generzl Lirector as works leader of WIFO designates

4




APPENDIX non contlnued

-

one of the managers to be "Deput .onks Isader” in compllance
with the law on the regulatlon. o% netional -labour at the branch,
'Ee is called "Works Manager" or by special nomination "Works = |
Director", Xe is chiefly responsible For the. complete manage- ;-
ment of the branch, for the. ocontinuous and complete readiness
for cperation .of the plant and -for its safety. He represents
the whole plant outwards. - -

,III. Scope of the Meohanical-Technioal Branch Managers

' B Foremost responsible for ﬁhe .operation and ‘readiness
.of the plant and for*the safety'wlthln his province, He is:
responszble for.- '

1) The care of technical personnel, i.e. engineers and :
' teohnlclans, plant inspectors and foremen; works offlce-typlsts,
machrnists, stokers, drivers; ‘communication, telephone,. tele~
prlnter personnel; helpers, auxlliary personnel,

2) .Contect and negotiations with authorities, 6fficisls and
private firms.on- general technlcal mattersand subsequent ¥ named
subjects, - e . o - L .
.3)__Dlsp081tmon for storage, mlxing and despatoh of fuel, oil etc.
4) Control and supervision of quantltles moved and mlxed

'5) Cleanting.of contajiners, malntenance and repair )

6) Tank car cleanlng, malntenance (mlnor) repalr.,

7) nhlntcnance of all Wworks equrpment (bulldlnes, machlnery,

AFP=NDIX "B" continued

" 7, Scope of Chemical-Technical Branoh lanag

Complete and scle responsibllity in all questions

relating to fuel and o0il quality. In charge of laboratory,

Pesponsitle for all operational measures: effecting quality.

. 3ole responsibility for supply of fuel and 0il to the armed

forces true to specifioation,

1) Care of laborauor; personnel l.e. chemists, chemo=
technlclans, chemist!g assistants, auxrllary gersonnel, office

stald - » |
2) Imstruction of new staff for latoratory and test bench,:

'35 Course of instruction and current co-operative testing within

©TTIF0, ordnance and oi fficial institutions, end indusiry cte., etce.

-B, IuS ’IRUCT TONS

General 4instructions on oompetence and co-operatiocn

| betveen menagers. Drily discussion of mail, olbnlrg of letters,

l'ail of the "defence- deputy" (ABNEERBEAUT -T LACTEP) is subgeot to

'.speclal treatnmnt

etc..ietc.

WIro .
® .

[i(sgéJ;Wehling.(?)-

Aapparatus_containens,_pipas

8) YMachine Shops etc., etc,

Iv, ngpe of'Commeroial Branch Ehnager
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~2) Cash accounts,

Vé} Hages o . ) N

ha

) Croer° and 3ills

9]
L

ICreights. etc., etc..'
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SAIMPIES OF .I?ETROIEUM':?ODWTS CCLIECTED FROM THE

. HAMBURG, HANNOVER, 3REMEN AND KIEL-AREAS

September 31lst - October 29th 1945

|

Reported bx} s
. J.G. Withers, British, iinistry of Fuel and Fover.

Maj. W.H. Thomas, British, Ministry of Fuel and rFower.

! mj‘ E.B. Robinson’ mtish’ R.A.S.C', B.o .A.R.

\

- BIOS Target Numbers

C30/400, C30/1.19¢, C30/402, C30/403,
c30/52, C30 _C30/404, C30/1.18,
C30/405, 30/3.01, C30/55, C30/406,
c30/36, C30/407, C30/45, C30/58.

- British Intelligence Ob jectives Sub-Comml ttee
o : 32 Bryanston Square,

e
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The collecticn of samples from the Hamburg, Hannover,
Bremen and Kiel arcas vas part of the object of B.I.0.S. trip
 No. 1248, and lists of samples required were given in the
briefing instructions for that trip.

_The_personnel responsible for the collection'of the
"samples were :- :

Msjor W.H. Thomas, British, Ministry of Fuel and Power.
Mr. J.G. Withers, " n " "
Ma jor E.B. Robinson, British, R.A.S.C. loaned by the B.0.A.R.

' The collection of samples was carried out over the
period 31st September to 29th October 1945.

The samples have an initial reference number in the
order in which they were obtained and this initial number is
followed by the reference mumber in the briering inmtroctions
where available. ' - : :

~ The notes on each sample are headcd with the sample
number ,; name of product, quantity available and source. In
the case of samples obtained from manufacturers » the products
ere of their own manufacture unless otherwise stated.

SOURCES OF SAMEIES.

1. Bulk Storage .
(a) Barges "Preienwaldia" and "No. 210" on the canal at
"~ Fallersleben. - o
Wifo Grosstanklagér, Hitzacker.
Wifo Crosstanklager, Schidferhof.
Navy Storage, Flemhude, Kiel. ' =
,—r_—Kriegsmarimwerft, _Achim, Bremen,

2. Research institugs.

(a) Chemisch ~Physikalische Versuchsanstelt der Marine,
" Danisch Nienhof, near Kiel. ’ :

(b) . Torpedo Versuchsanstalt - Nord, Bckernflrde.

3. Manmufacturers.

Deurag-Nerag, Hannover - Mi sburg. , '
Rhenania-Ossag Mineral8lwerke A.G., Hamburg - kl.
Grasbrook. ' o -

Brnst Schliemenn's Oelwerke, Hemburg - kl. Grasbrook.
Oclwerke Julius Schindler G.me.b.H., Hamburg - Neuhof.

1.




(e) Deutsche‘”Va.cumn Ocl A.C., Wedel and Bremen -
OSle'bshausen. o
o gf Deutsche BErddlwerke A.G.. Hemmingstedt.
.:{g) Iuneburger ‘Wachswerke A.G., uuneburg. o
4RY) Mineraldlwerke:F. Harmsen, Kiel - Hassec. o
(i} Vereinigte Asphalt- und Teerprodukten - Fabriken
Gemeb.He Shell Haus, Hamburg.

.DATA ON II\JDIVIDUA.L smms.
1. Blended Ava.ation Fuels.

= 1-7

No samoles of any of these fuels were o‘btainable since
a11 stocks had either been used or contaminated. Ierge samples
have alreaoy be:,n sent to Ir. Mason at ‘the A.I.D. Ieboratory.

- 8 IiA. 1 Em'lmental Fuel

v ‘This fuel was only blended in small 'batches. H. Stolte
of Wifo, Hitzacker beclieved the compos:l.tlon was as follows :=-

e 6052 VT 708
Caw T ‘ oo » 18(/0', B_enzole
207 ET 110

Wo Anilinec
+0.16% T.E.L.

2. Avia.tion and Motor gsoli‘ne Components.

- 129/15 Ingg,bn.tor m, 4F gal., Wifo Grosstanklager,
' chg,_f;er}_p_f. ‘ 4

Sample drawn from a barrel.

11846 mol, 2 litres, wifo Grosstanklag;er, Iﬁ.tzacker -
' Snall laboratory sample only.

' _],}0/17 VT 330, 4> gal., Wifo Gross%laggg, Schgferhof
o Sample dra.wn from underg'ound tank at Weser pump stat:.on.

7 VT 708 2 htres Wifo Gros-'tankla er, Schiéferhof
Small laboratory samplc only

. 132/18 ET 120, 4% gal., Wifo cz-oostanl.laggr, Schéferhof
Sample drawn from a barcel.

]i0£21 Ethyl g:luid - Blue, 2 litres, Wifo Grosstanliclager,
'H:.tzac.ker \ ’ : . '

Two engme tests cans avallable in laeboratory store,
scals unbroken and in paclo.ng case. -

636001 Be




20[?2 Etl_'_x“;l Fluld - C-rnen, 2 l:.tres, Wifo Groc'stanklagg

H:Lt zacl»'er

Two engine tcst cans i’illcd. from tarrel merked 1-T
Greenes ) : . : ‘

Blended Tubricating Oils.

12549 83 Aero Iubricating Cil, 40 gal. , Wifo Grosstanklazer,

Top sample i‘rom tank No. 1l4. i
: Wifo C—rosstarﬂ
Schaferhof. .

Top sample from. tank No. 1.

162, 163 Rotri Duosol 9 gal. s Eu‘tsche Vacuum
Oel, Wegl.» o ,
Th'!.s on.l was menufa.ctured in the Bremsn Duosol plant.

164, 165[11b Rotr:.gg ‘ha.lf smthetlc}, 9 gale, Deugsche

\facuum (..ell Wadel.
Composed of eq_ua.l parts of synthetn.c and m:meral Sl
componen'bs. )

EC AR B

, The synthetic component could be either SS 1106 (Rghtz)
or SS 906 (Leuna) of 5-6°E./J.OO°C. ‘

The mineral oil component, of viscosity 7. /50°C.
could bz eithor Vacuum Duosol SS 707, Shell Edeleanu SS 607 ox
Nerag Fm'fu::'al SS 807.

- Since the stock from which the sample was obtained had
becen blended by Wifo, it is impossible to state which components
were used. Th:.s oil is obviously the same gra.ae as S3. : L

i 9642 LP 295 III EN Torpedo Oil, 45 gol., Dam.sch Nlenhof.

Compos:.t:n.on stated to be :-
40% nera.l o:.l 4-59%. at 20°C.
29% 6.5%. at 50°C. = -
155 normal Torpedo oil (Mixture of Neat's Foot Oil
, o _ and Rape 011)
107% Tricre syl phosphate ,
3% Paraflow

plus about 3% thickened rape oil.

636001 o 3.




- Spe c::.flcatlon :

Appearance

Colour

Smell )

Me chanical :meur:.t:.es

S.G. at 20¢°C.

V:.scos:.ty %E. at 50°C.
o " 20°C.
- Pole height T

Flash Point (P.M.) oC,

Mineral acids :

Neutralisation No.

Ash

Behaviour at -30°(‘

‘Behaviour after 1 hour

at -40°C : I

-

_RJur Point -
Ageing (Jentzsch) R 500

R 500A

h -

Lu‘brn.c:.ty on the torpedo
‘breke

1024-2

,clbar L
green (dyed)
mild
nonc
0692 — 094 -
Sdl - 3.7 .
12.0 - 14.0
not morc than 2.5
not less than 150
none
not more than 0.4

" . n 3 1" o 0560
ﬂomng S
A sampleL'o/f 50 CCe in a -
pour point glass must
clarify after 30 min. a.t
+20°C . i -
Below -40°C. - - .
not more than 0.5k

" M " Se &%
R " " 3 mm mm. -
(Flocculent)
Drop in load not more than
1.3% in comparison with
norma.l torpedo oil.

20'7/12 LP 295 III EN To;_gg@ 0j1, 1 gtre, Harmsen, Kiel
' composn.tn.on as del:.vered to the Navy ‘-

1:2.45

15% Original torpedo oil 15% Original torpedo oil
3% Blown rape oil ' 3% Blown rape oil
: 10% Tricresyl phosphate - . - "10% ‘Tricresyl phosphate
' 3% Paraflow . 725 Zed.M.9
38% Spindle oil raffinate 5.2/&)

1,e Machine oil raffinate 6.5/50
- LP 295B had also an addition of 3% Emulphor X.

Typical ana.lys:.s $-

Appearance
Colour

- Smell - ;
S.G. at ’2000.
V:.scos.;ty 9E. at 20°C.

" 50¢°C, 3.15

Pole hoight 1.90
Flagh Point °C.’ 163
Mineral acids none

clcar
. green
- mild

0.933

12.35

Neutralisation Neo. o - 0e23
Ash o 0.0055‘}
Four Foint oC. -3

’ ) 4.




'I‘ra&lcss grade. '

_ T.V.A. Eckernfirde

- The follow:mg information was obta:.ned from Dé.m.sch
Nienhof :-

Contains 40% Clophen A (chlonnated d:.phenyl)

Specn.fication t=

' .“Appea-"'ance
Colour ..
. Smell
Albcha.nical impm‘rh:.es
"8.G. at 20°C. : '
'Viscosity 9B, at 80°C.
: " 50¢°C.,
" n 20°C.
Pole height
Plash Point (P.M.)
Minoral acids
' Neu'tz'a.llsation No.m-.
-Ash
-Behavn.our ai’ter 1 hour

Pour Point  °C.
’Ageing (Jentzsch) R 500
- R 500A

Trackless grade. o

clear and transl)arent
. red. (WBG-) L
 mild
" none

1.090 - 1.120
el = 243 -
5:8 = 665
.35 = 45 - o
not more than 3 '
not less than 180°C.
none
not more than 0.4-

] ’ " 0'050/;

A sample of 50 cc. in a

pour point glass must

clarify after 30 min. at

+20¢°C.

below =30 -

not more than O. W
" 1] n 5 -
n " "

. 3 mm. .
(flocculent)

Hermsen, Kiel

. Composition as delivered to the Navy.

- l.1l1.

6°’ Paraflow

25% Original Torpedo Oil .
29% Machine Oil Raffinate - 6.\5,450
40% czophen A 60 -

53608

8:2:45

%, Paraflow
25% Original Toroedo 0il
' 33% Machine 0il Raffinate 6.
'40% Clophen i 60

5/50




197 LP 297 Torpedo Oil, 4

Typical analysis - N
S.G. at 20°C.
Viscosity ©E. at 20°C .
. " ] IIA - , som.
Pole height
Flash Foint - v
Neutralisation No.
. Ash _

Pour Point oC.

1.100

39.4

e >

2159C
010 -~ =
under 0.01%
-33

al.. Dimisch Nienhof

The following data was given by Dinisch Nienhof ;

‘Composition :-
72% ZeQeMa7

10% Mineral Oil. 4-5%. at 20°C.

10% Cold test improver
5% Thickened rape oil

3% Mixture of 60 parts

Emulphor X and 40 parts

mineral oil 4-5%. at 20°C.

Specification :-

Appearance
Colour
Smell

Mochanical impirities

S.G’. at 20°C.

Viscosity “®. at 20°C.
114 " 5000.
goeC.

Pole height

Flash Point DVM = °C.

Mineral acids
Orgenic acids given as
% SO
Neutralisation No.
Ash
" Behaviour at -30°C.
-40°C.

Pour. Point :
Ageing Test (Jentzsch)
R 500
R S500A<after 30 min.
Sludge height
Sludge nature

clear

- yellow-xred

mild

none

0905 ~ 0920 -
38.0 « 45.0

7.0 - 7.8

2.4.‘ - 2.8 N
not more than 2.8
abeye 180°C.

' none
' 005

not mo:be than 0.5

" " . 0.0%
floviing S
A sample-of 50 cce. in a
pour point glass must be

clear and flowing after

30 min. at room temperature. '
below =35°C.

up to 0.5%

n " 5-0‘/5

n 0 3 mm.
flocculent, yellow to
dark brown :




Iabricity - A1l batches of over 20 tons
- . must have a brake test madc
e by the T. V.A. Gotcnhafen.

110/59 Motorenol acr vssrmmacht-Smmer, 4 pal., Wifo '
GrosstanlrlamerJ H:.*bzacker. '

Samplc drawn from pump house of tank No. 129.

111/40 Lotorendl der Wehrmacht-Tinter, 4 gal., Wifo
Grr'ozv,.«:.'l:a.nl\_lgg;grz H:.tzaa:cr. '
F‘Samnlc drawn from pumo house of tank No. 131.

15 UL Libriésting Oil al., Wifo Grosstanklager, .
i tzacker. _ o '
. Sample dra.m ﬁ'om pump house of tank No. 159,

«d.1{.6 Iaubricati

Reclaimed Z.4d. M.G-cnglne oil for d:.esel-eng;l.ned
h:.gh—speed boats.

195 Z.d.M.7 Lubr:.cati__n_g oil, 45 gals, Flemhuds.
Reclaimd Z. d.M.'?-eng:.ne oil for diesel eng::.nes.

4. Iuvbricating 0il Cor_gp_gnents. '

101 /2 anol turc, 10 gal., Docurag-Nerag, Hannover-
Misburg. ' ~
Oppanol Gemisch B.15 supplied by the I.G: The quantity
of pure 0ppanol in the mixture wes not known but a method for its
determination is given in Anpend:.x 1. This sample was drawn and
canned by the above firm. '

116/23 Pure Oppanol, 10 Wifo Grosstanklager , Hitzagks

This sample was found in the laboratory and was stated
to have been supphed for experimental purposes.
‘ llﬁxtureB.S 1 mfo&'ost xr,
tzacker.

Semple found sea.led in sample store

167, 16§z2§ Oppanol ﬁ_xj;gg °15z O gal., Rhenama-Ogggg
ur . brook . S

Sample drawn and canned by the above firm. I_n one
report it is steted that it contains 5055 Oppanol B.15 and 50f
of mineral oil, type unknowm, and in another that it contains

436001




206% Oppanol and 80% ‘Shell CY2. Supplicd ready mixod by the
I.G. Rhenama-Ossag ref. PPO1569, 16.1.41l,

Va.scos:.ty °E. at 20°C.

Oppanol consists largely of pOlarlaobutylenes and

Rhenania-Ossag, like other lxbncatin.g 05.1 manufaatln'ers ’ obta;l.ned
their st.t_pplies from the I.G. :

. Paraflow BExtra. Sample drewn and canned by the above
Rl‘Bnania.-Oasa.g ref.. P]EOIG'?S, 18'40440

: Specifioation $e

Density at 20°C. ' . 0896
‘Flash Boint ' (open) 188¢°C.

Pour Foint o . =22°C.
Neutralisation No. " Oed
Sapom.fication Noe 1.0
.'-Viscosity %E. at 50°C. , 6

gg, 220421 Wax for Synthetic Oil SS1006, 4 1lb.,
a-0s UL ‘burg. '

Labora,tory sample ava:l.lahle.

Sa.mplea dz'awn and canned. 'by the a:bove f:l.rm
Endvoltol 25/100,. Rl'Bnam.a-Ossag ref. 29652, 6.10 37.
Composition :-

'2/3 CY2 Diesel engim 0il Ref. 24595
'1/3 Rape ou, Ref. EBO803.

8.




Specification :-

Density at 20°C. - Ce922
Neutralisation No. about 0.4
Saponif:.catlon No. ' " 80
V:Lscos:x.ty . at 100°C. " 25

173 . 174/57b Halbvoltol, O al. Rhenania-os" . Hamburgs

Samples drawn and canned 'by the a‘bovc f::.rm | Rl'bnanié-
Ossag ref. 29625, 26.9+4l. - ' ‘

10056 ‘Volto]:lsed_ rape oill.

Specification $—

* Density at 20°C.
. Flash Point (open) ©C.
Neutralisation No.
 Saponification Noe -
Colowr (Union)
V:.scos:.ty % . at 50°C.
" 10000.

134/34 SS 607,

Sample drawn from top of unaerground tank : For
information see 175/34 'below.

Semple drewn and canned by the sbovo firm. Rhenania-
Ossag ref. 64970, 10.8.42. ‘ '

Mineral oil component for aviation lubricating o:i.l made.
by Rhenania-Ossag: -

18% ref. 24971 Edeleamu Raff. 4/50
827 24973 w - 9/50
40.1% ref . PPO1581L Ozocerit -

Specification :-

Density at 20°C.

Flash Foint 20peng °C.
" " P L) Mo : ‘C_ ..

Pour FPoint ©°C. B

Watexr

~Neutra_lisa.tion No. -

Asphalt '

Ash

63060M1




e

Colour (Union) S 2%
Conxradson _ : 0.14
Viscosity °B. at 50°C.. 7.5 - 8.0
Melting Point of Ozocerit 80 - 9GeC.

210/35 SS 707, 10 gal., Deutsche Vacuum Oel, Bremen-
Oslebshausen. . U . S .

- ‘Semple drawn and cenned by tho sbove firme

o Duosol raffinate of viscosity 79B. at 50°C. Made
by Deutsche Vacuum Oel A.G. o

—/36_SS 807, Deurag-Nerag, Hanmver-Mis'burg.

‘ No sample was aveilable as none had been made since
June 1944 on account of damage to the plant ‘and all stocks
had either been used or destroyed. ' 4

The following is the delivery s_pecif‘ication as g:.ven

by D. von Eynatten = -

The lubricating oil must be cloar, freoc from water and
mineral acids and contain no solid impurities. It is composed
entirely of natural oil basge ‘stocks. -

D8nsity a-t.20°C- : Maxe 0. 897
Viscesity at 50°C. 6e8-7¢9%B. = 51=60 ce8e
no 100¢°C.. _ Mine 1e77%B. = 935 CeBn.

Fole height | ~ Max. 2.08

Slopc Constant Maxe. 3#65

V.lI. ‘ ) -Mine 89

Pour Yoint ' ‘ Max. =-16°C.

Flash Foint (open) - 222°C.

Ignition Point - 258¢°C.
Neutralisation No. - Max. 0.05
Saponification No. Max. O0.17 ,
 Bvaporation Residue (Noack) Max. 12% . (weight)
Conradson Carbon Residue Max. 0.3% (weight
Ash x - Max. 0.01% (weight
Hard Asph=al o - Nid :

Water N$2

Approximate composition: 354 Cylinder 0il from
Nienhagen Distillate, propane deasphalted, double
‘solvent-extracted, clay treated and dewaxed: 65% Neutral Oil -
from Nienhagen crude, furfural solvent-extracted, V.G.C. 0.810,
clay trcated and dewaxed. |

(6360)~1




" Typical 1nspcct10n data on he components :-

Cyllnder 0il

Density at 20°C. .
V:Lscosrty G. at 5CC.
) " 100¢cC.

" S. 100°F .‘

"o S. 210°F.
Vele '
V.G.C.
Conradson Carbon Residue
Pour“Point . :
Neutralisation No.
Colour (Union)
. Flash Foint (open) o,

Neutral Oil

Density at 20°C.
Viscosity 9E. at 50°C.
" S.  1009F.
M S. 210°r.
V.G.C. )
Pour Point
Neutralisation Na.
.Colour-
Flash Foint (open) ©°C.

U.901
27.3
3.657
2019
130.8
94
0.822
0.73
~16°C.
0.01
8+

296

00880A
3.8
220
47.5

.02
o1+

217

14-@ o SS 40'7; @‘— gal., Wifo Grosstanklager ,_hltza.ck

- Blending component made by the Oderfurter Mineralocle -

worke. Sample dravn from punm house of 'ba.xﬂc No. 163.

106-109528, SS 1106, 18 @ . Wfo GrosstankL-@ ’
- Htzacker. .

- Symthetic blendlng componuxt ox PSlitz.
Samplas drawn from pump house of tank No., 147.

190 19 42, SS- 1006 80 al. Rhe a-Oss -Harburg-

Kl. Grasbrook.
Synthetic blend:.ng component ex Rhenania-Ossag, Harburg.

les drawn: and barrélled by the above firm and
incorrectly marked 190, 191/50. _ Ref. 22047 or 32947, 304 3.42.

LILOM-




' bpec:l.i rication :e

- Density at 20°C.
Flash Point ﬁowng
" P.M.

Water
N«.utralls..tlon No.
Asphalt . '
Ash
Colowr (Union)
Vl"CO..vlty 9g. at 20°C.

" - 80°C.

Synthet:.c oil ex Rulrbenzin. e

. Samples drawn from pump house of tink No. 157.
Por information sce 1‘76/43 below.

176 /43, SS 3500, 4% ga_;:.,.Rhe;gnia-gg'sgg, Hamburg-
Kl. &'aSbrOOk._ - : ;

Synthetic oil ex Ruhrbenzin.:
Sample drawn and canned 'by Rlnnania-Ossag a.nd
jncorrectly marked 176/42.

Spec:.fn.ca.t:.on, ‘rof. 72996-41 ’ 28. 4.42.

Density at 20°C. | : 0,848
Flash Point Eo;en oc, . - 215

" P.M.) °C. - 200
Four ~oint °«C. -50
Weter nil-
Neutrahsat:.on No. ' 0.
Asphalt = . 0
Ash ' ' 0
Colour (Union) 1
Conradson Carbon’ Resn.due T 0.06
V:Lscos:.ty °E. at 20°C. - 29
' " 50°C. 6e3

" " 100°C. . 1.8 -

161 /44 Etrol C, 45 pal., Deutsche Vacuum 0e1, Wedel.

It consists of a mixture of highly. sulphms»d mineral
oil and nitrochlorbenzene.

' babou-t‘




. ' Double Duosol raffinate from Recitbrook crudc is -
treatod at elevatcd temperaturc with 15-20(5 sulphur. Tho -
sulphur appears to combine chenically and does not separate
on cooling. Since this sulphurised oil was similar to
"Faktis" products obtained by sulphurising rape oil, castor
oil and other fatty oils, and double Duosol reffinate had the
reference "BDS", this highly sulphurised mineral oil was given
the works reference "EDS-Faktis".

Var:.ous mixtures of EDS Faktis and m.trochlorbenzene
wore prepared and were known as '"Etrol". The most used
mixture , which was mainly employed in the production of geer
oils, was known as Etrol C. Its eompos:.tion is :~

60‘70 Nitrochlorbenzene
40% EDS - Faktis.

Goar oils had an additién of 1% Etrol C.

- The eample cbtained was drawn ‘and camned by the a:bove
' ﬁ.m.

208/4-5 Hexathion, 1 1b., Deutsche Vacuum Oel, Wedel.

From its method of prodnction and analysis this
substa.nce is believed to be oxyethyl thiocarbonicacid tetra- -
sulphide. . Up to now it has only been made in the laboratory.
Sulphur monochloride is réacted with sodium xanthogenate, the
sodium chloride formed is removed, and the remaining liquid
distilled under vacuum. A complete description of the method
of vreparation and application is given in the following pa:bent
specifications :- _ .

D.52.925 Iv/.Lzo
D.92.926 IVa/23c

The sample available had been standing in the
' laboratory for a long time and may have deteriorated.

2'7 itor r, 4 oz. nania-0s S
""" Small lsboratory sample available.

bitor s 4 o ni Shell
_ Small laboratory sample ‘available.
5. Spedia bricating and Protecting Gjls.
=/46 Road Axl® Oils, Deurag- Hannover- burg.

- No samples available on aecount of damage to plant.
Tbe following are the delivery ngcifieations te . .

6L3LOMA ,' - 13.




- (2) Summer Grade:

Density at 20°C. 0.980
Visc. 9B. at 50°C. . 8-10
Flash Point o above 160°C.
Noutralisation No. = not above 2¢5
_ Herd Asphalt Mex. 0% W
Ash o Max. 003% w. .
Rise in U tube at least 10 mm. at -=5°C.
Approximate Composition: 55%.w. Nienhsgen Furfural.
o e 7 Cylindér 0il;BExtract .
45% w. Nienhagen Spindle Oil
Distillate, dewaxed,
pour point -17°C.

Winter Grads

Density at 20°C. . 0980
Visc. %E. at 50°C. 4.5 - 8
- Flash Point ’ above 140¢°C.
Neutralisation No. not above 2.5
Hard Asphalt Maxe 0a2%
Ash Maxe Oe3% _
Rise in U tube at lcast 10 mm. at =~80°%. =
Approximate Composition: 3644% w. Nienhagen FPuxfurel
' ~ ’ - . Cylinder 0il Extract
58.7% w. Nienhagen Spindle
~~0il Distillate, Jdewaxed,
'~ pour point -268°C.
4.,9% w. Propane asphalt -

Density at 20°C. <0950 -
Viscosity “B. at 50°C. >3¢5
Flash Point °C. » 1256
Hard Asphalt <1.0% w.
Water ' <0.2% w.
Ash : <0.3% w. : g
Rise in U tubce i} at least 10 mm. at -26°C.
Diesel fuel \ <10% w. '
Approximate Composition: 35.9% w. Niemhagen Furfural
:  Cylinder 0Oil Extract
— ' and Furfural Extract
- 1. from Nienhagen and
: Reitbrook Neutral Oils.

‘49.5% w. Nienhagen Spindle 041 -
_ Distillate, dewaxed,
; set point =26°C..
7.7% w. Propsne Asphalt .
6e95% wW» Straight-run Reitbrook
Ges 0il or Cracked Gas.

-~

— T - | - oil.
63060)4




Components :=

Nienhagen Furfural Cylinder 0il Extract

Density at 20°C.
Flash Point °C.
Visc. 9E. at 99°C.

’ 1.038
- 281
39

Nn.enh_a_._gen Spindlc Oil D:t,s‘t:J.lla.*t:eJ dewaxed,

set point ~17°C.

'De.nsity at 2C°C.

Visc. 9B. at 20°C.
" S 1C0°F,

vV.G.C.

Pour Point

Neutralisation No.

Colour

Flash Point (open)

0.896
2.7
§57.1
0.850
+18°C.
0.31
3%

162

Nienhagen i:.ndle 0il Dlatillate, dewaxed, .

set point -26¢°C.

Density at 20°C.

Visce. °E. at 20°C.
¥ . S.. 100°F.

V.G.C.

Towr Point oC.

Neutralisation No.

Colour

Flash Point

0.878
2.8
57.8
0.852
-28
030

3 - 3%
163

Mixed Furfural Extract

Density at 20°C.
Plash Point ©C.
Visc. °B. at 5C°C.

Propane Asphalt
Density at 20°C.
Flash Point (open)
Ring and Ball
Penetration

S.G. ]
10% to oG.
5% " n
90/:5 H] "
Flash Point
Pour Point

(2.M.)

63601

1.018
224
29.6

1.027
above 330
50 - 58
16 - 35 -

°C.

Rei tbrook Distillate
Gas 0il

0.860
252
271
312

86
=70




 The oomposn.t-n on of all the grades of a.xle oil’
Var:.ed with the variation in the v:.soos:.ty of the cylinder
0il extract.

