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Claus Plant

130y, Plant

T7. potal w-rrodunts.

\ e St e s et T

Phenol Renoval
Drein Jabor Tre_atr\.cnt

500 000
200 000
300 600

100 000
50 000
100 000

1,00 000
250 000
1400 000

800 000

600 000
300 000

250 000

1 050 000

200 000
800 000

800 000
1 100 000

Yy, Total '/aste ‘.ater “reatment
pipe Iridees vith 3o
Underpround Linses

Cooling Zovers

900 000
000 000

500 000
%00 000

1 000 000

1 900 000

i it B et e

2 000 000
600 000
300 000

6 000 000
2 100 000
600 000

71, Total Pining

800 000

2 900 000

6 700 000

Tlectric Ceble lietwork
Substations o
Aexn & Sicnalline Installations

700 000
650 000
200. 000

150 000
200 000
000 000

850 000
‘850 000
200 000

‘«JiI. notal Nleotrics,

550 000

350 000

1 900 000

Railways ¢ Eguipment

Grid N

Liqueiied Gas Cylinders

Roads

Seware ¢ Orains

Worizshons € Stores .

Offices, Laboratories etc,

Land

Site Jeveloment

Pire Services .

Foan Station .

unming materials ¢ fivst’
. catalyst charge

Btc, -

300 000
100 000
000 000
000 000
000 000
000000

000 000
000 000
000 000
200 000
150 000

000 000
3 000 000

700 000
1,000 000
"~"000° 000
4 200 000
300 000
500 000

600 000

- 300 000
400 000
100 000
_50 000

000 000
000 000

47000 000

400 000
1 000 000
1 200 000
300 000
3 500 000
600 000
300 000
00 000
300 000
200 000

"3 000 000

3 000 000

VIII, “otal = General "

11 050 000

7, 150 000 15 200 000

- GRAID ROZAL

55 650 00016 150 000 72 000 000
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Cwoons and bearcrs.

RESIRICTED,

For estimetion vurposes on the basis of 1935 costs b
used 1000 Rl per tonne of steel in the finished plant on the
asswmbtion that the plant did not include power reneration,
steam vroduction, water supplies.  For erection purposes he

-8aid_that ope map-hour would be raquived for every 5,5 Rliof
the estimated total cavital cost,

COISTRUCUIGH OF YTEL RIDGES.

At BBllen the use of oconcrete for pipe bridges instead
of the normal steel was noticed. A photograph of one of these was
talken and copies are attached. At other factories sipns had been
sden of the substitution of driek eolumns For steel but the span-

thenmelves hind alwars heen nade of steel, On the now .jest site

e vhole of the swmnorting structure was mnde w: of concrete in

the frm of »aravolic arches Lo vihvich were atltachad thae conorets

"he.only comient the en-ineer had . to.uake
abopt then in view of their short ex orience with them was to
the effect that ther would not s*»n’ v "o the effect of bombse
I7 a bomo {ell mear by the ~hocl:, an cna wenld exvect, jolted
f:}_xe__oormroto and cracied it wikh, tha vandl vaanlt ‘i;}:n,t ‘an\v |
DEATerE Wt eh araciiad bon't and letb the wivas on then gae
S2e i V. for > hntocrani,
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ST YT RREIGRS OF TRETIYRY WAV W1RG riven

. i CAVICAL £C8tS O 0ol sLen ™ OF 3N BAG,
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1935 Nasis
,lotor Fatrol 1eker Pabrol. Aviation ST AT T 1ML I0AT, ALVIL g,
Diesal 0il, Petrol. ‘ SEOUTCI SETICH

[ S —— S P U

et s

Coyressure. 0.0 be 008 - Denendipns mainly on the

Ozyreen Lroduction 2 800 000 400 000 1 RO 000
3 iAnkder Ceneryabees ? 700 000 00 000 7 000 000
LB Ate brer 0 1R 27 Dependine en Fha onkaide Mlkacid - LO0 000 100 009 SO 000
Ao ! \,E(m}ila?' h,‘})q,~ ; Ovide loxes 1 000 000 300 000 1 =00 000

- : 0¢ Conversion 1 600 000 200 000 1 800 000

Tonnaa, vaathar,

el CGarn, Tpa Cel'r FO0 o 900 oo T

; 7 Coarmressors 3 000 000 K00 000 3 L0V V00
‘ e g \ 150 80, Ponoval 000 000 200 000 1 200 000
Bleotriotty ! 850 12 4 ; €0 Rehioval 800 000 200 000 1 000 000
Hydroren 317 £95, 720 840 (asomoter , 700 000 100 000 . 80O 000

I. Total Iydrogen Iroduction 000 000 .2 100 000 15 400 000

Fresh iater 1 W ko 0 Nevendinge on tha waather.

Viold ~ Petrol 781 75:7 AR -

3 Liiquid Phase Stalls - 900 000 500 000 ‘5")1;0(5 000

! I, Vapour Phase Stalls 000 000 800 000 7 800 000

T T I ~Qr Catalyst Pasting ~ 10T, N 350 000 100 000 150 000

CQSCRUCTIAY 0055 Circula tion 600 000 300 ooog 2 500 000
Herr Lackner ~ave infornation concering the capital cost Injection 700 000 ‘ )

of the »lant based on 1935 prices and this is given in the ] Gas ..ashing 1,00 000 50 000 150 000

follO'\'!i;l'f_; table. : Ruckpas Cormressors 4,50 000 250 000 700 000

T

I1I. ‘“otal Conversion : 400 000 700 000 17 100 000

Tar Fugals 650 000 250 000 900 000
Intermediate 0il Storagre 550 000 200 000 750 000
3 Liqilid vhase Stills 200 000 $00 000 2 800 000
2 YVapovr Phase 3tills 900 000 500 000 2 400 000
Stabilisation and Light-ends no
Recovery, 250 000 50 000 300 000
Petrol ijash , ‘ ' 150 000 50 000 200 000
Pronane Butane Separatio 700 000 200 000" 900 000
- Filling Station 100 000 200 000 300 000
Finished Iroduct Storage . 850 000 350 000 1 200 000

L

IIT Total Refinery 7 350 000- 2 400 000 9 750 00Q

Carridd forvard 35 750 000 7 500 000 L3 250 000,
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RESTRIOTED -
nanal convection §re]\eater where the feed to the stall was heated

wp %" reaction terperature and the heat of reaction put in between
annh of Hthe firat five oonverters.

.......... —  Whe 3dnjeotion.pumps.each. .haiva...aa:panitwahn_m

masrdyvm - N

The oatalyst to be used was the normal I,G, D,/H,D. cate-
Yyst except that the last oonverter was filled in the last half
with a refining catalyst to help to hydrogenate the olefines whioh
vwava made ih the other oonverters,

The reason for the two different sizes of converter was
said to be bebause the reaction per converter with equal sized
oonverters was not equal and they wanted to achiéve equal work yer
converter and thus equalise the load on the vsrious gsections of th~
rrehaater.

" The plant was to be fed on the 100° to 170% fraotion of
the vetrol made in the main hydrogenation plant. To get this feed
they had a single column distillation plant to meke the separation,

They also had a plant to distill the stall produst to
remove the heavy fractions formed in the process.

The aromatic content of the feed .to the stall was 15,, and
there was 45 to 50;5 aromatics in the stall product, with a gas
make of 25;73 in the stall, - These figures compare favourable with
the meke leistung g:d gés_hake at Leuna, if the averape feed to
4 = Bbhlen stells i 20 M¥/hr, which feed rate is necessary for
the D,H.D. units to aromatise the whole of the ‘aviation petrol meke
of the 3Bhlen nlant, . '

EXTRACTION OF TAR AID H. O,L.D. FUGAL SLUDGE.

Early in the war experiments were made with a small plant to
extract the oil from the solid residue they were getting in the tar
pant fugals, The plant operated for a period but was destroyed by
bombing, : ' ’ e

T‘,'e plant consisted of a number of tanks, pumps, and two filter

“presses of the usual design.

' fhe fugal residue, containing 50 oil 184 solids and 2y water,
_was mixed with an equal weight ‘of Sclwelbenzin, 130°C F, B, B,, and the
nixture ‘stirreds . - 5. tong of:

S - Lo

mixture ‘stirrec of this mixture vere then heated to B0=90
and ptmped ‘into the filter press, The Pilling of the press lasted

BACE3Z

TESTUIIED

S

about% hr, “he vrese was then fluched out with 20~25 Tnes of
Schwrelbenzin over a meriod of two hours, tha wagh oil having beon
heated to 80-900(). After this washing tho vross was steomed vi kY
150 1bg/sq,in, steam Tor about 30 mitutes, tha anownt of atasn
hodnm- anowh—o3

-’-r\vlnnn' P

ATT the oflzn fream tha praes were aent ko on settlin
where the water was senarated off ond the oil from ‘he tank
to the Tiquid rhass Aakilla don plante,  Tha eolid reeidnn
27 oil in i,

“har had tried to eutract the revidies o i twinoue

Toal Fural residue~ and had achieve? 0 & A R AR
nva only availnnle in tha Ao mmoenke

LA3OUR BURmlICTi,

Fron plant recorls it wac noted that the vlant had ery:loyved
A70 stalf, vhich must heve ineluded tha dravinge office staff for the
central BRADAG engineering office, and 2330 workere when the fned
to the vlant had been 266,000 'nes/vr and tha make of fintahed
vroducts 223,000 Tnes/yr.

They estinmated that under veace time conditions with the
DJLD, and A7, installations in commission the¥ would reuire
5,000 men, '

) Thexr ]l‘afl been employing 4,500 men recently because of -
bonb damare and because of the construciion programme. The nien had
been avvitehed from one class of work to the other aceording to the
need,

SUZETIN COSTS.

The followins costs for rav haterials wvere riven:-
Steam at 1,5 Ats, vresswre fron A, S,., IMhlen 1,20 Pl';/Tno.,
Grude , 8,20 ®/7ne,
Water at 4,0 Ats, ';>ressure‘frmi‘.-';.S.'..'. Sbhlen 0,03 I’J/’l‘ne.,
Electricity from A,.8.%., 3bhlen, ‘ 0,015 w "/IZ'.H. s
Tar from 4,S.V. 3¢hlen, CT 02,50 T/Tne.
Tar from other sources ‘ 78 to % i/ Tne,

The plant was said to resuire about 2,000 “nes/hr of fresh
water but not all this was for cooling nuwrnoses. “hey aid not want
to fio in Tor cooling: towers and this quantity of water ias the
ngxinum they cowld Gvewr from the local river without ;wrejudicing
the .cold water swxlies torother plants in the area, - ‘
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Flia weelin o athgan wan eted el on Fatrel when meking Petro?
' & Diesel Oil.
10-42¢5 " " wheth making Motor
petrol,
. .45-184 " " _when meking
x Aviation Petrol.
fhgn el ing Tlotor Fekr~! 'he make wan 5053 Propans 50% 'Ru*}:'»na.
v " Aviatiom " " " " K2 " 58¢%
i
In 1941 the Liquid Phase Stills took 455 of the fuel gaﬂnw
consuned, the liquid Phase Stalle 255, the Vapenw Fhase SHITIn
the remaindev going e Yha OTave aniyhoy Tlenk,

TREATMENT OF HoS-

The HoS recovered fram the plant gases and not recycled o
the stslls is sent to a Claus plant where it is converted. into
Sulphur, Some of the Sulphur ig gonverted ints Sulphurin peid
but the process used was nnt asnartainad.

TREATHENT OF VATER,

Certain of the yaters draining from the nlants, such as
the liquid phese distillation units.and the Winkler generators are
washed with Tri-cresyl-vhosphate to remove the Phenols, These
Phenols are sold to the I,G, at Leuna.

ISO-BUTAIE FLANT, ' Ce : o

"' "On the West site there is a small plant for the P;fpduction
of Iso-Butane for export %o Leuna, The plant consists of two
towers, the one separating Iso-Butane from the Normal-Butane and
the other separating propane fram the Iso-Butane, . The 'butgn_e
geparation tower is filled with Raschig rings g,nd is short in

“‘Jehgth, The.final product hed a purity of 96 Iso-Butene and °
‘they did not'iconsider the unit a very good one for the production
of Iso-Butane, o ‘ \ -

s pAp-gl), INSTALLATION, ~

' This installation was not camplete and appeared to be about
- 705 finished, The installation ,oc_xyprised.“’é'.qual-Bu‘bane. Dehydio-.
gehatiom plant, a Butane-Iscmerisation Plant, an Alkylation Flant
and the necessary distillation units for these plants, Output
fipures for the plants were not cbtained for ‘the ‘sections by inter-
_rogation as it was felt tha% sufficient information would be in the,
doctments, . . The. doouments are not at present available, -

- peace time conditions,

The Isomerisation unit was a unit with three reactorr and
the usual HCl strivping tower. The oatalyst to ha veaed was
Aluminium Chloride in the form of ohins.

TG Butane dBlyaropenation plant was made up of Tour
dehydrofrenation furnaces with two repeneration furnaces, The 1o~~~
sleeves at the base of the furnace tubes were not slitted as at
Leuna but had long teeth at the lower end., This arrangement of
slitted or serrated tubeg is necessary feor the separation of tha
ontalyvat and the reactants,

The Alkylation plant was made up of two six unit
batteries the design being similar to that at Leuna excent that
the fresh acid feed egfs were independent for each reactor instnnd
of a camion one for the whole battery., The compressors ware
sinale stage electric driven reciprocating machines, e

The gases fram the Isomerisation unit were to be distilled
in & 70 tray tower,the Iso-3Butane being fed to the Iso-butane
stream going to the Alkylation plant after deprovanising, There
were also to be to similer 70 tray towers working on the product
from the Alkylation plant, The Ilormal Butane from these three
towers was solit up,one portion poing to the dehydrogenation plant
from whence the products went to the Alkylation plant, and the
remaining Mormal-3utane fed to the Isomerisation unit,

h .

The crude Alkylate from the first distillation plant was
to Ve sent to another unit where the remaining llormal-3utane ‘was
1o be stripped out and the resulting product distilled to pive the
desired Alkylate for blending into Aviation Petrol, N

D.ILD, PLAT,

— .
This installation cormrises t7o stalls with the attendant
control room, compressors and distillation units,

One stall was almost ready for oreration and the stills
axpeared to be it the same state of readiness, It was the hove
that they would be’given the opvortunity to run the one wit, but
they were of the oninion that the vrocass wovld be wieconomic undey.

‘Eagh gtall consicted of six converters having a {otal ,
volune of ,.36,1-23 -of oatalyst, ¢ The arrangoment of the converters was
markedly different from the arrengement seen at Lewna in 4hat tlhiere

were three converters each vith,a reaction voluing’ of 5 1) folloved

by o of 7 17 each and “the sixth converter

‘ : ‘pluded between the two .
interchangers, had & reaction volume of 7 },f§, :
oo . - - ‘ v . i . .

The stall hed. the
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RESIRICTED

There were also other pumps in the building for the
injeotion of wntar, wash 0il, and fer otheyr services,

LIGUID YUASE DISTIILATION PLANT (A, C & UHDE Distillation),

The crude 0il from the liguid phase stalls is collected in
tanls and mixed with the clemned tar and the Schwelbenzin, This
mixture is then distilled at atmospheric pressure to give an overhes?
boiling below 310°C and the remainder being taken off at the bottom
of the tower to be fed to the liquid phase stalls, The stills, of
whioh there are three, two being on the old site and one on the new
Hort ita, are mormal fyaotionating units with pas-fired heaters.

The old =tills are fitted with bubble cap trays but the new
still is ‘fitted with Raschig rings. !They had made the alteration
to the packing of the towers because towers packed with earthenware
Raschig rines coke up less under overating conditions - and-ean-be
overloaded more without lo<ing general cutting efficiency, despite
the faot Ehat at apasifiad Teads the hubble tray towers will out
hattar,

The new distillation urit has % capacity of 100 Tnes/hr,
the old ones having capacities of 75 M7/hr each,
' . !

The furnaces of the stills are fitted in the main with
Sicromal steel tubing in order to reduce the corrosion of the metal
by the tar acids in the feed oil, Some of these tubes have lasted
almost ten ygars. ‘ o

The old units are fitted with a side stream take off so that
the 0il overhead ic lighter than it would be if &11 the A middle oil-
were taken overhead thereby achieving an: easier sgparation ‘of the
water from the overhead oil., The new still is not fitted with a

' side stream take-off but they do not have any trouble from bad water
separation, which is not surprising with an oil specific gravity o
0. 860. , ' =

VAPOUR PHASE DISTILLATION.

The vepour phase distillation units are known as ‘the B and D
-units, and the various towers are numbered according to their duty,

B,1 is a tower mmning at 2 Ats preséu're-with a steam heated
reboiler to stabilise the vapour phase crude oil before it is '
distilled in the B.2 tower, ; R PR
. B.2is en atmb#phéric pressure tower cutting the 's.ta:b,ilised

‘oil fran B,1 into Petrol and Jiddle 0il, Mo gas is ¢volved from the

“top of this tower,

‘gac from the Linde. plant is then sent tp the fuel

- PAGE 29,
m} f g

\

Bl is & tower operating at 8 Ats pressure to remove "~
propane and butane fram Petrol which is being worked up an
Aviation Petrol and is only ueed when the plant ia malking
Aviation Petrol,

e e e s caap o e

D1 is a tover overating at ~twoerherio pre~sure wer kit
on wild erude fram the vapowr 1hars alalle nntbing fhe ail .
wild patyol and middle oil.

D.2 is a tower .operating at 12 Ata preampe atahilining
"he vatrol and ¢iving butane overhead.,

The B,2 and D,1 towers are h-ated hv m-ans f gre-fived
furnaces vhich are very big for the anenn' of haat b intn Mo,

GAS DISTRIBUTION AND RECOVERY SYSTEIN,

In all hydrogenation plants there in & make of pas in the
process and this make is split up inte two kinds of gas, the one

relatively boor in vronana and butane and the othar relativaly
rich in these pases, )

At BBhlen certain of the rases ar recycled to the gtalls
¢ mentioned in the section on Cas Cireculation, The lean gases
and the rich gases, as they are ¥nown,are vassed separately ’
through an Alkecid plant. In this plant they are scrubbed with
the LG, DIX liquor to remove 1,3, The recenerator of the plant
is built of Ahminiwn and they fiave little corrosion on this
regenerator.  The two liquors from the two abs orbers are mixe
and are regen?rated in a comon regencrator, )

v

sent to the

The lean gas after removal of Hy8"1n thevn
factory fuel-gas system, ‘ . C

The rich gas is sent to either a tower known as-the B, 3.
tower working at 20 Ats, vressure to have the pentane and.heavier
Ivdrocx?rbons removed, or another similar tower on the West site
for which no number was obtaired, T

Afiter the removal of the heavy ends from the gas it is
sent to the Linde fractionation vlant i here thae Prodane and
Butane are-separated ot}t, . There is also a similar plant under
construciion, about 807%-oomplete;” on the Vlest site, ' The residual
gas system,

1
[
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stalls but this s normally kept closed, There is a similar
notmally 6losed oonnection on the exit headers of the stall..
sysvems, The pas washing plant is connected into the liquid phase
systen only and is placed on the exit line from the stall so that
the pgas is waghed to remove the nitropen and hydroocarbons before the
make-up gas is added to the.system,

et e S T gt g T e

The make-up gas to the vapour phase system is ocontrolled so
flint the density of the inlet gas to the stall is held at 0,280 Kg/
1¥ winich will be arproximately 8% hydrogen. To this system is alse
ndded the cas from the "Rﬁokgas" oompressors, Roth these pgases are
~11ed tn the muction of the eirculators,

There i< also » conneotion from the inlet of the vdpour
phane machines, before the roint of addition of the fresh gas, to
the exit of the gas washing plant and the valve on this was perman-
ently open., 3Because the nas to the vapour phase system was more
than the operation of the stall required on the basis of the absorp-
tion of hydrogen by the oil, there was a purge of gas from the
“arowyr phase aystam to the liquid phase system via this latter line.

- The wash oil rate to the gas washing plant was normally run
at 49 )3/hr, to maintain the purity of the inlet gas to the stalls
at a density of 0,28 to 0.34 Kg/M’ i.e. 82 to 76% hydrogen, If the
stall rate was low the wash oil rate was halved, The make-up gas to
the liquid phase system was then added to keep the system pressure
constant at 300 Ats at the inlet side.

The ciroculators were run to maintain a boost of 30 Ats, under
normal operation but they had -been run at 25 Ats on a number of ‘
occasions, -7

In the main campression plant there are also four "Rdckgas"
compressors which actually work in connedtion with the hydrogenation
stalls ciroulating gas system, . '

. The RUckgas was made up from the 18 At lét-down gas from the
vapour phase stall product, ‘g.omé'HZS from the Alkacid plant, the
H,0,L.D, let~down gas, the 1 At: gas from the Gas-Washing Plant, the
gas from the Liquid Phase Distillation unifs, and the water-washed
gas from the 1 At, let-down gas from the liquid phase stall ‘product,
The mixture hed a Hydrogen content of 3074 The HpS was regulated to
give 0.2% HoS by volume in the vapour phase stall exit ges, which
corresponds to 0.44 at the inlet, ' The recycle was said to be carried
out to save hydrogen, which is doubiful-from the hydrogen content of
the gas, to get the oS -requirement ‘for the stalls and to break-down
- the ‘organic stlphwr content of ‘the proyane and butane obtainedffpom

the Liquid Phase Stalls, R

The armmonia in the system was kept down by the %njeoH' "
~f vintow £0 all the stall coolers at a tobal rate of 6 19 /hr.

The ammonia contents of the ciroulating pases wora o kad
~e  Inlet liquid phase stells - 5,5 pme/3
hve s A o - 10 -

Il‘)le" A nym [ nYiany pham,, ,-“,\]_1 " 7.7
Exit - Sre -
Inlet B - - -

Wit - - - -

o

The emmonia fipures for the vapour vheses atells are var-
high bubt without terperatures of ' rakalyal Tt i ASFfianTy b
~ompient as B thaedy p’r‘n’hnMth.

They were hoving to vash the whole of the Plickgas with water
in order %o reduce the amrunt of arionia bein: racrcled to the vapour
phase stalls but” they had ok got any design work in hand, They war -
however convinced ‘*that it vould ba a @ool fthinw, because it would
reduce the ammonia amibtant of Hha yprony - heame aball Sy andnpine cne
still further,

INJECTION FLAIIT,

. For the injection of the feed to the liquid and vapour bhase :
stalls they used injectors of t e sane design, each being electric-
ally driven by variable sheed motors and having a maximum capacity

of 25 1I /hr. There were four machines available Tor the liquid .
phase system and six for the vapour phase system, One of these
latter machines was also available as a spare for the gas washing
injectors, All these machinesg were fitted with gland packine of the

-type used by the I,G., for their baste injectors, i.e. a U shaped

metal ring with a bonical gvreader; a number of these sots of rings
being used to make up one stuffing box.
e

In addition to these pumps there were three three-throw
pups and two oil-driven I,G, paste pumps, of the direct acting
type, all of which had a capacity of.5 M/hr, each. The threa-
throw pups were the original pumps and had given considerable’
trouble owing to the high svpeed gnd the cramped nature-of the con-
struotion and they had in peneral been superseded by the I,G, paste
punps which run very much more slowly, These pumps were used for
the injection of the catalyst paste,

’




PAGE 2.

Table IJ (nont'q)

Tyre of Production

Petrol & __ Motor . Aviationr
Uies_el 10, Patrol. Fethenal

Gas mrlke—£ on A midile oil. o
Qtal] Forpravatinn e A ayntam in 370,\0'
out Lo
Stall termeraturn R syetem in
ocut

Ratio of feeds ' A and » @
R Y | ""{"""!‘(‘ [ TR AN
'

Petrol®Quality,

Sprecifie Mravitky 754
1.B.P, 51
F.B3.P, 185
Aniline ¥Yoint 39
Octane Number-!ptor Yiethod 63
Reid Vapour pressurd at 4O C. Ats 0.6
(o distilling up to 100°C. 32

Diegel 0il Juality -

Specific Gravity _ 0,856
Aniline Point L2
Cetane MNumber L0
Setting Yoint -15%
Sulphur % W, 0.21

(Flowsheets showing the three types of operation are shown
on Fig IV) '

h

-~ The output of the plant as a whole was limited by the sections
as follows= : ' . '

When making Petrol and Diesel 0il the‘liquid'phase.stalls and.

the ‘A system vapour phase stalls limited the plant about equally,

When making Motor Petrol only the limitation was the A
system vapour phase stalls, S

v

¥

vapour phase stalls,

\

‘¥hen making Aviation Petrol the limitation was the B system

! RESTRICTED

The catalyst in the A system stalls lasted about { to 1
year on the averapge.

The life of the ocatalyst in the B system stalls depended on
the type of pétrol being made. When making lotor petrol the 1lif-~
wan-—bo—4-year—but-when-making-Aviation-petrol—the—tife-wrs 4t~
% year. The difference in life of the cetalyst in the B stalle
was explained by thae fact that the oil fed to the B stallswhen
making Aviation Petrol had a lower I.B,P, then when making }ote:
Petrol and therefore a higher phenol cetent and thia yhanel
nontent wag blamed for the lower life,

The ? stalls always had the neway cnbadyal elhan Hia byo
“ynbema warae in aperation,

GAS _CIRCULATICH PLANT AND GAS WASHING PLANT,

The operation of these two plants is so interconneoted that
thay will be treated from the aperaion pmint of view as one unik,

In the circulation plant there are five circulators with a
capacity of 80,000 I~.I3/hr. each and two with capacity of 50,000 MB/
hr, each, The machines are constant speed electrically driven,
Three machines were on liquid phase, ahd four on vapour phase
operation, '

The gas washing section of the plant consists of two 20 1,13/
hr three-throw injectors delivering against 300 Ats. The towers
themselves are 800 mm, bore and 12 If long and there are two of +hem
operating in parallel. The towers are packed with Raschig rings
and the gas and oil flow in countercurrent direotions, The oil
“from the towers is let-down %o atmospheric pressure in two stages
with the provision that the liquid ocan be further de~gassed by
passing it thoough a third let-dowm stage under vacuum, The gas
from the first stage dperating at 20 Ats goes to the light-ends
rdcovery units The gas from the second stage at atmospherio
Dressure is fed back to the stalls via the "Rickgas® cOmPIressors,

The de-gassed 611 is thex_i pwnpeél bacvk}_tb the wash towers by |
the -injectors, ‘ :

' The operation of the gas system. is as follows:e

. The two types of stall. are operated with separate gas
circulating systems as-it—is essential that the ‘vapour phase
catalyst does not get into contaot vith too much ammonia, Each
system is run independent of the other apart from the .oross con-,

.- nections, There is a -uohnectitn between the inlet headers. 4o the
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valve on the to» of the cold catehpo® to reduce the pressure from
300 to 100 Ats in 2. hrs, This had been done 40-50 times.and they
had boen sble to heat up straight away after the reid., This was
atirinnted to _the n‘{nnf.‘uﬂrq,_c}_uan:t"|,i;j,eﬂc~..-_o:ﬂ“ca:ta, ;LysiMl“..ed—-al RA-—the
lov asphalts in the srotem.

MESCRIPTION AT CRUPATION OF 78 VAPOIR FUASH SUALLS,

“'here are four vanour vhase ctalls eac‘1 caprising four
converters, two mtcw‘fmnf'cz‘ an electric nrehea’cer a cooler
and n nold catchpot, The oatalyvt volume of each converter is R 11

Z

Each convertor is 1000 r, bore and 18 17 long wi'th an
insulation of 60 mm of the same naterial as the llquld phase «tall
converters, In the first converter there are seven beds of
cetalyst, in the second,. third, and fourth five.beds.of. catalnyt.
In all Jche converters there is »rovision for the injection of cold
circulating gas to the reactante between thé beds of catalyst, with
the noxmal Lewna desirn of mixing platés. The direction of flow is
either up or down except for the last converter, where they arrange
that 1t shall alwoys be dovamwards., They said that nrov:.dlng; that
the total gas flow did not exceed 40,000 13/hr. they had ro trouble -
on upward flow converters with catalyut carry-over,

The interchangers are the same as on the liquid phase

stalls.

The preheaters are the I.G. electric type end are fitted
in the stall chamber itself., They are run with a voltage of about
40 %o 60 volts so that the workmen are not-subject to electric shock
from the plant, This precaution is necessary because ‘it is not

ossible to insulate the preheater from the stall electrically. ' The

preheater consists of a nuitber of steel tubes arranged in the form
of hairpins connected in series and ‘packed into. a sheet steel
cylinder gnd insulated lagalnst heat losses, .The electric heating
current is passed into the steel tubing in four places and talen
-out in four places, i.e, there are i'our parallel paths,’ It is do
arcanged the current does not have to pass through the return
bends at the end of each length of tubing but is led fran one tube
~t0- another by' leeds which by-pass -the ret: bends. They had

trouble at the start up of the plant owing to cbka.ng up..of the pre-

heater’ tu'b:.ng giving rise. to 'burst Jtubing, They ‘hed. overcome the
diffioulty by fitting temoera‘bure 'oomts to all the leno'ths of
tubmg and regulated‘ th ;

"
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Tach stall was run with a reaction gas rate of 30,000 113/11r
under all rumning_conditions, ‘“‘he feed rate varied, with a nommal
feed rate of 16 ]I)/hr and maximun rates of 25 15/hr, They had

- poen—uw »—ted)O*Il—hz»—bufb—lmzH—ound—‘bhaM@Hvere—ge-b‘cmrvezy—tmﬂ
steady temperatues and that thay aould nn’? rmn the atall under
“nah annditions,

The stalls were run under three A3ffarent sats of oanditione
according to the vroducts being mde, .

vhen making Petrol and Diesel 0il they ran the stalls on
otraisht through operation, feeding A middle oil from the Tiquid
rhase still and distilling the stall cold catehpot produet ko pive
Petrol:: and Diesel 0il., 'There was no rccrele of +hd middle ol
from the vanowr vhase still to the stall.

. L3

Then making either lfotor Petrol alone dr Aviation Yetrol
alone (they were never made in conjunétion) the vapour nhase stalls
were gplit into two sections, one section overating on A middle
oil "uhder straicht through COl’ldJ. ions and the other section
overating on the middle oil from the vapour »liase still, The
products from both sections were distilled torret'xe,r so that the
second stall system was really overatins under regycle cmnditions
with middle oil from the first stall systen as ma}ce-un.

Running conditions are summarised in Table I,

4

"Table II.

Tyoe of Production
Petrol & 1lotor Aviation
DieselOil, Petrol Petrol

Feed to A system Spec.Gray, 0,860 0,860 0,860
—Product A syster Spec, Grav, - 0,795 0,795 0,795

Feed to B system Spec, Grav, ' - 0,88 0,805
Product _'B system Snec, Grav. 0.735 0,735

B middle o0il. Spec, Grav, 0,848 0,805

~ LBPR .. 198 125
Sulphur % Wt ' 0,55 " 0, 28
% Petrol in S8till Feod,: . - ’ R 60. l;.5
C:chulatmg Gas per tonne feed S,
o ell stalls, 2150 W 2150 105 215010 @

’mrdrogen constmption per 'bonne

ama oL, . goud 5251«13 660 "

—_
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The converters were 1000 mm bore and 18 M long with an
insulation of either stamped asbestos cement or diatomibebricks
the lining being 60 mm thick,  They said that they had to be very
careful to see that the steel 11n1ng, whioh proteoted the
msulﬂmmmmmlmwmmmw
insulation when using the: diatomite brick. They had gseven temper
~twa pointe in each oconverter,

The interchangers were 18 M long and had a bhore of 600 mm,
There were 199 tubes in each tubs bundle,

The preheater tubes were made from N,8 steel and were
120 mm bore 171 mm outside diemeter and the slements were about
15 M long, The hairpin elements were centred at 500 m distance
and the fins were 4 mm thick and 10 mm apart and 350 to 400 mm
square, There are 15 hairpins all told in the preheater with 5
in each pass:

The operation of a stall 15 carried out as followsi=
19 to 20 }3/hr, of heavy oil, sp. gre 0,907 frum the base of the
liquid phase still is fed %o the stall with 5 W/hr, of catalyst ,
paste together with reaction gas. These are fed through the 1nter\-
changers and then into the preheater having Been mixed at the
inlet to the preheater with 5 to 10 M3/hr. of hot recycle from the
base of the hot catchpot, 'I.‘hey are heated wp to0 460°C. at.the
inlet to the- first converter in the preheater and allowed fo heat
up to L75°C in the converters, The oatalyst used is the I, G
10927 Iron Catalyst supplied from Leunas..The meke up of this is
abdut 0,5 to 1.579 on the feed according to the asphalt in the
H.O.gﬁg and is varied to hold the asphalt at 0.3 to O, 5% in the
HO0 o :

“ The H.O.,L.D has 2570 of golids
.are ‘let down each hour, A port:.on

ong. time there was a plant for. the
: rés:.due but it was destroyed in.

About 45% of the cold catahpot ;produot boils below 310 ¢, and has
a sul'ohur con'bent of gbout 1.3 and a speczhfio gravity of 0.922,

The hydrogen oonsmnpt:.on was 230 MJ/Tne oF Tiquid Phase
Still Heavy Oil fed to the Stalls, “the oirculating gas being
1510 ¥3/Tne of Oil. This liquid phase heavy oil was mede up of
195 make-up and 51 recycle from the Stall Cold Catchpot produot.

The feed lelstunp' was 0,65 Tne/M3/hr and the "A" middle oil
leistung 0,254 Tne/MJ/hr, which means that the 11,0,/H,0, effio-
ienay was 80a A typical flowsheet is given in Fig,IIY.