1’7‘7[56 Mctallschutz31 TL 6013, 4+ gal., Rhenania-Ossag,
Hamburg-Kl. Srasbrook.
Shell 0il No. 3230

 Composition : (Rherianie-Ossag ref. 23230,—5—1—.43)

59% 23806 Sp:r.ndle oil Rai‘f:.nato :
41% 23835 light Machine 0il Raffimate

Spe cif:.cab.on s

Density at 209C. . 0.893
- Flash Point gopen C. 180
" P.M.) °C. 165
Pour Point C below O
Water ' - nil
Neutralisation No. below Q. o5
Asphalt 7 ‘nil
ssh below 0.01
Colour (Union) 3
V:Lscoslty °B. at 20°C. 9.0
" 50°0. - 2.5

' 103/57 Weffenschmicrool TL 6021, 4} gai., Fallersleben
‘ Sample drawn from a barrel. o

178 8‘ oroel TL 6027, 4% gal., Rhenania-O
o (=% - ' '

Shell O0il ABl1l, Hydraulio and Buffer 0il.
composition : (Rhenania—Ossa.g ref. 24623, 5.3.45)

85/ Spindle 0il Raffinate. 6.5%./30°C.
156 Spdndle 0il Distillate - 3.5°E./20°C-.-
16/0 Oleum '
1/0 Caustic soda
-3% Alcohol
3% Fuller's Earth N
As buffer oil coloured violet.

Specification :=-
Density at 20°C. | 0.873
Flaah Toint (open) ©°C. 160
' n P.M.g °C, 145
Pour Point °C. . -40
as hyﬂ.ra.ullc oil i -50




Noutralisation Noe not above O. 05
Saponification No.. R ¢ 8 15
Colour (Um.on) o -2
‘Viscosity <E. at 20°C. about 5.

102/59 Bremsool TL 6026 al. Fallersle'ben

ulic brake oil. Sample- taken from a ‘barrel,
marlced Shell 0il 4B11, 60/40, Rhena.nia-Ossag. -

149 6 Schutzdl 39 ale, Sc e R

Corrosion protecting oil, mter aolublo s TL 14—'7.
See 143/84g.

, Sample supplied by ochliemann (ma.de up - spec:.a.lly as
no stocks were available). The following data was obtained
from Rhenania-Ossag; which probably does not refer to this -
particular sample.

— Composition : (Rhenam.a—Ossag ref. 29155, 31.10.44)

39.0% 50/50 Resin/Spindle Oil Distillate blend
1.0 Oleic acid
4,84 40° B¢ caustic potash solution

- 12.0% Boring 0il H8 |

16 .Oﬁ'é Water

27 %0 Spindle 0il Distillate.

, Sneclflcation t=

Powr Point ©C. ' about -10
Water b1 S
Neutralisation No. ] -about 17
Viscosity 9S. at 20°C. 25 - 40

il 54, 1.3 Rhenania-Ogsag.

Also brzefing roference 55. lmti-corrosion oil for |
systems. , ’

Composition : (Rhenania-Ossag ref. 29160, 31.10.44)

41.0%~50/5¢ Resin/Spindle 0il Distillato blend
1.0‘/3 Oleic acid -
5.1% 40° Bé ca.ustj,c potash aolution
6+0% Boring Oil Ho
150@3 Wa,ter
31.9% Spinile Oil Distillate:

Specifica.tion S

Pour Point ©°C. - about =20
Water : ' » 208
Neutra.l:.sation No. 15 - 20
Viscosity 9B. at 20°C.

17.

e e




125@411 Transformer 0:1.1 4-; gale, Je Sch:.ndler.

_ Sec report on B.I.0.S. trip No. 1248. © Sample drawm
frOm a rail tank car. '

126/84p Turbine Oil, 4% gal., Scm:ngler. ‘

v See report on B.I.O. S trn.p No. 1248. Sample drawn
from a reil tank car. ‘

;28@48. Tuz‘bzne 0:.1= gz gg__l . Be Sctﬂ.iemam
~ Soee report on B.I. O S. tnp No. 1248.

139/84b_Transformer gl, 4% gal., E. Schl:.ema.nn
See ro‘porf& on B.I.0.S. trip No. 1248.

Spindle oil distillate with- 1-25% sulphur addition.

142/84¢F Cutti Oil with Sul hur Fatt
R. Schliemann.

As 141/B4e with up to 5% fatty oil..

Sample' made up'spe'cia.lly as no stocks were available.

Composition S

186 Sulpho na.phthemc a.oi.d

76% Spindle 0il .
2%  Caustic soda solution 40° Bd
4% Alcohol

3% Water.

This had ‘the following uses - -

Water soluble cutting oil
Boring oil ‘
.General rust preventative
Rust preventative 38
Hydraulic oil — . ° - , _
Radiator orotection .
Base for winter spray for fruit trees
. Wool industry. : X

o RS AL T

144/84h Refrigerator Oil-Light 1., E. Sc
Sec report on B I 0.S. trip No. 1248

| 145/84] Reﬁ-iggmtor Ollfmdllma 4} gal., B. Schliemamn.
See report on B.I.0.S. trip Nos 1248.°
> 6d%on-t : o - 18. - S




134 /1C1 fchwmittel HE. 4k ~al., Phenania-0Ossag.

Orizimally delivered from the I.G. . Four Foint -2°C.

. [ 4—1*2 gole, Rhenania-Ossag.
Druckocl,Siell jere Hydraulic Oil.
Composition : (Rhenania-Ossag ref. 21490, 4.12.44)
6% gas oil | | |

%% hald Voltol (29625)
“w.OOG?S,FluoroI_L 5.G.

Snecification :- .

Density at 20°C. atout 0.880
. Plash FPoint (open) ©<C. at least 105
- Pour roint - °C.. 80 SRR
Saponification No. about 3.0
Viscosity “E. at -50°C. not abovc 200 ..
1 " +20°C.. at lcast 1.6

AB11 Greon, 4% gal., Rhenenia-Oss
. Composition : (Rhenania-Ossag ref. 24624, 10.11.44)

100;> _Spindlc Ofl1 Rafrinate 25824
+0.057’6 Paraflow -
+0.8% Green colour solution.

Specification :=-

Density at 20°C. - 0890
Flash Point (open) ©°C. 160

Sour Point °C. -50
Neutralisation No. below O.1
_ash - trace
Viscosity 9%. at 20°C. 365 = 447

'187@_.04 Shell 4Bll, Not Groen, 4% gal., Rhenania-Ossag.
Idontical with 178/58 Stossdimpfercl TL 6027.
168/105 Shell 0il 1499, & gal., Rhonania-Ossag:
. - Lens polishing: ' _ ..
Composition : (Rh::nania—Ossag ref. 21102, 10.10.44) _

. 95% Gas 0i1 - y . .
5% Cylinder Oil , .

-




- Specification :-
Density at 20°C.
Flash Point (omen) ©°C.
- Pour Point B O
" Noutralisation No. =~
Saponification No.
Colour (Union) . .
Viscosity 9E. at 20°C.
1) L H SOOC.
189/106 Shell Product M2 Gutting 0il, 4% gal., Rhenania-
Ossag. _ . -
Boring 0il 3. Gr. 1.

Composition : (Rhenania-Ossag ref. 29154, 30.11.44)
25.0% 50/50 Resin/Spindle Oil Distillate 5-6/20
9.0/%5 Naphthenic icid = . e :
2.2 Water .
5,55 40° Bd Caustic Potash Solution
13.8% Spindle 0il Distillate . 3/20
: 45.1(/,2) . L } " 5—6/20
. . .. led% 4Llcohol.. S

‘Specification :-
1 : 10 emulsion satisfactory _
Neutralisation No. 15 - 20
Viscosity 9E. at 20°C. 30 - 40

104 Aero MGT Oil, 45 gal., Fallergleben.

" Property .of the Army. Sample taken from a.barrel
merked in sddition "Hamic" and "frostsicher" (low cold test).
MGT probably means machine gun turret. This oil may be
equivalent to Waeffenschmiercl Frostsicher, TL 60258, briefing
rcference 60. o

105 Oel £, Feins _. ‘ a1., Fallorsleben.
Instrument 0il, sample taken from a barrel.

128 Shell Hypoid Geer 0il, 4 oz., Rhemenis-Ossag. -
Small laboratory sample. -

-~

" 160 Intava Waffenoel Blau, l'-} gnl., Deutsche Vacuum Oel,
Wedel. . : - ' ’

Composition := . > T
67.75, Low pour point spindle oil distillate
' : ’ T 1.79E., at 20°C.
.30.05 Low pour point spindle oil distillate -

20.




“9.C% EDS Faktis (sce 161/44)
' 0.2% Nitrochlor benzenc—— - -
0.1% sudan blue G. -

211 HWA TL 602 L pal., Achim.

No information.

. 223 2. dM.32 HWA TL 6025, 49 ga.l., A ‘ni
No 1nforma.tlon. e ; ;

224 Z.d.M. 31, WA TT 6024, 45 gal-, Achim :

No information.

Greases .

—@9 Flugzengfett Blau.

. No sample but the following informat:n.on was obtained
from Rhenania-Ossag, rel. 26320, 7.l.44.

Conpos:.tlon : (c.£. 154/72)

8°/a Dist. vegetable fatty acia
3/: Stearic acld

4-/u Split fatty acid-.

%5 EBEndvoltol

Ze 5‘}a Time

80.5% Transformer oil 3,5-4.0/20
plus blue colouring. ‘

Specification :-
Water | about 15
Ash . : ‘ : «d
Fat content about 157
Drop pOlnt (Ubbelohde) °c, about 95

218,50 Thickened 0il, 2 1b., Rhensnia-Ossag.
Containing Silica Gel K3B.

' 192/51 Silica Gel E3B, 10 1b. Rhenania-Osgag.
Se¢ report on 5.I.0.S. trip No. 1248.




152, 153/54 Intava. New Instrument Greass, 80 b, ,

Deutsche Vacuum Oel, Vedel.

' Composition :--

5. 4/° Stearin wh:n.te la
1.1% Montan wax St
1.0% ILithium Hydroxide
© 0.6% Glycerine (or Clycerogen)
91.9% Iow pour point Spindlc Oil Raffinate,

4.29B./20°C.
_ jl‘he grease is rose coloured by the addition of 0.04%
- Sudan orange and 0.02% Sudan red. '

148/61 Schutzfett 40, 20 1b., S e .

- : 7L 6017. See report on B.I.0.S. 'tz'ip No. 1248.
The ‘sample was made up specially as no 8

tocks were available.

The follow:.ng data was obtaimd. from Rhenania-Ossag —
relevant to their own manufacture of Scmtzfett 40 Tp/Shell

corrosion protecting grcase H.
Composition : (Rhenania-’-Ossag ref. 28405, 27.1.43)

10.0% Ozocerit :

1.4% Caustic .soda solution 36° Be .

' 88.6% Cylinder oil, 69%./100°C., set point 0°C.
Drop point (Ubbelohds) °C. above 75

214 /62 Waffenfett, 20 1b., Achim.

: Manufactured by the Schlafhorst Chemiacl's Worke. .
Rcobably to TL 6006 specification.

The following data was obtained from Rl'ana.nia-Ossag
rclevant to their own manufa.cture of weapon groase.

Composition : (Rhenania-Ossag rof. 26228, 14.1.41)

8.0% I.G. wax S

8.0 I.G. wax TV

4.0% Wool fatty acid |
4.5/ Ceustic sode solution 36° Bé
2.,5% Aluminium hydroxide |

' 95.55 Mechine oil raffinate 25%./50°C.
Specification :- '
Neutralisation No..

Ash
Fat content
Drop point (Ub'belohﬂe) ‘.

‘22,

e




193 /63 Instrument. Grease 20 ° 1b., Rhonanla-Os,sgg

TL 6009
Composition : (Rhena.n:.a—Ossag ref. 264—08 3.11. 44)

8.0%4 Stearic acid
1.35% Lithium hydroxide

90, ss-o Spindle 0il Distillate 3.99./20°C.
——-———-J_ . . .

Spe cification :-

Neutralisation No. - about 0.5 alx.
Drop Foint (Ubbelohde) oC. " 180

_’:-(65 Kulfﬂ.stou:p_wnpenfctt . -

TL 147/745. No sample. The following data was
obta:r.ned from Rhenania-Cssage. =~ - . T T

Water pump grease/aircraft cool::.ng-l:.q_uid pump grease.

Composi tion : (Rhenania-Ossag ref. 26384, 30.3. 43)

16.0% Fatty acid second rummings
4.0% Ozocerit |

0.2 Acetic acid

3.0 Lime _

76.8; Machine oil distillate 4.5%./50°C.

Specification :=-
VWater ‘ ~ " not above 2.0%
ASh ) " 1" 3 873
.Drop Point (Ubbelohde) °C. 90 -95 =
Fat content ‘ about 207

-/57- Schutzfett 401

TL 147/770. No sample. The following data was
obtained from Rheﬁania-()ssa.g. . :

Shell corrosion rotecting g,rease L.

CompOs:.t:.on : (Rhenam.a-Ossag ref.. 28404‘“ 19.3. 4-2)

309 Wax reed stock; M.P. 52°C.

50% Cylinder 0il 69E./100C.

.10% Ozocerit

~ 10% Wax, M.P. 58 - 60°C. -
Drop\Qa:;;t (Ubbelohde) °C. sabout 60

w

_,{ 8 Schutzfett 40H
Sec 148/61.




217(20 Calypsol Grease, 20 tubes, Achim.
Gi‘ade 285.

154/72 Intava Blue Aircraft Grease, 40 Ib., Deutsche
Vacuum Oel, Wedel.

Conposn.t::.on : (c.f. -/49)

"17.8% Mixed tallow .
2.54 Calcium hydroxide
79.7% low pour point Spindle Oil Rafflnate
'3.298,/20°C.
+0.05% Sudan blue G-

204 /73 Invarol Grease.. 5 1b., Harmsen, Kiel.

Invarol Grease PX, 30.6.43.

60% Shell Oel ABLL ™
30% Nova 0il (Schwechat)
10% Synthetic 0il R.2000

Specification t-

Drop Point | 147°C.
Cold Test : ~36°C. solid
Cons:.ste,ncv - 0.9C 1.g./20

158 Vacuum Grease 1228, 40 1b., Deutsche Vacuum OelI Wedel

Composition :~-

- 5,.-3 . Bmulsifying Wax PS
56 Hard Fatty Acid
1% Sodiwn Hydroxide
89% Ma.ch:Lne 0il Dimtillate 6.5%./50°C.

;59 Vacuum Stli‘f Grease B3, 40 1b., Deutsche’ Vacuum Qel,
ﬁ

Composition :-

8.1% Crude Montan Wax
2.9% Split Fatty Acid
2.99% lest Run Fatty Acid
1.6% Calcé¢ium Hydroxide
C.7% Sodium "
83.8% Spindle 0il Distillate 2.5°E. /509C.,

Ball Bearing Greasc, 4 Ib. iel.
Probasbly Grade No. 10lia - 1072 for civilian use.

24.




4.3.45 - . B.5.45

Technical Tallow % Technical Tallow
1/» I.G. Wax O 5% Oil Fatty Acid
25 Synth. Fatty Acid -2, Calcium hydroxide
1;; Calcium hydroxide . > Machine oil reffinate
4%, Extract 0il : ' 4.5%./50°C.
43% Machine Oil Dist. ' :
.1%./50°c '

_ This.grease may satisfy the Z.d.M.21 Ball Bearing
. Grease Specification :- o

. Drop point - above 150°C.
" Flow point ' © 140°C,
Ash not greater then 2%
Water : " "o " 0.5%
Consistency at -15°C. l.9
- +209C. C.7
+70°Co - 006
0il Se,naratlon at 75°C. not more than 0.5%
' ‘Neutrahsatlon Noe. CeS mge KOH/g. '

Change in the ‘consistency data for Z.d.M.21 :~
at -15°C. v - " not more than 3
at. +70°C. : not less than 0.5 . .

205 Machine Grease, 4 1b., Harmsen, Ig'el.k |

No. 1010a for civilian use.

8.1.4 o 10.11.45

Crude Montan Wax : 15% 0il Fatty Acid
Synthetic Fatty Acid 25 Calcium hydroxide
Marble €alcium hydroxide _ 83% Machine Oil Distillate
Spindle Oil Distillate 4.5/50

2.5/20 -

206 Red Iubr:.cat:.gg Grea.se, 4 1b., Harmsen, Kiel.
' 1071a for c:.v:.l:z.an use.

24.5.4 ‘ . 30.3.45 -

> Techmical Tallow 15% 0il Fatty Acid
Calcium hydroxide . 2% Lime :
Crude Montan Wax = . 83% Machine 0il Distilla‘be
Iest Run Fatty Acid 4.5/50
Spindle 0il Reffinate
2. 5/20

660k

—




212 Meteorfett, 10 Ib., Achim. -
Specification -
- Colour ,
Appearancc’
Reaction
Ash
Iime in ash
" Saponification No.
Patty 0il (calculated)
Separation
Smell
Flow Point
- Drop Foint
Water content
' 8.G. at 20°C.

213 Korrossonfett, 10 1b., Achim.
Corrosion protecting grease.

215 Flugzengfett, 15°1b., Achim.
. Aircraft grease. -

216 Verschlussafett, 20 1b., Achim.
‘Sealing grease for guns.

Speci fiégtion HES

Colour
Appearance
Ash
Iime in ash A
Saponification No.
Fatty 0il (calculated)
Separation -
Reaction .
Boiling test with HC1 : -
After colowr with reflected
' - dght
transmi tted
light

S.G. at 20°C.
Viscosity %E. at 20°C. .

7. Bitumen Products.

grey-black

opaque

. veakly alkaline

1.7%
sent

25.63
13.42%
none
soapy
82¢°C.
85 °Q.
O+4%
C.840

red-brown
opaquse

2o 207,
present
13.5

7.1%

none
alkaline

yellow

yellow

0.898
6.3

, Leboratory samples were made up specially by the
Vercinigte Asphalt- und Teerprodukten~Fabriken, Shell Haus,

" Hapburg and Harburg as follows :=— .

636081
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246, 247 Buphalt U/Bitunuls U

Unstable bitwmen emulsion for rcad construction.

Recipe (2 ton charge) :

1020 Kg. Bitumen (Ebano 200) are thoroughly mixed
vith 16-20 Kg. Stearin Pitcn at a temperature betwcen 100 and
110°C. The following are mixed in the vater mcasuring vessecl:
980 Xg. water, 12 Kg. 50% Ceustic Potash and 1 Kg. Soda.

They are wermed to 65-70°C. and led into the agitator. Finally
the bitumen mixture is passed into the alkaline water with
agitation during a periocd of about 10 minutes. _

238, 239 Euphalt ygitumuls H
' Semi-stable bituwacn emulsion for rcad construction.
: » . This cmulsion.is produced from the unsta_.b.le anulsion -
U by adding 3% of emulsificr MP and thoroughly stirring. '
: Emulsifier MP is a resin-soap solution of the
following composition :- ‘

25% _ w. Bressin resin
T 755 w. Caustic Potash Solution (33%)
6755 we Water. , :

The above are boiled with stirring until. the vcomplete
solution of the Bressin resin is obtained. : :

. 244, 245 Euphsalt §£B_ituxmlls S

‘Stable emulsion for road construction.

Produced from unstable emulsion U by edding 55 of
emulsificr MP and thoroughly stirring. :

298, 229 Eubit Paste
Insulating coating - emilsion basis.’

Composition :-

8 parts Kassel Brown (humic acid powder) are dissolved
by short boiling in 17 parts water with the addition of 1.3
parts ammonia (S.G. 0.91). The humic acid is_converted to the
celcium salt by the addition of 2.6 parts of 33% calcium chloride
solution. Into this wroduct, at a temperature of 40~-45°C.,
50 parts of Ebano 3 at 10C°C. are slowly run in with vigorous
agitation. As soon eas half the bitumen has been stirred in
5 parts of water are added. When all the bitumen is stirred
in the mixture is made up to 100 parts (weight) by the addition
of water at 20°C. .

1

636Q4-! - 27.




242, 243 Rulabit A :
Insulating coating - ‘solution basis.

Composition -
¢ w. H.V.B. 80/90
26‘,"3 w. Panmex 1
Zo we Stearin Pitch N
.~ 4B)5 w. Solvent Benzine.

The bitumen -is mclted together with the stearin
pitch at about 140-150°C. and stirred to a uniform consistency.
The mixture is thun cooled to sbout 110°C. and the Solvent ‘

Benzine added slovily while stirringe.

240, 241 Buksbit D S
Rouf coating - solution basis.

Composition :-
| . 75% Ebano 6 is warmed to about 90-100°C. and 257
Solvent Benzine dissolved in it by stirring.

232, 233 Bukabit K

“ Insulating coating for green fodder and potato silos.

Composition ¢~
25,5 Panmex 13
25j0 Ebano 1
. 1% Montan Wax
497 Solvent Benzine

e The bitumen is melted together with the montan wax
at about 150°C. and stirred to a uniform consistency. After
cooling to about 110°C. the solvent benzine is slowly stirred in.

930, 231 Bukebit - Spachtelnasse
Roof répairing compound - solution basis.

Composition s
10% Penmex 13
50% Panmex 11
49 Stearin Pitch
36% Solvent Benzine _
" The bitumen and stearin pitch_ are melted together at
about I50°C. and stirred to a uniform consistency. The so vent
. bengzine.is then stirred into the mixture, cooled to 100-110"C.
63600 28.




Tc 75% parts of the above 25% parts of waste
asbestos fibre are stirred in.

- 234, 235 Dechiklebemasse - -
- Hot working sealing compound for millboard roofs.

| Composition :-

' . 50% Ebano 6 - o
- 10% Dark Mineral 0il
40% Panmex 11

R The above are stirred together a.t 130-140°C. to
‘a uniform congistency.- T ) .

- 228, 227 V.A.T. Schelungsol A
Cement stripping oil. I

Composition s~ .

L 16 parts of meutralised sulphite wasie “liquor 32°
Bé are warmed to sbout 20-25°C. and passed into an agitator.
Then 50 parts -of slack wax at ébout 40°C. are slowly féed in,
the rate being such that the total time is at least 25-30.
‘mimites. Stirring is continued until a jelly-like paste is
produced. Finally a suspension of 2 parts of Bentonit in
32 parts of water (temp. sbout 20°C.) is stirred in.

236, 237 Calol ¥
' Vood impregnating medium.
* Composition : (4 ton charge) o

' . 360 kg, of neutralised sulphite waste liquor 32°
'Bd is heated to sbout 25°C. and fed into an egitator and 800 kg.
slack wex (35-40°C.) is added over a period of at least 25-30
minmutes. Agitation is oontinued until e Jjelly-like emulsion
is produced. A suspension of 60 kg. of Bentonit in 840 kg.

. of water at 25-30°C. is then fed in, slowly at first and then
quickly, with agitation. The following solution is then
stirred in: 80 kg. O ’ of zinc chloride
lye 70° Bd, 200 kg. of emmonia S.G. 0.91,

8. ﬁsoeilansbgg Produgts
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Density at 20°C. . . 1.i20
‘Neutralisation No. - 3.8
. Viscosity °E. at 50°C. Ty
" n - 100°C. 3.8
181, 182/76b Lubricating 0il Extract, O gel., Rhenania-
Osseg. .
Iubricating 0il Extract from 22506.

Rhenania-Ossaz rof. 25206, 6.7.44:

Density at 20°C, 0.990
Flash Ioint (onen) °C. 170~

Pour Point °C. , -30
Neutralisation No. for 29329 max. 0«5
_ for 29325 maxXe le5
Ash - o o .
Viscosity °“EB. at 50°C.

166/77 Reitbrook Crude Oil, 40

Ocl, Wodsl.
198/78 Helde Crude 0il, 40 gel., Hemmingstedt.

209 Mienhagen Crude 0il, 40 gal. . Deutgche Vacuum .
Oel, Oslebshausen. . =~ ~ _~ _
‘ The sbove title covers mixtures .of north-west German
paraffinic crude 6ils, in particular, Hind.gen, Oberg and
Nienhagen. The properties vary according to the proportions
of the difforent components. '

-/80 Optan 35

- .~ Tank No. 26 at the Wifo Grosstanklager, Hitzacker, -
containing Optan 35, had been nenetrated by heavy bonbs.

 “There were special diificulties in obtaining a sample of. the
 material still in the tank and, on account of the doubtful

value of a sample, none was taken. '

123/81 Roxyl G, 4% gal,, Wifo urosstanklsgor, Hitzacker.

. Technical Xylene. An average aa‘mplé we.s taken through
the menhole cover of tank No. 25. : ' '
N

-

121 /82 Opthyl 70, 4+ gal., Wifo Grossteniklagor, Hitsecker.

~ . Sample drawn through manhole cover of tank No. 22.
The tank was nearly empty end there was water present, The
semple was attacking the internal paint of the Jerricans but
no other suitable containers were available. ' .

636041




122/83 Opturan 60, 4 gal., Wifo Grosstanklager, Hitzacker.
Sanple dravm through manhole cover of tank No. 23.
' Other remarks as 121/82. -

140/844 White (il for Ointments, 45 gal., Schliemsnn.

. Ointment oil was produced from parafifinic spindle
oil distillate, refined with sulphuric acid and treated with
30-405% zcid and ebout 37 clay. It is of light yellow colour

~and cloudy and served in the production of ointments, hair
oils end similar prenarations. ' No special specification was
laid-down-~

146 /84 Tallow Substitute, 5C 10., Schljcinamn.
: This product wes made from refined petrolatum (brought
%o a dark green colour with 10f% Fuller's Berth) end 15% of
synthetic fatty acid last rummings. '~ It is very tenacious and
- , shows wnusual pressure withstanding properties. It was used
——— - 4 n the metal industries where thesc-preperties-were-valusble

such as in pressing and cold drawing, and in the light metal
industry for cold forming. '

147/841 Vaseline, 30 1., Schliemann.
See report on B.I.0.S. trip No. 1248.

124/84m White Liouid Peraffin, 4% gel., Sehindler.
' Sample &rawn from a barrel. For further information
soe rcport on B.I1.0.8. trip No. 1248. Fcedstock ex Nerag.
151/109 Nephthenic Acid - Sodium Selt, 4> pal., Schliemann.

For vater soluble cutting oils.

150/111 Winter S 0il, 4% gal., Schliemamn.

Specially preiaai‘ed laboratory sample as no stocks
were available. Water soluble oil. -

‘Composition :- o
70% Spindle Oil Distillete 2/50
19% Sulpho-Naphthenic Acid

3% Resin ‘
55 Crude Cresol
* 3% Alcohol :
3.5 Caustic Soda Solution 40° Bd.

Used at the begiming of the year in a 5-8% emulsion
as a spray on fruit trees. : - .

63604+ * . 31.




- VWedsl. v , »
' Patty acid last rumings. This material was
obtained by vacuum distillation of oxidised wax.
First runnihgs - Used for vashing and wetting agents. |
Middle " = Used for soap manufacturc. -
Iast " - Used for grease manufacture.

‘ According to the quality of the feed stocks for _
the vmx oxidation and the plant conditions so the gquality of

the T a‘.tty"ﬂa.—ci&-varivedrw-Tm--itst—_mmi:nga—oen’baa‘;ned in—

general fatty acids with more than 18 carbon atoms.. Different
deliveries were distinguished by consistency and saponification
néo ‘ ) : .

156, 157 Emulgierwaehs BS, 40 1b. Deutsche Vacuum Oel,
Wedel. ‘

-~ —produced by the I.G. and believed to be synthetic:—

: It was used in the production of greascs and boring
pastes and other emilsifiable metal-working products.

900 Oxidation Hard Synthetic Wex, 5 Ibe, Iineburger

Veachswerke.

See report on B.I.0.S. trip Fo. 1248.
. Fischer-Tropsch wax oxidised using Kolophonium.

201 PliLeAc'_;m.a-r!;:5.s:'Lerun;.’;swac'rxsv,L 5 1b., Luneburger Wachswerke

Sce report on 3.I1.C.S. trip No. 12¢8.

Fischer-Tropsch wax oxidised using special catalyst.

202 Fischer-Tronsch Synthotic Wax, 100 Ib.,Tuncburger -
Wachswerke | .

Originating from either :-
Rheinpreussen, Bad Homberg cr
‘Ruhr chemie A.G., Oberhausen - Holten, or I.G.




. INRDEX TO SAMPLES.

Serial
" No.

Sample

Quantity

Source

101/23
102/59
103/57
104
105

\

Oppanol mixture .
Bremsoel TL 8026

Waffenscimierdt TL 8021
1 Aero MQT oel
Oel f£. Feinmechanik 1TI. 6010

85—tto68-lubricating o1l

10 gal. drum
Jerrican

Deurag-Nerag

_ Barges at Fallers-|

leben

’ .
-
)

106738
107/38
108/38
109/38
110/39
111/40
112/43

413743
114/37
115
116/23
117/23
118/186
119/21
120/ 22
121/83
122/82
123/81
124/84
125784
126/84
127
128
120/15
130/17
131717
132/18
133/24

134/34
135/9
138/ 10
137
138784

.139/84
140/84
141/84
142 /84

Motorenoel d.W. Summer

b " Winter

8S 3500 lubricating oll

S5 407 " "
U1 " .
Pure Oppanol
Oppanol 8 15
Kybol
Ethyl Fluid - blue

] n o green
opturan 60
opthyl 70
Roxyl G

1} Waite Liquid Paraffin

Transformer oil
Turbine o1l

Inhibitor R ]
Shell Hypoid Gear oll

" Inhibitor ZV
VT 330

VT 708
ET 120

Z 81

8S .07
53

V 2 (AR

‘| Innibitor 8

Turbine ofl "’
Transformer oil

White oil for Ointments
Cutting oil + sulpmr

+ fatty acid

Wifo, - Hitzacker .