The cold product was let down in two stages i,e. 20 Ats
and 1 At. to pive some fractionation of the dibsolved gases.

‘They had noticed \iéi{y’“liﬁ‘ﬁle “oorrosion in the preheaters
and estimated that the various elements had a life of 5 years jn
the hot pass and about 10 years in the other paeseeb They held
the maximum gas temperature at not greater then 560 C in order to
avoid over-heating the metel of the tubing, They had average
values for the heat transfer across the elements of 10 I(gCall.B/M2
hr/ C based on the outside surface of the element., They had made
trials with five eleménts to improve the heat transfer and -
distribution by fitting along the whole length of the elements
between the fins of the two legs a steel spacing piece which filled
the whole of the space between the fins. The trials with this
modification had shovn no marked difference from the normal type
of element.

The 1nterchangers on the 11qu1d phase stalls are ohanged
about every' six months to be rebuilt bécasuse the K v M3lue for the
tube bundle has fallen off fram 300 to 100 Kg Cals/i~/hr/°C,

They had had some tx_'ouble with the hot catohpots
resulting from the coking up under operating conditions, They
were clsaned out ‘on the average once every six months, They had
made alterations’to the pots so that there Was ‘a continuous. in-

,jeet:.on of cold clreulatlng gas to the base of the pot via a gas:

ring in the bottom of the cone and Had also arranged to add cold
gas to the. reactants, between the last converter and the hot catoh-
pot in order +to- cool, thems J.h:.s -resulted in.a lower tel@erature
in the hot catchpot and therefore less ooking.* o
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Fach_tower has a normal capacity of 8,000 B/hour inlet. gas, taking
30 3 weter/1,000 1 in Winter (10°C) end 60 ¥5/4,000 ¥° in Fummer
(20" to 27°C). The T0p 1s reduced from LOf to 1o6%.

e ComtriLugal-pumps-are-used;—with-pump;-motor-and-Pelton;—
letting domn the water, on the seme shaft... The water is recirou-
lated after regeneration in two wooden towers.

(g) co Remgl. There are 3 towers operating at 300 ats.
The oopper liquor used oontains no formic acid and has the compositicw:

1.2 g. atoms Cu*/1
0.2 g. atoms CU"/1
5 g.mols NHz/1
2.5 mols C0%/1

29% Cu in solutim

. ‘There is no trouble in ecentrolling ouprio oontent and there
is no trouble from oil or sludge. '

Three let-down engines ere used for injecting 9055 of the

copper liquor : each engine has a capacity of 72 = 80 M/hotr, with a
bore of 0.5 m. and a stroke of 1 m: they are supplemented by three
3-throw injeotors, e ach with a capacity of 15 M”/hour against
325 ats. and three contrifugal punps, each having & capacity of 80 13/
hour ‘against 12 to 15 ats. ' These let-down engines gave little trouble.
- The orlginal valves were of the normal mushroom type which had not been
entirely satisfaotory and they had changed ‘them over to the Piston.
velye type which was becoming stendard in Germany. After two years!
experience they had come to the conclusion that the new type of valve
would last about a year and would then have to be changed because of
heavy wear. They said that this wear was not in the form of erosion.
For the packing of the glands of these machines pumping copper liquor
they use waxed chrome leather.  This gives them a life of about 2,000
hours on the let-down engines and 3,000 hours on the three~throw pumps.
The rods on the let-down engines are of oarbon steel unhardened end : -
. ground, whilst the rams on. the injectors are the same steel hardened
- and ground. In both cases they re-grind the rods every 18 months.

The rams on the let-down engines are lubriceted with an amonia _
sﬁuﬁiﬁﬁ‘éﬁntinuouslgv and are swabbed once & shift with lubriocating
- oil. - : . ) - P

_}Ehei:..,.lensiiieer also_sedd. thet it was not safe to weld branches

ch-had already been. used for oopper liguor and use them
me Job. 1% .was not possible. to remove all traces .of
1ol had.boen d eposited on the steel and. %

copper in. it eud

mey

PREPARATION OF THE TAR FOR HYDROGENATION,

The raw tar imported to the plant is first fugalled to
remove the.solids and water. The average. tar,which. composed

* converters of reaction vo

about (47 of jie oil fed to the works, had about 2y distilling
off below 310°C, contained about 5% phenols, 5% asphalts, and hed
a gravity of 0.966/these being average figures. The solids
content averaged about 1,0%.

The rew tar was heated up to a temperature which would
make settling easy and passed in charges of 500 to 600 litres to
the fagels, There are 11 solid bowl fugals, mede by Haubolt of
Chemnitz having a diameter of 2000 mm and a speed of 600 RPM,
Of the 11, 8 to 9 were required to handle the feed to the tar stells
and the remainder to handle the residues, sludge and dirty oil whio
were acoumulated in the other seotiona of the works,

The charging of the fugals required about 1% %o 2 minutes,
the fugelling time 3 minutes, the time to remdve the olean oil 2
minutes and the time to remove  the emulsion about 3 to 4 minutes,
The oily solid sludge at’'the rim of the bowl was only removed onoe
or twioe a shift, The fugals are kept under an atmosphere of GOf
as a fire precaution, -They-had had same trouble with air entrajn¥
ment in’ the oil leaving the fugal when it was being discharged and
had finally fixed up a hood which totally enclosed the exit frem
the fugal and arranged for a small quantity to be by-passed through
a sight glass so that they oould see whether they were .petting odl,
water, emulsion: or solids, ‘ i L

, The oléen oil frem the fugalSifamounting to 98,7% of the
rew tar fed) hada solid content of sbont 0, This oil was then

" sent with the Schwelbenzin, amounting to 26% of the totel oil .fed

to the works, and with the orude oil obtained from ‘the liquid
phase stalls to the liq_uid phese stills, ’

,  The Liquid Phase Stdlls wefg’ operated to cut the oil 3.ntc;
two fractions, one boiling below .310°C qnd the other.axqove* 310°C,

) 'l‘hereai'ethree 1iqua.g. pha§e qtalls e\aoh oanpriaing 3

8.8.180 each, 2 interchangers of
s-fired preheater, a ‘cooler, a cold . &
» . ~There were also 5 hot reoycle




L,P, steam usare is about 21 kg/kg. 8, about one~third being
direot and two-thirds indirect.

.
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(d) 00 Conversion, . The plant consists of 8 sets working
at ordinary pressure, together with three satiratién towers and
three combined water heating and gas cooling towers,

Oxide Boxes, The plent consists of the standard BALAG design
of tower boxes, used cHiefly to save mround space. There are
two sets in parallel, each set considting of four boxes, ,each
box having an I,D, of 6.8 m. and containing 240 T (320 1) of
Lentemasse in 12 trays. The maximum space velocity is 15 hrs
All 12 trays in a box run-in parallel; not-in series, -
Sequence and flow can be changed as required; oxygen is added
to the inlet pas for revivification but not NHz. The mass is
charged with 50,5 HpO but cames out with 54 and”contefining 40
to 45 sulphur, when it is then sold,. The inlet HpS is' 5 to
12 /A3 and the exit s sbout 20 mg/M3:

1

—Edciiget has a normal tHroughput of 6,000 M-/hour water gas,
with a meximm of 8,000 M3/hour (or 7,500 and 10,000 M3/how ostal-
ysed gas respeotively). Fach set omsists of a single tower, with
No.1 converter at the top, then water injeotion with a tray of rings,
then No,2 oconverter and finally the single interchenger at the
bottom,  Saturatéd gas, injected by steam, passes fghrough the
interchanger and éntegs No.1 gonverter at about 350°C, Gas leayes:
No.1 obnverter at 460" t0,500°C and is then oocoled to about 420°C by
injeotion of condensate through a single spray playing on to 1 m. of
steel rings., At the botteom of the tray of rings the whole gas is
brought through a restriction t8 ensurebgood mixing, The gas leaves
the No,2 converter at about 430 to 450°C, passing out through the
interchanger,” ~ ° T 7 ,

The catalyst used is I.G, brown oxide, costing 1,65 to 2 Ry
kg, . Cetalyst life averages 2 years, but is sametimes k4 years; the
spent oatalyst is thrown ewey., Each converter oontains 12 T of
catalyst and (assuming a dengity of 1,2 T/M°) this corresponds with »
a space veloocity of 400 hrs~! on inlet gas at meximum rate. of 300hrs
on Hp + COp. The 0O oontent of inlet gas (a mixture of purified water
ges and regenerated gas ex CO removel) is about 32, which is reduced
to about ¥ -in catalysed gas, which is close to equilibrium, The
pressure drop across each converter is about 50 to 70 mms Hg. No

- troubles result from the use of condensate, provided it is kept free

from oil, eto.

Water is ciroulated round the water geating and saturation
towers, giving a saturation temperature of 65° %o 70°C; both are woods
Packed towers, 'The gas cooling tower, which forms the upper_ half of
the. water heating tower, is woog-paqkeg',Aand..-fed with two streams of
oirculatingowater; water at 107-to 20 C is fed into the. top and
water at 20" to 30°C,. after use elsewhere, is fed half-way down.

e o
Steam used (1s9 atseg, 154 C) 0,32 o 0,40 kg/Micatalysed gas

a L0455 t0 0,72 kgAMP H2 + GO -
“Condensate used 0,057 Xg/MP oatalysed gas,

— (.e) ¢ '""’re'é:sioh.t-\s'even six stage pwxpreésor’é are installed, -
PRI %m 100, removed after the third stage at 28 ate, ’
B B 1», ; ‘ g ".‘A l:_.i._.‘_ ;,,\ L o= L { l. R

C02 Removal, A10X'S, ng.an L, or', . .
The botton and an I,D, of 1.k m-at the top, with a total -
oy aro filled irith 50 x 50 mi, stacked rings,

in twohalves; ' .

I3
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is about 50 mms wgter., The fuel bed is maintained at a tempera~
ture of about 900°C, at which temperature pas also leaves the
franerator, .

The dust-Iaden gas passes through a 1.4 m, I, Dy pipe to a
waste heat boiler, reising steam at 18 ats. The water-tube boiler
has two drums, the lower of which is insulated and hangs in the gas
space. A baffle wall from drum to drum protects the oold down flow
tubes and also forces the gases to take a Uwshaped patlon, The pases
then pass through an economiser and, now oooled to 200" to 300°C,
then pass through a set of multicyclones. After passing through e
water seal, final dedusting is carried out in a water wash tower and
a Theisen disintegratar, The dry dust collected (G,V,,4000 T.ocals/
T, 40j5 carbon) is used as boiler fuel, either at the ASW works or
at Zeitz, The wet slurry is sometimes dried and used as boiler
fuel, but is often dumped, The dust oontent of gas leaving the
generator is about 200 to 250 g/il3 and about 25% of the calorific
value of the fuel is lost in this way, ' 90 of the ash is blown
overhead and only 10 is abstracted. through the grate.. The gas
after the milticyclones has an ash content of 25 g(ns/l\[3 of pas.

Typical operating data are as follows:

g

882 3171-07
o1

H2 ll-S.lp. ; H2 + CO 7205%

No 0.8 ‘

1.5 '
Icil;g 0024'5 to 0085 '

COUSULPPIONS/1i> WATER CAS

s

Grude 0.32 to 0.56 K
- 98 Oxygen 0,22 to 0,26 13
L.P, Steam (1,9 Ats.ge co
' .- 1627C)e - 0,61 %o 0,69 Kg
Cooling Water - 0,016 55
v 1P, _Steamh‘oduced\ 0,55 = 0,68 Kg

"

Ashes (407 caibon) 27 %0 32 0f grude:

{

(o) HoS Removal

802 Removal mhig is removed hv water in e 3 m. T.Ds tewny:

L

the tower also cools the ~as.

HCN Removal It is necensary to wemove ICH hefore using alneid,
sinoe otherwise KCI'S would be formed in *he ol™acid licuor, thus
removing potassium .and destroyinc the lisunsr. D Pauomonn aet
the plant wes poorly desirned eand inalecvate. A si-ecle tower
of 3 me I.D. is Giged to urify 40,CCC 1.25/hm.~: as; - 1t hnag bre
depths, each L to 5 m, of rrids, but rinrs wo la e h-tter. A
make-up of 1C %o 15,J.KQCO3 gsolution to the e'ronlntine avgta
is used-

Tyrical performance firnres rrve:

HO  in 10 to 20 mg/iP
out . 5 to 1C mg/i:
Recirculated 10_to 154 KoCOz solution
3 15/1,000 17 cas.

Alldcid. Dr. Hausmamn said this was also poorly desi-med,and

. especially inadeq%n’ce in Suwmer. A sincle 3 1. I.D. to.er is

used for 40,000 L7/hour ~as, but in effcct thz foer is rm as
three sugerimposed towers in parallel, for it contalns tlrece
lots of ring packing, each 1 m. deep, each telin: one-third ou
the pas. Uith an inlet HpS of 12 gns’ld ghe hee oxiit 1ip3-
obtained is 5 mg:s/}.I3 and the worst 12 g/i?. In Pcc’ the plent
is often by-passed. _The oirculating li-uor rate is limited by -
the reboiler to 30 ]‘i3/hr ond this is used for ras rates from
25,000 to 40,000 19/hour.

IOK liquor is used, of spéoific gravity 1.165. ‘the
serubber is made of ‘irdn, the rings of rorcelain, and the
boiler, puEps and distributor of aluminium. ' Corrosion is small
‘but they were. going to replace the aluminium reboiler by one in
V2A. A recent D.I.N. sheet for Alkacid plants showed that
'Ehe, considered opinion in Germ%ny v.'a"s. that ordinary stecl or
iron wastsatisfactory up to 50°C, 17,. €r. steel up to about:

el

950, whilst For boiling solutions they =pecif’ed a ferrous

alloy containing 18 Cry 9 Wi. vith a =2ll amornt of carbon.

’
'

......_.The poor ‘performance, is tolérated only heca gse the.

| plant :Ls ‘followed by oxide boxes. The usare of DIK li:uor

., depends on 'the perforuance’ of the_oxide boxes; in sode years -
 they purchased 10° &/year. S S
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“ovony phase stalls, and ne M vanour phase stalls are run,

.

Vhen running to meke either motor or aviation petrol the produnt

from the A vopour phase stalls is distalled with the product from
The T vapour phase stalls. +ho B vapour phase stalls are run on the
middl~ 031 obtained from the hottom of the distillation unit and no
©rohooil from the liquid phase rtill is fed to the R gtalls.

The richer pases fram the let-down of the hydropenation crude
products and the distillation of the products are collected and the
128 scrubbed out in an Alkacid plant. They then pass to the light-
ends reonvery unit where the Yentane and heavier hydrocarbons are
scrubbed out and then on to & Linde plant for the separation of the
propane and intana. The ranidunl mar Fhen gnas ko the fnal pas
ayeatam,

Some of the gases containing higher vrovortions of hydrogen
and HpS are recycled via the redycle camressors to the vapour phase
ciroulating system o save hydrogen, put HpS into the gas, and to
achieve some remova’ of orpanic sulphur from the propane and butane,
One or two of the gases rebycled this way are water washed to remove
the ammonia go that the vapour vhase caialyst is not poisoned,

. . The other lean fases are collected and scrubbed in another
" Alkacid plant to renove the HZS' and then sent to the Fuel gas system.

The drain waters from the various plants are ocollected and
treated to remove the phenols. 7The liouid phase distillatien water

drains are treated with tri-cresyl-vhosvhate and the resulting phenols
are sent to Levna,

The HpS is freated in a Claus plant to get sulphur,

VATER GAS PRODUCTION,

(a). Oxypen, There are five Line-Frankl units, each having a
0apacTy—0F~2;300—~—35000-H hri—of-98/-Om—ypicel-performance

figuras for one unit are as follows:-

Low pressure air 13,150 M3/hr., (of which 350 M}/hnm"
gent.as such to faotory)

High pressure air 671 1/hr,

98:4 oxygen made 2,275 M /hr

Pure nitrogen made 196 MO/hr.

% oxygen recovery 70 to 83,6«

Cooling water 470

Power for turbo-

compressors 0,60 to 0,6k KWH/M?’ 0o.

(b) vwinkler Generators, There are three Winkler generators,
including one svare. The output of each can be varied frag 12,000
to 25,000 13/hour, but the normal output is about 20,000 M3/hour.

There are no,outstanding design features; they were
designed by Leuna and are very similar to the- type at Zeitz and
Magdeburg, The generator itself is a bricklined vessel, with an
I.D, of 45 m, and a height of 20 m, with the boiling bed maintained
at a depth of about 1.5 m : i
' Grude coke (C,V, 5,200 to 5,400 T,cals/T) is obtained from
" the adjoining ASW works and has a grading of 60mto 5 mms, All

bunkers are kept under CO, pressure; the generator bunker, holding
approximately 125 1{3, is %ed through a star-feeder and the level
can be determined by dip-stick, The prude is fed into the penera-
tor; at a point about half way up'the bottom cone piece, by serew-
conveyor, operating at 2 to 5 r.p.m, The feed tube actually
entering the generator is made of FF.128 steel, The stationary
grate is made of* cast iron bricks, abbut 12" long, 2" wide at the
top and 1"at the bottom; they' are packédd in threes, with very fine
openings (1/16" or less) at the top, with 'a spacer between every
three, A water-cooled soraper arm revolves over the grate,
sweeping ashes into a holein the grate, fram which they are removed
by screw-conveyor, dumped into.a water channel and sluiced away to a
settling pit, The whole grate can be lowered and wheeled away for
maintenance, whilst being replaced by a spare grate, without cooling
- off the whole generator, - L

M

- The oxygen=steapr-blast-enters the grate through a wind~box;

" Pithed with ‘explosion plates, and passes through the grate; at

least 80% of the oxygen is added in this way, the remaining 20§ 'v l
.being‘;j‘_addég"a'bbvg"_ the fuel beds -* Pressure drop. through the fuel=bed
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When the plant was running to make Aviation petro]l only,
the petrol had.-

~~An-FEP-of— = 80—
An FEE of 145 .
A distillation giving 59% at 100",
An Aniline point of 46.6
A Reid Vapour presgure of 0.7 At~
An Octane Mumber of /8

A Granifio (v mtin o 0 70

PAGE
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DESCRTIMION OF rTANT,

The 38hlen plant ‘of NRABAG consiste of two sections, the
old part containing the original plant and its extensions and the
-nev-War-tine-site—nom as—thefertSite eomtaTRnT Te wew planvn
which do not have a 300 A%s hydropenation saetion,

The old section contains a Winkler waten-gas generating
plant, using Grude Coke and Oxygen, a pas purification seotion .
a tar fugalling plant, a 300 Ats liquid phase hydroranation plant
oontaining a gas-washing plant and dope preparation plant, a
vapour phase hydrogenation plant, the distillation plants oon-
nectdd with these two hydrogenation plants, an alkecid. plant e
the hydrogenation gases, a Linde plant for the separation of
butane and propane and a Glaue plant for the recovery of Suiphur,
See Fig,I for rough plan.

In the new section 4n various stages of campletion there
are a boiler plant, a lipht ends recovery unit, an iso-butane unit,
a second Linde pronene and butane Separation plant, a two stall
D.IL,D, plant with distillation units, a complete butane dehydrogena-
tion unit, an alkylation unit, an isomeridation unit, and the
accompanying distillation units, and a third liquid phase distilla~
tion unit, The necessary tanks for the operation of the units
are alse in the area, See Fig, IIfor rough plan,

DESGRIPTION OF OPERATION,

Jnater gas is made in three Vinkler generators, using
.grude .coke and oxygen made in Linde~Frankl units, After dedusting
He3 is removed in an Alkacid plant, followed by dry oxide boxes,
using Lautamasse, After conversion of GO with steam the
catalysed gas is compregsed t0 300 ats, COp being removed by a

water wash at 28 ats and O being removed by copper liquor at 360

ats, The make-up hydrogen passes to the suotion of the hydrogena=-
tion plant ciroulators, .

gt

" . The raw tar delivered to the plant is fugalled to remove
water and dust and then passed to the feed tanks' of the Jliquid
phase stills where it is mixed with the crude product from the
liquid phase stalls, and the Leightdl or Sohwelbenzin, The mixture
is outi in the still so that the portion.boiling heavier than 310%
is ged to the liquid phase stalls and the portion boiling below

.—3107C is sent on to the A section of the . vapour phase stalls,

. -When. running to. make peta-ol and diesel oil the product:
- fram.the A vavour ‘phase stalls is distilled to give the desired end’
" - point of the’ petrol and’ the bottoms' from the -still-are exported ag
--diesel oil. There' is' no recycle .of oil from the still to the o
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ONPH  VOTOR  AVIACTON DIFSHL OLL  TREIBGAS  TOTAL EXPORTS
: _POTRQL  PETROL '

- The petrol and diesel oil were sent to WIFO depots aoccording
ggg‘;igy 3’288 A I;ugéo 1(3)’288 %8 :g’zgg to instructions. The Treibgas exports were split up so thgt the
Maxrch 12’ 700 4’700 : 7,800 1,150 25’ 350 pure Propane was sent to ZEITZ for use on the Propane Dewaxing
TEEEYTT 7015'00‘ 14.’600 ' 5’600 - 1 000 21,700 ﬁlﬁﬁt’thﬁ%mﬁmwmmwﬁgrmﬁtw
M;y 11’700 5’200 l;-’ 800 1 5000 21’700 to Leuna until May 1944, and the renma.nder.'was sent awey as
Jone ,2:700 8’1;00 39600 7100 25,800 liquified gas for motor fuel, The oamposition of the latter ‘
July 0:“00 Avi;tion o 200 ‘ 850 1’9’ 850 varied considerably but the only limit set was the maximum vaponr
Auvgust 14,800 2,100 1 6: 900 pressure - 25 Atmospheres.
g:ﬁgl:?er :: 2’1?,008 % ggg 1 8, 008 The T-Fuel was a speoial fuel mede for the Campaigns in
November 16’000 g’ 600 12’280 ‘ North Africa. The Diesel 0il made in Nov. and Dec 1940 and Jan
Daonember 1 "100 2’ ? e and Feb, 1941 was a special fuel made with a 19w flash point a*
’j’m L3500 WI"@O 18,500 the coxpense of the heavy ends of the petral, with an I, B.P. of
105,50 0200 18,400 m 110° Co, A specific gravity of 0.8, a flash point of 27 0 and a
January 19,800 1,600 21,400 Cetane No. of 42,
February 19,400 1,800 21,200 , .
Harch h,200 12,800 3,850 20,850 QUALITY OF FUELS - 1943
Aorid 16,400 3,950 20,350 _
Yay 16,400 3,850 20, 250 When running to meke petrol and diesel oll the patrol had:-
June 6,800 8,200 5,000 2,200 22,200
July 15,000 11,000 900 26,900 _ An IEP of 51 g
August 12,400 9,000 750 22,150 An FEP of 185°C
September 15,000 7,000 1,100 23,100 . A distillation giving 32% at 100°C,
October 17,100 ! 1,100 18,200 , An aniline Point of 39,5
November L, 300 ~—2,750 19,550 ) | A Reid Vapour Pressure of 0,5-0.7 Ats at 40°C.
December _.._1._310 000 : . 1,700 20,700 An Octane Number of 63 (lotor Method)
-, 322,00 300 32,000 " 25,550 258.850 : A Specific Gravity of 0,75

- January 12,000 2,300 20,700 ‘ 3 .

 Teb ; 1 : 800 13:000 4 The Diesel 0il had: |
Yarch 10,600 , | 2,800 24,400 " A setting point of =15 to - 20°C.
April zg »200 1,800 _ 28,000 ‘ : An Aniline point of 42,2
?Tizié "1 388 650 75350 ) A Cetane Number of 4O
uly ‘ o -850 17,850 o A’Specific Gravity gf O, 856 at 20%,

. : . NIL ' A Flash Pomt of 45°C,.

August 5 200 1 50 5, 350 »

(S)zﬁgmber 19, ggg : ' . i 850 11,450 N Yhen- the plant was running to produce Hotor Petrol only,

°r 9,600 500 4,000 ' then the petrol had;=

November 4,200 . o ‘.100 8,300
Def:ember - 5,400 - ‘ An TEP of 38.5°C

: ‘ © 16,700 ' . -
97,500 21,000 “"‘""659,00 ‘ SR An FEP of 195°%C. 0 6nou
1945  Jenvary 260 - 9 ot : , ‘ A Reid Vapour, Pressure of 0,60, Ats. B
’ o 4400 : ‘ ' R 12’00:0 . S . An Octane nuiber of 65 :
- . A Specific Gravity of 0,74 ‘
A dlstillat:.on giving: 14.1,9 at 100 C.

Ad 4niline po:mu ol 43

- BAGE 9

RUNSTRIC Y~ - -

4




RS0A0LD | | o AT D
«TABLE I

. 304N i IO ST TRE f
PRODUCTION FL YEAR 1IONTH i:%‘ggl, x}rETVIIAi&]‘Z'OII DINSEL OIL REIBGAS  TOTAL

MONTH IOPOR AVIATION DIESEL OIL TREIBGAS 1939 Jenuary 15,300 1,100 16,400
—PEPREE-PRIRGE—— : . - Februmry 5800 1300015, 800
\ March 15,800 1,200 17,000
Aurust 12,000 100 April 12,700 1,100 13,800
September 11,800 150 ey 14,400 1,350 15,750
October 13,900 160 June 14,400 1,600 16,000
November 12,300 200 July 13,400 1, 350 14,750
Dacember 13500 350 August 15,300 1,600 16,900
3,500 960 September  7,RN0 500 8, 500
January 13,500 150 . October 1,000 13,600
iy 1250 o v b
March 11,100 ’ 50 TTEE%
April 16,900 _288 - 123,900 _ 14,900 173,
May 9,800 650 Januaxry’ 7,600 950 12,350
June 8,100 400 February 10,200 600 10,800
July 12,200 600 larch 13,200 1,100 14, 300
August 12,450 680 April 15,900 1,600 17,500
September 15,600 400 lay 16, 300 1,800 18,100
October 16,000 400 : June 2,600 14,100
November 9,700 300 4 July 3,100 16,300
Decernber ~ 300 ' ’ Atiust : 3,350 18,250
TR T 5,280 : ' September g,goo 12,000 650 19,650
: , ) October ,600 13,000 850 22,450
ebri }Z:ggg o 200 | Hovarbor ls,ggg | 12,00 600 16,200
March - 13%.200 : December 13 “ 9 600 18,000
doeil 117800 s - : B0 FEO 000 L0 M0

Hay 14,100 800 : January 4,000 42,600 650 17,250
June 13,000 ' 800 February 4,600 14,000 850 19,450

July “— 16,100 - 1,280 © March 8,100 T-Fuel 6,300 600 = 15,000

Auwgust 15,300
September 13,500
October- 14,000
November 8,300
December 15,000

1@:2100 \

1,100
1,050
1,000
600
950

9,180

April

- May
June
July
August
September
October

" Novembexr
December

105,900

9,700 2,800
10,200 14,600
9,900 4,600
10,500 . 4,900
9,300
6,000 -
13,800

8,600

11,200

16,900

3,500
14,700
3,600

3,300
7,700

7,300
14,200
10,800
12,600

700,800

.

400
100
550
500

300
600
850
400

450

TED

16,400
19,900
18,650
19, 300
17,300
13,900
28,850
19,800
2, 250

229,950
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HIS!'CRY O PLAIT.
SOURGES OF RAN LATERTALS,

he BRABAG conoern was founded in 1535 to nale liquid
ﬁml&-ﬁs;om’hmlwléy—-{;he—}ﬁ/twm“ena'thM&“Pr«herﬁ"‘rowsclr - Thepr Rt impor T Tha T OITowing raw matarinla
processcs or by any other yroresses vhich micht seem to be "
econonic under *he wrevall“nﬁ ~onditions in Germany. The firat Mevm feal Tar A8
plant built by the compeny was at Bohlen and wns bemm in 1935- A,8,.W, Hirschfelde
Phe first cetrol stall gtarted up in the early rart of 1934, A.8,V, Espenhain
nine nenths after the stor®t o7 evontion. 011 output ms Kulkwitz
vanohed Sn A eust 1936, Lurgi Gas Ta” A.S.W. Bthlen

| | [ohwalban-in A,S,U. Btthlen

"he ori~inal plant hnd forr stnlla, two ligqnid rhage and A.8.V/, Hirschfel~
twn vapour phase, and the ninimum equipment o “he : rd uction A.5.V, Espenhsjn
of Hydroren and other services, in order to eep he capital cost . Kulkwitz )
of' the plant dowm to a minimuwm. All the shalle v re *o orerale ‘ Steam (Low precare) A LS, W B&hlen
at RO0 Atmosphepen and 50RR antalyat was raed in Ehe vApour p’h.ﬁnn. Electyt~ity Bﬁhlen
Water . Bbhlen

In July 1937 the vapowr rthase catalyst was changed to frude .8, '. P#hlen
643k in order to improve the quali ty of the ;etrol. Until *he
ertension of' the plant in 1939 the plant ran to mele Liotor Petrol
onkr, with one occasion vhen they made a trial run an the rroduc-
tion or Aviation Petrol. 7The averare outyvt vhen on 5050 cata-
lvst vas 150,000 Towmes/year of Motor. Peirol ond 5,000 Tornes/
rear of Treibres. rhen they changed to 6434 catal"st they "18.56
on *he averare 165,000 - 0“‘63/"6&1‘ of Petrol and 12,000 Ton:es,
reoxr of Treibgas. The quality of the retrol Iluh 5058 catalyst
was 5% Cectane ITunber with an FBP of 1! COC, ana with 643k catalirst
66 Cctane Inriber wltn en FBP of 130°C.

.3.W. Bbhlen

The plant vas, extended in 1939 by inai2llin~ gsome spare
equipment end then e .endin('_' the stalls %o nele use of the
preater average mas production available and also %o ensure
stcadmess of 1"roduc:t:l.on- "he four stalls were incrcazed ‘o
seven, «:hree houid rhase and four vapour ~hase, “hc two Vinlder
r:e‘l‘"rators to three and varions other small additions made. After
these extensions the plent did not run to sroduce any-single fuel
as had been the casé but ran to produce lotor Pe’c“ol Aviation
‘Petrol, Diesel (0il, accordins to the reguirements of the Reich.

Since 1943 a new site to the vwest of the dain Site has ‘
veen develored to enable the vworks to produce hirher srade
'Av:.at:v.on Splr:.’c but“’"ha.a r’eveloprnc 1t has not been in- nrocuct:.on-
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OBJECE OF VISIT

The plant was visited between }Mry hth and 13th 19,5 for the
SECTION v opose of obtaining information o Fhe epevation of tha plant.
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L
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" H. Peardoett . C.I'. Bays
"OT.W. Huarles Y. B.L. Macku-t !
N o A IR Y. P.K. Kuhne
Y, ™.V Penlk

".Table of Contents
0bJeat of VistE
Sumary
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History of Plent
Sources of Rew Materinla
Production Figures
Exports
Quality of Fuels - 1943
Desaription of Flant
Description of Operation
e Ga(s) Production(R.J, Vorlav ond W, nr et ¥) The reoprt 'ng beer written froa sobes giver  he Hajor
g: w’,g%lmer Geﬁornh\" . 3;\3&#\3{;:‘{;{ P ey Uew Tas it a0 R D ) i e e
o. H,S Remowval AR LS
d, C0 Conversiom .
e, Comression SULURY
f. CO, Removal
ge. CO Removal
Preparation of Tar for Hydrogenation ‘
Desaription and Operation of the Liquid Fhase Hydrogen- 19
' ation Systen,

dt—:l:\o\o AV F W (O

The BBhlen plant of the Braunkohle Henzin A.¢, (BRABAG) is
situated near the villare of ROTA south of Leipzii, It makes
from Brown Coal Tar by the liydrogenation Process, in two stafes
at 300 Atmospheres, Petrol and Diesel oil, The plant was canable

N of producin- either 300,000 Tomnes/vear jiotar Petrol and Diesel

Description and Operation of-the Vapour Phase Stalls, 22 0il, 250,00C Tonnes/year :iotor Petrol, or 200,000 Tonnes/vear
Gas Circulation Plant and Gas viashing Plent .25 Aviation Petrol,
Injection Plant ' o 27 ' —
Liquid Phase Distillation Plant .28 ' PIRSONIEL TTERYTSYED
Vapour Phese Distillation g 28 " : » : ’
Gas Distribution and Recovery System - 29 . llana~ing Direotor ‘ Dr. von ¥Felbert
Treatment of H,S : 30 ‘ Worics Ifanager Dr, Friedrich iott,
Treatment of \iater : 30 o Deputy Yjorks ifanager ‘ - Dr. Schneider, .
Iso-Butane Plant : . Brabag “hief Desirn Engineer . Herr Richard Lackner,
AT=24), Insta]latim ' . S o  Works 2nineer Dr, Wolf
D.HD, Plant : . : : Deputy Vorks .sneincer ‘ Herr R, Hartwann
Extraction ‘of Ter & H,0,L,D, Fugal Sludge . . Gas Section Manager - " Dr, Hausmann
Labour Strength ) Gas Section Asst. Engineer Dr, Hdller
Running Costs ., = - - . Loy Pressure Section ljanaser . Dr. Wilhelm Saruck

- Construction Costs o : ) ‘ _ Low Pressure Section Asst, lianager Dre Jeinz Mleissig,
Construction of Pipe Bridges. o 7 o ‘ Hizh Pressure Section Matager Dr. Carl Schwitzer,

Compression Flant Enrineer . Dipl.Inz, Rudolf Vollmer.
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2. concmsxons iA- ROMMENDTIONS

p “of ‘Fischer-Tropsch process
as a producer of iso=-par ffins, and thus a source of high
quality aviation and automotive fuels, Opens the way for it
to become. the most versatile of all: synthetic -fuel processes.
It would then be capable of producing products-which range-
all:the way from high quality diesel:fuels and lubricants

~to-gxcellent-aviation-gasoline;No-other-process-could-make -

, It is therefore recommended that. this infore
mation be made available to all interested agencies, and
that the work of Dr. Pichler and Dr. Koch ‘of KWI, which is

still continuing at the ‘Institut. be closely followed in
order to: keep American teehnology as well 1nformed as

‘possibla.