BRwxRlboR

Small Box

5 litre can
2 " "
Small Box

Jerrican

Small Bottle
] -

Jerrican
.

2 1l., can

Jerrican -
|

Barrel (40 gcl.)

| ‘Small Bottle

Jerrican
L]
.

J. Schindler
| ]

_ "
Rhenanie-0ssag
. ]

wiro Schiferhot

3
1Y

1B 5'.2‘5-5‘5 S NV - 5‘6533'33a&m~2§~2




Seriel
‘No.
143/84 2 |Cutting ofl water zoluble Jerricen

144/84 h |Refrigerator oil — light ...
145/84 3 . .. % - medium .
146/84 Kk | Tallow substitute _ Kes
147784 1| Vasellne »
148/€1 Scmtztfett 40 - .
140/66 | Scmutzdl % Jerrican
150/111 |Winter spray o1l .
161/109 ‘| Nephthenic acid-sodium-salt ya
152/64 |Instrument grease Keg -
163/64 " - - .
164/72 | Alrcraft grease - blue :
156 Nachlautfettsure -
Emlzierwachs PS
. [ 2 -
.| Vacum Fett 1238
.| vatfénpel blan
Etrol C E o .
Rotring ~ Duosol " ] Jerrican
- * [ ]

~ ‘Sample . Qantity

(.

166
|1e7
188
T
160

'161/44
162/11 2
1e3/11 a} % , .
184/11 b | *  halb synthetisch .

165/14 b ® Ll . " . ' [

186/77 | Retitbrook Crude 011 40 gal.barrel
167/23 | Oppanol Jemisch - Jerrican
168/23 . L , »

160/26 paraflow
170428 - .

2 &, w 2 2 € % uwe 8 s s'8awe
. - ~ .
“« w8 s v s s s e e s

171737 2
172/97 a
173]37 b,
174/37 ©
476/34

1 176743
177766
178758
170/7¢ &
180/78 &
181778 ©
182178 b
18379
©184/101.
18571082
186/ 103
1877104
188/ 105

Endvoltol

L] .
Kelbvoltol

e
88 €07
88 3500 ex lerchexnie
Metallscmtzll TL 6013
Stossaampferdl TL 6027

Lubricating ofl extract
| S L U

Shell Special 011 54

‘Bonrmittel HS

Hydrematc 012 F 1 - -
Shell A B 11 gre<n’
Shell A B 11 not green
Shell 011 1499

186/ 106

L
"
]
.
"
o
.
L
»
| ]
]
]
»
»
4
»
[ ]
»
 J
®

- L360N-1

Shell product M 'z cutting ofl

34.

655’3389855500000&@0:qqsaaausagg

BB




Seriel
No.

Szmple

maputy

Source

JAR

191742
192/61
193/ 63
194/

196/

! we/12
1 197
198778

Silica gel KX 3

Instrument grease -TL 6008
% d.M. & Lubricsting 011
Z.dM7 " "

1P 205 1I1 EN Torpedo 01l

LP. 297 .o
Heide Crude 01l

Synthetic Lub. 011 85 1008 -~

40 #zl. baerrel
]
Bag
Keg
Jerrican
]
l. -

3arre1 (40 gali)

199/18
| 200

01
02
203

205

212
213
214
215
216
217
218 /50

219/31
220731
221/32
222432
223

224
225 /13
228)
227)
228 )-

ET 42 Torpedo 011
Oxidation Synthetic hard wax

Phl egmatisierungswachs
Synthetic wax ex F.T.
Ball bearing grease
Invarol ‘grease

emall parcel

large sack

Tin

Rhenani2-0ssag
L I (3
» L
L] [ ]
Flemhude
B - .
 Danisch Nienhof
» [ ] ’
Hemmingstedt
— - VAs—Nord

Eckerntdrde

“pin eburger

Wachswerke
L]

.
Harmsen, Kiel
M RS

Machine grease

Lulyfett rot

LP 295 TII EN Torpedo 01l
Hexathion _

M1 enhagen Crude

ss 707 e

"HWA TL 6023

-

Méteorfett
Korrosionsfett
Waffenfett
Flugzeugfett
Verschlussfett
Calypsol grease

. Thickened oil containing

Silica gel K 8 B

Wex for synthetic oll SSi1006
N | ] ] » "

-] Krackbenzin

| Z.d.M.32, HWA TL 6025

Z.d.M. 31, HWA TL 6024
ET 42 Torpedo 01l

Schalungsoel

Eublit Paste

_Euksbit Spachtelmasse .

1 litre can

_small parcel

Barrel
60 litre can
Drum

(R
a tubes in box

A Tin _-

Bottle (1 litre)
' .

2 1, can

Jerrican

1 smal1 tin

L]
»
L]
DVOAQ — Wedel
®  Oslebshausen.
LI n
Kriegsmarine werft
Achim ’

Rhénani a=08528

Kriegmarlné werft
‘Achim
[ ] ]

Harmsen, Kiel
VoA T.




Sample - Quantity

Fukacit X - ‘ small tin

Pachklebemrsse

Cal_ol F

Eupnialt B

Bukabit D

Eukabit A

. 6DbHON!




m TO PRODUCTS OF WiliCH SA&EPLE Hidh HNOTL., OBTATIABLE ABLE

th.le j t‘me case of certa.:m produc‘b.., m.ent::.oned in
the briefing instructions samples were uncbtainable, it
was possibe to obtain. J.nformatlon on thbul. These are
llsted below : ' :

Briefing
Reference

' Description.

<w:5|:- 7 = !'Blended Av:.a.tn.on Fuels ! i
-,-8 TN Al Etpcrnxental Fuel
~25 ’?Po]yisobutylene co
~36 ss 807 '
-46 Railroad Axle O:Lls

_.-49 - ! Flugzeufett Blau

uhlstoﬁfpun,penfett _

-67 Schutzfett 40 1

-68 Schutzfett 40 H

-80 . Optan 35




ESTIMATION OF OPPANOL IN OTL MIXTURES
20 g. of the mixture to be oxamined is placed in a

-peo.r-shéped centrifuge wvessel of capacity 125 cc. and dis-
solved in 100 cce of amyl alcohol by shaking. '

_ . The solution is. then centrifuged at normal room
temperature at-about 5000 r.peme until it is quite clear.
The time token is dependant-on the oil but in gerneral is

30-6G-minutese - i

‘The clear solution is then poured off and the residue
washed with 10 cc. of amyl alcohol. - -The Oppsnol, separated
es a residue on the glass walls, is dissolved in 10 cce. of
thiophene-free benzene et the temperature of boiling water -
and, without removing it Trom the centrifuge vessel, is con-
centrated to 3 cce. To the benzene solution is then added
20 cce of amyl alcohol a 1ittle et a time and the whole re-

. centrifiiged. - The separation should this time be completed
in ebout 10 minutes. -~ The alear ‘solution shall then be
poured off and the residue washed twice with 10 cc. of amyl
alcohol. - : .

The Oppanol cannot be weighed in the centrifuge
vessel on account of the diffioculty in removing the remains
of the amyl alcobol. The Oppanol 4's redissolved in benzene
and poured into a weighed glass dish. The dish is then
placed on an electric hot plate to evaporate:off the amyl
alcohol and benzene, placed in a drying oven at 105°C. for .
half an hour, cooled in a desiccator and weighed.

B . There are oils which have the unusual tendency of
partial inclusion with the separated Oppanol. Such can be
recognised by the yellow colour of the Oppanol. It is them
necessery to repeat the second separation in the centrifuge
vessel after solution in benzens. o A - '

Misburg 3.3.42.

Translator's Note.  Some modification to the quantities will
- be nocessary to estimate Oppanol in
Oppanol blending mixtures containing 25%
Oppanal and overs :

38 ' D b3bah-t (3850 DL R 122 Fub RRF
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1 mmonucrmg.

- This report g:wes tz'anslations of three. doc\;nents
prepared by Dr. Roelen'of Ruhr Chemie A.G. at Wimbledon over
the permd November 15th December ZOth 194-5. L

Various Catalysts and Their Gonditions of Use,

1) 'Synthol’

2) Ruthenium as a Catalyst
3) The 'Iso‘'-Synthesis

4) Niokel Catalysts.

Iron Catalysts.

21 Historical Develcpment
Peculiarities of the Iron Synthes:i.s

a) Possible varia.tions

b) Hydrogenating power-

¢) Boiling range

d) Amount of branching ‘

e) Formation .of o:qgan.—oonta.ining prod:.wts.

Gobalt Catalysts.

1) State of Development
"~ (2) The Producta as Related to the Oonc‘la.tions of syntlwsls

Working pressure S o
Working period LT
- Reactor regecneration : D o
Mode of running 4
Gas ocmpos ition . A '
(3) The Produots of the Cobalt Synthesia T
' General characteristios
b) Gasol
c) Benzine
d) Diesel oil - :
e) Hydrocarbons of' h:.gh and extremely high
molecular weight.

'D. F}ltt;re ‘Possibilities.

‘.' ~ 63"“’2




A. Various Catalysts and Their Conditions of Use.

(1) Synthol

: B As early as 1923 it was shown by Fischer and Tropsch
that a compliocated mixture of alcochols, esters, ketones and
other oxygen-containing campounds can be obtainad fram water-
gas using alkalised iron at pressures of 100 atm. and above.
This mixture is called Synthol.

(2) Ruthenium as a Catalyst.

Fischer and Pichler found that ruthenium is an
excellent catalyst for the synthesis of high and very high
molecular paratfin hydrocarbons. At 100 atm., presgsure, for
~ example, the use of ruthenium produced the biggest hydrocarbon
molecule so far obtained, one having well over 100 carbon atams.
in the moleculs.

The work was confined to the initial lsboratory ————
experiments because of shortage of ruthenium. :

(3) The Iso-Synthesis.

More recently, it was found by Fischer and Pichler that,
under certain conditions, using thorium dioxide as catalyst,
strongly branched chain or cyclic hydrocarbons can be obtained
directly from carbon monoxide and hydrogen. o :

The working conditions that must be maintained are not.
simple; they are among others, high temperatures, €.g. 400°C. ;
high pressure, ©.g. 100 atm. and above, as well as complete
absence of even traces of metals of the iron group, partioularly
iron itself. | ' :

These severe conditions supply the reason why the iso
synthesis has so far been restricted to the lsboratory. scale,
although the produtts are very interesting, e.g. high- octane

benzine, naphthenes and arcmatics.

| During the war we tried to erect & semi-technical plant
at Ruhrchemie for the iso synthesis, but could not obtain the
nocessary special steel ‘high pressure equipment. ‘




(4) VN..{crzkel Catalysts.

"In 1931 it was discovered by ¥ischer and leyer that
ln.ke cobalt and ircn, Ni can bring abeut the formation of.
higher hydrocurbons than methane fram carbon monoxide and
hydrogen. This actien also takes place at normal pressure.
Nickel ‘catalysts were perfected to such an extent as to produce
more than 100 g. of liquid products per cubic meter of synthesis
gas on passing uhe la.tter only once through the system.

Successful sem:.-large scale work has been done’ m.th
such catalysts, but these have tvo great drawba.cks wh::.ch '
cannot be overcome :

a. They produce ma:mly saturated. hydrocarbons a.np.
. only small amounts of olefines.

b, lMore methane is formed than with cobalt or iron
catalysts so that the same maximum yleld cannot
be obtained. '

~ For these reasons all trials vith n:LcL\el catalysts
were given up and have not since been re-commuenced. _

B. Iron Catalysts.
(1) Historical Develm

The I‘:Lscher-!l’ropsch synthes::.s was fn.rst carried out
using an iron-zinc oxide catalyst in 1935. Fram then on,
research was continued for four years at the Kaiser Wilhelm
Institut fir Kohlenforschung at Mihlheim in the Ruhr, using-
chiefly iron catalysts, until it was discovered in 1929 that ~
cobalt catalysts could be much more €asily and rapidly develcped
to give the highest yields.

Only during the war, when cobalt became increasingly
scarce, was iron again tried in the Fischer-Tropsch process,
Work was based on the extensive experiments made d.ur:mg the
develcpment of the cobalt synthesis, -sbove all vhen using the
increased working pressures which had been introduced in the
intervening period (medium pressure synthesis at 10 to 20 atm.).
In a cmparat:.vely short time, considerable prcgress was made,
Soon iron catalysts were known which gave yields equal or even
8 sing those obtained with cobalt. Hcvever, owing to
various factors, the development of iron catalysts was still
in full swing at.the end of the war and had to be broken off at
“a particularly interesting and promls ing stage. e

636002 3.




When resesrch with ircn catalysts was renewed, the
tcmperatures employed were at first about 300° to 250°C, Later
~~iron catalysts .were found for temperatures of about 230° to
250°C. A large scalc plant for Italy (Arezzo) was based on
this. The problem arose to replace cobalt by iron in :
the German plants already oxtant.: The meximum temperature which
could be reached in these installations was ‘only 2256°C. This
necessitated the development of new and considerably more
active iron catalysts effective below this maximum  temperature.
This, too, was substantially achieved, but at first only for the

medium pressure sznthesis.

Even this, however, came very recently to be regerded
as insufficient and the aim was to fill the normal precssure
- gynthesis reactors with iron catalyst. " Useble iron catalysts
fulfilling all the requirements of normal pressure synthesis axre
not yet known, although good progress has also been made in
this direction. Althcugh it is possible to obtain good yields
with iron catalysts at normal pressure and below 235°C. there
is one main difficulty (epart fram the present unavoidable
production of more low boiling products and methans). This is
that CO; is formed and not Water as with cobalt. This lecads
to a considerably larger volume of residual gas and consequently
to gquite different conditions in all the pipe lines, reactors,
gsoparstors etc, after the first stage reactor. ) ' '

At medium pressures (10 atm, and above) water formation
. can be successfuliy brought about at the present time with iron
catalysts, at least to the degrece necessary in the conversion of
water gas with a CO { Hy ratio of 1 1.25. Thus the position
is new, that the known iron catalysts at working temperatures
below 325°%C. are quite suitable for medium pressure syntheses

but not for those at normal pressure. Conseguently all the
following data on iron catalysts relates to working pressures of
10 to 20 atiun. - ) ' '

e
\

- (2) Peculiarities of the Iron Synthosis.

1

(a) Possible variations.

: T The chemistry of iron catalysis—is-considerably more
- complex than that with cobalt, On the one hand, this involves
- greator developmental difficulties but on the other hand, there
are more varied possibilities. Lven today, so many products
con be obtained using iron catalysis, that it is only possible
to cite merely a few as typical. Only examples for the limiting
possibilities can be given, between which there can be produced
all manner of intermediate stages. The details are as follows .

4,
7 ».




(b) Hydrogenating power.

~ The hydrogenating power of the 3 metals of the iron
group diminishes strongly in the order Ni, Co, Fe. Thus
- _nickel, when used as a Fischer-Tropsch catalyst, gives only
saturated hydrocarbons together with quantities of methans,
while iron yields most easily more olefines and less methane.
Cobalt occupies an intermediate position. - -

, In the case of iron, the hydrogenating power can be
altered by the camposition and mode of production of the
catalyst, either to fall to a minimum or to increase, e.ge by
-amall additions of copper or nickel. Since the degree of
saturation of the products can be influenced by the CO . Hy
ratio as well as by the mode of working (once-through or
circulating), it is possible when using iron catalysts to .

- produce either predmminantly saturated or highly olefinic.
hydrocarbons, e.g. in a range of 10 to 90% olefines.

- Only mono-olefines are p:éoduced, mainly those with .
a terminal double bond. . :

(o) hoiling remse.

_ The use of iron catalysts gives the greatest latitude
in adjusting the boiling range of the products. Predominantly
low boiling or predaminantly high moleoular or. the highest .
molecular hydrocarbons can be produced with all kinds of inter-
nediate stages. This is exemplified in the following campositions?

Benzine Heavy 0i1 Soft Wax = Hard Wex
(200%.) 200-230 C.. 320~460C. over 460°C.

(3) ag 13% o |

(18) - 59% 245% 14% 3%
(144) - 17 6% . 17% 50%
" A1l the above figures are fram semi~large scale tz_:ia."l.s..:

| (a) Amount of branching. |

L, As yet, no exha.us‘bive,knowledge’ of the degree of hranch-
ing with the higher hydrocarbons fram the iron synthesig‘ is :
available. For one thing, there are no sufficiently simple and

reliable analytical methods for carrying out large numbers of
serial estimations with these high molecular hydrocarbons.

5.
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Further, the so-called npranching mmbers" obtained up to now,
e.g. using antimony pentachloride, arc ‘not regarded as
 sufficiently trustworthy. None the less, there are several
unob jectionable “observations which show-that more strongly . .-
branched products are obtained in the iron synthesis. - Among”~ ..
other compounds, we produced a primary benzine (up to 200%C.) "
with the octane number 72, the careful fractionation of ~thich
revealed the unmistaizable presence of -the corresponding iso- ’
hydrocarbons. ' ' A

(o) The formation of o:gr_gen—oontainihg products.

Whereas vrith nickol or cobalt catalysts, oxygen-
containing by-products are produced either not at all or only
in ‘quite small amounts, very variable quantities are formed
- with iron catelysts, according to. conditions; indeed so mech
' may ocour that it mey be regarded as.a means for -a direct .
higher primary alcohols from water-gas. (what = T T
.s under consideration here is a synthesis of mixtures of
nigher alcohols of the most varied molecular weights at medium
pressures. This should not be confused with the synthesis of
" 6.g. iscbutanol with oxide catalysts at high pressures, circa
200 atm., developed fram the methanol -synthesis)_. ‘Besides the =~ 7
alcohols, large amounts of esters are formed, but less
aldehydes and acids. The ratio of these products to one
snother as well as their total gquantity is strongly dependant -
on the composition and mode of preparation of the catalyst as
well as on experimental conditions. For example, the proportion
of oxygen campounds in the total product can vary fram 5% through
all proportions to about 70% and more. . '

All these oxygen cempounds are saturated. 'So fary
there is no reliable sonfirmation of the occurrence of compounds
containing both oxygen groups and olefinic double bonds. :

0. Cobalt Catalysts.
(1) State of Development, :

, In contrast to the iron catalysts, the development or

cobalt catalysts reached a 3definite conclusion a long time ago.

A certain cobalt catalyst was ‘pecognised as the best chemically .

. and techniocally at that time and has been ma.mii'actured since
then in large quantities, its camposition and mode of .prepara--
tion remaining unchanged. - -

) The products obtained with this so-called "cobalt
 mixed catalyst" (100 Co : 5 ThOz : 10 MgO 200 Kieselguhr) can
. therefore be mare precisely described as regards yield and 7

properties. 6




Tt tust be added that a series of variations are also
possible herey depending on the conditions of synthesis.

Further variations in the liquid products are also made possible .‘

by reason of advances nmade recently in laboratory trials with . - - -

catalysts, namely thc development of types of cobalt catalyst
which contain as an activator, either manganese (among other
metals), or exclusively magnesium. The pure magnesiun catalysts
yield more low boiling hydrocerbons, while the cobalt catalysts
containing mangenese yield considerebly more high moleculexr
‘hydrocarbons. K ’

%We have also succeeded in preparing and testing :
successfully on the semi-technicel scale, cobalt catalysts which -
not only convert the oxygen of the carbon monoxide exclusively’
into weter, but also, to a considersable extent, into carbon -
‘dioxide. This represents a further possibility of processing
. carbon monoxide-rich-gases with cobalt catalysts and cbtaining
correspondingly varied products. ‘ - - C

: All the fol].oﬁ:ing tréé.tmént refers solé];y to the normal
Co - Th - Mg - Kgr mixed _qataJ.yst. ' | ‘

!

Synthesis.
. (a) Working préessure.

The pressure at which the synthesis is carried out can.
have a considerable effect on the course of the reaction, - An
increase from atmospheric pressure to about 10 to 20 atm, - ,

. (medium preasure) brings about.a substantially increased formation
of high and very high molecular hydrocarbons. In contrast to
normal pressure synthesis, this does not involve clogging the
catalyst with wax and so bringing conversion to a stendstill. -
Thus medium pressure synthesis makes possible the ocontimuous
formation of high molecular solid hydrocarbons. '

If the distribution of the molecular sizes of the ;
hydrocarbons formed is altered; either by means of the catalyst
or the conditions of synthesis, then the change does not generally.
occur regularly throughout all the molecular groupings. It is
much more usual for the low boiling and highest molecular - -
fractions to disappear or increase, while the quantity of the
mean molecular weight compounds (heavy oil 200-320°) remains
more or less unchanged (abeut 15 to 30%). For this reason no
real diesel oil synthesis has been: achieved so far, either with
‘the normal pressure or the wedium pressure process, although more
benzine or hard wax may be preferentially produced. o

7.
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(b)) Working period.

 Catalytic activity, as measured by gas conversion or
_from the yield, gradually decreases in the course of running, . :
This can be counteracted to sorie extent by gradual temperature T T
increase. After 4-6 nonths, however, this measure no longer
_ succeeds and the catalyst rust be renewed. ) 7

: In order to keep down costs, or for other réasons,” the
catalyst nay be used as long as possible. Or, in erder to
meintain unvarying conditions and maximum yield the catalyst

may be changed after a certain life period, without using up

its residual activity. Both methods, and variations of "thenm,
were used, according to the needs of the moment. T

The working period influences not only the yield,
‘but also the quality of the products, With increasing length -
of working, the hydrogenating power decreases (because of wax
clogging, partial poisoning by unremoved sulphur in'the gas 6tc. ).
This leeds to an increase in elefine content. Similarly, the
proportion of low boiling hydrocarbons rises (because of the higher
 wiorking temperature, emdng other reasons). A

(o) Reactor regeneration.

In the course of normal pressure synthesis, the high
moleoular wax which collects in the catalyst must be removed
fran time to time, e.g. by solvent extraction, by hydrogenation
using hydrogen, by cambining these two methods or by some other
procedure. This regeneration varies -greatly fram works to
works, depending on local conditions. -

removing- the t .
of the catalyst £illing and consequently, depending on ciroum-
stances, also in the quantity and quality of the product. I
general, however, ‘this influence is not very great. S

(@) Mode of running,

Alteration of the ruming conditions can cause
considersble changes in the relative proportions and constitution
of the hydrocarbons formed. The process may be run either in -
ons or two or more stages on® following on the other. Between

" the separate steps, only condensible higher hydrocarbons and
water may be separated, or the lighter hydrocartons (benzine, -
gas-0il) now remaining in the vepour can also be removed., The
gas can be—passed once through the system or parts of it can be
re-cycled to a greater or 1esser extent. Re-cycling can be

carried out with 'or withou* removel of the benzine or ges-oil.
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A1l these steps influence the course of the synthesis
' more or less strongly and not only as concerns the total amount
e~ yield, It is above all, a natter of -olefine behaviour. -

: These can react further during a lengthy stay in the reaction 4 :
zone and becaie either hydrogenated or take part in the formation
of higher hydrocarbons. Thus all conditions tending to decrease
the length of time spent by the reaction products in the reaction
zone increase the proportion of low boiling and olefinic hydro-
carbons. ' : ‘

(e) Gas composition.

. With the Co.Th.Mg.Kgr. catalyst, higher hydrocarbons
are formed fairly closely to the equation ¢ _ h

o + 2z > (CHz), + HO.

Correspondingly, normal synthesis gas. contains ocarbon monoxide
and hydrogen in the ratio of .1 % 2. This is maintained as
closely as possible in the synthesis plants, mainly in view of
the yield, but also on chemical grounds. If, for example,
‘excess hydrogen is present it accumilates in the final ges and
causes increased formation of methane and light hydrocarbons
as well as hydrogenation of the olefines. Conversely, the .
production of olefines and higher hydbocarbons is favoured by
increasing the carbon monoxide content. This is hardly
practicoble with a simple through passage .of the gas, since

_ ‘carbon separates fram undiluted carbon. monoxide rich gas eand
soon renders the catalyst inactive. ‘

, This trouble can be avoided in the medium pressure
synthesis by re-cycling geses rich in carbon monoxide, i.ee
using them diluted, For example,. the process may be cexrried = .
out in several stages, starting with. ordinary water-ges having o
a 00 ¢ H, ratio of 1 . 1.25, circulating it and attaining the =
00 : H, ratio of 1 . 2 before the last stage of addition of .~ .
. hydrogen or hydrogen rich converter gas and then working wp the
. presidual gas. In this way conditions favourable to olefine
formation are cambined, namely, & larger CO content than corre-
sponds to 100 ¢ 2H. and .deereased time in the -reaction zone. "
This method of working makes possible the manufacture of produots
" containing a considerably higher proportion of olefines with
.~ even the normal Co.Th.Mg.Kgr. catalyst. Such olefines are
. extremely valuable for further chenical processing. .

A med.im pressure, water gas, cirmxlé;ting plant of

this type was being built by Ruhrchemie at Oberhausen-Holten
and wes nearly camplete, but fpgver came into operation..
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" (3) The Products of the Cobalt Synthesis. :

 (a) General characteristics.

The products of the cobalt synthesis contain no
carbon ring compounds, i.e, no naphthenes or ercnatics. Only
very small amounts of oxygen containing compounds are formed
as by-products and simple, effective, methods are available for
their removal. . '

~ A continuous, uninterrupted series of aliphatic
hydrocarbons is produced, from methane up to high molecular
hydrocarbons with 100 and more carbon ataas in the molecule.
The only exception is the two C, hydrocarbons, the quantity of
which is vanishingly small (ethane and ethylene).

: The hydrocarbons- formed are partly olefinic, but
mainly saturated. The olefines are always mono-olefines, those
" with a terminal double bond predaminating. - The content of - ,

olefines with the double bond elsewhere is greater, the longer
they are submitted to the action of the catalyst. : '

 As was shown in section 2, although the same catalyst
may be used throughout, the boiling range and degree of satura-
tion may undergo more or less big changes for the most varied
reasons, depending on the working conditions. Naturally, this
is very evident on camparing the products of different plants,
but can also be observed at a single plant. This fact should
be kept in mind when any mmerical data are being weighed up.

The following curve represenis the approximate
 distribution of molecular size that can occur with normal
pressure synthesis . ' '
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The greater part of the hydrocarbons are straight
chain molecules. The amount of iso-ccupounds increases with
the size of the moleoule, Of course, there is no marked
branching but probably, at the most, only methyl groups or
~short branch chains. The individusl isoners have been
isolated and identified up to about Cg. ‘

(v) Gasol.

: Under the name Gasol are grouped together those

~ hydrocarbons which do not condsense at normal pressure and .
tenperature, i.e. mainly C; and Cg4. They can be removed from
the residusl gas simultanedusly with the light benzine, by '
using, for example, activated charcoal, and then separated by
fractionation. Compressed in stecl cylinders, they can be
sold as esuto-fuel. -If desired, the olefinic portion nay be
removed beforehand for use in various chemical processes, €.B.
polymerisation, etc. '

~ (c) Benzine.

The benzine fraction boiling up to 200%C., €.g. 62% with
about 30% of olefines, has only ¢ low O.N., because of the
. chemical structure of these hydrocarbons, -and. cannot be used
- unprocessed as a fuel, There are many wWays of overcaming this,.
Blending with higher knock-rating fuels from other sources nay -
be resorted to, €.g. with benzol, polymerisation benzines etc.
Certain fractions may be leaded with good results as can be

seen from the following examples .
| 0.N. of the fraction ?
E.B.P. 125° E,B.P. 150° E.B.P. 180°
unleaded . . - 62 57 S - A
+ 0.5 ml./1t. T.E.L. 76 73 . . - 67.

The 0.i¥. may elso be increased by cetalytic treatment

of the benzine so as to displuce the olefinic double bond. -

In the originally formed hydrocarbons the double bonds are - -
alnost caapletely texminal, This does not correspond, however, .
to the equilibrium of the various isomers. "It is therefore: -
possible catalytically to displace the double bond to the middle
‘of the molecule, which brings about a marked improvenent in O.N, :
(This is the so-called "hot refining' prooess (Heissraffination)).

N,

|
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() Diesel oil.

The chemioal structure of synthetic heavy oils is -
such as to give outstanding combustion behaviour in diesel
engines, €,g. maximum ease of ignition, oleays exhaust even at
overload, somewhat smaller censumption (vecause of- the high . °
hydrcgen content), very smooth cambustion etc. Synthstic
diesel oils can therefore be very successfully blended vwith
heavy oils fram other sources vhich are unsuitable or unsatis-
faotory when used alone as diesel fuels. The greatest use was
made of this possibility in Germany. It was found that the
properties of the blending components were markedly improved.

as regards ease of ignition, pour point, viscosity, sulphur
. content etc. A well fractisnated synthetic diesel fuel _
(200-320°C.) has usually a sufficiently low pour point so .that
no ‘special de-waxing, ©.g. Dy solvent extraction is necessary.
The viscosity is usually too low (about 1.18°E.) so that it is
convenient to add a small amount of lubricating oil if the ™ .
urblended product is to be used. Sulphur is absent, as it is
not contained in the source. The acid by-products are removed
by washing with caustic solution, :

The oetane number of the 200° - 3209, fraction is .
above 70, that is considerably higher .than with any cammercial
diesel fuel. =~ It can therefore be used for testing the ease of
ignition of other such fuels, and for this purpose Ruhrchemie
prepered a standardised hydrocarbon fraction designated.

"ROH - Reference - Diesel 0il" which wes delivered to the various
centres carrying out engine tests for ignition quality.