3. DETAILS OF sniP‘“ins'-’
_Small samples of the tho: ia-alumina and the Zno-

, iso-paraffin synthesi
'Ships: (Code 341) ‘on COnsvgnmegtlTag No.




Pproxl-
one-fifth
Binge it
) degree
blem of
d in thie
hat sul -
in former
not yet

irately
ibic centi-
3t were
8 per
p decreases
;s of alco-

Zn0-A1,0
:a ?300)’2 3

centigrade: .

a./m3

B, /m
W)

ts shows
). the best
8, ceh-be
1p, - How-
on' the
ments -
“catalyst

“RESTRICTED
1. DETAILS OF RESEARCH (A) (ocont'd).

(8) On the other hand the An0-Alj0; catalyst
(1:1 by welght) 1s believed to carry more Prdémise ae a com-
merclal catalyst because’of 1te ‘cheapness. It does give
slightly lees yield than the thoria type, and produces
about ten (10) percent alcohols., There 1s less tendency
to form carbon deposits on the catalyst. The ‘same tenden-
oy holds true as with thoria oatalysts, i.e., higher alumi-
na oontent promotes methane formation. - Howeéver, experi=
Bents have been made over a range of Al,0z content from 2:1 te
I:2 without much‘change‘1n~reau1ta;w’Adgléiona'or K003
4o not appear to give any advantage.

The thoria type catalyst was prepared by

A9
hnalngwtwoﬁi2;”1lterawofwthoriumnandwaluminunmditrateawats~

their bolling point and in the right proportion to give a
1:4 weight ratio of thoria to alumina, - This was added

one (1) 1liter of a boiling Ha,€0; sclution of proper strength
to glve one hundred (100) grafis 3r dry co-ppt., in stoieio-
metric amounts. ' Hore dilute solutions gave greater density
catalyste. The resultant precipitate was washed, dried,

and sized to two (2) to four () millimeters,
(10) The same method was ueed for preparing the

-IZmd type oatalysts, except it was found that the additlon

of the nitrate solution to the scda solution insteed of the

normal methed gave increased 1iquid hydrocarbon yields.

- {11) An slternate method for preparing thoria
catalysts, amd the one which gave the hest ylelds, was to
bake sodiumiluminate and then precipltate with sulphurio
acid, Thorium hydroxide precipitate was also made, .and
these $wo ppte., were washed separately and mixed vwhile

" s

centigrade and ground to normal size.

(B) Aromstic Bynthesis"

wet, They were then air dried at one-hundred (100) degree

PR S S L SRS SV

action rate. Lower. pressure similar

“"identified.

i DAL OP-RESEARCH—(B)—Ceont )

lower températures gave no aromaticsi énddredgc:ﬁ the re-
y reduce @ reace

tion rate,

- (2) ‘The ‘'yields were very poor, béing only about
eight (8) to.ten (10) gm./m’ of 1liquids which were about
fifty (50) percent aromatics and fifty (50) percent napth-
'enes, - There was lots.of methane formed, and much unconverted
gas. The aromatics were;g?incipally toluens, xylene, and

0

alkyl benzenes, The nap

(3) Because of the.poor yields and the excessive

- carbon formation when working at such high temperature, the

KWI staff had temporarily abandoned this line of research
to concentrate on more productive wartime work.

(e) Iron~Catalxs§f§xgthes;g

: (1) The entire staff of the KWI was quite empha=-
tic. in stating that the use of iron catalysts in Fischer-

Tropsch synthesis was considered only as a wartime necessity

because of the shortage of chromium, Cobalt cayalysts were.
stated to be definitely superior, cleaner to use, and capable
of-operating:at:lower: temperaturess They: d1d not know-of -

.a single instance where iron catalysts were actually used in

ommercial installations, although it had been planned in

- the event that chromium became unobtainable,

“ S

on’ catalysts sre:prepared by precipitation
- ‘soda'sOlutngjcd:yigguqt~oneahunq§géh' .

nes were a grand mixture not yet
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WARTIMF RESEARCH ON SYNTHETIC FUELS BY THE
YATSER WILHELM INSTITUT FUR XOHLENFORSCHUNG

1. DETAILS OF RESEARCH

(e) Iso-Paraffin Synthesis

(1) Operating conditione for the synthesis of iso-
paraffin have been found to lie in the range of three hun-
dred (300) atmospheres pressure and four hundred twenty
(420)-to-four-hundred-fifty-(450)-degrees-centigrade. -For
pressure under three undred (300) atmospheres the yleld
falls off rather sharply, although a very slow reaction will
take place at thirty 305 atmospheres or over. Hlgher pres-
sures than three hundred (300) atmospheres glve increaslngly
greater percentages of oxygenated products, until at one
thoussnd (1000) atmospheres the principal product is dime-
thyl ether. Similarly, lower operating temperatures glive
slower reaction rates, more unsaturated compounds, a very
high percentage of alcohols, and less carbon formatlon on
the catalyst, For temperatures sl ightly greater than four
hundred fifty (450) degrees centigrade, the products become
principally napthenie, and carbon depositlon becomes exces-
cive. Instantaneous reaction rates, however, are increased.

-~ (2) Tt has been found fhat‘thevbéafwéintﬁésla gas

has a CO/Hp ration of 1,2 volumes of CO to one (1) of Hp,

- Increasing the hydrogen increases methane formation; de-

ereasing the hydrogen lowers the overall yield. '
(3) The best catalyst found for this synthesis has

g R R e

been an aluminathoria co-precipitated—one, although ZnO- -
A1293 appears to be nearly as good and much cheaper. Using
either of these materials 1t was found.necessary to.burn off

the carbon deposits about every two weeks of steady operation. -
-This was accomplished with air at the

synthesia (450) degrees centigrade. C

‘have been ‘uged continuously for over six |
- -appreclable decline.in activity, =
.'a.l;sfo;‘équiitei?»go od
- vods: at elg

od, as. they. have' been 'hel
t hundred  (800) degrees  centi

ST . RESTRICTED
1. DETAILS OF RESEARCH (A) -(eont'd).

(4). Heat. evolutien during synthesis is approxi-
mately the same as with the normal synthesis, 1.e. one~-fifth
(1/5). of..the heat of combustion of the products., Since it
is possible to work in a twenty (20) to thirty (30) degroe
centigrade temperature range, this lessene the problem of
very closs temperaturs control normally encountered in thie

process. Another advantage is found in the faoct that sul-
phur doss not seem to be nearly as deleterious as in former

_syntheses, although the upper allowable limit has not yet

been determined.

(5) Gas velocitiee have been fairly accurately
studied, and it was determined that twenty (20) cubic centi-
meters of a two (2) to four (4) millimeter catalyst were
necessary for each ten (10) liters of synthesis gas per
bour. Any increase above this velocity gave sharp decreases
énlyleld and alec tendsd to form increasing amounte. of al.co-

ole. ‘ :

R ‘(6)‘?ro§qpt;yi§1ds are as follows from a ZnO-Alao}
catelyst. using a 00/H, ratio of 1, at three hundred (300)
atmospheres and four fiundred fifty (450) degrees centigrade: .

Total yleld of Oy and higher 120 - 130 ga./n

T e em./n
OF (908 teobutene) 50 - €0 gu./ng
-0 and higher (over 97% is0) 30 - 60 gn./m
oo A7), A comparisen of the two (2) catalyste shows
that for a thoria-alumina catalyst (1:l4 by weight) the best
yields of all are obtalned. Higher gas velocities ceh be
ed, - an 6 ‘tendency to form alcohols. - How-
enden( form ‘carbon on: the
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- VWartime research by the Kalser Wilhelam Institut fur
Kohilenforschung on the Fischer-Tropsch syathesls has been
primarily directed along the lins of -iso~-paraffin synthesis.
Good: ylelds of i1so-paraffins have been obtained uslng the
normal. synthesis gas at three hundred (300) atmosphere pres-
gure: and’ four hundred twenty (420) to four hundred f£ifty (450)
degrees: centigrede over an alumina-thoria catalyst. Zinc
oxide-alumina has also been used succsssfully. - About one
hundred: twenty (120) to one hundred thirty (130) grams per
cubic: meter of synthesis gas have basen cbtained as lliquid
producte of over ninsty (90) percent iso-paraffins.

_ Synthesis of eromatics has been studied, using thirty
(:30); atmosphere pressure and five hundred (500) degreses centl-
grade,. However, very poor yields and napthene side reactione
do: not: make: this: process look promising, Further work was
abandoned. by: KVI. for the duration of the war,

Fischer-Tropsch ayntheaiseuain% iron catalysts was
studied, but inferior operations resulting from this catalyst
made: 1t. only desirable as a wartimg: substitute for scarce
chromium., . - . , o o

| June 1945
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This report has been declassifjed and released to
the Cffice of the Publication Boerd by the Army
and Navy Departments,

NOTE: The Publication Board, in approving and disseminating this re-
port, hopes that it will be of direct benefit to U. S. science
and industry. Interested parties ‘should realize that some pro-

~ ducts and processes’ described may also be the subject of U.'S.
. ~patents.::Accordingly, it is ‘recommended that:the usual patent
“study be made before pursuing-practical applications. '
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pilioa end other' impurities. The longest hold-up

in production with-the No.l furnace 'came about -soor
after initial operation, and was_caused by-the.
explosion of a load switch on a transformer; and,
for the same length of time, namely about 8 weeks,
with furmaoce N~.2, due a general overhauling, during
which time the substitute Insuleation was replaced and
a water-cooled support, similar to that usel at
Sohkopauy oonetyuoted fowr- the -euepended pokers
Meanwhile the f-rnace No.l hes improved in ~perati-n,
and in the last thre~ months ha= reached an otput »f
more than 4.000 tors of car™ide. wi'h s power oon-
Fump'ion as Jow as 3,700 kw per ton of noymnl carhina.
e ~uthoy abviously meann kw. hy T . )

The Rritlsh repor* on narbide production gave
Tudwigehafen a proiuction of 4,000 tons per year in
1676. Pregumably this was from a very small furnao-
if there was in faot any produetion at Tudwigshafen.
The I.G. record of 1942 sghows no carbide capacity =at
Iudwigshafen. The cearbide capacity planned for
Tudwigshafen by she R.W.A. was 13,500 tons per mont"™
Vhen the 3ifficulties mentioned by Niemann had bheen
cleared up, the two Judwigshafen furnaces would
presumably produce at least 8,000 tone per month
if both were operated continuously.

During tl.e past few months a mumber of the
wemean carbide plants were visited by C.I1.0.8. teams,
and the production capacity of the furnaces noted.
For example, in C.I.0.S. Report File XIX-I-Item 22,
it is steted that the carbide plant near Iudwigshafen
is equipped with two 20,000 kw furmaces, with an
annuel production cepacity of 45,000 tons of carbide °
per year, but one of the furnaces is held in reserve.
This statement is not quite correct, for a single
20,000 kw furnace will produce more than 45,000 toms
of cerbide per year, and the installei capacity at
Iudwigshafen must now be at least 90,000 tons per
year.

In the following table, the British estimate
of carblide capecity of Germeny in 1936, the I.G.
statement as to capacity in May, 1942, the I.G.
statement as to the ultimate cepacity planned by

28>

‘R.WWA.“and»theccapacity‘repprted‘by'the{xecent

investigationS'(Bo“fun“asmnomed);areﬂehownmin~v

parallel colums. . The information on ourrent
projuction capacity (or perhaps it should be said.
the capacity reached before the bombing of the
Germen plents) is not complete. It is evident,

however, that the capacity planned bv the R V. A
1D 194° _wag..a~turlly-ven =3 1o mony oo
P 2

oy 40 -y oo YoaR
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III. Developments Since Iiny, 1942

~ . ___  EBvidently the goal of 210,000 tons of
carbide per month, projected in the foregoing 7.6
reprrt. had not been fully afttained as late as t-
end of July, 1744. On July 29, 1944, adiress'-
a "Runatagurg" (auf dem Kohl #wf bei Heidelbex
Dr. Ainbroe of the I.G. said:; "Germaen econnw-
nrvntg_on e capacity of sbout. ©10,000-tore-:

tide pe: onth whben all ‘he expavrsion :'r

] The  1Mecation of hie will

5%,000 tons per month for cyannwia
35,000 tons per month fox grar '
corbide and carbon bl -ck.

'20,000 %omg pexr month v v

AYIEAN 00 [EATRTANDTY PR [P

Yhose 120.000 *tons per month of cerbije correspond
to 35,000 tons per month of acetylene, to which is
to be adied srme 5,000 tons per rowth of necetylene
from the H8ls arc-light process. T the total of
40,000 *ons of acetylene per month, 60 per cent,
that ie About 25,000 tons per month goes into bunn
plants, The remaining 15,000 tons of acetylene
per month go to other plants for acetylene chemistry,
such as those of Knapsack, Wacker, etc. Cf the
295,000 tons per month of acetylene, 17,000 tons g0
B r buna synthesis alone and 8,000 tons per month
for other acetylene derivatives, such as ethylene,
synthetics, etc.”

}
At the same "Bunatagund®, in late July, 1944,
there was a discussion as to the 'selection of
processes used at Auschwitz, including the kind of
carbide furnaces set up. The following paragraph

discusé{es the furmaces:

"The 25,000 kw furnaces of the Bayerische
Stickstoffwerke, with S8derberg electrodes were
selected for the carbide plant. The triangular
furnace at Knapsack has up to date encountered the
drawback that & carefully sized raw material is .
required, and a fault-free gas offtake has not as
vet been fully developed. The merit-of the
. Piesteritz construction is, without question, the

Tl
«)Ba

i

'

LN

central tapping. 1In spite of the frequemt difficulty
which Schkoepau encountered in.the beginning, we have
cenocluded-that-3chkepau—has—accewpkiohed o very oatiafae' - -

d=velopment of this furnace.

Regarding further detalls of the carbide plant I may
not spesak at this time, since the ocomplete discussion of
carbide production is not included in the day's agenda,”

[ N N ¥ et o e oy v ¥ P e T st o

A 1ittle further information on carbide furnsces ‘- ‘-
be found in a report presented by Dr, Niemenn of the
Ludwigehafen plant at the I.0."Bunatagung” held near
Heldelberg, July 29-31, 1944, He wne presumably discus
the carblde furnaces at Ludwigeshafen, The following 1¢
= 'ranglation of the pertinent parajraphe of thie pape:r -

"I might now go through the induatrial development
of the several manufacturing steps im "diol® production,
beginning with carbide production from one furnace in
March, 1943, The second furnace wemt into operation in
October, The first furnace was modelod on the Plesterite
construction and was accepted after a short test under
our industrial guldance. During verious tests, partic"'~v‘v
of the coke and lime in the furnace charge, a series of
difficulties were encountereds - which often caused shut-
downe, Overloading of the heavy-current circults was
at first frequent., Insulation defects had meanwhile
been found on furnace No.2 to be due to the use of an
unsuitable lnsulation substitute, We have had a
succession of electrode breakages and have had. to endure
all the destruction and danger which reésult from terrible
gas outburste, In the end it was evident what the
esgential of a well-equipped and serviceable furnace ie,
and its dependence on using a charge of dry coke and &
high quality lime. In order to attain good operation it
was necessary to carry through various improvements of the
furnace; for example, the current fluctuations had to be

‘ironed out, the working crews trained, the lump coke

secured desplte the demand and growing shortage, and finally,
the lime producers at Bteeden and Stromberg had to be
persuaded to furnish good lime, free from
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SEIAN. CARBIDE CAP A91¢Y
RET T tor 1042 - (Situstion as o Ways 1942)
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Momy any

tugtion as Situation after
Fr%gEOt gi Mig. 1942 T completing the — Tn
= (toms per month) 4 gettled planmd - i
] e T - L ( ,.,W.wm,,.. )
West Germany ) SIS et e - R
Knapea v A.G.f¥r St'oketrffddnge~ '
fteele Arh i Awerl WATW Yngel~
(sh7t dony)
"@le (fro 1 ' Chemische Werke W#lw,

s ‘ G.n.b.H. (unv=r
o0 atrus'don ocrvesy

[ P T | Y PSR T B TP

R

Cyanamtae 26 . 000 24 56000 "

. LR AN AYAYAY
0000
Buna e

Vinyl Product-
& chlorinate?
hydrooarbhane

\
Hydrogenating
ethylene mot -
buna o Inbrt
erntg

o R e e ey S
RS B TR, AT R 0 R S0 DT A T A ST oH

Centiral Gev~vv
Flesteritz Bayerische Stickstoff"ka"
Méickenberg Dr.Alexander Wae' - "
Spremberg Ionze G.m.b.H.
My pohfelae Wlektroochemiget~ taldenvd

Gesellsehaft Acetaldeayde : 28,000
Falkenau Mnsgsiger Verein 30 not for buna 23,000 . '
Schkonau I.G. !