'  WROH Referemce Diesel 0il" was also used in the
- analytioal estimation of the asphaltic compounds separating
fran blends of oils fram different sources. Its use here was
based on the fact that this pure pareffinic oil gives the
maximum precipitation of such campounds. :

Lo The cetane used for camparison purposes. in the estima-
tion of ease of ignition, was prepared from naturally occurring .
" materials not obtainable in Germany. Ruhrchemie prepared a
substitute oalled "RCH Cetane" which consisted of a closely cut
hydregenated fraction of synthetic hydrocarbons boiling near
300%C. and whose cetane number Was continually tested so as to
remain at 100. This "ROH Cetane" was eventually in general use
throughout Germany. . ' )

‘The length of the C-atom chain in the 180°-320°C.
fraction lies in the region of those fatty acids and fatty
alcohols nedessary for the mamfacture of soaps and sulphonated
washing media. By means of the Oxo synthesis, the heavy oil
olefines mentioned can be converted to such fatty acids or
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alcohols with very good yields. Intensive tests showed that
the synthetic sqaps and washing media prepared in this way
behaved excellently. . Conscquently, a large scale 0xo plant
was under construction at Holten for the manufacture of fatty
alcohols from the heavy oil olefines produccd in the medium
pressure, water gas re-cycling synthesis. This plant did not
reach the operating stage, howevers: . :

() Hydrocarbons of high end extromely high
molecular weight, ,

Hydrocarbons excecdingDieseloil in molecular weight
are elso formed. They ere obtained either .as distillation
residues from the products continually lesving the reaction

~.chambers or, by extraction, fran the catelyst filling. The
lower meémbers of these hydrocarbons are barely liquid or are
even solid at ordinary tempcratures. The highest members
have more than 100 cerbon atams in the molecule with melting
points above 100°C. - They are processed according to the
particuler use in mind. : ' '

They ocan be changed to lower molecular olefines by
cracking, more recently with only small gasification and
considerable control of the molecule size required. . The
olefines so obtained have proved to be particularly valuable
raw materials for further chemical treatment, e.g. in the
' mamifacture of anti-knock benzine, synthetic lubricating oil,
higher alcohols of the most "diverse nature, plasticisers,
solvents, weshing media etc. ' ' L

: Large quantities of the 320°-469°C, fraction were.
delivered as crude para.ffi_n wax to the "Markische Seifenindustrie"

Witten - Ruhr, which produced fatty acids therefrom, by means
of atmospheric oxidation, for soaps end cooking fats. o

The higher molecular. primary hydrocarbons can also be
separated by physical means, €:g. by fractional distillation or
melting etc., according to size of molecule and the producis so
cbtained may be used as such. Fractions with a narrow melting
point range, e.g. 50-52%C., are designated block wex and are at
least equal in quality to cemmercial products from different
sources known by the same name. - .

"~~~ S$till higher fractions form the various kinds of sc-
called herd wax. phe different varieties vary according to
mode of preparation and degree of refining, in melting point,
colowr, hardness etc. Special qualities may be developed by
blending different fractions, e.g. plastic waxes fram high and
low melting point components. ' ' : _




The applications of these products Wwere very numerous,.
especially since during the wor substituteshad tgrbe found for
similar products’ fram natural sources (the

~ candles; flooxr,.and shoe polishes; water pro ed materials, such
as paper; oxidation t¢ high molecular aci for cmulsifying
agents, etc.). It was discovered, however, that the market
for hard woxes is not without limit and that the quantities
produced in the Fischer-Tropsch plants exceeded the amount
wanted for processing in Germany. PP . //

‘ , There is no difference between products of this type
frem normal pressure and medium pressure synthesis, except in
 the relative gquantities of molecules of different sizes.

D. Future Possibilities.

The development of the ocat alytic hydrogenation of
carbcn monoxide, especially that ogcurring in the Fischer-
Tropsch process, has so far taken place almost exclusively
in Germany. It has therefore been very gzgreatly influenced by

" special conditions, €.g. by the requirements and scarcities of
war. The technical level attained can not therefore be taken
without comment as a measure €ven of the present potentialities
of catalytic corbon monoxide hydrogenation in other and possibly
morc favourable circumstances. ' .

Tt may be assumed that new plants will differ fran
tnose already extant, apart from general technical improvements;
that in addition to fuel they will furnish increasing amounts
of raw material for further chemical treatment. A pointer %o
this is the increased production of olefines and definite
oxygen containing compounds of the most varied nature. - Probably
the eatalytic hydrogenation of carbon monoxide will become the
raw material basis for completely new branches of the chemical
industry. R : _

N

Wimbledon - London 10,12.45.
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3, SYNTHETIC LUBRICANTS MADE BY RUHRCHEMIE A4.G.

A. Olefine Polymerisation.

Experiments on the preparation of lubricating oils
by olefine polymerisation were carried out by Dr. Clar.
He has compiled an extensive report giving his results which
is already in the hands of the Military Govermment, so that

it is not necessary to sey any more here. -

The lerge scale laxt in Holten was directed by
Dr. Goethel, ' R : -

B. Lubricants frem Fatty Acids.

, Small quantities of fatty acids are formed directly
as by-products of the Fischer-Tropsch synthesis, They are
romoved as a crude solution in the course of the alkaline ~
washing of the hydrocarbons. Besides the- soaps in question,
these crude solutions contain iron, hydrocarbons, vexry
malodorous compounds etc.. ‘ : ‘

. The extraction and use of such fatty acids was
dealt with in various ways at the synthesis plants. = The.
moin deciding factor was whether the crude solution was fram
the crude condensate or fram the hydrocarbon fraction after
distillation. Tn the first case a mixture of lower and
higher fatty acids results, which it is necessary to separate.
The second case is simpler. For example, the diesel oil
fraction even gives fatvy acids in the crude alkaline solution
whose molecular size lies substantially in the saponaceous
fatty acid range. - :

: ‘The fatty acids removed from the diesel oil fraction
in this way were gent originally, in the crude solution, to the
firm of Th. Goldschmidt, Essen. Goldschmidt made a drawing
grease fran them, using a DRP method, which grease was then
sont to wire works etc. ILater, Ruhrchemie itself undexrtook
the processing of the djesel oil crude lyv. We made tablet

" sosp from it, which was given to the works personnel, who were .
very pleased with its’ quality. o '

- At other plants, greases for industrial.p\;rposeé
were prepared from these fatty apcids.




0. Lubricants from '0X0*' Products.

—

(1) Lubricating 0il Carboxylic Acids. :

.- By means of the "OZ0" synthesis it is quite easy to
prepare aldehydes from the olefinic lubricating.oils derived
froam the 41013 olefine polymerisation. These aldehydes are’
always one carbon atcm higher than the original hydrocarbon
and can be converted into the corresponding carboxylic acids
by . atmospheric oxidation. . Such compounds are completely new,
containing on the ons hand a carboxylic group, and on the
other hand, a hydrvcerbon stem which has itself the properties
of a high quality lubricant. Experimental trials with these '

' substances were just cammencing, so that only laboratory results

are so far available.
(a) Esterification.

The lubricating oil carboxylic acids can be esterified
with lower alcohols, as With ordinary fatty acids. In this way,
Jubricahts can be obtained combining the advantages of both
synthetic lubricant and ester oil structure. = This is especially
so when branched chain "OXO" alcohols are used for esterification.
The lubricating oil carboxylio ~acids ‘can be esterified with -
lubricating oil alcohols,. produced by the hydrogenation of the
corresponding aldehydes. This yields very high molecular ester
oils. a S . '

() Lﬁbrica.ting 0il carboxylic acid soaps.

Analogous to the fatty acids, the lubricating oil
carboxylic acids form salts, with characteristic properties,
soluble in mineral oil. These can be used both as additives in
the urual way, and in grease mamufacture. The soeps of sodium,

-¢caloium, lead etc., are among those so utilised. Special

mention may be made of the Jelly-like aluminium soap which can
be drawn out into oxtraocrdinarily fine _threads. o

. A blend of synthetic oil with lubricating oil carboxylic
acid soaps when tested in the test gear at Rheimmetall, Dusseldorf,
proved to be an excellent gear oil. - , '

(2) Lubricating Greases and Boring 0ils from '0X0"
Fatty Acids. o .

(a) The "OXO" synthesis renders it easy to prepare from
olefinic hydrocarbons, fatty acids with one more carbon atam. -
This is a simple way of msking the various soaps, 6.g. of sodium,
calcium etc., which are used in the normal why for grease .
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(b) The production of synthetic boring oils via the - -
"OXO" synthesis is particularly simple. The starting material
. is the olefine containing heavy oil fractions which can.be.
obtained both directly from the Fischer-Tropsch synthesis and
also by cracking the high molecular hydrocarbons. Probably
olefinic mineral oil fractions can also be used,

| " Water-gas is condensed with these olefines by means

.. of the "0XO" synthesis. The crude aldehydic product plus
the calculated quantity of lime is stirred, while air is dlown
in, On warming, the ocalcium soap is formed and immediately .
dissolves in the unchanged saturated hydrocerbons. After
completion of the reaction, the mixture of calcium soap and

. mineral oil can either be used as such, or water may be added,

. whereby stable emulsions. are readily formed. Practical results
with cutting and boring oils of this type were oexcellent,

(3) Ester Oils.

: By means of the "OXO" synthesis, the corresponding
carboxylic acids and alcohols are prepared fram olefinic
‘hydrocarbons of the appropriate molecular dimensions. The

tWo are utilised to form esters with one another in the normal
_way and then freed fram unchanged hydrocarbons by distillation.
Excellent ester lubricating oils are obtained in this mammer.

For example, oracking olefines yielded ester oils
which besides having a good pole-height etc., possessed pour
points of =70¢ and below. Such low pour points are a conse-
quence of the nature of the ester oils prepared as described,
since they consist of blends of countless different isamers.

(4) Hydraulic Liguids and Similar C cipounds.

" (a) Ester oils.

_ Ir correspondingly low moleculer olefines are used,
 then ester oils mey be obtained (as described under 3) which

_are suitable for use as hydraulic fluids etc.
(b)y"Isols? N
An additional method for the production of hydraulic

and similar fluids is provided by the possibility of preparing
'a large mmber of mixes of isameric, branched primary aloohols
and their derivatives (e.g. esters). This can be done by
condénsing the aldehydes ‘obtained in the #OX0" synthesis, by
the action of alkali or same other means, to give aldols. On
hydrogenation, the latter form branched chain alcohols. Such
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~nixtures of brenched prinary alcohols are teormod "Isols"” and

have already been prepared in considerable numbers and in.
quantities up to seni-large scale ‘production, Their low
vapour pressure and pour point orc among thoir distinguishing
features, . ' - : ,

(¢) The large number of possible ccmbinations permits
of the preparation of the greatost variety of hydraulic fluids,
brake oils, buffer olls, recoil oils etc., all based on the
"OXO" process.  The phyaical properties of such oils can, .
within very wide linits, be adjusted as required so that, to a
large extent, an o0il can be made to suit any particular -
requirenents. : _

hl

London - Wimbledon, 11.12.45.
(signed) Roelen.




4. TOWN GAS AND METHANISED *GLS FOR _aAUTOLG Y IVE PROPULS TON
© BY DR. OTTQ ROELEWN. :

A. Untreated Town Gas and Coking Gas.

+ (1) Organisation
2) Technical Installations.
3) Uses.
4) Operational Results.

Methanisation., -

' 21) Historical Develapment.
‘(2) Technical Details.
L a.g Gas purification.
zb }dethane synthesis. -
c) The methanisation of gases rich in carbon -
monoxide.
(d) Gatalyst equipment. -~

(3) Operational Results.
' (2) Methanisation plant.
(bg Gas constitution.
»Ec Compressors and automotive vehicles.
d) Sumary. - :

A. Untreated Town Gas and Coking Gas.

. In 1935 the first long distance jowrney with a
"~ gas driven omnibus supplied fram stecl cylinders was undér-
taken by Director Dr. Traenker of Ruhrgas A.G., Essen,
The ges supply for the whole journey fraa Essen to Koenigsberg
(East Prussia) was contained in steel cylinders stored in a
trailer. There were no difficulties. This run proved that
the use of town gas for automotive propulsion was a practiocal
proposition. ‘

Further development was concerned primarily with the
building up of a filling  station network. This was done in
conjunction with the already existing £illing station organisa-
tions for liquid fnels, such as that of the Benzol Verband,
Bochum. These installed the ges filling stations for public
supply, which were fed among other methods, by long distance
gas pipe lines, e.g. from the Ruhrgas A.G. o

. . In addition, the larger cities and industrial plants
_hed their own ges f£illing stations for car parks., -
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{2) Technical Installations.

- Only a comparatively small mmber of wvehicles
depended en ges supply at normal pressure, e, g. in'balloonst
The great majority carried the gas at high pressure in steel
“ cylinders or, more recently, in spherical asteel containers
of various designs. '

\ ' The high pressure gas filling stations had compressors
(Demag, Duisburg) working-to a meximm of 300 atm. —Large
supply reservoirs were filled at this pressure. The output
was 180 ¢.m./hr. per unit or a multiple of the same.

| . Besides the gas cylinders, reduction valves and . ...
nixing apparatus were built into vehicles running on gas fuel,
Latterly such equipment became very simple in design.

(3) Uses.

: The chief use of compressed town gas was in lorries
and, secondly, in private cars. It was not used in military
vehicles. The gas was also used for rumming-in engines.

It was planned in 1944 to use campressed and methanised town
'gas on a large scale for running in tarnk 'engines.

(4) Operational Results;

Town gas and coking gas contain a series of impurities
which proved capable of causing considerable trouble.
o Part of these impurities have a more or less sirong

corrosive action, e.g. on the walls of the steel cylinders.
Hydrooyanic acid (HON) was particularly dangerous in this
respect. There were two ways of combating these difficulties,
Farstly, by storage in largs reservoirs for at least several
hours efter campression, During this time the water drops
containing the corrosive agents in solution had a chance to
gsettle. Because of the big demands made on the gas filling
stations, this precaution could not always be properly carried
out. Secendly, the gas was subjected to intensive cooling after
leaving the compressor and before entering the storage vessels

" o a8 to separate water and all condensable constituents as :
far as possiblc. ‘ "

Another part.of the impurities caused deposits, gum
formation, incrustations etc. This lead to valve trouble in
autcanotive engines and pisten ring sticking in the campressors.
Thie latter was particularly unpleasant and was a definite
disadvantage. € compressor repairs which becane necessaxy
continually put the gas filling stations .out of action after
more or less short running periods. :

6360%-2. A 20.




B. Mothanisation. . ...

(1) Historical Devclopuent.

Phere are a serics of drawbacks to the use of '
compressed but otherwise - unaltered town gos for autarotive
fuel. ' They are partly technical and partly fundanental in
origin and led to the consideration of the possibility of
catelytically converting the carbon nonoxide and hydrogen
content to methané. The grounds for such a nethanisation
were as follows . . o ‘

(a) The calorific value of the gas- per unit volune

is tuch increased. Consequently the sane

volume of gas gives a greater radius of action and

refueling is less frequent or for the sane distance

the dead weight of the containers.is less.

The same filling station can supply more fuel with
~ unchanged capressor performance. | :
- (e) - The careful gas pwrification prevents cofrosion and
. coupressor disturbances.

These advantages were .the reason for a questionnaire.
directed to German industry in 1941 as to whether £illing
station methanisation appeared possible with the technical -
resources then available. The unaninous reply fraa the
_ industries in question-wes negetive, for the following reasons:

(a) No practical uethod of sufficient sinplicity was

-7 known for the purification of town gas in snall
£illing stations, with intermittent runming, to
the extent nccessary for catalytic hydrogenation
of carbon nonoxide. , o

No sufficiently active catalyst was known which
could producc methane at ‘sufficient speed at a low
enough terperature in small simple.reaction L
vessels using water as coolant; .
It was .thought impossible to interrupt the synthesis
at will, without upsetting the gas caposition and’
svrithout tircsome supervision. ‘ S

. ‘When Ruhrchenie A.G., (Oberhsusen) was: asked, I said
that the problem could probably be solved..- Work was immedistely
camenced, in sutumn 1941, . BY June 1942 the first plant in
Altenessen was put into operation and worked satisfactorily
until destroyed by air attack in autunn 1944, '
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: Based on this experience, Ruhrgas-Essen and Ruhrchenmie
Oberhausen undertook jointly, the practical application of the
process, vhereby Ruhrchemic supplied the catalysts and Ruhrgas
looked after the building and operation of the plants. The
first nmass-produced type of plant was. installed at Opel-
Ruesselsheim and gave trouble free operation until it too was
destroyed by air attack, 3 '

Further plants did not pass the constructionel stage.
(2) Technical Details.

(a) Gas purification.

The chief difficulty in developing the process lay
in purification of the gas. None. of the large mmber of
 methods .already proposed and described could simply be teken
over.  The method used for water gas, that of attaining a high
degree of purity by using ferric oxide alkaline carbonate
(Roelen and Feisst) is.not suiteble for distillation gases such
as towvn gas, Catalytic decomposition of the organic sulphur
campounds has been knowm for a long time and has alrecady been
used technically. But the catalytic action, flow rate and
life period were insufficient for f£illing station nethanisation.

At first we achieved satisfactory results with a-
catalyst containing finely divided copper. Later we discovered
a simple solution by using the spent nickel catalyst fron the meth-
ane synthesis. The spent catalyst was subnitted to a comparatively
simple after treatment for this purpose, but complcte regenera~ )
tion was not necessaxry. - _ -

The gas streem after passing through 1.5 liter of
this catalyst at 425° with a velocity of 1 c.m./hr.,, is then
cooled and-freed fraa hydrogen sulphide with an ordinary gas

purifying £illing.

_ The degree of purity attained was sufficient with a
catalyst life period of about 1500 working hours. A vessel
containing activated charcoal Was coupled on and could be
regenerated with stean in the usual way.

(b) dMethane synthesis.

We were soon able, with our experience of the Fischer-
Tropsch syhthesis, to evolve a new nickel catalyst with maximum
activity for methane synthesis. This catalyst, which has given
very satisfactory results, contains uagnesium as activator and
is precipitated on kieselguhr by means of soda; The flow
velocity is 1 c.m./hr. through 1.2 to 1.5 litres of catalyst,
whose  1life period may safely be reckoned at 500 uninterrupted

' working hours.
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- v The very low reaction temperature is aiso noteworthy.
} Earlior methane symtheses required temperaturcs or 300° and '
sbove, with a minimun of 250 .According to Fischer and’
Trcps_ch, higher hydrocarbons are formed below temperatures
suitable for methane synthesis, Thus Fischer and Meyer
prepared higher hydrocarbons with nickel catalysts at 185° .
It follows, that to produce methane the lowest possible
temperaturcs are 200° and above. Qur new synthesis worked,
however, at 170°-190°, and without forming even a trace of
the objectionable higher hydrocarbons, a proof of the extra-
ordinary activity of the new RCH nickel catalyst.

The synthesis can also be carried out at the
increased pressure present in the long distance gas pipe lines,
e.g., the Altenessen plant worked at 6 atn.

(c) The methanisatidn of gases rich in carbon
monbxideo ) ' N

~ ~ Gases of town-gas qy.a.lity contain a proportion of
hydrogen varying jnversely with the carbon monoxide content.
Thus as the latter increases, the proportion of hydrogen
decreases. The methane synthosis, however, works best with
the greatest possible excess of hydrogen. Conscaguently,
coking gas, which besides 5-8% of CO contairsmore than 50% of
H, can be methaniscd without further treatment, Tovm gas
containing nore than 10% CO (10-18% CO) on the other hand,

must have this percentage brought below 10% to avoid trouble
from. carbon sepaxration, carbonyl formation etc. ‘

The conversion takes place in thc same temperaturo
range as the. catalytic decoppos ition of the organic sulphur
corpounds and brings about such decorposition iteself, to &
certain extent. This allows both processes to be coaribined.

- 4in one step, without enlarging the total catalyst space. It
 is merely necessaxry to Jead the CO rich gas (carrying the

corresponding quantity of steam) first over the conversion
catalyst and then, at the same taaperature, oOver the decapo-
sition catalyst. For conversion, one of the knovn commercial’
catalysts can be employed. It is used to replace the first
half of the decomposition catalyst. The remaining procedure
is unchanged. ) .




(d) Catalyst Equipuent.

There is only an insignificant heat change during
the partial conversion of town ges as described sbove. The
catalytie decomposition of the organic sulphur corpounds
takes place with absolutely no measurable heat change.
Consequently, sinple oylindrica.l,containers’without any
special arrangements for cooling nay be used, All that is
required is the heating up of the gas, for which heat exchang-
oers nay be used and the maintenance of a fixed temperature
by neans of autanatic regulators. . -

On the other hand, the wmethane synthesis itself

with its great heat of reaction necessitates, like the Fischer-
Tropsch synthesis, careful leading away of the heat evolved
and temperature regulation within very narrow linitss This
did not represent much of a.problen for us; we had only to
take over the catalyst equipment developed for the Fischer-
Tropsch synthesis and nodify it to caply with the special -
requirenents of filling station methanisation. = The latter
applies especially to additional equipment making it possible
to stop or start the process at any time as desired, without

causing any trouble or change in gas caaposition.

: We used water tube boilers, the nickel catalyst being
inside the tubes. The water cycle was heated from outside
during shut down periods and cooled during running. Both
prooesses were autaaatically controlled so that the terperature
rennined constant, within 1°-2°  The advantage of being able
to use ccmparatively simple catalyst vessels cooled by water
under pressure is a conseguence of the low working temperature
(below 200°%) of our niockel catalyst. ' : _

(3) Operatiéonal Results..

(a) Methanisation Plant.

. , This can be set up besides existing gas tanking
equipment in a comparatively suall space, - No further personnsl
are required for its maintenance then the filling station steff .
already available. Skilled labour is necessary only for
changing the chemicel fillings. ‘Such lebour can naturally :
deal with a large mmber of sinmilar plants in turn, one after th
.other. : . _—

A Supervision of the process involves merely readings
of tenperature and pressure and adjustnent of a terperature
regulator where necessary, as well as control of the water of
' reaction which runs away. The quantity of the latter imuediately
gives the output. _
636042 - . 24. '
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_ The life vweriod given above was far surpaSsed in.
-practice, indced it was almost doubled. = There was no trouble
during a running time of several years, not even when sulphur
occasionally came through from the coking plants.  The
Altenessen plant was one of the few sources of fuel during
tholyheavy aireraids on Essen, when it was vworking uninterrup-

(v) Gas composition.

. A coking gas with about 6% CO content was delivered
4o the Altenessen plant. After methanisation the CO + CO,
content was certainly less than 1%. Carbon dioxide was thus
likewise converted into methanc. ~ Sulphur hydrocyanic acid,
oxides of nitrogen or other impucrities could no-longer be
mwcted. N T T .

: The.calorifi_c value rose from 4200 K.cal../c.m. to
about 6000 I'calo/como

-

(c) Compressors and vohicles.

.- Whercas compressors working with unchanged town gas
were always put out of action by piston trouble after short
running periods, such stoppages were completely sbsent with
methanised ges. Tho process was a complete success.

Damege due to corrosion was also no longer met with.

The mixing devices in the vehicles had to be altered
to suit the higher C.V. gas. When this was done, complete
satisfaction was expressed by all users.

(8) Swmmary.

- The advantages expected from the introduction of
£illing station methanisation were all realised in practice
It was therefore decided in 1944 to provide 120 ges filling
stations with the equipment. Immediately a contract wes
placed for 40 plants, but it was not carried out.

London — Wimbledon. 13.12.45.
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ABSTRACT

' Data on the mamfacture of all kinds of filters used on German
vehicles to determine whether practice or production was materially
different than in the United States. There were only two mamfacturers
of filters for engines. Principles employed are old dbut some of the

constructions and design are interesting.




INTRODUCTION

An sttempt was made to cover the manmufacture of filters of
all kinds used on German vehicles with the idea of determining whether
practice or production was materially different than in the United )
States. Information obtained indicated that there were only two
mamufacturers of filters for engines, of any consequence, as covered
in this report. _ ' '

- The principles employed are old, but some of the construc-
tions and design are interesting. . _

PABE I

: Enecht Kem. -‘Gol_,.-'l(amfact;xrei'- o1l .ﬁath Air Filters and
011 Filters for engines eof all types.

Mr.Alfred nocﬁ.t. owner, stated that his company and
Han & Hummel, Iudwigsburg, were the only manufacturers of filters in
Germany. R ' ' ‘

Figures 7 and 8 show a sectional assembly of their Oyclone
(Zyclone) Oil Bath Air Tilter used on Maybac» Engines in tanks. This
filter assembly was on the 300 H.P. engine and two ef them were used on
‘the 700 H.P. engine used in the Tiger Tank. Mr.Knecht claims it is
9944 efficient and has a capacity ef 750 cubic meters of alr per hour.

They made lubricating oil filters with rotatable elements,
operated with an external ratchet wrench, coziected to any shift lever
or other device that is freguently operated by the driver of the
vehicle, so it is constantly brushed and cleaned. These elements may
de single o in mmltiple, such as three, geared to one lever. The
filtering is Detween coppered steel wire, wound around a cylinder on
. threaded vanes, all ef which is accomplished in one machine. Space
Detween the wire coils is approximately .004%". This is covered by
U. S. Patent No. 2,136,853. ‘ _ '

Another, later type of Lubricating 01l Filter, while ~
expensive, was 95% efficient, Mr. Enecht claimed. It is bullt up to.




desired length of element by disc assemblies. The disc consists of
copper or brass gauze or screen on each side of the disc, supported
inside by stronger steel screens and these are spaced apart by a

fluted center disc. The five pieces are Permanently assembled together
by a wedbbed stamping. The openings in the outside bronze screens were -
alleged to be .1 m/m for lubricating oil and .06 n/m, for gasoline. '
The purpose of the larger mesh steel screens inside the finer mesh

brass screens was to prevent their destruction, if clogged, up to 20
atmosphere pressure. ‘ ’

. Ln‘bi':l.cating 0il Filter Elements were also built up from )
paper discs and the whole element held to standardized dimensions, in
line with the national effort to make accessories interchangeable.

The intake air screen used in the automobile engine alr
filter, is made specially for them and is called "Turbo Metal® for
Knecht., It is flat coppered steel ribbon, twisted end woven in one
operation. It produces a turbulent effect in the ailr stream and tends
to retain its oil in the surface pockets, and collects the dirt therein,
in such a way as to delay a drop in efficiency. Nine layers, normally
used, is purported to be 80% efficient. ' L

PART 11

' Man & Hummel, mamufacture air, gasoline and luﬁficating
0ll filters for every usage. B

Mr. Wiihelm Henzler is the manager.

v During the war they manufactured pracfically ‘the same line
of filters, including the tank filter, as the Knecht Co., ell as
described in Part I. ‘

They also made air filters for the German ILuftwaffe with.
mltiple, tubular elements from woven rabbit hair. This material -
looks like grey felt and is the only animel hair or wvoven meteriel
‘that will filter air 100% efficiently, according to Mr. Henzler. The
~ tubes are supported on the inside by.a wire form and are quite stiff.
When necessary to clean them, they may be removed and beaten to knock
off the accummlated dirt. - -

-




: Material Evacuated. The samples referred to herein, and
l1isted below shall be placed at the disposal of Amaericen filter manu-
facturers to examine and test if desirable. They are to be shipped to
the Auntomotive Industries Subcommittee, 15 Canal Street, S.W., - '
Washington, D. C. ' ’

- Wire Filter Element (Rotatable)
Paper Filt ér Element v

leem‘bledh Disce (Wire Geugze)

Piece "Purbo Metal® Air Scre

LZ-224 Cyclone Tilter for Trucks -

Babbit Hair l‘iltei' Il ement

LWR Air Filter for Trucks




chen Paten e der Fa. KnechiKom.Ges.,

A) Tuftfilter u. dgl.

Nr. Pat.Nr. Gegepstand _ ' te .' °
1 ,_627 225 Iuftfilter (Turbo) Alfred Knecht  9.2.1934

2 Ti2 w91 Vorrichtung zum Reinigen von
S gasfomigen Stoffen, insbes. . : S
Inft (Ablenkring) _EKnecht-Kom.Ges.  20.11.39

- 730 175 Vorrichtung zum Reinigen
. besonders staub-und sand-
haltiger Ansaugluft,insbes.
fur Brennkraftmaschinen ‘ .
- (Zentrifugal-u. Luftwasch- o | '
£ilter-Kombination) . Xnecht-Xom.Ges. g.n.ly

Vorrichtung gum Reinigen der : . ,
Iuft auf nassem Wege Enecht-Kom.Ges.  8.10.38

‘l(it Gorluschdﬂmpfer vereinig-~ _
ter Nassluftreiniger (Dreh- |
schieber) ~ Alfred Knecht 4.2.39

Eim'ichtung zur Imftreinigung
in dem Kuhler von Brennh’a.ft- :
maschinen Xnecht-Kom.Ges. 18.7.40

Nassluftreiniger fﬂr Bronn-

kraf chinen (kegelf3rmige

Einsatgo mit Schlitzen und . ‘
Leitflachen) .. Xnecht-Xom.Ges. 24.10.38

Anordnung eines Vergasers und
eines Luftreinigers fir Brenn~ _
kraftmaschinen (unter gmin- i N

ssmem Schutzgehfuse) . Alfred Xnecht 17.7.40

B) missigkeitafilter u.dgl.
Nr. __ Gegensgt - _erteltan  adure set

5 Reinigungsvorrichtung fg;
gylindrische Svaltfilte .
(Drahtspulenfilter m. Burs- : : ' . .
teinrichtung) ‘ : : . 1.4.36

10 2 h33 Spaltfilter fir nnsightiten,
insbes. f.Schmierol, Brenn-
stoff o.dgl. (Svaltfilter S
Kombiniert mit 2 Pumpen) Knecht-Kom.Ges.  14.6.39

S




»

Lra. _ -
Er, Pat.Nr, = Gegenstend |
11 713 992 Spaltfilter fir fillssige D .

Betriebsstoffe (gekﬁrite Achse ‘ .
u.feststehende Lagerbuchse) .= Alfred Knecht 28 .4.38

12 761 134 H}terkarper, ingbes. fUr
. ussige Brennstoffe, i} ‘ ‘
le u. del. Enecht-Kom.Ges. 1-1-!-.'(_.’41

'Verzeichnis der Auslandspatente der Fa. Knecht-K Ges,. o] tatt

. Al Tuftfilter u, gg;' . e e
Lfd. — — ‘ -
P N, enst - erteilt auf ulaa;ft seit

1 Amerika 2 O48 871 Iuftfilter Alfred Knecht 1936
: s (Turbo)

2 England Y459 372 Iuftfilter ~  Alfred Enecht 11936

3 Frankreich 792 618 ILuftfilter . Alfred Knecht . 1935
- ' (Turbo) -

4 Italien 338 846 Luftfilter Alfred Knecht 1935
(Turbvo)

B asgaigkeitsfilte gl

]

2136 853 Drahtspulenfilter Alfred Knecht

England U458 649 Filterwickel- -
T Verfehren R Alfred Knecht

. ‘, ’vlnslnd ¥59 409 Drahtspulenf;],ifer. Alfred Knecht

England 495 001 Spaltfilter mit
Reinigungsvor- . '
richtung - Alfred Knecht

Frankreich S04 928 Filterwickel~ -
. ' Verfahren - - Alfred Knecht
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SUMMARY

Acetylene, winich could readily be produced from available materials,
‘played a large role in Germany's struggle to become self-gufficient in the
chemicals industry, which was vitally necessary to the prosecution of the
war. Because of a shortsge of petroleum, acetylene was used as the start-
ing material for a large number of chemical products. Many of the processes
developed required the use of acetylene under conditions not heretofore
- considered possible for safety reasons because of the well known tendency
of acetylene to decompose with explosive violence under conditiofis of
elevated pressure ani temperature. ' :

Considerable regearch work was done by the I.G. Farben to develop
information on the conditions under which acetylens may decompose and the
pressures developed as a result of such decomposition. Asetylene decompo-
sition was studied as a function of pressure, temperature, vessel size,
moisture content, type of igniter, quantity and kind of diluent gases, etc.
The conditions under which acetylene may detonate were also determined,
and means to prevent detonation developed. The resmrkable success achioved
by the Germans in the handling of acetylene is due to a considerable ex~
tent to this careful stuiy of its behaviour unier various conditionms.

, By the end of the war the Germans were carrying out a number of
processes which are very interesting from the standpoint of acetylene
handling technique and hadi developed considerable know-how from such oper-
ation. Ameng the processes which are interesting because of the rather
drastic conditione under which acetylene is handled are the followling:

L l. The pnfification and concentration of aré acetyiene at Huels by
absorption in water at 18 atm pressure.

2. Mamufacture of butinediol on a large scale using mtyione in
the presence of copper acotylide (usually considered a good detonator) at

a pressure of 6 atm and a temperature of 110%.

: 3. Production of Koresin, a tackiiier used in building of ﬁii'oo of
Bune, rubber, by the condensation of acetylene and p—-tertiary butyl phenol
- at 20 atm and 200°C. | ' '

5

~—=— 4, Production of vinyl pyrrolidon, the polymer of Twhich'vu used w oo
the Germans as a substitute for bdlood plasma. e involved direot vi .
tion at a pressure of 20-25 atm and a temperaturs of 160°C.

6. Vinyl ether manufacture utilizing procm:l' of 30 ats and
reaction temperatures of 150-170°C to remst Cjl, with aloechols.




. | . INTRODUCTION

Tecent years by the Germans or, more particularly, tho I.~. Farben in the
technique of handling acetylene in chemlcal orerations. Thig inclwl zn the
rosearch work done to establish "the\oo@%iéczgg& under which acetylene . “er-
goes explosive decomposition, how these a wore used tc design plentsg and
sot up operating conditions, and subsequent experience in these plants.
Mogt of the processes described herein have been discussed in other rcrorts
80 that they will be considered here primerily from the point of view of
acetyleng handling techniques. Some of ths older and better inown pro-
cesses Hfive not been included.

The purpose of thie report is to present the advances made in

.. The préeent report 1é concerned oniy with the handling of acetylene
in chemicdl processes; German practice in generation, bottling, etc., has
already been amply coversd by other investigators. ' :

Acetylene will under certain conditions decompose explcsively to
carbon and hydrogen with release of considerable energy, viz., 53,000 kg..
cal/mol. of gas. It khas been known for a number of years in a qualitative
way that decomposition is affected by a wvariety of factors the princilple
ones of which are as follows: Pressure, temperature, type of ignition,
concentration of the gas, size of the containing vessel, etc. Becanse of
the increased tendency toward decomposition with increased pressure end
temperature, chemical operations utilizing acetylene have always heretofore
been carried ov% at moderate temperaturss and pressures. For the same
reason acetylene generators are in most countries not operated over a
presgure of 1.5 atm gange (higher pressures usually forbidden by law), de-
canse of the nmumber of explosions which resulted at higher pressures.
Decomposition in such generators is cansed by local overheating of the

carbide. ‘

: Acetylene may decompose in essentially two different ways. The
spread of decomposition may be relatively slow and the resulting pressure
rise gradual as in the usual processes of explosion .or combustion or it
may be extremely fast, i.e., a detonation. Actually, the latter represents
the limiting speed of the former. The meximum final pressure (assuming no
heat loss) in the case of the slow type of decomposition can be calculated
from the energy released and is approximately 12 times the original. In
the case of a detonation the ratio of final pressure to initial may be
many times this factor. ZEquipment can be designed to withstand pressures
doveloped by slow decomposition, but it is usually impractical execept for
very small vessels to design equipment to withstand detonations.

. In the early history of acetylene production, many accidents
occurred until proper technigques of compressing and storing the material
ware developed. It can be compressed in slow-moving reciprocating com-~
- pressors by stages with proper intercooling wp to 15-20 atmospheres. The
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storage cylinders are filled with a porous material, for example, Kiesel~
gahr, and the acetylene is absorbed in acetone which ie also added to the
cylinder. Small lines are employed for the most part. Most of the
present technigue has been developed on a rule of thumd basis over &
period of years, and the knowledge so accumilated has been of limited
assistance to the chemist or chemical engineer desiring to use acetylene
as a raw material under wholly different conditilons. o

_ Since Germany did not have petroleum resources, acetylene, which
could be produced from raw materlials readily available, played e large
part in Germany's program of self-sufficiency in the chemicals industry
and was used as the starting material for many organic cempounds. Work on
acetylene chemistry was intensified just prior to the war and during the
war. Many of the processes developed required the use of acetylene ander
conditions not heretofore considered possible for safety reasons.
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DEVELOPMENT OF FUNDAMENTALS

The best known prewar work on the coucitions under which acetylene
will decompose was done by Dr. Rimersikl of the Chemische Technische '
Reichsanstslt at Berlin. A considerable portion of this wes published be-
fore the war. Most of the work was directed toward the technique of
generating, and storing acetylene. '

Outside of the foregoing, the most important earlier work on funda-
mentals was that by Dr. Boesler of I.G. Farben, which 1» decidedly more
from the chemical point of view. This work was not published and there-
fore desprves considerable discussion in this report. It seems to have
had considerable influence on the thinting of I.G. Farben's technical
people on the subject of acetylene handling. . '

Decomposition of Acetylene bz" Initial Ignition-—Dr. Boesler

 Exhibvit A includus a translation of tkilp report. The purpose of

~ this investigation was to determine the pressure at which acetylene could

be decomposed by the action of a strong igniter as a function of vessel dianm-
eter, moisture content, temperature, composition (and hence temperature) -
of the igniting wire, and of diluting gases such as Ng, Hp, CHq, OoHy, co,

(N2 plus Hz), and (Hp plus OHg). After considerable experimentation, it

was decided to use a platinum wire of 0.5 mm diameter and 10 mm length for
ignition. This wire wiis fused instantanecusly through proper cholce of .
current. The fallacy of using an incandescent wire as had been done by

some previocus investigators was pointed out.

The decomposition pressure (1.0., the pressure above which acetylene
can undergo decomposition) for pure, dry acetylene at 16°C decreases with
increasing vessel d.:lanet;rné The decomposition pressures at 50 mm and 200

m diemeter are 1.80 kg/ and 1,40 kg/cm@ respectively. Above 200 mm
fp:rthor increase in diameter has no effect.

For pure, dry acetylene the decomposition pressure was determined
as a function of igniter temperature in a large chamber. With wires of
melting points more tham 1700°C (Pt. and Mo.) decomposition pressure is
constant at 1.40 kg/cm®. With fusion temperatures decreasing to 660°C,
the pressure rises slowly to 2,66 kg/cx® and then more rapidly as the tea-
gzlrz,:gro 1s further dropped so that at 330°C (Pb) it amounts to 7.50

°
) <

: It was found that the d.ocoupositibn pressure decreases slowly with
g;:.:ﬁ temperature; at 1500, it is 1.40 kg/om®, and at 180°C, only 1.08




The presence of vater vapor raises the decomposition pressure.
However, it should be noted that the-actual partial pressure of acetyleno
- is practically constant within the range tested (up to 100°C),

The decomposition pressure of acetylens mixed v:l.th ether gases vas
" determined at various temperatures. The acetylene content necessary for
decomposition increases at a rate depending upon the gas. With Hy the
Ot content was the least and with CH4 the highest. ‘

- It will be’ notod. that the translation of :Boeller‘n report ncludel
some notes by bim on earlier work of Bima.rski.

Bgrimentl on tho’Detonabil_x of Acetylene in Long Pipes--Dr. Rimarski

, : In 1940, the I.G. Farben was pla.nning installation of a synthetioc
rubber plant in Bavaria (later given up) which would have roquired piping
large quantities of C2Hs a distance of 83 km. Because of the background
of experience of the Chemische Technische Reichsanstalt, they were called
in by the I.G. Farben to assist in an experimental investigation to deter-
mine what pressure might be used in such a line before a detonation would
be possible. 4As a result large scale experiments were carried out at the
Griesheim plant.

Prior to this time Dr. Welssweiler of the Ludwigehafen plant had
been doing certain experimental work for Dr. Reppe primarily directed at
safe methods of handling sacetylene for the butinediol process. He accord-
ingly took part in the Griesheim experimentsas originally planned and then
later extended the work with the application to plant equipment in mind,

A summary of the O.T.R.‘- portion of the work is as follows: A con-"
. plete translation is 1nc1nd.ed. in the Appendix of this report, Exhibit B.

: These experiments led to the conclusion that acetylene in pipes
sufficiently lo ;ﬁ and of large diameter undergoes detonation at low pres-
sures (1.4 kg/ absolute), without there being any pressure région within
which the decomposition progresses slowly. With detonations the resulting
pressures amount to several hundred atmospheres. The starting distance
required for transition to e detonation is rather long and is greater the
lower the initial pressure. With weaker ignition the pressure limits lie
higher. (Fusion of platinum was used in these experimente). Also it is
possible that with higher 1ni.tia1 temperatures the pressure limite would
be somewhat lower. ,

V:l.th the admixture of 13 with the CgHpy the pressure limits are
raised. Smsll percentages of No up to 25b do not have much effect in pro-
venting detonation but perhaps shift the starting point slightly. A4 real
increase in ;preun::e limit is obtalned only by using large quant:l.t:l.ec of
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K, (50$). It appears that with OgHp — Np mixtures in a ratio of 13l &
emall pressure range exiets, within whieh no detonation takes place even
with strong ignition or at least the starting distances 'fof such mixtures
are 80 lohg that the 30 m pipe used in these experiments was not enough .
for development of a detonation. . ,

_ On the basis of these experiments it was concluded that a pressure

of not more than 0.3 kg/cw® gange should be used in long pipes of laxge
diameter for trensfer of acetylene or 3.0 lrg/cm2 gauge for an acetylene-
nitrogen mixture of a 1:l1l ratio. The Reichsanstalt considered it necessary
to undertake some control tests in this pressure range on hot sumber days,
to determine whether such temperatures appreciably affect the results ‘
obtained. )

Experiments on Acetylene Decomposition—-Dr. Weissweiler

o Ag mentioned above, Dr. Weissweller's original work at Ludwigshafen
was started before the experiments at Griesheim and was directed towards

~ developing safe handling methodis for the butinediol process. Using pipes
of 1.0 m length x 90 mm I.D. and 5.6 m length x 120 mm I.D., he measured
decomposition pressures as a function of gas temperature, etc. He demon-
strated that the copper acetylide catalyst, deposited on silica gel, is
not an igniter (while on the silica gel) and acts as an arrestor if it
fille the entire pipe oross-section. He also investigated various devices
2s explosion arrestors such as plugs of steel wool, porous filters, etce.
RBarlier favorable results at Imdwigshafen on this type of arrestor were
lzter irvalidated at Griesheim, and the idea of developing an arrestor S
cepable of stopping any and all decompositions were given up. —_—

: Zxperiments woere made in which the large pipe at Griesheim (100 mm
I.D.) was filled with a bundle of small tubes (4" and 3/8%). At lower
acetylene pressures (up to 3.4 kg/cm2) this arrangement stopped decomposi-
tion altogether and at higher pressures prevented detongtion. Additional
experiments on a " pipe 60 m long showed that detonation was prevented up

to 10 kg/cm3, The necessity of avoiding large empty spaces was demonstrated .
vy use c¢cf an entrance chamber which greatly diminished the effectiveness of
the small pipes. o _ ‘

. As & result of the foregoing work the following specifications were
lalid down for the first dutinediol plant at ngkopmx ,

. 1. All pipelines carrying acetylene under pressure are filled with
‘small tubes of $" maximum dismeter. ' ‘ ]

3. Xlbows are also to be filled with such tules and when this is
‘1ot possible with steel Raschig rings. L '




. Be A'l.l ‘large a:pty spaces are to be tric‘l%ly avoided. Dished
headis of vessels, etc., are 1o be filled with Baschig ringse.

: In December 1941, the safety of the butined.iol process vas diecu.ued
by the I.G. with representatives of the Reichswirtechafteministerium (from
vhom permission to operate must be secured) and the C.T.R., who were acting
as technical consultant to the latter bureau. A fnrther series of experi-
ments were agreed to and carried omt. These involved further and more
drastic experiments on tube bundles and Raschig rings. In gemeral earlier
work was corroborated but the importance of avoiding open spaces was em-
phasiged. Xollowing this work the Reichewirtsechaftsministerium and the
C.?.R. were satisfied as to the effectiveness of safety measures planned
for :hsclu-ion in the butinediol :ln-talla.t:long.

4 translation of Weissweiler's report is included as. Exhi‘n:lt C.

Desens :lti.gng I-:I.gg.d Acetylene — Chemische Techni-che Reichsanstalt

The suthors had been adviged that the C.T.R. in Berl:ln had been
do:lng some work on the desensitizing of liquid acetylene. Dr. Rimarski
and Dr. Konschak were interviewed on this subject, but very little real
Aata was obtained inasmuch as it was claimed that all their records had
'bcon destroyed or otherwise lost during the siege of Berlin. They had run
some experimenis to determine the amount of COg required in 1liquid acety-
lene to make it stable. Various smounts of COz were added to acetyleme in
a small bemb containing both liquid and gasecus acetylene at various tem-

. poratures. A platinum wire located in the gas phase was then fused, and
the bomb examined to dotermine whether decomposition of the liquid had
ocourred. It was stated that as the temperature was raised, the amount of

. COg roqn:l.red. for stabilization became less, presumably due to the increase

: n the 003 ocontent of the gas phase with increasing temperature. By the
ssme %token low teuperatu.re- favored decomposition. Up to 30% CO3 was tried.
It was stated that a © = 0Oz mixture of this composition 1is stable at

room teuporature and 70 atm pressure. \ .
) It was claimed tha::hu:pose of the experiments was to developo

new methods for the transportation of large quantities of acetylene. It
:u stated that the work vas not carried fsr becanse of war time difficul-
1es.

APPLICATIONS

Concentration ani Parification oi Arc Acetylene at Huels

- An excellent overal]. picturs of operations at this plant has been
" glvem in othsr reports, e.g., CIOB Report, Item No. 22, File No. XXII- 21,
. by Handley/ et al. Therefore the present report will be concerned only
vlth ncot ene ooncentra.tion and purification. In Exhibits D and E are




listed prints, and copies of process write-ups obtained at the Huels
plant. These will be on file with the Rubdber ‘Sub-Committee of the J.l.0.A.
in Washington. o |

. Figs. 1 shows a dlock flow sheet of the ‘acetylene mamfacturing
operations with material flows involved. The guantities given are for
operation primarily on refinery gas, which is the preferred raw material.
Additional quantities of hydrocarbons for feed to the electric arcs are
obtained from coke oven gases, after removal of ethylene, and - from natu~
ral gas from the Bentheim wells. Raw gas from the arcs contalns 13-16%
of acetylene depending upon the feed gases. ’ .

Typical analysis of raw gas from the arcs is g;fen_-'bolom

OHg ¢ Homologues 35.1%
Ng ' 3

HON ~
Nsphthalene 1/3 g/=3
Benzehe 1/6 g/u®
Diacetylene 15 - 30 g/m®

After separation of carbon black, which is present to the extent of
2035 g/m3, the gases are scribbed with oil to remove higher boiling
aromatic and aliphatic compounds, and with water to remove HCN, The
gases are then treated with iron oxide to remove HaS. «

, The gases, treatel as above, at normal temperature and slightly

" above stmospheric pressure pass to the suction side of the compressors
for compression to 18 atmospheres. The compressors, 6 in all, operate -
in parallel; a gasdmeter is provided on. the suction side to take up
surges. The compressors are reciprocating type, 4 - stage, with a rated
capacity of 13,000 mS/hr at a power input of 1900 kw. They operate at a
speed of 125 r.p.m. Stroke is 850 mm and piston diameters. for the four
stages are 1290 mm, 900 mm, 615 mm, and 440 mnm. Water coolers are pro-
vided after each compression stage. The normal temperature leaving each
stage is about 60° ~ 70°0, although if a cooler becomes dirty this will
rise considersbly. Temperatures up to 110°C have been observed on the
last stage. Pressure ratios very somewhat with the condition of the
coolers and the load on the compressors, but the compression ratlo on
each staege is normally not far from the expected 3.06.

: According to the Germans there are no design features especially’
provided in the compressor becsuse of the nature of the gas handled ex~
cept for ths fact that four stages were employsd to avoid high tempera-
tures whereas only three would be more usual for ordinary gases. Appar-
ently very little trouble has been experienced with these compressors.
No fires or explosions have as yet occurred in these units. All such
difficulty, which will be discuseed later, took place further on in the
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‘system. The compressors are taken out of service every six months to
clean polymers from the valves and passages. . ~ :

The fourth stage cooler is the most troublesome part of the com-
pressor system as it becomes plugged with polymers in a relatively short
time and is extremely difficult to cléan. Life of these coolers is
variable but is usually 4-~6 weeks. GCleaning of the coolers is one of the
most laborious tasks of the whole operation. Plans had been made to re-
place these tubular coolers with a water spray type, but the installation
was never made. For a time two compitessors were operated without any .
final cooler. This was not satisfactory becaunse (1) the pipes leading to
the water scrubbers became clogged and (2) the temperature of the gas in
the header system was so high that tHe effectiveness of the alarm system
which signals a rising temperature, denoting an acetylene decomposition,
was conslderably reduced. , : .

Originally, the gases from th4 compressors were scrubded with oil
to remove higher acetylenics and them were passed to the water scrubbers
for removal of the acetylene. Howevér, considerable difficulty was en-
countered with this arrangement because of polymer formation in the oil
which after a short time was unfit for use. It appeared very likely that
this polymer formation was catalysed by water carried over from the com-
Preseors inasmuch as good means of water separation had not been provided.
Accordingly, proper separators were installed immediately following the -
compressors. A few days later the first of several acetylene decomposi-
tions occurred, in a manner hitherto unobservei by the Germans. .An elbow
in the gas line began to heat up, decame red hot, and in a few mimutes
burst open.  The pipe was not shattered; it appears to have been softensd
from intense heat, and then split open by thé system pressure. Fifteen
or twenty minmutes apparently elapsed from the time the heating up was
first observed to the bursting of the pipe. This was the first of
soveral such incideats all of whioh followed about the same pattern, wviz.,
started at an elbow, comparatively slow local heating of the pipe, a
marked temperature rise of the gas beyond this point, no particular pres-
sure rise.—Many theories were advanced by the Germans as to the camse of
the trouble. It seemed very spparent that the sudden gppearance of the
difficulty wvas associated with elimination of water from the lines through
installation of the separators. It was observed that polymer deposit in-
side the lines could at times dssompase with explosive violence if dried
and- gufficiently disturbed. However, it was not understood how the acety-
‘lene decomposition could procesd sd #lowly. The reason for the difficulty
spparently being associated with elbows was not clearly understood. It
¥as pointed out that the polymer depdsit wes thinnest at the elbows. The
theory was advanced that some catalysic effect of the Pipe material might .
be involved which in effest lowered %he Sexperature required for acety-
lene decomposition. ‘ '

For a discussion of detalls of the explosions refer to J.I.0.4.
microfilme, Reel Owl6, which include the Huels files on ths. subject.
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- Ih view of .the above difficulties it was decided (1) to paes the
gases directly from the compressdbre to the water scrubbders (2) to rex-ve
the acetylene homologues following concentration (3) provide water sprays
at ssveral poinis to keep the piping system wet at all points from the
compressers to the water towers (4) to avoid .ibows as much as possible
(5) install a temperature alarm mystem to signal local high temperatures
anyvhere in the piping system. lLater a pressure alara systom was added
to indicats faillure of any spray f#us to pluggage. After final installa-
tion of the foregoing iisms, no further difficulty with acetylene decom-
positions was encsuntered. ‘

The gas from the compressors passes to six water absorbers which
operate in paralisl and are eaoch equipped with flash chambers. The ab-
sorbers themsslves are siesve plite columns (66 plates) approximately 3.5

R in dianeter and 30 m high. Thers appears to de nothing particularly
unusual in their design. The sieve plates thenselves have holes 4 =mm
diameter on 10 am centers. 7Tha sieve area is a roctangle 508 mm wire and
extending for the full diameter of ths column.  As shown on ths flow

sheet the water flow for H500 ®S/hr of fresh gas is a nominal 750 »3/hr,
which is varied depending upsn the water temperature. Acetylene is stated
to have solubility charactsristics similar to those of carboen dioxide. It
was stated that the sernbbers were donifnod. using the following data which
are those given by Vogel, *Das Acetylen®, and refer to 760 mm pressure
(gas volume at 0°C.) ' o

.- Lisers G /Liter Ho0 t% Liters CoHp/Liter Hz0
T T ” I | 113 %
1.63 ‘ T 1008
1.53 ‘ 1,08
10“ ’ - 00”

1.57 . 0.88
1.3 Y
1.24 Q.87
1.18 0.82 -
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The gas leaving the lowers passes to the Linfdse plant for ssparation’
.of the Hp and ethyless after which the residnal gases are recycled to the
arc. It is essentisl thai all traves of Oylln Ba ramovsd ir the water
scrudbers since its presence cansss freeze-ups in ths Linfde system. Nach
water scrubder is provided with s water separater eonsisting of a tower
filled with Esechig rings. Ve Were givsn to uniarstani that these towers
vers not especially dssigned for this purposs dut were salvaged from an-

other operatiem.

The water leaving the tower passes through a turbdine whioh supplies
part of the snergy to pump the 268 water imto the tower.: Turbine, pump,




S

. and & motor are all mounted on s comuon shaft. The wgker carrying the

. OgHp then passes to the first fiash chamber at a pressure of 3,62 atm.
The flagh chambers are all essentially towers packed with 2% Baschig
rings to an effective depth of approximately Z m. The§ are all 2500 mm -
in diameter except #5 which is 2700 mm. The flash gases from the first
chamber contain approximately 46% CgHp and are recycled to the comprossors.
The pressure on this chamber is meintained at the desired figure by means
of a pressure coniroller operating an sutomatic valvo:f}n the gas line.

The water from the first flash ckamwber discharges into.the second
wkich is exactly similar to the first except that the ‘pressure is 1 atm;
which ie held by a gasometer. Originally it was planned %o have the .
relative levels of the flash chambers such that water levels would te self
regulating. However, this was not attained, and it 1@ necessary to
throttle manually to maintain proper water levels. The gas leaving the
#2 flash is 92% CpHp and goes on to the finsl purificabion step. :

The water is flashed again at spproximately 0,16 atm in #3 flash
chamber snd again to 0,05 atm in #4. These gas streams join that from
tis other flash chambers to give a rew acetylene of 96% copcemtration.
Vacuum is supplied by pumps arranged as indicated on ‘the flow -sheete
These go~callei K.S.B. pumps congist of a cylindrical rotor mounted in a
bousing in which it is set off center. The rotor rries spring loaded
plates mounted in slots cut parallel to the axis of the-rotor. The-design
is very eimilar to that of the most common type of small laboratory ~
vacuum pump used in the United States. It is interesting to note that
shere is a.-metal to metal contact in these pumps and that at times plates
have been sheared off during operation but that no explosion or deomposi-
tion has been ever noted. This fact was ascribed to the low absolute
presswre of the CgHy and its consequent decreagsed tendency to decompose.
These are relatively high speed pumps, vig., 370 - 585 r.p.m. and were not
considered safe by the Germans for use on acetylene of this concentration
at normal pressures. : o ' : .

The vacuun pumps at one time had been eguipped with sutomatic con-.
_ trols but these were found unnecessary and discarded; the vacuum on the
chambers is determined by pump capacity. , '

, Flash chambers #1 - #4 are equipped with cyclones. Alsc they are
equipped, as indidéated on the flow sheet with water seals which act to
relieve the pressure in case the water ebsorber should lose 1ts seal.
This is to avoid the necessity of designing the flash -chambers for ab-
sorber pressure, viz., 18 atm. R '

: As shown on the flow sheet the water from #4 flasher was intended
to be pumped up to atm. pressure and then to be stripped in #5 flasher ty
means of re-cycle gas for further removal of acetylens and homologues which
would be returned to the are. Actually, this stripping operation was found -
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uoffective and is no longer carried out., The last traces of.organic are
removed in large Demag towers of convent;onal constrnction.

Fo special materials of construction are used in the foregoing'
equipment, steel and iron being employed throughout.

Except for: difficulties in the lines leading to the ablomtion
. towers as previously described, no decomoaitiona or explosives have been
_ noted. in the rest of the equipment. ' -

‘The raw acetylene from the flash c.ham‘bers ig treated to remove
higher homologues of acetylene elther by 0il scrubbing or by low temper-
ature cooling. Oil scrubbing which was the system originally used was not
to0 satisfactory in that a gas contaixug only 96% acetylene was obtained
and difficulty was encountered in obtaining & proper oil. The oil ‘
scrudbbing system is no longer used except for standby purposes. ¥When it
is in operation, the raw ges 18 scrubbed counter-currently at atmospheric
pressure. The oil is stripped with a smgll amount of Te-cycle gas to
remove acetylene, and this gas (50% acetylene) is returned to the com-
pressors. The oil is then scrubbed with a larger quantity of re—cycle
gas for removal of higher acetylene and this gas returncd to the arc.
Actually, both stripping operations are carried out in one tower. An
upper part of 10 bubble csps is for acetylene removal, and a lower part
of 30 bubble csps is for removal of higher homologues.

The low temperature system of removing higher acetylenics is inter-
esting for the rather elaborate safety precautions found necessary after
an earlier plant had blown up presumably due to explosive polymerization
of higher a.cotylernica. ‘A flow sheet of this eystem is shown in Fig. 3.

The a.cetylone produced is stated to have the following a.nalyuil
CzHz 97%; 002 1%; other hydrocarbons & N3 2p.

- The raw gas is conpreued. by Elmo pumps, & water sealed pump very
similar to the Hash, to & pressure of l.4 atm and cooled with water in a
packed tower, It is then fed to two finned coolers which are operated
alternately. The first cooler is being thawed by the feed gas and the
_ second cooler is cooled by means of pure gas from the low temperaturse -

cooler. The leaving this set of coolers is at a temperature of about
) =15°C and passes to the ammonia pre-coolers. The condemnsate from the

aforementioned finned coolers is considered dangerous and is diluted im-
mediately upon leaving the cooler with benzene and water (to aid polymer-
igation). The higher acetylenics are cansed to polymerise, the ramining
organic is stesmed off and partially recirculated. ‘

. The gases are cooled to -559C in two ammonia coolers o;pera.t:l.ng in
.eri(g—._/\!!ho smmonis is cooled by means of an ethylene refrigerating
system. .




' The gases pass on to another double exchanger where they are cooled
' by re-cycle gas and by means of ‘ethylene to ~78°C. .

Phe condensate from the final ecoolers, which is 40% acetylene
(-66°C) is heated immediately to ~400C to remove the acetylene down to
5%. The mixture containing 40% acetylene is considered very dangerous
and so every effort is made to Xeep the quantity present at this concen-
tration to a minimum. The liquid 1s then stripped in a packed column
(10 m high x 1 m I.D.) by means of gas from the Linde plant which has .
been pre-heated to 100°C. The top gases from this stripper are returned
to the arc. ‘ _ : L

The gas from this installation is scrubbed with. NaOH to remove
COg and is then realy for acetaldehyde manufacture as 98% gas.