) ; H- Miscellaneous
(Expansion to 330 planned) 220 i chemicals (acryl-
496 . nitril ete.)

’ (Al
R, 000 LAARLA

Last Germany Ivbricants -
Bobrek Sohaffgotsch'sche erke 26

Choxrzow Ver.Stickstoffwerke : - Carbon black 2,000
Moscice - Chorzow 150 \ Domestic use 20,000
Lasisk ~ Electrowerke, G.m.b.H. 36

————— ; iscellaneous =
212 Mluses 5,000 4.5 5,CCC

-
t

South Germany ‘ . ‘ - : 0.00
Hart Bayerische Stickstoff-Werke 220 . Totals 110,0C0 100  210,00C
Schalchen Bayerische Stickstoff-Werke (20)
Burghausen . Dr.Alexender Viacker,G.m.b.H. 58
Waldslurt Lonza G.m.b.E. 05
Wyhlen Deutsche Gold und
Silberscheideaustalt 10
Freyung Wiede's Carbidwerke,G.n.b.K. 10
Deutach- Carbldwerk Deutsch-Matrei yA.G. (10)
Matrei( shut down) :
Iiandecl Const.Geo.f.angew
Elektrizitat

IqtalyGermany capacity...“




The regional distribution of individual
carbide~-produecing plants (which Chart-TI furthe!
sets forth) indicates thet the I.G. Knapsack,
Soblopav, end Augschwitz plants, in their geo
graphic placing and also with regard to raw
materiales, ars favoraobly loc ted in the neighho
hood of large brown cral and bituminrus coal
production. Carbide plants must be locate? o
the v eds 0f ebeap-rower o7 'hoocfare ey

vower o Yy cnnl mYioran

For 'he selecet or of Ind lgshafen s o
loc>tior for a cart ' v oy Vot the ey pmenta we o
'4-.l¥'~nlgy,v Ao Y

fo fav as a forth r expansion of carhi~-
producti n by the I.(¢. 18 concerne', t'e water
}Owel ()f Dgggnnd«»rf (HSU’J projrwd\ TR BRA IR L IR R

L7 R I T S hopt in viow.

Cn the other havd, the selection of
Ftr stenberg for the rnew pl™nt of Degussn appears
to be very questlonable. The interest of Degussa
in a carbide installation, with attached acetylene
chemical unite, is obvious; the company will
provide a new basis for their solvent chemistry
entirely through synthesis, since the former basis
of wood carbonization by Hiag, with increasing
scarcity of rew materials, grows ever more limitej

‘ In summary, it is well established that
German carbije capacity, through the present ani
planned expansion,-is likely in the future to brimg
about a scant covering of the neeis in Cerman.
markets. By its irregular behavior with respect
to reeds, the cyanamide demani will serve as an
importent compensating facbr. Prom it also,~
carvide way be withdrawn. for the developing needs
for other processes in the future, without at once
bringing about unfavorable situations. - On the
-cther Land, the cyanomide industry could also,
through freed quantities of carbide, be expanded
to a considerable‘degree, in case there should

-12-

SUﬁdenly 59"“1”v out~hoeks in other VTeyge acvermivs

Yy VOO e e

(Notee “be avdove is a fr~- Fran
in error ir mivcry ‘eitn 1 ho
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Indwigehafen will install three 25,000
Xw furnsoes, which, with an average
throughput-of-some- 4;600 tovs per m n*
Will vy ey 172 Rﬂ(\ '1‘\!\" A oyt 3a
month.

A 1ike capﬂf“ty w“i1Y he rwnvv‘qn;‘ nk
Auschwltz.

BStW, Wagk~r =» ¥ ¥ellcvnn g oo

wnohange V.

The Viag (Vereinigte Industrie Unterveb
muvgen A.G.) will inorea~e its capsact‘:

to 20,700 t-ns rer wonth in Hart and
20 000 tone pey month iy WhAnY gehdt te

TLonza will incvease caparity at HWaldghnt
te 11,000 tons per month end attain ther '
e tota1 output of 13,000 tons ver month.
(Noteg thig evj_dpnf-ly ivetniea khe Yoo o
Sprembeyg ontput.  Ty.)

Degussa is to bufld a large furnace in
Fdrstenberg and thereby increase its
capacity by 4,000 tons, i.e. to 5,000 tons
per month. (In the two plants. Tr.)

The capacity of the small plants will

remain unchanged.

These current expansions bring the German
carbide capacity to 185,000 tons per month. That
this will not meet the final demand has been taken
into acount in the planning of the R.W.A., which
contemplates but does not yet provide definitely
for the followings

Ausachwitz is to undertake the installation _
in its Montau works, of a further furnace
to turn out 4,500 tons per month.

‘The BStW will add two furnaces of this’
same size to its Deggendorf project.

TFalkenau will erect a large tumace {*h

‘a 4 000 tons’ per month thioughput any
rhw* Aowy e wwaTT oheede be Vg b

Viag will erech two nwow famoces [
4,000 'ong per month. oo o H~v' o
one al Kanigeinthhe,

N S S S N

and, fially, D'gu i

Yoo oo e ooy vy v Fnhv"

i

Aftery the ‘ccomplichn pnt ! "he«o p
the Cerman caxbid neo ae i bl b i Tt

Yims e of o0 0,

EARN

Regar?itigd the (rchable tiue fer The
es'ablishuant of thege (iv-l fucilities, ac f 1
An odnterme Viobe eboace e e Eadn po o d b o

Ve e Ve

An dinepection of the indiviival plant
ceracities shows that the I.G. part at present i-
35S per cent of the combined Cerman crpacity, ani
with the accomplishment of the fully determined
anl the adiitionully planned construction, this will
become 64 pexr cent of the total. It appears that
this will not appreciably change in the future.
Likewise Viag will meintain its part amounting to
23 per cent.

Before the war, German carvide production
went one third each to cyanamide, welding, and
acetylalion. Today, the allocation is 54 per cent
to acetylene chemistry and thls may finally be
anreased to 57 per cent

Twenty—flve per cent cf today's earbide
production is from water power and this fraction
will nct be appre01ab1y changed in the future.

Most of the large PIQiUCbrS of carbide are
now concerned with acetylene chemistry, and they
continue to seek agreement (Degussa, Hlag)

alle




silioide, Br export and for use in shops within
the producing plants.

For the most par' the urgent demands arie-
from the rarrying out »f the avrvent tnnranmingly
tmpey bant entorprisan.

According to the plamning of the R.W.A.
(this 1% vresumably the Welchamt THT Wehrsonaft
Auebav® -~ Tr.) there wil' b~ en ino' eas~d 8'lotm
of 69,00 t'na per mor'" o hFTAe oy bha pya
vor tton of oyanamide .

The buna demand of Sohkopau, Imdwigshnfen
2y AvomahwtiEe wi'Yl mmom bt tn 42,000 tone per wonth

The quote for vinyl products and ~hlo' ' '
bydrooarbons wil' be Jouhled im *he Artve fo,
teseneing vinyl oolymer output.

The Wacker establirhments will make 40,00"
tenes per month of elde~hyde spirite, o rresrondive "
a carbtde yogquivement of nearvly 7 00O tone povy
month.

. There will be & triplimg of the allotment
fr the hydrogenation of ethylenes. . Imdwigshafen,
Schkopau, Gendorf and Auschwitz will produce ethylene
oxide from hydrogenated ethylenes; Imdwigshafen
will also prepere polystyrol from ethylbenzol.

The increase of carbide allocation for
acetaldehyde, in addition that for the buna units,
seems to be remarkably small, i.e. from 23,000 only
to 28,000 tons per month of carbide, in spite.o:f.’ the
prevailing great scarcity of aldehydes. But it must
be borne in mind that

1. A supplemental supply of aldehyde will come
' from acetylene made by the Hflls arc light
process. '

a

2., The planmning for Bune mgy presently prove
to have been too broed.

8

3. . Furthermore, it .must-be-kept .in view that -
a-shift of the aldiehyie balance may come
about through the substitution of scetic
aold mede from onrbon monoxide and methan !

That in the future the possibility exists
- that there mey be a reajju~tment of the
gg!!gnt ]ibﬁ'l""] all oat'rn to ¥he ay nend "
unite.

The IR N I N PP [RAN N EERRRE T2 S D PRS2 I

"y

For “excess chemistry” there appears to he
4,500 tons of carbide per month., Thie
includes the requirement for the aocryinitrs
pPlents =t Iudwiecshefen and 'ever'usen yoe'p
the new process of rerovavy fyvivi niniyd

and hydroeyanie acii.

A further 4,500 tons per month will be
allocated at Schkopau for hydrosenation of
ethylene to produce lubricating 0il 55900,
3,500 tons per month for carbon black =t

the BStW (Bayerische Stickstoffwerke),

2,700 tons per month for welding and cutting,
leaving a balance of 5,000 tons per month
Pr calcium silicige export, and "within-
plant" use. : '

In all, there appears to be a future
allocation, and therewith a demand for carbide,
amountlng to 210,000 tons -per month., The meeting of
this requirement as to capacity is provided for in
the current expansion and thé additional planning of
the R.W.A. (Reichemt fdr Wehrschaft Ausbau).

. The current expansion, which is either now
1 progress or at leust firmly provided for, contem-
plates the following .

Schkopau will increase itg tapacity to

8 fumaces, producing at least 34,000 tong
~of carbide per month.

f

=9-




The installed capecity which depenis on water power
&t Burg¢hausen is considerably.greater, but:the - . --
effect of a dry winter wes to reduce the thr vphymt
o BIONC EOWE PEF Honth .

The Y.G. affiliated Chemische \jerke
Aussig can produce 2,500 tens of carbije per month
at Falkenau in an obsolete snstallation majde up of
reveral amall furnaces.

Aongst the outeide ¢roup of concerns, Viag
(I think thie means the Weich contrelled "Vereinigtr
Toduatrie-Unternehmungen A.G." - 7r.) stands first
witl its plarts at Hart (15,000 tove rer month) erd
K6nigshdtte (13,500 tons per month). The situat?
with respect to the Hart plant, whieh depends on
water rower, i th- eame ¢ thet -t Brghangey .

"hg yv"‘ﬂﬁ-lvnlv Tyy winboay Voaweay o ¥ 1y 'SAREE: ERRRN A
Nevxt Follawen Lones oy 'he ylantka

Waldshut Ewater power)...... 6,000 tons/mo.

Spremberg (ecoal power). ... . .. 2,000 tons/mo.

Degussa (Deutsche Gold - und Silberscheideanstalt -
Tr.), with its plant at Wyhlen (water power, 1,CC0
tons of carbide per month), ani a group of small
plants with a combined cerbiie capecity of 6,15C
tons per month. T

Greater Germany has at present a total
capacity of about 120,000 tous per month, which
will turn out 110,0CC tons of carvide at something
over 90 per cent full production.

(A paregrayh of the document is omitted,
here, inasmuch as it refers to the chavis
which are not here includei. Tr.)

. Cyenamide production in the last year

went Jown to about 26,000 tons per month of
.carbide equivalent, and remains at present at this
level. 5 - ‘

‘o&

... In second. largest user is Buna.  Schkopey
produced 5,000 tons per:inonth- of Buna up to May,
19427 andthereby utilized i1ts £ull output. Fiv-
thousand tons of Buma per month correspond to
10,000 tons of anetaldehyde per month, which, ir
turn, correspond to 20,000 tons of carbide per
month. The remaining 3,000 tons per month went
into styrol components. At Schkopau, ethylene .
¥ ethylbenzol Is prepared by the hydrogenat in
rf acatylane which is genereted from oarhide.

Next follows an sllotment of 6,000 tonw
of oarbide per month for vinyl products and
chlorinated hydrocarbons. This indludes the
present carbide requirements for vinyl chloride,
vinvl acetate, vinyl ether, oppenol C and Kore~in
and also for chlorinated hydvneavhena prodined '
the 7.0. and outeide fimmsa.

Five thousend tons per month of carbiae
will shortly be required at Gendorf for the
menufacture of hydrogenated ethylene in the
production of 1,500 tons per month of athylene
oxide,

The "in-plant® use of the Gendorf aldehyde
plent will be about 2,300 tons of carbide per month
for the manufacture of aceteldehyde, in aidition
to that used in the buna units. This corresponds
to 11,500 tons per month of aldehyde which, after
deduecting the allotment for buna, leaves, at most,
2,000 tons per month from the combined production

-0f the Knepseack, Mtlkenberg, Burghausen, Weldslurt

end Gendorf plents. = .

| . For acetylene hlack the BStV (Bayerische
Stickstoffwerke) allots 2,000 tons of carbide per
month [ ] . :

For weiding and cuttingupurppses, 20,000

tons of carbide per month will be required.

A remaining quentity of‘5,000 tons per
month serves for the preparation ofyqalcium ‘

RN
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Tekals 1,015,000

which do not appear in a list prepared by the I.G,
in 1942, These are: The Hheinische Westfdlisches
Electrizitatwerk plent supposed to be at Knapsack;
the Wacher plants supposed to be at Lechbruck ani
Techsehmitz; +the Carbidewerke Wilhelm Vogelsang
plant supposed to be at Hurst a.]. Rubr; and the

Graflieh Schaffgotts'sche Werke, G.m.b.H., plant
supposed to be at Gleiwitaz. ‘ ‘

In the above-listel plants there are some

In the text of ®The Chémical Industry®
cited above, the statement is made that the output
of carbije in 1937 was estimatei to have been about
200,000 tons, i.e. somewhat less than the capacity
estimate shown in the table. ° The report states
that the 1943 proiduction is thought to-have
exceeded 2,750,000 tons. .- The evacuated document,
to which reference will- be maje below, gives a
better pleture of the carbide situation in Germany
during the war. o

'

A very complete review of the situation ae
of May, 1942, the expension then definitely
scheduled, and the final production goal set by the
R.W.A. are revealed in an evacuated document bearins
the title -HGarbidq-1049-3945%; - - o

There follows a free translation of wost of
the text of this document ang coples of the 'uiy'en.
“he charts have not been reproiuced ingsumch na Fhey
may be reproduced readily from the +ablen.

Frorbening strie slktiensesellschaft Tudwipphofo.

R S AR RRTR (TP TP ONTES

TnAwi nghafen a/v
May 10, 191°
Pr. At w

Review of the Carbiie Situation

(The first two paragraphs of the docunent
refer to the charts ani are omitted here
inasmuch as tlie churts have not been
included. The charts may be revroducel
from the tables included herewith. Tr,)

, Mfithin the strictly I.G. part (of the total)
are the Fnapsack and Schkopau plants Knapsdck- has
& capacity of 25,000 tons per month. Schkopeu has
slx large furnaces, which should hove given it the
seme capacity (es Knapsack). But Juring the whole
of 1942 one furnace was out of production wnier-
goingirepairs, lowering the Schkopau capacity to
about 21,000 tons per month.

The BStW (Bayerische Stickstoffwerke) nas
2 carbide capacity of 17,000 tons per month in the
Yiesteritz plent. ‘ : .

‘Thé portion of the Wacherchemie is 13,500

f

tons per month'from,two‘plants? namelys

Burghansen..........5,000 tons/mo.
 Mdckenburge.vees.....8,500 0 o




I, fitustion in 1936-38

The printed report of the "Eoonomie Advisory
Branch of the Foreign O0ffice and Ministry of Eo~m
Warfare" (British) entitled "Economic Survey of
Germany . Section J. The Chemical Industry”,
includes & brief part regarding calclium carbide

producFion and uses 17 GermEny =V Yo ety rf e
ylones in Novymany nAnA Aoty in

vy ®itpation in liay, 194°, 1) The following ‘eble ie ma'e ur frow the
Plans for mm‘?‘""‘ ebove—-nomeA yopork, no indianting the ~1° e

AR AXANERL TS

reyelormente wives
Viow o 1edn Carbide_Plants.in Germeny Proper

{ thout 1936)
Name of TIocation of Carbide
Manufacturey Vorks, oto. Capacity
1936 in tone
1, A.G.far Ynagpsack, near ORN, OO0
StickstoffAinger. Cologne.

2. Bayerische ~ Piesteritz,near 350,000
Stickstoffwerke,A.G. Wittenberg.

3. Carbidfabrik Wylen-Baden 10,000
Wylen,G.m.b.H.

4. Ionzawerke Waldsluxrt-
Electrochemische Spernberg 100,000
Pabrikan,G.m.b.H. C

5. Rheinische ~ Kiepsack,near 50,000.
Westfelisches - Cologne '
Elektrizitatwerk.

6.Dr.Alexander Icchbruck )

Wacker,Gesellschaft  Burghansen 2 70,000

fdr Elektrochemische Tachschnitz '
Indugtrie: Mdckenberg S
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This report has been declassified and releésed to the
Office of the Publication Board by the War and Navy
Departments.