. Bach low temperature installation is located in a "box" of steel
reinforced concrete some 1-1.,5 m thick and open at the top. NHobody is
allowed in the box during operation. All necessary valve movements, etc.,

are carried ocut from the operating floor outside the box.- ‘ _

It should be helpful to compare the experience at Husls with what
would have been sxpected based on some of the fundamental data as devel-
oped by Boesler. Fig. 9 of this report shows the partial pressure of
acetylene, in a mixture of acetylene with CH4 and Hp, necessary for de-
‘composition to start as a function of total pressure. Ignition was with
a fusing platinum wire. At a total pressure of 18 atm corresponding to
that following the compressors at Huels, this curve shows that an acety-
lene content of 40% is necessary before decomposition occurs. Compare
this with the 16¥% actually obtaining in the operation. On this basis the’
Germans felt that the process was safe. At a gas temperature of 100°C
the composition would have to be 32-33% before a fusing platimum wire
would cause decomposition. What actually occurred has already been
described. o ‘

Some of-Boeslerts results give a clue as to what might have

" happened. He found that at falrly low temperatures, €.g., 200°C, for
some mixtures partial decomposition took place before actual ignition had
occurred. Also, soot deposits were found on the wires at fairly low tem-
peratures. Boesler in his summary of Rimarsgki's work of passing acetylene
through hot tubes indicates that partial decomposition can take place at

fairly low wall temperatures. . 4 )
, It seems not too difficult to postulate conditions of velocity and .
heat transfer where if a moderate decomposition is started at one point

in a pipe line, the wall temperature at that point can contimie to rise.
If the operating pressure is high, the pipe may be weakened to the
bursting point before really rapid decomposition occurs. -An anelogy ‘
might be drawn between the behaviour of acitylene in this case and that

I
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of a gas of high ignition temperature which can 'be burned if contacted. o
with a hot surface and once the combustion is started will keep the sur-
face hot.

Although the csmse of the deconpoaitions at Hnels wvas not deter-
mined 1% seems undoubtedly to be tied up with the presence of higher
.acetylenics which might supply heat on polymerization or form explosive
. peroxides with the oxygen in the gas. Once decomposition was started,
catalytic action of the pipe wall may have played a part in casusing the
decomposition to continme, Wetting the pipe wall was effective appar-
ently purely becanse of its cooling effect in preventing hot spots from
developing and in keeping the polymers or peroxides insensitive. There
is no evidence of any kind that water exerts any catalytic effect against
the decomposition of acetylene.

v

nol +

The proceas for butinediol, operated at Imdrignha:fen, has been
covered in some detall in a previous report, Hopkinson et al., CIOS
Report, Item 22, File No. XXII-7, The present investigation was primar-
11y concerned with the hagards involved and correlating operating con-
ditions with the basic research on acetylene decomposition. As mentioned
previously, Weisasweliler's work on acetylene d.ecompoaition wag directed
primarily toward making thi- proce-a safe.

, The synthesis of butinediol is btriefly as follows: OCgHp and 15%
- aqueous formaldeshyde are fod to the top-of a 1.5 m diameter by 18 m high
- steel reactor lined with V4A stainless steel. Normally, two reactors are
operated in series. The reactors contain a Cu-Bl acetylide ‘catalyst
supported on silica. Operation is at about 1100C and at a pressure of
5 atm gange. The crude product leaves the bottom of the last reactor and
_enters a ssparator. The gas from this separator (110°C) is.cooled to
30°C and enters a second separator. The gas from this separator (30°C)
ig 99% anggz which is mixed with the fresh CgHp feed, compressed to 5.5 atm
.g£aage e-cycled..

The ligquid from the 30°G separator contains about 6% pro;pargyl
a.‘l.cohol. 10% methanol, 5% fo_r;nﬂ. e and. the balance water. This is
: fed. to the methanol still. - '

 The liquid from the 110°C aeparator contains about 1,55 formalde-
me. az% butinediol, 15% propargyl alcohol, and the balance water with
& very little CgHs. This stream is withdrawn at a rate of 13 cubic
meters per hour and divided into two equal streams. 6.5 cubic meters per
hour are filtered through cloth to remove acetylides and added to the
reactor feed tank, together with about 4 cubic meters per hour of 30%
. - formaldehyde as fresh feed plus about 0.5 cubic meters of a 6§ mothanol-
6% propargyl alcohol solution from the methanol still.

._15_.'




_ The other 6.5 cubic mesers per hour of crude butinediol is like-
wise filtered, passed through a steam stripper to remove Cplp and sent
to the butinediol distillationm. o

Phe purpose of filtraiion is to remove copper acetylide washed off
the catalyst. Cleaning of these filters is one of the most hagardous =~
steps of the operation. The filters are perforated pipes about 0.6 inches
I.D. by 6 ft. long with cloth wrapped on the ocutside of the pipe, - They
are arranged in bundles and the flow is through the cloth into the pipes.

‘Periodically these filters must be cleaned. The pipes are removed from
the bunile and immersed as rapidly as possible in an aqueous HCl bath to
decompose the pcetylide. Although some workers have been burned, it was
stated that there had been no fatalitles. | o -

There is also a tendency for acetylide to build up at times in the
110° separator prior o entering the lines to the filters. Although there
have been explosions at. this point that have shaken the building, no
serious damage has resulted up to this time.

The acetylene used is treatei with active carbon to remove phos-
phorous and arsenic compounde. It was sald to contain 15 mg. of sulfur
per cubic meter. Feed of fresh acetylene is at the rate of 300 cu. meters
per hour. The fresh acetylene at slightly above atmospheric pressure is
compressed in two stages by means of Elmo pumpe to 4.0 atm gauge. Then
it is compressed by another Elmo, together with the re-cycle gas from th
30°C separator to 5.5 atm gauge. ‘ '

The catalyst is composed of 126 Ou, 3.5% Bi. as acetylides formed
4n situ on silica which is about 856 by weight. The preparation has been
described in the Hopkilnson report. A grain of dry catalyst will give - — -
‘tiny local explosions when hammered. However the Germans use reamers to
remove spent catalyst and even in bulk it seems to be fairly safe. It is
said to be extremely inert when moist. Considerable work had been done
on catalyst supports before chqosing silica. Bi is supposed to reduce
CzHg polymer formation but aven with Bi, care must be taken to avoid
overheating which gives cuprene and other polymers. The life of the
catalyst 1s about three months. Formation of the catalyst and starting
the reaction With formaldehyde are hazardous, and consideradble care must
be exercised. Silica grains are treated with Cu and Bi nitrates, dried
and heated to 500°C 1in a muffle. The final catalyst has a grain size
2 mm diameter and 6 mm long. Each tower contains 15 tons of this mate-

r 1'-1. : . . . ' .

—After the tovwers have been filled with catalyst, the reactors are
swept with Eg, and Hg and water are circulated through the system. The
temperature is gradually raised to 70°C. The N3 is slowly replaced with
CgHp, and formaldehyde is then carefully added until the feed is about
& 15% solution. The feed of CpHp is judged by temperature control, 1.6.,
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the temperature is raised to the desired, 110°C, by control of the G2f3
feed. ) ’ - ’

According to Dr. Reppe, who Was interviewed by the authors, the
_ heat of "wetting® of the catalyst with acetylene is very great. Thin
factor makes startup especially difficult. :

, Bather elaborate methods axre used to control catalyst temperature,

1,0, to eliminate hot spots which promote cuprene formation or may cause
acetylene decomposition. Iirst of all, a mininum liquid flow of 60-70 kg
per sg. decimeter is specified to keep the packing wet. Thig liquid is
carefully distributed at the top of the tower by meens of an annular
distributor. The short distance between the distributor and the catalyst
is filled with Raschig Trings to ald in distributlon and to minimize free

space. At various points throughout the catalyst mass are arranged 50
thermal .élements to make possible careful checklng of the catalyst tem-
perature. At four different levels along the reactor are provided anmilar
distributors for introducing "dry? acetylene. If a hot gpot is noted,
dry acetylene is fed in just above the hot spot. The CgHs so introduced
. canspes additional evaporation of water with consequent coolinge. K

All pipe lines, 1nchd’i7ng elbows, were £illed with multiple pipes
 as recommended by Weissweller to prevent detonations. All  empty spaces
throughout the system which could not be filled with such tubing were

dished hegdl of the t

- f£41led with steel Rasoh% rings, generally 50 x 50 mm. The separators,
ow , :

8, etc., Were all so filled.

. The tube sigze used for Ffilling pipes was 14 mm I.D. vwith a thin
wall. In general this tubing was merely held in place by friction, a
section of large pipe being prepared by £illing it with tubes of the same
length and hammering in the last few to hold the whole bundie in place,

Dr. Pistor and Dr. Steinhofer, in charge of the operation; stated
that on six different occasions decompositions had occurred which filled
the 1ines with carbon and even melted the pipes in spots. Fistor de-
scribed having been at the top of the reactor on one occasion when the
acetylene inlet pipe became red-bot. One of the plant operators told us
that one night an entire reactor started to glow. Everybody ran .for the
. air raid shelter except one man who knew the system thoroughly and stayed
to simt off the acetylene. In none of these cases did a detonation occur.
It should be mentioned here that the equipment is designed %o withstand
100 atm pressure. No equipment has ever been actually blown open hy an
explosion although pipes have burst after having been softened by the '
intenss heat. '

: The anthors were shown discarded lines. f£illed with carbon and
-hwing signs _of fusion of the metal. .
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The reactors themselves are separated from the control room by a
concrete wall, wvhich however, it was stated, was not designed to take
heavy explosions. The separators were in separate rooms frem the towers
- and falrly well protected by heavy concrete walls. 3 .

The measures duvoloped. Ty Vei.uvd.ler seem to have been very sat-
isfactory in preventing the development of a detonation.. There seems
little doubt that without these devices the installation would have been
completely destroyed. If one again inspects Fig. 2 of Boesler's report
it is seen that at the pressure used in the butinedlol process a decom-
position could be csused by a hot surface of 300-400°C. In this partice-
lar case there are acetylides present, which can serve as igniters, and :
also by the nature of the process hot spots can occur in the tower which
may cause decomposition. The Germans felt that in such a process decon-
position could hardly be avoided at all times, but that if detonation
could be prevented, the equipment could be designed to withstand any
pressures developing, i.e., a maximum of 12 times the operating pressure.
A decomposition would then cause no damage; the eqniplent could be cleaned
] ant and the opera.tion started again.

Koresin

. The mamufacture of Koresin at Imdwigshafen has been well outlined
;.::;I a previous report, Hopkinson et al., CI0S Report, Item 22. F¥ile No.
1-7.

_ !ho procou consists of treating 800 kg pmtertiary butyl phenol
plus 68 kg zinc nsphthemate with C in a horisontal agitated steam
Jacketed antoclave operated up to 16 atm gange and at a temperatire of
180-230°C. After about 200 kg CgHz have been reasted which requires
13-16 hours, the product is discharged. JFormerly the melting point of
the resin was followed but now the operater judges the state of the reac-
tion by the OgHp consumption and the pressure. '

Phe autoclave is lined with stainless steel (V4A) and has a volume
of 16500 1liters. The agitator is steel, and presumably of the paddle type,
although no bdlueprints could be found, Dr. Christ, who is in charge of
this process vhich started about 1939, had never seen the sutoclave -
opened since 1940 when he became connected with the operation. Thée speed
of agitation was about 45 r.p.m. This antoclave was built to stand 300
atm and has a steam jacket carrying steam at 30 atm. The agitator
stuffing boxes at both ends of the antoclave are water cooled and an -

asbestos-graphite packing is used. A new piece of packing is put in
every 48 hours. B ,

. The process 1s carried -ou.t as follows: The mixture of :b-tortiuv
butyl phenol and sinc naphthenate is melted in a jacketed agitated kettle
lieated with steam at 2-3 atm and any water removed at a pressure of
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100-2607&.33. It is important to prevent water from being added since
the catalyst activity is reduced, and the product bscomes opagu.e.

 The above dried mix is fed intp the antoclave which is £illed 33

 times with N to 3-5 atm and vented to remove air. The antoclave pres-
sure is then raised to 3 atm with N3 and the autoclave temperature
brought up to 100~120°C. Acetylene ip then added until the toisl pres-
sure is about 15 atm, and the temperature is further raised to 180°C.
The OgE; reacts readily; the temperature rises to about 220°C and the
pressure falls to adout 8 atm gauge. Opfiz is fed at full compressor
cspacity, during this period until a temperature of 230°C is reached.
%he OgHp feed is then reduced to 10-12 xm°/hr to prevent the temperature
going too high, Yeed of is contimued until the pressure which fell
within the first hour to 8 atm reaches 16 atm gauge. This takes sbout
14 hours. Zxaminatien of the pressure charts showed the following:

Time in hours p
_mroxinato ' Pressure ata _gange

o 3 atm gange N3
0.5 16 total Ng - Oz
7 10

s
13 12 L ]
1416 . 5

- . When 15 atm is Teached, the gas in the sutoclave, it was stated,
contains sbout 50§ CpHap due to buildup of inerts from the OgHz. Nz is now
added to give 25-30 atm to aid in blowing out the charge.  After discharge,
a fresh batch of p-tertisry buty phenpl and catalyst is added to-the hot
sutoclave; 3 atm N3 are added, and the cycle repeated as above. Calig feed
is measured Ly a gas meter on the low pressure side of the compressor.

The Ogi., used is ordinary 99% velding grade from Oppan wet carbdide
generators and has been water washed but not specially purified. Ne
arrestors or precautions are taken on the low pressure side, which 1s at

_a pressure of 370 mm Hx0,

The compressor used was of standard construction and had no novel

features. - Three stages vere employed with intercooling. ' -
In the line between the compressor and the autoclave, there was

provided an explosion arrestor consisting of a poreus fil stons sppros-

imately 70 mm long by 38 mm dismeter. This device was o dered Wy Dr.

Ohrist-to be an effective arrestor dui of limited spplicadblility decanse

of the high pressure drop at appreciable gas flows. At ene time a check

valve had been used in comnection with the filter but since discarded
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because of deterioration of the rubber parts.

. In spite of the rather drastic operating conditions involved in
this process no trouble from ecomposition of acetylene had been en-. .
countered to date. No special precautions were teken to protect the

operators from possible explosions. _ .

i It 1s extremely interesting to compare the operating conditions
obtaining in this process with the fundamental data as developed by .
Boesler. It is at once apparent that the success in running this opers~-
tion has been the judiclous use of nitrogen. Fig. 2 of Boeslerts report
shows the pressure at which pure, dry CpHp will decompose as a function -
of the igniter temperature. At a pressure-of only 7.5 atm. decomposition
can be brought about by use of a fusing lead wire of 300-330° melting
point. ZThe curve for pressure vs, temperature is rising repidly in this
range so that extrapolation is difficult, but it probably can be assumed
that at 16 atm. the temperature to bring about ignition might be in the

" pange 200-250°0. Of course the limitations of the experiments as pointed
out by Boesler, viz. that there is a spark as the wire fuses should not
be forgotten. At any rate the data indicate that it would be foolhardy
to run without nitrogen and that trouble would be expected.

- Figure 6 of Boesler's report 1s also interesting in evaluating the
probable margin of safety of the Koresin process. This figare shows the
pressure necessary for decomposition of mixtures of acetylene with nitro-
gen. In this case the igniter is a fusing platinum wire. At 200°C such
a mixture will decompose if the acetylene ‘concentration is 30$. or
oceurse, this ignition is undoubdbtedly more drastic that what might occur
in the Koresin operation. It is probably significant that agitation of
the autoclave is good so that local hot spots cannot build up to give
trouble. ' .

- 15 consideration of the foregoing discussion, it seems rather
remarkable that no decompositions have occurred. )
Yinyl Byrrolidon | - |

' The preparation and use of Vinyl Pyrrolid.bn. at Iadwigshafen was

covered in CIOS Report XXVII-85, Item 22, by Kern, Murrsy and Sudhoff.
This process was examined again from the viewpoint of hasards in handling
acetyleme. The production of gamma butyrolactone by dehydrogenation of
1~4 butandiol and the formation of pyrrelidon by reaction of the lactone
with ¥Eg were discussed in the above report and were not studied further.

Additional information on the polymerisation of the vinyl pyrroliden was
obtained and is included here. '

: Dr. Christ supplied the folloving information on the vinylation
vhich is in substantial agreement with that obtained by earlier
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investigators. The vinylation is carried out in a vertical steel reacter
16 m high and 200 mm in diameter which was built to stand a pressure of
200 atm. The lower third of the reactor is jacketed with stecam at 20 atm.
The upper two thirds is oil jJacketed for heating or cooling with a circu~
lation of 10-20 mSf hour of oil. ' - |

The reactor is fitted with base inlets for the feed of a solution
of pyrrolidon-EOH and a mixture of OgHp-Nz. The gases leave the top of
the reactor through a cooler and separator. The Ogia-Ez is reciroulated
By a pump .through a steam jacketed line while the crude vinyl pyrrolidon
is run to a small receiver from which it is withdrswn to crude storsge.

. In starting the operation, the apparatus is svept with N3, then a

pressure of 10 atm. of N2 spplied, and the reactor heated to 1409C. 2300

- kg of a pyrrolidon-KOH mixture (sbout 3-4f% KOH) is pumped into the reactor
apd a feed of 5+10 liters per hour of KOH free pyrrolidon started into the
Dase of the reactor through the steam jacketed CgHx-Npy preheater. The
pyrrolidon-KOH mix is prepared by adding 100 kg powdered KOH to 2000 kg

~ pyrrolidon at 40-500C- and distilling under vacuum until about 300 kg of
digtillate are removed. The mix is then cooled 'to about 50°C. : :

Pyrrolidon is fed with the caﬂe to prevent OgHs from ever con-
tacting dry XOH which to daté fortunately has caused only a vigorous slow
CoHp decomposition accompahied by the melting of the inlet line. This is
‘an important point in all OgH, processes using KOH at high temperature.
One contact point with XO0H could conceivadly serve as the source of igni-
tion leading to a detonation if the conditions were right.

. ~ The pressure is now raised to 30-25 atm with OzHg and the tempera~
. ture adjusted in the reactor to 160-160°C. A 60% OpHy-40% N3 composition
43 maintained in the recycle gas which is circulated at a rate of §
- hour, by a pump built for 300 atm.

- The tonwiﬂg conditions are now observed in normal oinra.ttonz

Reactor Base 1650=166°0
Q%_or Middle 160-170°C
Reactor Tep 150-160°C
Inlet Gas .
Circulating Gas
Pressure
- ¥resh Oglis Feed

-

.. After about 45 m® OgHp are fed, the vinylation is contimued feeding
30 liters of the pyrroliden~KOH mixture per hour to the reactor base. The
feod of 5-10 liters/hour of pyrrolidon to the gas preheater and 15-20
- mO/hour fresh OgH, are contimmed. | - | :
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' The gas stream off the top of the reactor is cooled to 40-50"0. the

. ga8 Tecirculated and the crude vinyl pyrrolidon collected in a 200 liter
receiver from which it flows to a larger receiver of a‘bont 2 u% volume
vhu.'o it is kept at atmospheric pre-me. :

!ho crude product is d.i-t:!.lled. at a rate of 50-100 liters per bhour
at 5 mm/Hg, at which pressure the main production of pure vinyl pyrrolidea
distills at 70.80°C. There is a small foreshot and the main fraction 1is
followed by a binary of vinyl pyrrolidon-pyrrolidon. The yield of v!.m
ymolid.on is 60% theory based on the pyrrolidon.

. !__.

Dr. Fikentscher supplied the following mfomtion on the polyrer-
igation of vinyl pyrrolidon for Periston, the synthetic blood plasma. A
300 kg batch of a 30% water solution of vinyl pyrrolidon is prepared. -
Half this datch is put in & kettle at 80°C and the remainder is added step
wise. Polymerization is catalysed with 0.05-0.2% HzOp using half as much
NHz as an activator, About 3-3 hours is required for poly-ari.ntlon. The
5302 also controls the molecular/weight of the product. It is probable

that the Germans had specifications on the nol. wt. for pln.m uss hl.t
these wers not amlablo.

. In this process as in the Koresin process, the secret of successful
operation is ths proper use of nitrogen and a knowledge of just how much
nitrogen is necessary to make the process safe. The same comparisons with
the Boesler data can be made as were: considered under the Xoresin process.
In this case troudle was at one time encountered dus to acetyleme being
decomposed by contact with dry KOH. Such possibilities of ignition due

to some abnormal process conditions should always be considered in setting
up such processes. ,

Yinyl Ethers

The method of making vinyl ethers at Ludwigshafen has been outlined
in a previous CIOS Roport. Iten 22, TMle NHo. nvn-as by Iu-n. lurrw and
" Sudhoff, : , . \

_ The vinylation of -alcohol is carried out by contacting a oolution

‘of XOH in the alcohol with acetylene at temperatures of 150°C tc as high

~ as 17590 depending on the alcohol. The pressure varies from about 32 atm
" for.methanol down to zero for a high 'bouing alcohol such as octadecyl.

"T.  The reactor is a steel tower with a volume of 4.7/mS, 700 mm
diameter by 10 m in-height and is normally operated with 3.5/-8 of solu~
tion. Temperature, pressure, feed rates, -etc., for the productioa of the
1.o'bu.ty1. ethyl and methyl vinyl ethers are given in the Qttach.d. table.

-  KOH solution in the giv_m alcohol is introduced at the base of the
‘'reastor which contains a steam hsating coil, the O 3 feed is preheated
By steam in a hsat exchanger with a portion of ths alcohol feed and like-
wise introduced at the base of the lower. The alcohol prevents ary KOH




contacting Oy at the gas inlet. This is Very Important, Before this
was done, several CzHz decompositions occurred. Acetylene should EEVIR
be allowed to contact solid KOH under these temperature conditions. ZThe
inlet of V3A steel and the reactor base were melted by CpH decompositions
before thesp precantions were taken. .

The pixture of CaHn, N2, alcohol, ether and acetal leaves the top
of the reactor through a partial condenser and -passes through a gas-liguid
separator. The liquid phase enters the first heated stripper which is
f£itted with a partial condenser. The liquid discharged from this stripper
. normally has the following spproximate compositioni.

500 kg vinyl ether/hr
300-400 kg alcohol/hr
10-16 kg OzHa/hr
15-35 kg acetals/hr

'The X3 plus C3Hz from. the gas-liquid :dpmtor and froa the first
stripper is mixed with fresh compressed Cp; feed and recirculated.

o The mixture of ether, alcohol, OpH, and acetal 1s now fed into an
acetylene stripper at reduced pressure a&s shown in the table. The 10-15
kg/br OgHg from this stripper is returned to the Oy gascmeter.

The ether is separated from most of the alcohol and acetal by dis-
. t1llation. The conditions are also given in the table. Alcohol-acetal
separation is then carried out in another column. - .

The crude. ether usually 500 kg/hour, stored under Hg, is purified
by a contimuous water wash, separated, and the ether dried with solid KOH.
The alcohol-water from the ether washer is then distilled to recover ths
alcohol which is returned to ths alcohol storage. . '

An important feature of the process is the contimmous withdrswal
and purification of about 100 kg/hour of the mixture in the reactor. This
1s necessary to prevent ths build up of salis. The mixture which may have
about the following composition: 60 kg alcohol, 30 kg acetal and ether,
16 xg XOH and § salts is mixed with water in an agitated kettle and
distilled off. The distillate, 50 kg/hour of ether-aloohol-acetal, goes_.
into the feed to the ether still. . . :

Dr. Christ stated that alcohol stabilized the ether against poly-
merisation and therefore there were no diffjiculties prior to isolation of
~ the alcohol free ether. o : .




Reaction !q-po:—
ature
- Pressure atm.

maintained in
 reaction mix-
ture
Operating pres-
sure atm final
OgHa stripper
- Bther corude lti.ll

85-90

Approx.production 50 for- Oppanol ¢  §0. sdhesives 10-20 for tex- **
: ton-/l;onth 76 adhesives - . ' tile finishes,
: 50-100. oils _ latex heat sen-
~ for leather - o sitization

-ﬁ*) Polymrised. in propane at - 230°C with 333
"") !how were oonnd.or:ln; expanding thkis for CHz0HO production with
MeOH re-cycle, tlms avoiding Hg utm for CHzCHO.

The C2Hz used for vinyl ethers was the seme as that used for ,
butinediol produnction. Dr. Christ uid. they omﬂ.cl use the same welding
grade Ozla used for Xoresin.

The fonov:lng information was obiained on the. Oglly oonprouora. A




Oylinder Diameter

Stroke
Pulley Wheel
¥ly Wheel

lst stage 370 »m
2nd stage 210 mm
3rd stage 120 mm
300 mm

Diameter 2500 mm
Width 350 mm
Speed 65-85/HPN

. Cspacity 100-130 =®/hour
'¥F4nal Pressure 30 atnn. . .

Power Requirement 28-36.5 H.P.
Cooling Vater ‘ .146-2.1 u3/hour
Marmufacturer Shikz Warsen 35-4-41

The high preasure CpHp line was 40 xm 1.4, and was supposed to
stand 200 atm. Olose to the compressor in this line were a check valve
and an explosion arrestor of large pipe filled with raschig rings.

| So far as acetylene handling techniques are concerned, here agein
the importance of using sufficient nitrogen is emphasized and the necessity
‘of preventing contact bétween acetylene and ary EKOH pointed out again.

Reppe Ioa'bora.tog'_

i

Phe I.G. Farben Company built a leboratory at Ludwigshafen devoted
to acetylene research under the direction of Dr. Reppe. In this laboratory
acetylene gas is piped at a pressure of 30 atmospheres to the various lab-
oratory benches where autoclaves are located. The acetyleme supply is
compressed to this pressure in a three stege compressor of vsual design for
ecetylene. The acetylene is circulated through the piping system and what
~ 1s not used is re-cycled to the supply side of the compressor through an

antomatic valve. All piping is 40 mm in sige. L

The supply manifold is protected from each branch line by means of
a so-called Magin check valve so named after the person who invented i%.
The purpose of the valve is to prevent decompositions originating at the
point of consumption from propagating back to the manifold and the rest of
the system. This valve works somewhat on the principle of a bicycle valve.
Ges can pass through it in one direction only. 4 number of rubber bands
are held in place over numercus holes in the core of a device looking some-
what like a strainer. The gas pressure pushes the rubber off the holes for
flow in one direction, but the rudbber snaps the holes shmt if the down- .
stream pressure rises above supply pressure. Such an arrangement having
very little inertia is said to be very fast acting and capable -of reacting
to the pressure rise occurring from decomposition before the actual flame
front reaches the valve. Other types of check valves were stated by Beppe
as being too slow acting. T L




- The Magin valve so far has not been admpted to any but small size
P’-POlo . ' . - g L o L : - .

: The autoclaves are of such a size that they can withstand any de-
coxmposition including detonation. Hence uper:l.nent. ander any reaction -
oomuti.ons d.esired. can be carr:led. ont. ‘ , _

glclooctratetrme

The prepa.ration o.f cyclooctatetrme is cited as an exmmple of the

type of work done in the Reppe laboratory. This involves contacting & .
nickel cyanide catalyst suspended in teira hydrofurane at 70°0 with acety-
lene at 15-20 atm pressure. -Although this synthesis 1is only in a labera~
tory stage it presents mseny interesting possibilities. The original work

- Was done with ethylene oxide in an attempt to react that with acetylene.

~ Careful observation of the results led to a concept of the possible reac-
tion mechaniem and the choice of tetra hydrofurane which gave 1uproved.
r.l.olds of cycloocta.tetrme.

Laboratory d.trecti.ons for the preparation of thi- mnaterial as
o'bta.ined from Dr. Reppe are given below: _ ,

20 g. nickel cyanide (see below) ‘

- 80 g. calecium carbide powder are suspended in 2 liters o:t tetra~
hvd.rofnramand. yut in a 4 to 6 liter ocontainer. The antoclave is purged
of alr as usual with nitrogen and under a Ny pressure of § ata is heated
to an inside temperature of 60-70°C. The contents are kept in motion —
through agitatior or by rolling. After the reaction temperature is reached,
the pressure is raised with OgHs to 15-20 ata until the solution is satu-

~ rated and the consumption falls off markedly. After this, acotyleno

. additions are made only hourly to maintain the preuure. '

ey ~ One.can also hold an agltated antoclave under constant acetylene
‘ prouure. 1f it 1s prov!.d.ed with a Nagin check valve.

If the reacti.on is stopped after 60 hours, one obtains a brown
solution, in which cuprene is suspended. The cuprens and catalyst are
filtered off. JFor best yleld the filtrate is given a preliminary distille-
tion at redunced preassure. Y¥Yhen the solvent and the benzene resulting from

-..Lhe reaction have deen largely removed, an exmact distillation is carried
‘out at 14-20 mm Hg. One obtains in this way the cyclooctatetraene (sepa-
. rated from residne), which is subjected to rectification under normal
_pressure. Under these conditions 320 - 400 g of cycloectatetraeme are
obtained, 30-50 g of resin and approximately 50 g benzene.