The Publication Board, in appraving and disseminating this re-

port, hopes that it will be of direct benefit to U. S. science

and industry. Interested parties should realize that some pro-
ducts and processes: described may .also be the subject. of U. S.

patents, . Accordingly, it is recommended that the usual patent

study be made before. purauing practical applications.




,TANNING GIE}MIGM.S Gerbstorf G, Tanigan U N
‘.TAN] GAN EX'I.‘RA A tanning mater:!.al produced by condensing. di=-:

VINOB’LEXS .A relatively loN molecular weight not rech-- :
-lIorInaE]ed poiyvényl chlor 1de. Same as Igelit PO‘U except '
. e ges e e less “polymerdzeds

"oxycﬁ'ﬁﬁe_n'y's?ﬂ'phone with: ligninsulpho gcid end- formaldehyde. . R

e e e

TANIGAN (8K SK7 HN HZ G GB etc)(Ref cwWs 4004) Tanning agents.
. TARBUN (Trilon or T-83) Poison gas. | c
TEDESCAN A lac made from abietic aoid B powder, -maleic. acid hy-

‘ VISCOL S Na Sodium selt of Viscol Se

VISCOL S NH, The ammonium salt of Viscol S.
WAGKERBS ‘Insee'ticide contel ning copper and fine sulphur,

drate end pentaerythr:lte. _’

TEXTILE CHEMICALS Emulphor MW _Remasit BK
- Alipon-B- - Phenylmepasin, -~
Chrombeize MG ‘Soromin FL, FL, FEB, etc.
- .Igepol M,B,C,W,F Persistol N 940
Chlormepasin Dewanil Zn 1674

TEXTILVEREDLUNGSMITTEL MA 424 46% of & condensation product of
T mol of melamine with 4 mols of formaldehyde and 1/3 mol of
triethenolemine., 54% water,

'THIODIPHERYLAMIN S Crude phenothiazin,

ZONALON

TORALIT SM 18 Styrene, methyl, acrylate and acrylic acld poly—
mer,

- TRIPEN (Ref CWS 3994) Hexachlorbutens., R

TROLIT (Ref CWS 393’7] A molding powder made from cellulose ace-
T ’Ene and a plasticizer such as éimethyl phthalateo

TYLOSE (Ref CWS 5996) Cellulose-O-GHzcooNa. Seame as coloresin...

. URESIN B- Plastieizer for nitrocellulose, made rrom urethane and
formaldehyde. - : S

VB-EMULSTON 1/1 Made from al to 17 mixture of v;Lnyl aceﬁ b o
_acld -butyl este:q. - : ‘ R g

WASHING. CHEMICALS Kalunit A,B, etc. . Lu '3/115A, Igepal Na,etc,

.WEICH_LARZ XF A condensation product of xylol and farmeldehyde,

SOFTENING AGENTS FOR SYNTHETIOS

Welchmachungsmittels (with verious designations)
Teolanh P
Formilid
Diacetine H .
Triactin H
“"Weichmacher (with various designations)
Dellatol

WEICHIVIACHER 77 'I‘hlodiglycolic acid dibutyl ester.

WEICHVAGHUNGSMITTAL 102 and 102a From glycose and burylens
egcoI.' — L ‘

WETTING AGENTM 2406 (Ref CWS '5996) Wetting agent used with in-
secticides. Tri-lsobutyl-beta naththyl polymerized with 10
molecules of glycol ether,

WOFATIT KN A water softener made from "aldehyd disaure"
X-STOFF (Ref GWS 3997) Tetranitro nethane

XF S HABZ Condensation produot of xylene benzosulphamide
ma.ehydeo, -

. . b
%-STOFF (Ref CWS 3922) Sodium or calecium permanganate,




~_.-,POROFOR 4'76 Azo dicarbonio aoid di-ethyl aster. “Used in buna, * :

,4,% Igepon AP extra -oone
30 9% Sodium’ blcarbonate -

e

PUVIMAL (with various designations Folymers used as
- %o aoe‘n'ate silk and other synthetioso vioRs 88 additions

. PROVIMAL AR, MA, M A1 made from maleic acld anhydride with

.Tor. vinyl Iormate,. MA for. vinyl methyl ether, AA for vinyl

“ethyl ether.

A
1

' 44.7% Benzoic aoid
SELINON (Ref CWS 4001) Insectiofde. |
SELLOXINE (1,13,62 etc)(Ref OWS 5992)‘ Miaf.arial -for making -oloth

'v-nrofeoirﬁe agg_:_l._nst ‘mmstard gesg.

PROVIMAI. C Mixed 'polymer‘ of maleic anhydride and 'ﬁn'yl “'bhl’di'iﬁé;

PROVIMAI. 8t Seme as Povimal ¢ except that styre -
stead of vinyl chloride, P styrens 1s used in

PROVIMAL EE Made from vin l acetate and maleic acid anh ‘
U5ed 1n making Provimal Silko yd:ride,

PVA-OEL: (K-Wert 21-14) Made from vinyl ethyl ether.

PVI OEL Made from vinyl isobutyl other. |

PUM OFL - Made fram vinyl methyl ether.

REGENERAT I3
REFELIT A ter acid resin made by Siemens-Schuckert -

L - ' L) . . ‘ '
RESIN A C . (22-28~1) Meade at -Huls from acetophenone, formal-
SEyds an m. -8 1 .acavophenone, I« .

RESIN S.A X- (Ourtis and Folger 22922-1& Made from sty'rme,
aqe't'opEenone ) Zylene and hydrofluroboric acid,

 RESINIT A tar acid.,resin :made at Raschig *plan.t. ,

VIGOPAS -Another resin f£rom same sources

1

J

A tar acid resin made by Siemens-Sohncksrt. '
: "izin 501 plus" ma eic oi"“ an.hydride. Used as. ‘a bonding

“"SOFHZN]!IRS-PLAS‘I‘ICIMS
M

oa od proportion B G |
SULFAETHAN The methyl oxysthy 'amide of methane sulphonic acido

@VITAI. AC CONE (Ref ows 2996) Lubricent for acetate ailk yarn.
SERVITAL. OL CONC (Ref CWS 3996) Textile lubriating oil.

STLIRON - ‘

SOLAGEN A dryer for olls. 'rhe msnganese or ocobalt salts of
higher ratty ecids from the Fischer-Tropsch ¥Kogasin®,

scﬂwmm.BL Dimethyl disulphide.
eolan P Priacetin H end

Formanilid many number
Diacetin H "Welchmacherv

SOLVENT A (Made at Hils)
SOLVENT AH (Hade at-HilLs)
SCROMIN FFB Blyester of adipinic acid

OROMIN - (Ref CWS 3996) stearyl poly (6 moleucles)

| glycole er.
- STABILIZATOR DB G Polymer of di isobutyl phenol and epichlor-

Yy ne °

STA'BEISATOR 5 2 phenylindol

STYRONIL (10, zo, etc). Made from/pqustyne with the mdicated pm- '
: orHon of acryl nitrite. , 7;«’- :

STYRO AI. B.(10, 20, et.o) Mixed polymer from styrene and 1nd1-‘
__eic aoid butyl esters . - - v

0 (82
209 8 ode
“neme for 8 o-se%




' ;,Jivymcr ,{&'em odmmcu J“" RN
nrrmyrdURE: Bopviont sbseieai carbonic ‘aold: '_ e
. 'NIVOSOL ’

ke 53 805 f\(;u‘/ RERAAN IU IO, Lo

PHOSPHOS’J.‘RITAN - Prl phenyl triphenyl“methyl"phoephonium oh:ubtﬁdme.

Ao Ee iy weillo RN GO o,

PLAN@PROTEGTING CHENE[CALS AND INSECTICIDES Netzmitted 2577 N

Tl LW Dﬁuﬁ.ﬂ()\.ﬂl Ll o J.'J J O AZL 1(![

OPI:I-i{ARZ Condensgtilony prbdufctwofvdipen"cene withr phenol.

OPPANOL B Polyisobutylene,

OPPANOLyG  BOAYYinyl; iﬁ.OPUtﬂﬁ@thelloum Gl Lot
opPliitt U“” St PLdn e RohRA R 284 iderl prene of butadiene.

——r-r-::r-— YL bt do nJL) .w 'muquv uti

M

ORC?IXWLK“ L:JAn\ "emulfsiﬂfyingufég'ehftﬁ‘fromi a mixturei of’ crude‘ alcohols,
, Wla.kﬂ]i JepiParbend obydedleaviud al 7 i

P BN (Ref 22-22-7) Phenyl beta-naphthylamine.é
{
N

Lk

Al

PAINTS AND OTHER PROTECTIVE COATINGS  Luvinits D A
PALAVOLL Polymer of fumeric acid diethyl ester- f)lus butadiend.
PAPER CHEMIGALSo - Rapierkedme iqBslelicd: b_har‘z(’ B9298 musing.
PARLEUCANILIN 4-4'-4" - tria.mim%;mﬁgﬁyf” ihangl 00
PBN Phenyl-beta—naphthylamine. (Guit G0 tefl) 4
"%’Eﬁﬁﬂ‘l "fﬁiisémefiiefds.ﬁfafﬁ“urhl.'ﬂi‘ﬁﬁﬁer. \L usverdal} A Jyn
P“RBU'NAN Mixed polymer of 75 parts butadiene _and 25° ﬁ‘gr S
n 1'95 Qrusd alb bezp I fomeT .aainnsd m hestl WA

: ;
: dg‘ae"('?tx?xf 8 B'?f.%gimrﬂ “Olridbféﬂ’ IT .1 088 d suhay Jrr ST

BS Chemlcal used to det.ect mﬂ%a’?&’ gl Srdhlom - aanl
memm G BBbeé‘i’éﬁ\é‘rd&f&h&f}‘l&é%hérﬁ’éoﬂaeﬁ&bi _mtm NagSA}M HIAELY

PERDURAN H Dichlorulethy ;t‘@gmga{dehyd%t,n g@ceg;g:}.‘glgo I\EE}«ZV Parrry

%un anti-oxidant.

PLASTIKATOR 52 A sodium polymerized bu’oadiene as 1s eﬁ.‘s‘o ﬁﬁﬁ"BS““"‘"‘"

wEDLETIG S Y-“-(«" «m ;;5’- {wv, ;,‘t—.‘; 2 L ;.r,v,.w.«.,r) e |¢ (? Ay r*m ks W

PLASTIKATOR 88 The butyl ester of“methylene dithiogl

TEE ',.r' (Sl ”\\J”t‘q 1"!“ N{w}l Wb ket

PLASTOMOLL SW Vinyl methyl ether.

PLAoTORGBB Umc Assoftenér Jmade rromu coal tar. i

f l‘zl,vj’

POLEFINAL v

=Tucrylan- (2005300 “étc) :Phege" are" all emuléionsd’ of
Lucrylan G.I. 1sobutyl ether, methyl aorylate
_Collaerel . .:) huithVd crylnimte ) el

Todescan

POLJVD:N Aqueous . solution of polyethylene amine.
'POLYAI. {50 undv90 Pglyvigyl lzaL:l.?;chol:; ‘
0 e el e Ty o L

POLYSOLVAN ‘(with varieus~designatibna) AlY are‘?solverrhs ‘a8 the
name suggests, R - S

ticah acid and, Poly-
W . ‘ Y S Ll by

:POLYSOLVAN HS Made pfom 1sebutyl oiX (I.euna oil).




i

‘TﬂﬁéﬁﬁwﬁtwﬁﬁﬁwwfhéfhCW§73957)”fédhﬁéﬁéﬁﬁéi6fﬁﬁ§iéﬁiﬁéﬂaﬁ&ﬂfggu‘5733ﬁ'“f*gf'“"‘ﬁﬂﬁ ‘ oTyvinyl
BRI ‘f“pel}ant 1n treating pqper.

maIHeEyEe in. butanol.td ,_m?“'jﬁ,w_ww,g\_nkﬂw,__\.ﬂ,‘b;

e e e et e

A PRENAT B (ReECWS" 3957) condensAte Sf bélizagyanaiine & th
" or ehyde: o

’MEEEANIL (Ref Cws - 3756) NH280206H40H2NH2H01

MOWILITH ABC- (Hasche) Poxyvinyl aGetate él%, polyvinyl
‘Penzoate 15%, crotonic acld 4% Mixed with pehnol and

used in coating tin canso

. MDWILITH D 300 Hasche) Copolymer of 70% vinyl acetate and

ME 1700 (Ref Cws- 5756)(3892)(01-06H4)2 OH CH Clg

MEPASIN (Ref CWS 3996) Intermediate made from Kogasin IT and
subsequently converted to Mersol, ®

MEPRANOL Melamine-formaldehyde condensation product. I. G.Eérb.

%&.EO B Mercaptobenzene thiazol for "Englebert® shaped with
BulkazI® DM & P

- MERSOL (Ref CWS .3996) Raw material for ‘making mersolaﬁes, which

~Is & soap-substitute, “Mersol is made from’ Kogesln-II, which ig—~-

one of the higher boiling factions of the Fischer-Tropsch Oilo
METHYL STOFF (Ref CWS 3997) Aluminum chloromethyl.

MIPOLAM (Ref 22-21-3) Several typess

I. Plasticized polyvinyl chloride | | _
_IL. Copolymers of polyvinyl chloride and acryllc esters
‘III. Polyvinyl chloride and maleic esters.

_MITTEL MA 20% Made from acetocyanhyd:cide..

- MITTEL S NA lOOZa A polymer made by the sodium polymerization
of acryllc ac ‘

MORPHOLQN 5 4 5' 4 dimorpholin diphenyl.

MOS UI’J.‘O REPELLMT 50/1.81 (Ref cws 3892) Trlchloracetyl
¢ ‘ore V. am:l.nes, c C}‘%;QNHC@@L ’

.MbWILITE zo,so 50,70, 90 ,(Ref cwsv4oo4)

ThyL OB 1nr-%ﬁhnlsion—inrwater-compounﬂsdrwtthrjﬂ1;~—~v~————-m
ments ‘and ‘plasticizer, used as-washable paint, -

MOWITAL (Ref CWS 4004) ’

MOWITAL ~ -NNF.)  These.are.all made. from.Mowiliths ‘the.. ...
NP ) first letter indicating the Mowilith used.
NB NHF ) The second letter refers to .aldehyde used,
. NNB HF i.8., F is formeldehyde; A is acetaldehyde;
HB EF B is butyraldehyde; E is a Mbwilith emulsion,

MxzB . ExF _
MNA )
3
NEKAL - Sodium dibutyl naphthalene sulphonate, emulsifying
agent used in compounding rubber.

N'.EKAL BX (Ref ows 3829)

NETZMITTEL A (Intravan A) Sodium ischexylate, a fire protect-
on mater y s : : ,

NEUTRIGAN Used in tanning. Tembl K, used in teming,

NIBRENWAGHS D 130.L II Hexachlor nqphthalene mixed with Luv~
can - mol Ing materl ] _

1

NIBRENWACHS R N. 88 Crude tetrachlornaphthalene.

NITRACYL?34 nitro, p-aceto,“diphenyl.




)
-

LUGEX (Ret _cws 5756, 3892) Insectioide produced by ethy-*f-

Iaﬂn& oh benzene and ch.l.orinatins the side ohain in 11,‘, o

-
|

N

LURAN-N E-aminocapronic acid 1actam DO
° ff‘LURISIN F DT Gondensats ot ammonium sulphate,” formaldehyde and "

WLUCYONALW(Withwvariouswdesignations) Mixed’”PolYmers—««u,sedwin L

making leacquers and other synthetlics,

LUCRONAL JFM 150-50-20 etcg Polymer from lsobubtylene or vinyl
.0 1.'or de wi1 e Indlicated proportion of fumeric acid dimethyl
o8ver, o : ‘

' uoetaldehyde.

LUCRYLAN T ’ R '
ACRONAL ) All these are apparently polyacrylio
OOSIAI‘GRUND-D acld methyl ester. The I refers to
GOSTALGRUND D carbon atoms.

APPRET.{&N A

LUCRYLAN IV -
ACRONAL IV ) Polyacrylic acid butyl esters,

LUPOLEN N (I.G. WACHS A) A relatively low molecular weight )
P olyethylene .

LUPRENAL. =~ Mixed ’c‘bhdEheéiti’ionMp'fohdﬁc‘iwo‘fmediﬁiﬁic”'écid;"

T PASTOPAL trimethylol propene and ureas, formaldehyde
r931n0

LUPRETIN

LURAN

ONAL 13 and 5 Pohz'vinyl isobutyl ether, TIf a'number. is
8

g .ven in the neme, ¥ is the K value,
LUTONAL M
LUTONAL A

LUTONAL MY Mized polymer from vinyl methyl ether plus twax
minyl ethero

LUPAMID 13 (Perluran s Igamid 13) condensa’oion product of e~
amInocapronic acid lactam,

sation’ product ‘frm hexa=

cid lactam (LuranN)~ :

LUV'IGAN Name usedr ‘either. for polyvinyl carbozole or & mixed
ponme with styrene,

LUVIMAL (With various designations) All are polymers of vinyl
—ohToride-wi-th-various—cther-materials,—The-number—in-the-name—

LL .10-20-30
ete, is the mixed polymer df vinyl chloride wth maleic -and
"Lenua® ester, AG (10,15 etc) is with maleic ethyl- glycol ester,
BG (10,15 ete). is with maleic butyl glycol ester. MM (10,15,

‘ ’etc) is with maleic methyl ester.