~ " Nickel cyanide has been shown to be the most effective catalyst,
which gives a good conversion of acetyleme with comparatively little resin




and bengene formation, especially when it 1e made from nickel chloride and
BOE. To do this, nickel chloride 1s digsolved in denatured alcohol, cooled
to O to°100, and treated with an approximately 10% alcohol solution of ECH.
It is sllowed to stand for 12 hours at this temperature, treated again with
alcoholic HON solutior to complete precipitation, and then after another

' 12 hours the precipitated nickel cyanide is filtered off. After washing
with water until noutral, the light bdlue nickel cyanide is converted at .
175° into the yellow brown anhydrous salt. Other nickel cyanide is infar-
jor in effectiveness to selt produced in this vay. If ohe uses an acid
free and dry nickel cyanide prodnced in this way and a completely anhydrous
 ¢etrshydrofuran, it is possidle to obtain a satisfactory yield of cyclo-

. octatetrane without addition of calcium carbide, provided of course that

the acetylene is not too molst. . _ : 3
’ 1f eme works under the conditions given, higher boiling '

‘as well as at times asules (only traces) are produced. Ths formation of
these hydrocarbons is very much dependent uwpon the temperature. If the
resction temperature is raised to 110-130°, higher boiling oils are
ebtained, besides larger amounts of resin and cuprens, accompanied Wy &
decrease in formation of cyclooctatetraene. These oils are generally
colorel blue from the azules. IEspecially suited for the formation of
higher ring homolugues of oyclooctatetraene are nickel salts such as the
carbdonate and formate, aleo, the substitution of ethylene oxide for the
calcium oarbide has & favorable effect. ZThe concentration of this material
 should not exceed 5§ based on the tetrahydrofuran used. Oopper powder has
been shown to be effective as a catalyst for the formation of these Cy0 and
03 hydrocarbons. After 60 hours, in addition to 200 g ayclooctateirasne,
spproximately 50-100 g higher Dbolling bhydrooarbons are ebtained.

| Several interesting processes, carried out on a plant secale, using
_anetylens, not covered in dstail in this report, are a3 follows:

" A% the Hoechst plant is located the largest vinyl acetate iastalle~
%ion in Germany, vis., 1000 tons per month. Details of this process are
given in OIO8 Report, I.G. Fardem Industrie, A.G., Hoechst am Main, Item
¥o. 23, File No. IXVI-1ll, by Richardson et al. In this process, OgHa, ocon-
taining 256 acetic acid is steam heated to 170°C and passeld threugh
catalyst beds of activated cardbon impregnated with sinc acetate and hsld at
a temperature of some 300°0 by electrical heating. Pressure is slightly
over atmospherie. : -

- At Huels acetylene is hydrogenated to ethylene in a process involv-
ing passing an acetylene-hydrogen mixture at 2000C over a palladium '

. catalyst suspended on silica gel. Details are given in CIOS Report, rﬂm
of Chemische Werke, Euels, Germany, File No. XXVI-51, by Haensel and Cotton.




I

s A th_eﬁLevgrkn.sem, plent, vinyl cyanide is manufactured by reacting
. acetylene and HON in the presence of a cuprous chloride catalyst. For =
details see CIOS Report, Item No. 22, File XXIII-25, by Ourtis and Fogler.

At Imdwigshafen vinyl benzoate is produced by passing an acetylene
gas stream carrying bengsic acid (ratio of about, 10 ctm of acetylene per
kg of benzoic acid) over a.cptalyst of mixed cadmium and aluminum oxides

'.suspended on activated coal at a temperature of 250-300°C. Details
vere not obtained. L 4 o A S

Also, vinyl carbazole is produced at Imdwigshafen by the action of

acetylene on carbazole under pressure in a process similer to that for
‘vinyl ether production. o ' o T

' Details on t,he"t\ro_ foregoing processes as well as other Reppé
processes are to be given in a book now being prepared by Reppe under the

direction of U. S. military authorities.
| ~ DISCUSSION AND CONCLUSIONS

I% 16 believed that the information presented in this report will
be useful in planning new processes where acetylene is used and in esti-
mating in a qualitative \say the probable hazards of exiating ones. Al-

 though the handling of -acetylene for chemical operations, unfortunately,

~1s not yet an exact science, some general principles can be enunciated.
The first consideration is of course the normal pressure and temperature
of operation, and the acetylene concentration involved. If these are

" outslide of the limits given as subject to decomposition by Boesler, the

- process probably is reasonably safe. However, further consideration must
be given to the possibility of these conditions being changed through
accident or misoperation until they lie within the decomposable range.
"Also, the possibility of an igniter being present cannot be overlooked.
The Huels installation seemed safe enough Judging from the Boesler data so
far as normal operation was concerned. .However, apparently an unexpected
igniter was present. B ' , | : a ‘

‘ I}F/the various operations at Ludwigshafen, i.e., Koresin, vinyl
éthers, and vinyl pyrrolidon, the Boesler data indicated how much nitrogen
¥as necessary. Here, however, the possibility that acetylene could be -
‘decomposed by contact with XOH at elevated temperatures was overlooked in

' the Iést two prccesses. - A -

. | The presence of water or other ligquid is highly desirable because

__of the cooling effect exerted by evaporation of the liquid in case of a

~ local decomposition which may prevent propagation. The liquid also makes

. initial ignition more difficult, and may prevent development of a local
“hot spot sufficiently high in temperature to cause ignition. The butine-
'diol apd Huels processes are good examples. ’
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As mentioned previously there is no evidence that water has any
special catalytic effect on the deconpositi.on of acetylene. ,

hong lengths of large diametér pipe und.er preume are to be .
mi.ded. so far as possible becaunse of the possibility of detonation. Use
of tube bundles within large pipes is an effective way of avoiding deton- ‘
ations with resultant high pressures. If detonations can be avoided by
proper equipment design, viz., keeping down empty spaces, a process ¢an dbe
operated safely within the decomposable range since final pressures re-
sclting from decomposition will not 8xceed 10-12 times. the ihitial preunro :

vh:l.ch can be provided for in the d.e-igl.

Packed lengths of pipe £illed with mch:lg rings make effective

upl.onien arrestors if used properly and can be used to isolate various
pieces of equipment. Also detonations can be prevented by ﬁ.lllng expty

spaces with ra-c.h.tg r:l.ngs., :

t




| | | Exhibit 4 ~
The Decdgpoéitiqg of Acétylene - L
h _,,§1 In;tial~Ignit1on :

-Dr.'Iﬁg. Boesgler, Oppan”*r
Mgy 8, 1930 - - =~ - .

1) Goal and Purpose of gxberiméhts:

: The experimental results on the decomposltlon of acetylene
published by Bertholet for the first time have been recently
reviewed and considerably extended by Rlmarskl of the Phys.
Techn. Reichanstalt. Hls results were published in a speclal
booklet by the VeDsI. in 1926. In additlon there are avall-
eble some results of laboratory experiments of the I. G. at
Griesheim (Lab. Ber. 228/1926). These experiments have-to do
primgrily with pure  acetylene; part are directed towards the-

. needs -of welding technique. They also deal wlth mlxtures of
acetylene with gas oll and Hgo, .

In considering the behavliour of Cs Ho in the presence of
different gases, the constltuents of coke oven gas namely
. Ho, CO, and CH4 seemed most important. Certaln experiments
" were planned to determine the decomposlitlion pressure under the
following conditions: With pure Co Ho as a function of (1)
vessel dlameter, (2) molsture content, (3) temperature, (4)
-the composition of the ignlting wire., Wlth gas mixtures as a
function of the gas added, viz., No H2, CH4’ Co Hy CO,
(No + Ho), (Ho ¢+ CHg) and as a function’of temperatire.

of a platinum wire.

In all cases initial ignition was accomplighed by fusion

2) Apparatus'

The experiments were carried out in a bomb (see sketch) ,
of a d&lameter and height of 270 mm. In order to determlne
the effect of different vessel diameters on the resultlng
decomposition pressure cylindrical liners (a) of 100, 150, and
200 mm. dlameter were used; also for preliminary experiments
a smaller bomb having a .diameter of only 50 mm. was used.
The gas inlet and outlet are located in the cover as well as
the igniting spparatus (b). -In the bottom are an opening (c).
for a slght glass for observation of the igniting process,’
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'~ and twc openings for a thermo couple (d) and the electric

legis-(¢) of the electric heater (f). This last consists of
registance wire which was wrapped around an insulator and was -
provided on the inner side with an asbestos cover to eliminate '
'~ effect of radiation on the thermo couple. For determination '
of the pressure in: the bomb, manometers were provided in the
inlet and outlet gas lines. These manometers were always
calibrated after the campletion of a series of experiments.
In order to £ill the bomb with gas' in the dry state, vessels
filled with calcium chloride were provided in the gas supply
line. In preliminary experiments in which this procedure was
not followed, especlally with a mixture of Hz, an appreciable
_scattering of data occurred. . ‘

3) Experimental Procedure

After being well swept with gas, taken from a c¢ylinder,
the bomb -was filled with gas to a pressure approximating the
decomposition pressure expected, and the ignition brought

about. If a decamposition did not occur, the pressure would

be raised 0.1 to 0.2 ata®* for another trial at the same
temperature, until a decamposition took place. In order to
ascertain the point accurately, two additional experiments
were always carried out at-a slightly higher and lower pressure.
This procedure was advantageous, although it could be dropped,
arter a general pattern had been established, inasmuch as it
was very time consuming. In the case where CgHg, saturated
with water vapor was being investigated, water instead of
calcium chloride was put in the vessels, so that the gas

passed through it. Also a certaln amount of water was sprayed
into the bomb. Ii order to make certain that saturation had
been reached, the gas was allowed to stand for a time before -

ignition. ' , i

The mixing of the gases was accomplished in the bamb
itself. After filling, a certain time was allowed to permit
caomplete mixing. _ o . o

The heating of the contents of the bomb by electrical
means through a resistance lying in the explosion chamber,
which was operated at intervals to obtain a certain tempera-
ture, was not_an ideal method. It had to be used, however,
since heating from the outsi?e"would have taken too long. ‘

(*). 1 ata = 1 kg per sg. om. absolute
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"To avold great loss. of heat, the bomb was covered with an
asbestos sheath and heated from the outslde wlith steam,
- Furthermore, before beglnning an actual experliment, the bomb

 was filled with Hp and held for some hours under high tempera-

. ture in order to heat the walls of the vessel. In the case of
an inside temperature of 100°C, an outer wall temperature of.

85°C was observed; in the case of 200°C on the inside, a
temperature of 130°C was measured on the outer wall.

The 1ntermittent heating proved necessary because of the
lag in the thermo couple. This was of normel construction and
contained in a pipe of 3.5 mm. I.D., and 5.0 mm, O.D.- Ag a
result of the largé heat capaclty of the soldered joint, a
lag in the temperature measurements could be observed. In
order to determine the slze of this error, heatlng experiments,
independent of the actual experimental program were carried out,
in which a second thermocouple was introduced, consisting only
of the bare iron-constantin wires. Also to avold flow of heat
to the bomb wall, the wlres were looped several times. In
racvid heating6 this thermocouple showed on the average a
temperature 4° to 6° nigher than the first couple. With short
interuptions in heating, equallzation of the two readings
occurred immediately. Since the thermocouple could not follow
the rapld temoverature changes taking place during a decomposi—
tion, no measurements of this kind were undertaken. R

The decomposition pressureﬁ%as measured by means of mano-
meters. It would have been very lnteresting to have measured
the actual pressure rise during decomposition, which might be
‘done by means of an optical: indiecator. In the absence of
such equivment only relative values were obgserved. (Further-
more observation of the decomposition was made through the
- 8ight glass). This could te done better than had been expected
The highest pressure reached cannot be determined accurately
in this way, since in the comparatively long and narrow lines
to the manometers a certaln amount of throttling occurs,

_ which distorts the readings. Also the manometers because of
" "inertia probably register high. As a comparison, the flnal
pressure developed was determlined by calculatlon from the
‘heat released and the specific heat of the gases.

The construction of the 1lgnitling aspoaratus and the
investigation of the influence of ignition were the subject of
speclal gxperiments. As Rimarskl states, he used a platlinum
wire of 0.15 mm. diameter, which by regulasion of the current
he could bring to different temperatures or to fusion. He
also made use of a Bosch spark plug. This latter method was
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rejected by us after some experlments, vnich showed 1t to be
unsuitable. At higher pressures when a hlgher voltage was
requlred to maske a spark, breakdown of the insulatlon occurred.
Of course 1t would have been possible in order to work with
lower voltages to have reduced the spark gap, but thils would
have meant an unnecessary compllcation in carrying out the
experiments. When a pressure of 10 ata 1s exceeded, this
arrangement is no longer usable slnce even at a very short
‘gpark gap the insulation breaks down. Also near the decomposi-.
tion pressure, a partial decomposition of acetylene takes
place whereby soot deposits between the electrodes and acts &as

a conductor. )

The difference between an 1ncandescent,ahamé”fﬁsiﬁ%mﬁireM
already observed by Rimarskl was substantiated by us. t was
shown that with use of a fusing wire, decomposltion occurs at
a lower pressure than with an incandescent wire.. For example,
with pure acetylene decomposition was observed at 1.40 ata
with the former, and 1.60 ata with the latter. For thls
-reason a series of experiments was carrled out with different
wire temperatures (see Fig. 2). Of course, 1t is obvious that
if trends are to be determined, a definite type of ignltion
must be used throughout. Also, according to the experiments
performed thus far, the speed of lignitlion was also important, & -
i.e., a fast or slow fusion of the igniting wire. It was E L
obgerved that, with pure acetylene and more especlally wlth o
mixtures of CgHp and CHy4, in the neilghborhood of the decomposl-
tion pressure, products separate out on the glowling wire and
cover it with a carblde like layer, so that the wire requilres
e longer time for fuslon. ‘There were even instances. 1n which

the current was on for such a long time that complete decom-
position took place without actual fusion of the wire having
occurred, whereas under similar condltions rapid fuslon would
not nave caused decomposition. From this 1t appeared that the
decomposltion pressure was dependent not only upon the '
temperature of the igniter but also upon the  time during which
it is hot. This kind of slow lignltion was ' especially notlcea-
ble at a comparatively small bomb volume, which for the small

" bomb used for preliminary experiments amounted to only 250 cc.

- The decomposition pressures determlned in this way show con-
siderable scattering and are by no means reproducible with .
great exactness. In contrast, the quick fusion of the igniting
wvire proved to be a rellable method and gave results which
could -always be reproduced.

The material of the igniting wire is extreéemely important, _
and for this reason, this point was especlally investigated for '
pure acetylene. _ - '
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In order to carry out all experiments under congtgnfn7““W”““M;“:MW'JFW

conditions, the following were held fixed:

1. The 1igniting apparatus was always‘in the cover of the.
vessel. ‘ ) . ]

2. TPrie 1gniting wire was of platinum of 0.5 mm., dlameter,
{ The wire length was 10 mm.

4, The igniting-ecurrent was such as to cause an
ingtantaneous fuslion of the wire. _

‘The following experimental results are valid only for the
‘above conditions.

'E;perimente
~ 4) Pure Acetylene

4a) Relation between Decomposition Pressure and Vessel
Diameter; Magnitude of ggplosion Presgsure.

First of all, the ‘decomposition pressure of pure, 4ry,
acetylene at various vesael dlameters was determined at a gas
' temperature of 15° - 17°C. The experimental results of
Rimarsgkl served as a startin E point for this work, although
his values throughout, lay somewhat higher than ours as
already meiitioned above. This discrepancy 1s probably due
. to the_unavoldable differences in igniting methods. The
- eurves,/ ,which show the decomposlition pressure as a function of
" vesgsel dilameter (Fig. 1), are exactly similar in the two cases.

Tne*folicwing~tab1e shows values_deternined (see Fig. 1).

>

Vessel Dia. Decomposition Vessel  Decomposition
in mm, -  Pressure in ata .- Diameter Pressure 1in ata
. Qur Experiments - . (Rimarski)

150 .. " l.45 o
200 , 1,40 : : .
270 1.40- . 250 1.50 to 1.55

The three points determined by Rimareki are not sufficient
to give a good picture -of the dependence of deeomposition




pressure on vessel dlameter. However, the 1ntermed1ate valuee
determined by us at 150 and 200 mm., dlameter show that the
decomposition pressure approaches the value 1.40 ata ,
asymptotically and as a matter of fact reaches this value at a
dliameter of only 200 mm., so that above thls there is no
- further influence of dlameter. The cause of the different:

pressures with different dlameters is explained by the so-

. called "wsll ePfect". It 1s probable that dissipation of
heat through the wall at l1gnition has an influence on the
progress of the decomposition. This theory 1s supported by
the fact that with dllute acetylene no dependence of decomposi-
tion pressure on vessel diameter could be observed, because
the dlssipation of heat through the walls of the bomb 1s small
compared to the heat taken up by the gas mixture.

At low acetylene pressures, the ignition wire fuses
readlly. The closer the decomposition pressure 1is approached,
the more soot and polymerlization products are found on the wirs.
With smaller vessel diameters, furthermore, a thin coating of
soot 1s formed on the vessel walls, so that at least a partlal
decomposition must have taken vlace, although on so small a
scale that a pressure rise in the bomb from the heat so released

cannot be determined.

The spark occurring as the wire separates becomes brighter

as the decomposition pressure is approached, which means that
in the 1mmeQ;EFe vicinity of the igniter there is a zone of
decompositio which with lncreasing pressure becomes larger
and at the actual decomposltion pressure 1s suddently dis-
tributed over the entlre bomb, the contents of which become

almost 1ncandescent. -,
’
The- pressure rise caused by the decomposition of pure
acetylene takes place very rapldly, and at a vessel diameter of
- 270 mm, and an initial CgHo pressure of 1l.40 ata, the final
pressure amounts to 13 ata, i.e., approximately 9.5 times the
initial pressure. Rimarski obtalned 15 ata final pressure
with an initlal pressure of 1.80 ata... From the heat of
. decomposition of CgHo (653,000 K Cal/mol) and the specific heat
of C and Hg a final temperature of 3100°C would be obtalned
neglecting heat transmitted by the walls. Thls corresponds to
. &a pressure rise of 12 times. . Thlsg value checks satligfactorily
“with the measured value. (With a bomb dlameter of 50 mm, a’
final pressure of only 6 ata was observed in spilte of the
higher initial pressure (1.80 ata) because of the larger rate

_of heat transfer to the walls).




. 18 to be expected that use of thin wires, because of the

- 4) De endence of Decomposition Pressure on I ter
Temperature (caqggsifion of Eﬁe Ignit%ng |
: Sufficient electrical energy was used on the wires of
various materials (molybdenum, platinum, lron, copper, alumi-
num and lead) to cause instantaneous fusion. With the excep-

tion of the lead wire, which had a diameter of 1 mm, only wires
of 0.5 mm diameters were used.

For the dirrerent materials the rollowing decamposition
pressures were obtained for pure, dry acetylene.

MeIlting roint °C 4 “ﬁecomposition Pressure ata

Mo 2550 | | 1.40
Pt 1760 _ , " 1.40
Fe 1530 | - 1.71
Cu 1080 - S 1.84
Al 660 | " . 2.65
Pb. . 330 s 7.50

The results are shown graphieally in Fig. 2. Particularly-
noteworthy is the sharp rise of deoanposition pressure 1n the

low temperature reglion.

Although the melting points of the materials c¢annot be
rTegarded as a direct measure of lignition temperature, one sees
. a definite relationship between the melting points of the
material and the decomposition pressure. It can be assumed
- from this, that to bring about a decomposition, a certain

energy is necessary. Since this is small with a lead wire, the
- eorresponding decamyosition pressure is very high and for
platinum and molybdenum is vety low. Whether the decamposition
pressures with platinum and molybdenum are absolutely equal
eould not be determined exactly. It is hence understandable,
that with the use of incandescent wires (not fused) the
dlameter of the wire (surface) plays an important role, gmd it

lower

. energy involved, would result in higher decomposition pressures
than with thick ones. Investigation with 'a copper wire of O.l
nm diameter corroborated this assumption. A decomposition pres-
sure of 2.1 ata was obtained as canmpared to l.7 ata with a

diameter of 0.5 mm.

40 Relationship between Deccmposition Pressure and Gas
mempera ures
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‘The dependence of decomposition pressure on the gas.
temperature was determined for pure dry acetylene in a bomb of
270 mm dlameter. The lgnition was by means of the lnstantaneous

- fusion of a platinum wire of 0.5 mm diameter.

The followlng table shows the results:

Temp. ©C | | T Decomposltlon Pressure ata
I ' ' (Our Observations)
15 o : 1,40
100 . S : 1.25
150 S : 1ol

180 | | | 1.06

Decomposition Pressure ata
(Rimarski)

1.60 (1.45)*.
1,48 (1.40) %
1.33 ..
1.10

The results are shown grachically in Fig. 3. There are
some differences between our values and those of Rlimarskil,
vhich can only be explained by the fact that Rlmarskil used an
incandescent vlatinum wire. The inaccuracles of this method
have already been mentioned, especially the fact that the time
of ignition cannot be controlled. According to Rilmarskil
decomposlition at a pressure of 1.0 ata must occur at a tempera-
ture of 150°C, whereas we found that at 1.06 ata complete
- decomposition first took place at 180°C, and even then at sucha
slow rate that only a very small pressure rlse resulted., The
.reasons for thls have already been dlscussed gbove. One experi-
ment with a gas temperature of 200°C gave no rapid decomposition
at higher pressures, although the gas had broken down to some
extent. The gas, whlch was 96% acetylene at room temperature,
contained after heating to 200°C only 70-80% CgHg; also a tarry
- déposit appeared on the walls of the bomb, but was too slight
to be collected. Also traces of soot_yére found on the heating

element. - ;,w

#The values shown 1in parentheses were deuermined by fusion of
platinum @iie, the others by means of an lncandescent wire.
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4d) CgHp Saturated with Hp0-

The determination of the decomposition pressure of acety-
lene saturated with water vapor lay beyond the scope of this
investigation as originally visualized. ' However, individual
values were determined in order to make a further camparison
with Rimarskits results. With acetylene saturated with water
vapor at 159Cc, a curve of decamposition pressure vs vessel
' dismeter was obtained which was parallel to that for dry acety-
lene; the decomposition pressures for moist CgHp are some 25%
higher than those for dry acetylene (Fig. 1). '

for moist acetylene, the curve of pressure vs temperature
is the reverse of that for dry sgas. (Fig. 4). The reason for
this is that with inoreasing temperature the water content of
the gas increases appreciably, so that the cgﬂ is diluted.
" The same phencmenon appears here as was note Eater in experi-
ments with mixtures with other gases. 4lso, the presence of
Hg0 has scme effect on the type of decomposition. The relative~
1y high specific heat doubtless serves to hinder the progress of
the decomposition. oOur experiments do not indicate, that after
dissociation of the water vapor, same sort of reaction with de-
camposition products takes place, which, as reported by Rimarski
causes an especially powerful decomposition. Even if the mea- :
sured velues of the decamposition pressures had checked those of
Rimarskit's we could detect only a decrease in the power of the
‘explosion. This deorease became greater with increasing temper-

ature (and consequently water content).

: ThelvalueS'observed are as folloﬁsz

Temp. ~C - Decomposition Pressure ata . Riﬁhrski*
S ' : (our values)

15 o . 1.75 -
80 . 2.10 o 2.40
100 _ . 2.80 (Uncertain) ——

S 5) *becamposition of pure Czaz as E:reoted by Pressure
and TempeTature Without lgnivion. '

. without a source of ignition, pure acetylene, bbth.&fied
and saturated with water vapor can be campressed to 60 ata

'1‘1?‘1ﬁ§nrﬁ:nnnﬂnﬁmﬁadtyplatinum.wire.
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at 18%¢° or to 50 at. at 97°C without_decdﬁpdéition taking
nlace. This can be accomplished by means of & Hg. receiver.

6) CoHp Mixed With Gases

‘The determination of the decompositlon pressures of CoHo
in gas mixXtures was the chlef obJect of thls work and was .
carried out keeping in mindmlixtures occurring in industry.
Data in the literature are very meager, and experimental con-
ditions are not given. Results of a very recent investigation
by I. G. Griesheim (Lab. Ber. 228/1926) which was:carried out
with a mixture of CoHo and gas oll 1s reproduced 1n Fig. 12. . -

With the results of the Griesheim work on mixtures of
acetylene with gas oll (chlef constituents CgHyg, CgHg, CzHg)
decomposition pressures of mixtures, it was thought, coulda be
predicted for this type of mixture, while for CgHo- Ho mlx-
tures decomposition occurs when the partial pressure of CpHp
in the mixture amounts to 2.0 ata. With the foregolng informa-
tion the decomposition of mixtures of. CoHo with other inert
gases presumably could be predlcted. T T e

It was desired to corroborate and extend this information.
Also the curve shown in Fig. 12, which 1s taken from the -
Griesheim report, is somewhat in doubt, since the value found
by Rimarski for pure acetylene 1s shown as 0.8 ata (atm. -
absolute). whereas 1t apparently should be 0.8 atd (atm. gauge pxn)
to jJudge by comparing Fig. 1 with Fig. 12. . Furthermore, the
decomposgition pressures as determined by Berthelot for _
CoHo - Ho mixtures, so far as can be Judged from the literature
indicated an increasing vpartiel pressure of Colpwith increasilng
total pressure. A few preliminary experiments on our part with
CoHs - No mixtures did not support the contention that the
decomposition pressures with admlxture of inert gases was
independent of the nature of the gas added. - Of course to what
extent Ho should be regarded as_lnert in thlis case 1s oven to
- questlon.. i :
. For the individual experiments 1t appeared necessary to
investigate binary mixtures with CgHpo. Hg, No, CHy, CO, and
CoH4 were chosen.. '

Since with gas mlxtures the effect of vessel dlameter is
very. slight, all experiments were carried out in the largest
bomb of 270 mm dlameter. - .
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It was not planned to investigate the effeot of moisture
. in gas mixtures.:;w - : .

’Ga) 02H2 ~ Ho Mixtures

AfS er a few oreliminary exceriments, it was oarent that
"the assertion that the decomposition pressure ‘of- e mixture
correepurl. -4 to an acetylene partial pressure of 2.0 ata was
definitely false. Actually the vpartlal pressure: ‘of acetylene
increases with increasing total’ pressure, although slowly,'as
can. be seen from the followin5 data. . :

—"I000°C

Partial ,
“Pressure of % CoHo
. CoHgo at " in
Decomoosition Mixture

, - 189C L
Total Partlial
~ Pressure % CgHg 1n Pressure of
orf Mixture' Mixture C H2 at
Decomposition

1.7 - - 57
2.7 27
3.5 23

3.0 . 66 2.0
5.0 48 | 2.4
10.0 - f . 3.3
- 15.0 < 24 3.6
20.0 20 4,0

25.0 . 5.8

i

The values: are shown graphically in Fig. 5.

All experiments were carried out with fusion or platinum
wire of 0.5 mm dismeter. It was observed agailn that with very-
low pressures a decomposition can be brought about 1f the heat
source causing the decompositlion 1is strong enough, - 'Of course
the power of the. explosion decreases greatly at these low -

_ pressures. Thls decrease was especially. noticeable 1n all
experiments with 25% CgHp and.less. The dilutlion of the CzHg
1s then so great that the decomposition 1s very glow and not
explosive in character. The pressure rise is .very gradual.
The- fleme decreases greatly in intensity and spreads slowly as
can be readily observed through the sight glass. : : L

The following remarks c&n be made in comoarinw our results
wilth datd appearing in the literature: . _

Abegg's data (Handbuch der Anorg. Chemie III, 2) on the

decomposition pressures of GgHg - Ho mixtures likewise indicate
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an lncreasing CgoHo partial pressure with increasing total
pressure. For example, with a total pressure of 4 ata the
partial vpressure of CgHp is 2.0 ata; with 7.0 ata total
pressure the partlal presgsure is 2.3 ata- and with 10 0 .ata

_‘-' - '. - (J e e UJ
-
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correspondé to concentrations of 50; 33 and 250 resoectiv 1y.
The values are throughout lower than~ours, which is presumably
due to different experimental conditions.

: Berthelot and Vielle state that the pressure limit at
which a decomposltion of acetylene takes place lncreases with
increasing Hg partial pressure. With a mixture of. 33.3% .

CoHg and 66.7% Ho a decompositlion occurs at an initial pressure
of 10.8 ata. (Compt. Rendu 128,782). These data agree exactly
with‘ours. N :

With respect to temnerature, 1t 1s to be noted that, as
~would be expected, at 100°¢ the decomposition pressure 1s
lower than at 15°c

‘ Experiments with temperatures in excess of 150°C could
not be carried out., At this temperature, without ignition,

other oroducts (tar) were formed so that the CoHg content
of the mixture could not be controlled. ,

, If these experimental results are judged in light of
earlier results and theories, the following might be sald:
If the decompositlon pressure were reached when the partial
pressure of CgoH2 reached two ata, the simple rule would hold
that the product of the CgHgo concentration in the gas and the-
gas pressure should be always constant, Actually on the
basls of the present exddriments, the partial pressure of CgHo
in the mixture at decomposition pressure 1s an exponential
functlon of the gas pressure. The curve of Fig. 5 1s calcu-
lated on this basis. Except for two polnts agreement of the
experimental data 1s excellent.

z

6b) CoHo - No Mixtures

. Work was undertaken on these mixtures, even though
they would not be often encountered, in order to determlne
whether 1t was correct to assume that the decomposlition
pressure of mixtures of lnert gmses with CoHo was lndependent
of the actual gas. A few experiments‘quicgly showed that the




decomposition pressure was dependent on the CoHz concentration in the mix-
ture. Also mixtures with Np gave 1n all cases decomposition pressures -
‘higkher then those found with H2. With respect to the actual process of
decomposition little can be said. It appeared that ‘deposition of polymer-
ization products: on the ignition wire was less than with H5. Also, with
N5 mixtures it was possible to meke determinations at 200°C inasmuch as
_decomposi ‘did not & f jsnition. Also in this case the

- values of the CzHz partial pressures are an exponential function ef the
totel pressures. L ' — T '

The experimental rea;ults. are shown in the following table and also
grephically in Fig. 6. ' .
15°C L
Partial Partial
Total . CgHo - CgHg '
Pressure Pressure ‘ Pressure

_ata ata - $CzHy _ ata % ngz_

200°C

Partial
Pressure
ata

2.4
3.6
4. 5

et

3. 2.3 76.5 - 2.0 . 66.5
5. 3.2 64.0 : -—
0.0 4,8 48.0 40.0
5.0 6.4 - 42.6 &  33.3-
20. 7.6  37.5 : —

5 =

- The above were carried out in a bomb of 270 mm. diameter.

.~ _As proof of the statement that with dilute CzHz mixtures, the vessel
size has little effect, the following data are given for a bomb of &0 mm.

Totel Pressure - : "% CoHp at 1§50 — Partial Pressure
ata - - . CoHo ata

1.8
2.3 !
. 2T
- 4,5
6.0
7.1

S
(ol JoNogal,

T o

o) GBp - (S0 B ¥ 0% ¥y)

The addition of & gas mixture to acetylene, consisting of helf ¥
_and half Hz, gave decomposition pressures, .vhich were somevwhat lower than

-
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those for addition of N2 alone. In experiments at a temperature of 29050
and a total pressure of 5,0 ata a decomposition could still be 6btained
with an CgHp partial pressure of 2.2 ata. With higher total preséuré tet
' formation started and tne series could not be carried further. Also

nothing nm*mtad—trﬁre—behaviour—of—theﬁecomposinzou.

- El’ne experimental data are given in the fo].low:lng table. end shown
graphically in Mg, 7.

15°¢C 100"0.
Partial
Pressure
of CgHp

ata 4 CzHp
3.0 R '
- : A 42,0

Partial
Predsure

of 0382

% CoHo

2.4
3.8
4,6

s~

The 'beha.viour of this mixture is prima.rily the same as that of the
C2Ho - N2 mixture. However, polymerization products were found on the
igniting wire and comnections to a mpch greater extent, which is sttrfimitéd
to the decomposition of the CH4. In fact, before the decomposition prés-
sure was reached the deposit at the ignition zone, which heretofore had
consisted of a light soot, became a very hard mass, which caused a short
circuit and to some extent prevented fusion of the wire. Therefore, in .
order to obtain suitable initial ignition the same &g in the other éxperi-
ments, it was often necessary to checi the points obtained and at tifiés €6
increase the current. R

: The high proportion of CgHz in the mixture, necessary for an expldsive
decomposition is explained by the decoiposition of the CHg, which ié "heat
absorbing®. In all cases dgcompositioan is more gradual. The pros-rése of
decomposition can be observed very well through the sight glass.

final pressure reached is considerably lower then with other mixtures.

The experiments with these mixtures at higher temperatures gave
values for decomposition pressures which agreesd fairly well. To Judege
from the appearance of the inside of the bomb a&nd of the lieating elemoant,
a change in composition »f the mixture (as was true with the CoHs - N2
miztures) had not taken place before ignition. An analysis of the contents
of the bomb after heating showed no change in composition. Griesheim .




aseerts, based on experimental results, with C2Hp in ‘gas—o0il mixtures (ses o

Fig. 12), that for mixtures with exothermic gases (that is decompose
endothermically) the decomposition pressures should be approximately equal -
regardless of the kind of gas. The decomposition pressures for CH4 mix-
tures as determined by us are considerably lower. The experimental tech—
nigue does not seem to be the only factor. involved i

. Of the various constituents of gas-oil, CpHy decomposes exotherically
whereas CgHg and CzHg require heat for decomposition. The amount of CaoHp
necessary in the mixture for an explosive decomposition depends upon the
heat requirements, However, the amount of heat required for decompoeition
of the mixtura is not so lmportant as pressure a.nd temperature. :

The following table ehowe ‘the experimental results which are shown .
graphicelly in Fig. 8. , ’ o

15°C o 100°¢ - 200°C
Partial Partial Partial
Total = Pressure Pressure. Pressure

Pressure of CgHp of CgH, - 3+ of CgHp : ,
ata ata % CpHop ata % CgHp ¢ . ata % CpHp

o9 ¢0 o0 00

o0 60 o8 oo

3.0
4,5
6.1

- vap-e

3 81.5 : 2.12 7..0
B | 67.0 3/ B3.20 64.0
0 57.6 5.10
5 .

o, 49,56 ¢ —— —--
m . ' 46' 5 : ;-'." . | et

ae) _gz-( s0% B a+so¢cx4)

With these mixturen, becanse of the influence of the Hz, the decom-

: poeition pressures are somewhat lower than with the Cpis - CH4 mixtures.
In spite of the equal proportions of the Hpo and CHy the influence of the
latter is greater. The samé behaviour is noted with these mixtures as
with the mixtures CgHp - N on one hand and CgHp - (50% Np + 50% Hp) on
the other. The investigations at higher temperatures again ‘gave tarry
Tesidues in the bomb at 200°C before ignition as had already been founq.‘o
with the C2Hs - Hp mixtures. This series of experiments was therefore t
’ carried f‘urther. - .

| 90 ¢¢ o0 o0 oo

In genera.'l. the mixture showed no special ‘behavior as compared to the
others. The results are ‘shown graphically in Fig. 9. -
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Partial
Pressure
of C);gii;a Co

00 -00 o0 00 v

 6£f) .Cgip - CO -

_With these mixtures the d.ec'o:lnpo's_itio'n pressures ere gomewhat lower
than with CgHs - CHyg but approximat‘ely,_ﬁhe same as with Gzﬂz - No.

A proper determination of’ the decormosition pressures at higner
temperatures could not be carried out above 100°C. The influence of
temperature was not quite the same as would have beea expected from tne
resulte with the other mixtures. At 200°C a definite change inm the com~ - ~
position of the mixture took place. A deposit of a brownish powder '
formed on the heating element similar to thet observed with the CpHs — Ho
mixture but somewhat lighter. Also the heating element -showed some COXro-—

sion which was not observed in the other experiments.

- The proc\ess”of decomposition with this mixture was fundementally
different than heretofore observed., Whereas in the other experiments:
either an explosive decomposition or a gredual pressure rise took place
depending upon the CgHs concentrgtion, witn these experiments using CO,
‘the pressure rose very slowly to a value roughly half the final pressure
and then rose suddenly. Although the final pressure as measured checked .
very well with the calculated velue, there appeared to be some special
process of chemical nature taking plage at least at the beginning of de-
composition. This will be discussed later. .

: The following table gives the experimental results which are shown
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Partial
Pressure

of CoHp

Pressure
. ata

ata

0 oo 00 0 o0

- 860 ” | i R 66.6 S '2.:8, :

6g) - CzHp — CoHy

The decomposition pressures with these mixtures were spproximately
equal to those with CgHp — Np. The finel pressure is high apparently as
a result of the decomposition of CpH, which releases heat. Also, this
causes a higher decomposition velocity than with the other mixtures. With
 this mixture experiments at 100°C and 200°C were successfully carried out
which fit the general pattern of results very well. A change in the com-
positior of the mixture during heating could not be observed. :

-+ - The-decomposition values obtained are given 4in the following table
and shown graphicelly in Fig. 1l1l. ’ o , : :
15% ' 100% - » °
: : s Partial - : - Partial
--Total Partial : Pressure - - . . Pressure
Pressure . Pressure . ~ of CpHy - of CgHo

ata %c’znz of CpHp 't % CHz  ata % CoHy - ate:

6.0 . 62,0 - 3.1 60,0 3.0 1t E 2.5
. 10.0 46.0 4.6 . 41. ) . 4.1 C [ 3.8
—15.0  39.56 5.9 '‘t 34.6 5.3 4.7

7) The Nature of the Decomposition Process as Juiged by the Final
Pressure. R o . . -

- In addition to observing the process of decomposition through the
. sight glass, which gives only qualitative results, the. comparison of the
f£inal pressure, as measured, with the calculated value offers a possibil-
-~ 1ty of studying the decomposition process and the behavior of the various
‘mixtures. Since a measurembnt of the rate of pressure rise could not be
undertaken, at best only an approximate picture can be obtained in this

V&Y . . S




R
=

r

For comparison purposes the following velues obtained for a totel
pressure of 10 ata are presented.

With a heat of decomposition for CgHp of 53,000 Kcal/mol, a £inal -
preéssure 11.8 times the starting preesure will be obteined with complete

BCOMDOS aXa el o) = ne Nrasgn 8 O Re

pressure of 13 ata was measured which is 8.0 times the initial pressure. -
This cén be explained, of course, by the transfer of heat to the walls of
the vessel. An exact calculation of this heat loss is not possible be-
cause of the effect of soot on heat transfer rates. If tne CgHp is
diluted with No, a decomposition tekes place at 10 ata total pressure
when 48% CgHg is present. The final pressure emounts to 7.5 timee-the
initial pressure. This corresponds to a calculated velue of 9.0 times.
With a mixture of CpHp -~ Hp, the measured final pressure is 7,6 times the
initial pressure. With the CoHy ~ Np mnixture the thermal conductivity 1is
greater then with the CgHp - Hp mixture. Therefore, the heat dissipation
rate is greater, and the measured final pressure is relatively smaller
then the calculated value. If complete decomposition of the CH4 in & -
CoHz - CH4 mixture is assumed, which would be expected at high tempera-
tures, and with a heat of decomposition of 20,000 Kcal/mol, a pressure
rise with 58% CgHo in the mixture of 5.2 times is obtained. From the in~-
crease in volume, an additional pressure ineréase of 1.43 times is to be

expectéﬁ;mifé;f”i”fiﬁﬁl”ﬁféiiﬁfé”7;2”timélﬁthe”initial’p@éﬁiﬁre;"AS”éom—'
pared to this actual measurement gave 7.5 times. Since the decomposition
took place very slowly, during which time a considerable amount of heat
must have been lost, the fact that the mieasured final pressure was so high
_can cnly be explained if some of the methane did not decompose or if it
otherwise reacted. In recognition of this it seems futile to seek &
relationship between decomposition pressure and decomposition heat of the
mixture as was done at Griesheim, o ‘

To consider agein the process of décomposition with the CpHp ~ CO
mixture, & finel pressure of 8.6 timeés the initial pressure is obtained
by calculation with 44% CzHs in the mixture, assuming that the CO remains
unaltered, whereas a velue of 8.5 times was actually observed. From the
fact that these velues are essentially the same, it is to be concluded
that side reactions of some kind have taken place in such a way as to
give off additionel heat. The following observations were made during
the course of decomposition: The pressure rose comparatively slowly,
after decomposition started, to roughly 5 times the initial pressure, and
then suddenly rose to the final pressure while a noise similer to a deton-
ation could be heard. Of course, an exfict measurement of the final pres-
sure cannot be made with the menometer. Nevertheless, the occurrence of
a reaction in the last stage of decomposition seems definite. '
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8) Influence of the 'lbvge of Gas on the i)ecomposition Pr'éssnre.

From the foregoing experiments it follows that the kind of gas has a
very considerable influence on the final pressures reached.

“The process of decomposition, is not completely understood even for
pure CgHp. Ixplosive decomposition takes place at a pressure of 1.40 ata
or over. However, at lower pressures partial decomposition takes place
which does not progress beyond the proximity of the igniter. An attempt
has been made to explain this phenomenon by saying that the increase in
pressure pushes the molecules closer together and in this way a decomposi-
tion started at one point progresses further. As evidence favoring this
theory is the fact that liquid acetylene in which the molecules are very
close together can be detonated at ordinary temperature with incandescent
platinmum wire, fulminate of mercury, or by the heat of compression or
friction. On the other hand with dilute acetylene where the molecules
are further epart a higher pressure is required than with pure acetylene
in order to get the same action. However, according to our experiments
as well as many earlier experiments, the type of initial ignition, the
sige of the ignition wire, as well as its temperature have considerable
effect on the decomposition pressures so that the above theory is not the
--complete explanatlion. : ~ : '

If this theory were correct, the assertion made by Griesheim that the
decomposition pressure is independent of the type of inert gas would be
correct. Since, however, this is by no means the case, other factors
must influence the progress of the -decomposition. It ie a fact that 1n
initiating ignition in all cases even though the conditions for an explo= "~
sive decomposition are not realized at least a partial: decomposition in
the immediate vicinity of the ignition zone takes place. The heat set
free in this way must be the ignition means for the decomposition of the
rest of the gas. The manner in which this heat is transferred to the
balence of the gas must be the deciding factor in the progress of the de-
‘composition wave. It can, therefore, be assumed that possibly the heati
conductivity of the gas should have some relation to the decomposition

pressure of gas mixtures containing acetylene.

It aleo appears that the gas mixture under the conditions prevailing
at the -ignition point may undergo a change or may form a compound with
the decomposition products of the acetyleme. It is possible that, with
a mixture of CzHo and Hp, compounds result in the immediate vicinity of
the ignition point under the influence of the pressure and temperature
brought about by the partial decomposition of the acetylene which may
cause & change in the amount of heat resulting from the decomposition. .
. Under these circumstances it appears questionable that Hy should be called
an inert gas in this connection. If one studies the experimental results
- for a CgHp - Hp mixture, it is evident that there is a relationship be- -

©  tween the partial pressure of the acetylene in the mixture and the

L)
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decomposition preuui'e up to 10 ata. At higher presgsures, the e ori~
mental pressures lie somewhat lower than the established tremnd. This
variation was shown by repeated experiments to be real. :

The-above considerations are aven more valid for other gas mixtures
with which it is certain that their composition is changed with the inidi-
ation. of acetylene decomposition. However, there is a fundamental d&iffer-
ence whether the hsated gas undergoes a change at the same time the
acetylene decomposition starts or whether this change takes place enly
after the decomposition has gone far enough that 1% will become complete
regardless. In the first case, the conditions are not controllable and
therefore results may not follow any particular rule. In tho secend epss
the heat conductivity of the gas should be important (compare later 0O

and CHy mixtures). |

The experimental values obtained show an exponential relationshi
between the partial pressure of the acetylene in the gas and $bs %o
pressure at decomposition. This relationship was used in drawing the

-~ curves, which fit the experimental values very well. The data shov little

scattering and primarily only in those cases whers a considerable daposi~
. tion of polymerization products took place on the igniting wivre and ,
interfered with ignition., '

If we designate p as the partial pressure of acetylene im ths mixture
in ata and P the total pressure, we can write: |

PR 1.20 xP 06436 por gy
P=113xp 0-637 » g
pe 1.9 xp 0598 « of

Pt1.10 xP 0726 w g
D= 1,14 x P 0e616 u

The a.‘noiri is valid for a gas temperature of 15°C. The same relation-

ships can be developed for other temperatures in which case the :
would be different. Since for practical purposes calculation is $ee
tedious, special charts have been designed for mixtures contaiming CHg,
CgHy, and N which were investigated to a temperature of 300°C. ‘These
charts show the acetylens concentration of ths mixture subject to dscom-

position as & function of total pressure ani temperature (¥ig. 13 ¢o 15).

. The adove relationships hold only for initial ignitien by means of

the instantaneous fugion of a platinum wire 0,5 mr diameter and 10 mm
long. Because of the important effect of experimental conditions on the
decomposition, a universally valid reletionship oannot be developed.
However, from the foregoing experiments, it can be oconcluded that the
type of ignition used is very effective in causing decomposition, I$
means the presence of a heat source at 1700°C aside frem the spark which
- ocours as the wire melts. Sirce through higher temperatures, the

-49- .




d.oeonpooi.ti.o'n pressure is not greatly lowerod, for practical purposes,
. for example, the compression of a mixture of gases, it can be concluded
" that danger of explosion does not exist if the values determined here
are not exceeded, On the other hand, it ghould be mentioned that the
different gas mixtures at temperatures of 150°C to 300°C may undergo
decomposition or reaction which, however, can ococur without a pressure
increases : -

As has been stated above with the mixture of such gases with acety-
lene which are not inclined to react at the start- of ignition, there
should be a relationship between decomposlition pressure and heat conduc-
tivity of the gas. In establishing such a relationship, it is not a
question of determining absolute factors but a matter of comparing the

, behavior of the various gases. If in the above equation, one eliminates
the constant and determines the ratio of the exponents the following
resultss ' :

o - 1.46 €O w 1.37 B2 5 1.06
B Ha % -

These values correspond with good spproximation to the square root.
of the ratio of the product of the molecular welght .and the heat condno-
tivity of the respective gases. - - - : . A

Heat conductivities ares Hg = 0.144; N3 = 0,020; 00 = 0.0195

Whence .

i S g e

5. Mg* L 1.405 00 - w 1.38; ¥2 = 1.02
By (2.0 x 0.144) - By 00

. Phese last ratios check very well with the ratios of the exponents
so that an influence of heat conductivity of the mixture on the magnitude
of the decomposition pressure is definitely shown. However, for CHg -
mixtures no such relationship holds which is unioubdtedly explainable
dy fact that these gases at the very start of ignition change their
‘\%onpoution. that is, apparently themselves undergo decomposition.

The gas mixture Ogiz~ (HEz ¢ Hp) cannot be compared in this way since
determingtion of the heat conductivity of a gas mixture from the values
for the individual gases is not possible theoretically. Also it is not
possible to develop a general rule for the decomposition pressure of
acetylene in all mixtures since the fundamental theory necessary for the
determination of the exponent is lacking. Hence, such determinations
must be made by actual experiment. The fundamentals are completely
lacking for mixtures of gases which take part in the decomposition.
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The Decogosition of Acetylens

Short _Review of Experiments to Date
The most important. results to date are from the experiments of the
Chem. Techn. Reichsanstalt under the direction of Rimarski. This work
" was published in: Autogene Metallbearbeitung, 1925 and 1936, of which a :
summary is given in the special publication "Schweisstechnik" of the V.D.I.,

. 1926, and 2lso in Autogene Metallbearbdeitung 1929, Vol. 10. Other publi-
cations, namely those of VOgol. are only rcpotitionl of the above,

B.:l.ma.rnki 1nve-tigatea the limits under which acetylene d.ecompou-
explosively under different experimental conditions. Variables inyesti-
gated included the type of ignition, the dlameter of the explosion domb,
‘the tempergture of the gas, and the noicture content.

For ignition, fusion of pla.t:lnum w.tren of 0.15 om dismeter was used.

- also in order to simulate the conditions of glowing carbide incandescent
‘wires were also used. In the first case, the pressure at which decomposi-
tion set in, 1,45 ata, was somewhat lower than in"the second, which was
1,60 ata. All other conditions were the same. The diamster of the vessel
is of influence to the extent that with increasing vessel diameter, decom-
position starts at lower pressures, for example at 3.0 to 2.3 ata with
38 mm diameter as compared to 1.5 to 1,66 ate with 250 mm diameter under’ .
conditions which are otherwise the same, Further increasing the diameter
would have little nd.ditiona.‘l. offect, :

W:lth increased gu tomperaturo. the docomponition pressure is like-
wise decreased. -For example, 1. 60 ata at 16°C as compared to 1.10 atn at
140° c. \ .

The presence of water vapor in the gas increases the deconposition
pressure somevhat accord.ing to the amount present.

The first experiments of Rimarski with respect to the type of ignition
represent especially severe conditions, more so than normally encountered
in industry, with the exception of those in an acetylene generator in the
presence of incandescent carbide. However, these latter conditions cannot
be reconstructed exactly for experimental purposes. Consequently the high

.pressure generators can be operated at 2.5 ata even though on the basis of
the experiments the pqssibil:lty of a decomposition "is.present at 1.6 ata.
Actually statistical methods show that operation of a generator at 2,5 a.ta.
~is undesirable.
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The latter experiments of Rimarski have to\do with the determination
of the influence of velocity on the temperature cessary for the initia~
tion of an explosive decomposition. In contrast to earlier experiments, a
type of ignition more closely approximating industrial conditions was used
in that in place of a single ignition point (a short platinmum wire brought

o fusion or incandescende) in the cold gas. The walls of the bomd were.

heated to a definite temperature. In these experiments the explosion
vesseol consisted of a pipe 256 mm in diameter and 660 mm long which was
provided with electrical heating. BRimarski altered the temperature of the
surface of the pipe and the velocity of the gas and determined the pressure
at which an explosive decomposition of acetyleme occurred. It was deter-
‘mined that with increasing temperature as would be expected the decomposi-
tion pressure at a given velocity was lowered. With increasing velocity
at the same temperature the decomposition pressure became higher, with the
exception that at temperatures above 600 to 800°C with increased velocity

~ a pressure decrease occvrred, If the decomposition pressure is plotted as
a function  of velocity for constant temperatures, the curves converge at
velocity equels zero (that is, a gas at rest), to a value of 2.34 to 2.39
ata. That is a value appreciably higher than the 1,60 ata obtained with
electrical :I.gnﬁ.tion. "The essential conc'lusione of these experiments is
that for a gas at rest in the temperature range investigated (500 to 900°¢)
the decomposition pressure is constent and independent of temperature.
Rimarski states definitely that under the conditiona described the decom-
position is more than local and is actually explosive. This can be demon-
strated by the guantity of soot involved which makes difficult the progress
of decomposition. However, in none of the experiments did an actual
detonation take place. The heating of the acetylene had to be very rapid
as otherwise the acetylene decomposed slowly without violence. :

: . This fact was also demonstrated in our experiments. It is possible
" to heat acetylene at rest in a closed bomd to a temperature of approxi-

' mately 200°C whereby the temperature of the heating element 1s 400°C.
without an explosion taking place in the acetylene. However, depending
upon the duration of the heating, a decomposition takes place with forma-
~ tion of ter. Also the influence of the type of ignition was investigated

by us in that various materials were used for ignitlon purposes. Although
the temperature of the igniter cannot be considered in .any way equal to
the melting point of the wire since as the wire dreaks a spark occurs
which: mist play a rell in starting ignition. Nevertheless, a definite
influence of the ignition temperature on the decomposition pressure can

be demonstrated in this way.. This pressure amcunted to 1.40 ata for

Platinmum as compared to 7.50 ata for lead.

Rimarski calculated from the temperature of 810°C corresponding to
‘the temperature of the wall necessary for decomposition, the pressure of
‘adisbatic compression necessary to reach this temperature. He arrived at
a value of 170 ata.. Apparently there is either a misunderstanding or
mistake because it mst have been 117 ata. According to this the possibil-
ity that pure acetylene can be brought to decomposition in poorly cooled
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compressors is very lme.ll, if no other means of :I.gnition are present be-
" cause of this consideration.

A lunmary‘of Rimarskits conclusions e.fe aes follows:

1. ZBelov 500°C and with pressures up to 3 atu (ga:uge preosure) no
explooive- decomposition takes plece. »

2. ZXExploeive decompos:ltion was first observed at 510°C and 2.06 atu
(gange pressure) and a velocity of 0.4 m per minute (vessel diameter 25
mm), ¥rom this point on the temperaturs and pressure limits increased
with increasing velocity. At higher temperature a.nd. velocity. the pressure
limit decreases. ,

3. By extrapolation to zero velocity the pressure limit for a tem-
perature in the range 540 to 900 C is 1.37 atu (gauge).

4, The pressure calculated as being necessary to cauoe e:plosi.ve
decomposition by adiabatic compression is around 170 ata (actually this
mot be 117).

Further work of Rimarski Has to do with .determination of the explo-

. .—.sion pressures for pure acetylene and also saturated with water and )
acetone., It has been reported that Rimarski calculates an explosion
temperature of -3180°C for pure acetylene from which an explosion pressure
of approximately 11 times the initial pressure follows. Practically, of
course, explosion pressures are below the theoretical values because of
_heat losses. Higher pressures may be obtained if a d.etona.t:l.on takas place.

B.:l.ma.rsld. writes the following: . L _ -

1. !he emlooion pressure for pure acetylene up to 9 ata ini.t:lal
pressure amounts t0 approximately 1l times the initial pressure. The
values agree very vell vith the calculated values.

2. The ezploolon pressures measured in larger vessels (40 l:lter vol.)
are not higher than those taken from the older literature sources obtained
with much amaller vessels. The decomposition products consisted almost
exclusively of H2 and C except at higher pressures when condenuation :
-products are formed.

3. Water vapor and acetone vapor ‘dec'rea.se. the explosion ;orecme.
The difference however :le not grea.t The production of H2 is smaller than
with’ pure acetylene. v ) .- :

4. These e:perimentl do not reproduce conditions in very 1ong and
wide p:l.peo.
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Chemisch~-Technische Reichsanstalt

- Department for General Chemistry
Dr. lem ’

Wﬂw

In the report of the Reichsanstalt dated 12-7-39 in which data on
the decomposition pressures of CoBHoare given and the question of trans—
fer of OgHz over long distances in pipes was discussed, it was recom-

' mended that experiments on the decomposition of C in long pipe lines
of various dimensions be carried out. The Auntogen Works of I. G. Farben
‘at Griesheim offered to place at our disposal their experimental area
and to provide the pipe and necessary additional apparatus as well as

to take care of other preparations. The Reichsanstalt_agreed to furnish
the actual pressure measuring equipment and to develop the experimental

program. N .

The experiments were carried out with the cooperation of the
Autogen Works from 10=11 to 11-27-1940. - '
Experinmental Fauipment ,

In the report of the Reichsanstalt of 12-7-39 the question
what pressure would be developed in pure OpHp under copditions of stxong
ignition, large vessels, and a vertically directed decomposition was
considered. The question was still open as to what decomposition .
velocity would occur in large vessels and what pressures could develop
in the most wnfavorable cases. Since on the basis of earlier experience,
it must be assumed that CzHp decomposition requires a long starting -
distance in order to develop into a detonation, a steel pipe 30 m long
was chosen as the experimental vessel. The internal diameters were 235,
- 50, 100, 200, 300 and 400 mm, with wall thicknesses of 2.5; 3.4: 5.5:
7.75 and 10 mm, respectively. B oo '

. . Flanges were welded to the ends of the pipe to accommodate
pressure tight covers. The covers were held on in the case of the small
Pipes by 8 and in the case of the large pipes by 12 and 16 dolts which
were pulled up tight enough to hold a vacunm of a few mm of mercury.

The covers were provided with nipples for two gas inlet valves arranged
in series, an opening to receive the ball pressure measuring device for
the moasurement of the decomposition pressures as well as openings for.
spark plugs. In place of a spark plug, & querts transmitter could also
be inserted, 1f it was desired to compare the values obtained by the
ball device with those of a cathode ray oscillograph.

Immediately next to the first flange a half inch pipe was im-




stalled which led to sn oil pump by which the pipe could be evacuated.
This pipe had further connections for vacuum and pressure guages and
for taking samples before and after firing.

The experimental pipes were-also provided st a distance of 5 and
15 m from the first flange with two additional commections for imsertion
of a second and third.spark plug. These were provided in case it be-
came necessary to ignite the CpHp at an intermediate point. Actually
this 414 not prove nscessary.

After preparation of the sxperimental pipes they were buried in
parallel trenches 80 cm wide, 30 m long, and 1 to 1% m deep, which were
located at 4 m intervals. The pipes up to 200 mm I.D. were buried 1 m
deep and the pipes with 300 and 400 mm I.D. were buried 1.5 m asep. In
order that the covers could be worked on, the trenches at each end were
lengthened by 3.5 m, widened by 1 m and deepened 2.2 m. The ends of the
pipe which contained the valves and pressure measuring devices extended
into these enlarged trenches and could be tended from there. -

After the pilpes were put in place the trenches were filled and
the header trenches covered with railroad ties.

. & battery of 02!2 cylinder- vith appropriato piping and regulating
devices, some 20 m awvay, & transformer for the necessary igniting current
as well as a blower with nocessu-y piping for removal of soot Were pro—
ﬁ“do ' .

Soms illustrations in the appendix of this roport serve to ex-
plain the apparatus.

Illustration I shows the welding of the flanges. ‘ '

Illustration II shows a pipe ‘being tranzported to the experi-

nental u'oa.. e

Illnstration III and IV show the oxperinentnl area and the
trenches with pipes in place. ~

Illustration V and VI show the blower with blower piping.

: Illustration VII ehows the 40 mm pipe with cover before the
trench was ready for use.

In Illustration VIII and IX the fore parts of the 50 mm and 200
mm pipe are shown extending into the end trench.
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The tebles contain the following data: Xiperiment rumber, date,
initial pressure In the pipe in kg/cw® gauge, type and strength of igni-
" tion, time of ignition (time between turning on the current and t |

- z = > A | g — &

(L1 tyole

current to the arrival of the explosion wave at the forward cover),

temperature of the gas (5-11°), purity of the gas, pressure at the =
different pointe of measurements, as well as remarks. Ind. (indicators)
means that the quarts transmitter, which,as already mentioned, was
screwed into the forward cover at a distance of 30 m, from the point of
ignition, was used. . N ' o .

" The measurement of the ignition time and duration of the explosion
. was only possible after installation of 'the oscillograph and could only be

carried out a few times. : - S

The results, which were obtained with the .different pipes are as

follows: _ ST f R
' : --37

Zxperiments in the 20 mm Pipe (Table I)

- Up to a pressure of 2.5 kg./cm? ignition of the acetylene took
place, but propagation st ed at a distance of 1 m from the point of :
ignition. ¥rom 2.75 kg./ on up the decomposition traversed the entire
pipe and in fact became a detonation starting at a point 20 m from the
point of ignition as shown by the high pressures (150 and 200 kg./cm?).
It should be mentioned that with small pipes the bar carrying the ball
pressure devices could not be installed. TFor pressure measurements
there were Gnly two devices available which were located at 30 m and 30 =
from the point of ignition. o ' D

, With the use of 26.0 mm pipe, which was bent in the form of two
S's, to determine whether elbows played a part in the propagation of a
decomposition, no break-through was cbserved up to 2.75 kg/ca®. Soot
lay only 8 m from the ignition point. At 3.0 kg/ce® a detonation
occurred immediately. .
- Experigpents in the S50 zm Pipe (Table 2 and 3) )

‘With use of a short spark plug, which was installed at the back
flange next to the cover and on the other side, (see Tadle 2) no decom~
position took place at 0.4 kg/cw®. In the range of 0.6-1.75 the acety-
lene decomposed but the explosion wave did not reach the front end of
the pipe. The dall device did not show an eciadble indentation,
which is indicated with an X. With two kg/ detonation occurred
immediately with a pressure rise at a distance of 5 m from the ignition

roint. Whereas the pressures before detonation started amounted to
onlzm%9-27 kg/cme, at detonation they were in the range 100 and 200