LUVIMAL (with various designations) Mixed polymers in which
vinyl chloride used a§ one of raw meterials. Usdd in making
lacquer and other synthetics.

LUVIMAL FM 20 FJ'B 200/ MEH from 80 parts vinyl chlorlde poly..
-~ MeT] Kk ~20.parts.of.. Fi,. le, fumaric. acid méthyl.ester; of .. ...

™G, ie, fumaric acid methyl glycol ester; of ¥B, ie, fumaric
acid butyl ester; or of FJB, le, fumaric acid isobutyl ester.

LUVIMAL MG Mixed polymer from 80 parts vinyl chloride end 2
parts maleic aclid methyl glycol ester, .

LUVIML BI (10,15 etc) Mixed . polymer from vinyl chloride with
naicaved parts of melelc acid 1sobutdester. Luvimel B is frm

“butyl instead of isobutyl ester.
'_LUVIMAL JP 18 Made from 82 parts of vinyl chloride and 18 m|rts

of maleic acid di-isopropyl ester.

LUVIBAN Polymerized vinyl carbazole m.p, plus 200 c ML50 13
pure polyviryl cerbdzole, ML25 .is vinyl carbazole polymerized
with small proportion of stryrene, M100 is vinyl carbazole po)y-
merized with 20% styrene,

) LUVINTT . A paint material made froim 1 tol mixture of acrylic o

thyl esterA and isohexylic aoid v'inyl ester.




"IGEVIN D J Mixed polymer from. vinyl isobutyl and dekolol g g

Gyl ether, - - i B

»wa Anshellac«substitube made from oraton aldehyde

IGEVIN J Polyvinyl isobutyl ether
IGEVIN M Polyvinyl methyl ether
” INSECTICIDES (Ref CWS 4004)

'maehyae.

KYBOI.

‘ LACQUER RESINS AND LACQUER RAW MATERIALS

o pHospE&teo

. Gralit ‘ Bragsisan
Nospresit Bulbosan
Vitigran - Tristisan
Nitrosan Dizan
Nikopren Gmodyl
Veneten =~ Raupenleim
‘Brassikol Gix

INTRAVAN BK TFireproofing material made from ammonium sulphate.

INTRAVAN NK A fireproofing ohemlc al made from diammonn.mn

INTRAVAN U, A fireproofing 'material mada from zinc hydroxide
slurry. : ) ’ ' }

IPORI\IA Urea formeldehyde foam used as insulation - D15 Kq/cu.m.
K=0.22 (U.3. units) Destroyed by heat but will not support com-

_ bustion.

i

KARBIDS?RIT Acetaldehyde.
EKAURIT MKF (Ref CWS 595'7) Essentlally tetramethylol melamine,

grmpELdSUNG v 80 Solution of "Desmophen 800 HH in ethyl ace-

tateo ; ‘ 3

’ K[.EBEMITI‘EE. TN A collar ‘stiffensr (stareh) mad.e from vinyl
- acetate and vinyl chloride in proportlon of 70-30,

KOGASIN (Ref CWS. 5828) Fischer-Tmpsch fract:.on b01ling 4in
'-»»:cange 250-33000. Stra:.ght ‘chain: hydrooarbon mixture wth aver-
5 arbon atoms per molecul : :

y Membranit ¥B. 137 (etc)
Alkydel STK, 845, .8100 (ete)
Kunstharz He44, 18 PHy KFM
Weichhaerz 166 S
Luphen B, AT 50% neu, AMH, BW (etc)
--Chlorbuna
Sulphone reod

LAEEKOLL Ammonium salt of polyacrylio acid ~ A thickener for
aGeK

- LAUSETO-alt. .(Ref CWS, 5‘756, 3792) An analog of DDT made with

T mol of ehlorbenzol and 1 mol of benzol oombined with chloral™™
in presence of sulphuric aclds "

LAUSETO NEU (Ref CWS 3756, 3892) Cl-CgH QOBGH ClL

LEATHER GHEMIGALS -Bukanoltop mai'.t NT
‘Eukanoltop I Teig

. Bukenolbinder A.Jd.
Dispeﬁgiermittel Z
Lederol HY 190

1EDERBL 265 GCondensation. product of di-ethylbenzene and formal-

yae,
15pERlL 266 Hthylated product from Leuna alcohol (160-180°) ™

'WIth "WelcHherz XFW. The "Weidhharz XF" is.a condensation prod-
- uet- of Xylol and formaldehyde. L

,LENOROL ROH Mixture of mono-acid dipropyl dichorbenzene.

Ii lo A fllor coating made by polymerizing methyl e’chyl vinyl
ether and; di-ethylene glycol di—vinyl ether with subsequent
additlon of a: resin. L L o




GESAROL German name for DDT

GTE '(Ref‘cwé 3892) Like DDT except made from flourbenzene B "l”°”

IGELIT MP-S 60 parts vinyl chloride polymerized with 40
parts vinyl acetate. e

L s

I Eead of chlorbenaene.

) .
3

GM-1 (Ref Cws 3997) Nitrous oxide

'GP 4243 (Ref OWS 3892) Active principle is p-dimethylamino
oEenvI diezo sodlum sulphonate, (OHz) oN  Ne N-SOzN

quLlT wmscoo ooPolymer of equal parts of vinyl chloride and
vinyl IeoButyl extra.

IGELIT PC (Same as vinoflex) Rechlorinated polyvinyl chlor—~
Ide (65% c1) . ’ ‘

HARNSTOFF BR 1 methoxy, 2 ethoxy, 5 phenyl, 1 thourea

HOSTA?HEN (Ref. WS 3996)1 Mepasin sulplionic acid

HOSTALON 0 B (MOWITAL) Polyvinyl aldohols with- cyclohexanone‘

e Or partly aoetelized butyraldehyde.
HYDRO Hydrazo diearbonic acid di-ethyl ester.
IDONIT A tar acid resin. See Bakelit.

- IGAMID A (Ref 22-22-7) Equivalent of American Nylon.

IGAMID B (Ref 22-22-7) A nylon-like material made from emino
caprolc acid. '

IGAMID BS (Ref 22-22-7) Of lower molo wt. than Igemid B, de-
veIopeE for tire cord. -

IGAMID CA (Ref 22-;42 7) 4 mixture of igamid A and B inter-
polymerized. ‘

IGAMID U (Ref 22-e2-16) A polyurethane of - l 6 hexamethylene

di-isocyenate (Desmodur H) 1,4 butenedbl in monochorobenzene B

”end o-dichlorobenzene. S -

IGANIL Aniline formaldehyde resin.

< IGELIT MP Polymer of 80 parts vinyl chloride, lO parts di- _
methyl meleic acid ester, 10 parts dietiyl maleic acid ester.
Other esters of maleic acid may be. used. S

TGELIT—PCU ué' t‘)"‘:@t‘hi’ghry'p’or"‘e 1760 bat 1ot rechlorinated

polyvinyl chloride (55% 61) Basis for preparing "Vinidur".

IGELIT UJB 16 4 cable material (4stralon) made by polymerizing

S0 parts of Vinyl chloride with acrylic acld isobutyl ester,
IGELIT V2 V6 lOJ‘B MM, K, DC Gl. These are all mixed vinyl'
polymers. V2 is vinyl acetate with vinyl‘chloride; V6 1s vinyl
chloride with 1lsohexylic acid vinyl ester; 10 JB is 86 parts of
vinyl chloride polymerized with 14 parts of Leuna isobutyl ester;
MMis form vinyl chloride with MM ester (50:%0); the K is from
_vinyl .chloride with vinyl methyl (80-20); the DC is vinyl chloride

“with ethylene glycol dicrotonate (80-20); Cl is winyl chloride

with 0.5% of symetrical dichorethylene.

IGELIT VB 10 A mixed polymer of 86 parts vinyl chloride and
IZ parts acrylic acid butyl ester.

IGELIT (VB) MPTYP Polymer of v1nyl chloride, acrylic ester,
malelic ester, evc. :

IGELIP YV A synthetic lac bonding material made from 1 part
vinyl cHIoride and l part v1nyl acetate,

IGEPAL B,C,F,H W’Etc (Ref CWS 3996) Washing materials, Typ- -
Teal formula: CH2),;CgH,0CH CH,0 CH,0 CHp0 CH,0 CHy0 SO

17654 2 e oY VgV B¥,
IGEPONS Water conditioning chemicals émulsifiers etc., made
from sodium sulphonates of aliphatic glycols..

- IGEPON A - : ! : : ' )

A

 IGEPON.T. (Ref CWS 3996) Eseentially the sodium salt;of oleyl

ﬁEfﬁyI’E aride,

 IGEPON: AP EX’]?RA comc (Ref 22-23-9) Sodium salt 0f the oleylester
oF. - AL acid containing: very liutle salto :




'
-
|

 DICHTORD: Nmnocmmom FBUCHT 1‘-;.-'8,, di;qh,l‘ox,'fﬁ,wsg;ggfgghim_wqm;ﬁ

W“‘WDIKRESYLME‘PHANMSWA 50% solufionminl styrene‘“of,\awresinw_:-gnm

\' -
! ot

o ‘EMULSION 614 Made from same as above,_.‘_.‘

mqrmaldehyde.
_ DIMULGEN A demulsifying agent.,
r'nxsmmm III (Ref OWS 3996) Emulsion bresking agent.

EMULSEEON L 355 . Polymer from acrylid acid ethyl es’oer, vlnyl
Tsobutyric ether and styrene.

EMULSION MVIW Made from vinyl aoetate, polyvinyl, aloohol
and “PEI&’E{nol G"

DISMULGAN IV The sulphuric acld ester of oleic acld ami ethyl-
an Qe

DITHIOSALZ SOdium dithlodiglycolats,

DOLANIN - l-methyl;, 4 phenylplperdmn 4 oarbonic acld ethyl -ester.
An anéIgesic used in -obstetries. -

"EULAN (Ref CWS 3892) Moth repellamts
ELAN NEU - -

EULAN NK (Ref OWS 3892)
ct _ (C H&') -P
$S0g N M 6%3

- EULAN CN-— A moth repellent. Sodium salt of 4,3, 5', 3%, ",
pen’&acﬁor 6" diox-ytriphenyl methane 2 sulphonic acid.

EULAN AL “Clg

- BLEUBRON SAI.Z 4 amino benzene sulphamino thiazol.
ELEUDRON (Ref GWS 3756) |
MJLPHOR - Emul aigy;lng _agent.

EMULPHOR A EXTRA (Ref Cils 3996)
| BILPHGR M0 ""(ﬁef Gils_3996)

fmmmon m.w (Rei‘ ows 3996)

EMP.. 58é6,. Softening. material made. from polymrized aorylio
acid ethyl ester and vinyl ethyl e’cher.

ESHALTT ). Tar acid resins made by Siemena-Schuckert Werke ,
LINAX ; } A.G. o ‘
RESOPAL

ETROL (Ref GWS 3994) Ethyl acetate :

'

EXI’Y‘RQL Z A fireproofmg agent mede from emmonium sulphate

FIREPROOF:D\IG CHEMI CALS ‘Expyrol 2 '
Intravan BK, NK and several U's.
— pAktlvator :

FLOTOL A Crude terpentine oil sglph;ate

“FORMOSE A sugar-like condensation"—product from formeldehyde
" FRIGEN Dichlorodifluemethane I.G. 'Fai-benindusﬁ'i‘ie

Oﬁ s ]
FREON 12

. ‘ALLOPEEN'IN HB BASE 1 oxy-3 amlido-t') methyl-’? dieksylamido-
2 pEenoxazon—4 caroonamide o

3

chlorinated Mepasin"

F—GELBKBRPER‘ Difurfurilidene acetone. A glycerine substitute,




”ﬁ““zél”ui nonicwtb a.

ot
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v LLATOL ﬁvix‘ouxje ofn75 :

G R 7 ,,R STOFF HYdrazine hydrate in mefnenel-water solution,“;

. -
! "x'v. RITIN Lo

eaRBoxysAlRE ‘1 carbethoxyamine, 7' naphthol, 3 sulphoplc acid

Welchmacher L

{30DRIN (Hasche and Boundy)
'sobubyI etner. Used in waterproef'
. DN OD‘?I"

.tin(wnlcmm» RO AN Y

gw mol,., {w‘c. polymer of vinyl

— “"*-GAS‘I'IZﬂ*-'(Raf-G‘WS-BBS Ret—potson

o &f‘ L””l L..unl,:,v"yl”\".(ww T R i

CELLON (Ref CWS 3937) A cellulose acetate product used for..
gas masks, 1y . un v aFar ootney rie o

CERESAN (Ref CWS 9001) Insect repella.nt active prinoiple is
othoxy ethyl mercuric phosphate.

OLOPH.EINHARZ ROH NEUTRAL Crude hep’c.achlor terphenyl.

“.v,' |1‘<t~.:\r

COHAERIT (Bindemit¥diiaaeby “‘condensqtlon product of tri-— L
-WStRyLoT propess, HexanfFIoL end'd v B

FORUNY Ll QUL

COLORESIN (RefGCWS 5996) - ‘CelluibSe o-cH COONa

)\LJ

ORIALOL K ' Solut:.on of the dye in methyl alcohol._
COSAL W (400) w‘Emulsibn of thedye. . | o

COSIALGRUND N Sodium salt.ofithe dyeen vom ol

CROVOLI‘I'U: {148, ABy BBy MBGL VG, BVC ; MAL JAAM;BAM, MST ; AST, BST, g
ese are synthetic lac materials made from crotonic acid.,

‘ esters. The I indieates methyl, A the ethyl ester, B is butadierie -

is butadiend cand thes bupyloester, s vinyl chloride, AMiis]
ap.rylic acid,ts éthyl ester, AAM is the acrmlic acid ethyl'ester,
‘othenStvigsstyrensitass e 8 n’;.example,WCrovolit MST;- zig.a mixed oly-:'

i

mer of 25% Croton:.c acwu mthyl 'ester with. 75% of styrene.

CYQUMYL 3; 4 ﬁl.c«yandipnenyl. ARSI ST \/

| c:rs*roem (Ref. CWS 4001)
” 't by h.rf'rh“'vlg

. trimethylolpmpane. o

DESMOSIT G .',(Ref 22-22-16)

oy Pol& Béta“ dékalbl” i ni?i{:’et‘ﬁer. s‘Z}:T.,..’-'}L
V\rA(‘-T“ T) . .
- s {‘1".1/'1’) by “‘,; "-'Ll‘ dA e er Ty

DLJODQIN V D) R
I.G, WACIS V ) * ax alcohol! Vlnyl ether,

o d b T Ay rtnu*jlg; [T ST . H,\),.L Vi

Dm»JSbDallfz o ixed polymer from v:Lnyl octodecyl ether’ and vlnyl

.eoconut; o0l e‘oher..-ﬁun AN QLM AL 0 L b

DESI7CDUR H  (Ref. 22-22-16) ’Hexar‘athyléﬁé'd‘iiiéa‘éyaﬁéﬁe:‘
DES.CDUR R (Ref 22-22-16) Tripheﬂylrhéthane-‘p-tri isOCyéna‘Ge. '
DESLODUR T (Ref 22-22-16) Toluene di-isocyanate,

~ DRSHOPERT 0= -0 Polyester of oxalic meid” and "hexantroil"

: RSN FR w\ I
DES:0: hEN 8008 3olyester,,of trimet.nylol pr0pane w1th a&‘ii)in -
and phthallc acidsy” R :

. . T "“"‘L, a';-h l‘[ﬁl
DESHOPHEN 100 A4 condensatlonsproduct of B ‘61 ,pﬂ?{f;wﬁaiplhiﬁ”émi
2 mols of l-4 butylene glycol w1th 2 mols of Hexantriol H or

5y Tu.‘ﬁuch gom A WD nh »IU
{oad o

¢

,Ji‘z

. : - ) H e
DESLICPHEN 500 HH Condensat:.on preduct of 'JH Oﬁ" eigdwﬁesmphen

900 HH". T I S S TR N o TVl 121 ¢} om-:m & RIAG IL)SW(JJ T

4

DESLOPHEN 900 (Blndemlttel 28) (Ref 22~ Jéé) P stﬁ of o
of adipinic gcid and 4.2 mols Of trimethylol pr p ’% *J;I Igjiﬁ%&“

DRSHOPHEN 1100  Polyester of % mol. ‘Saipirffl “ '“E““mofo’l~i—‘“w
butylene-glycol and 2 2 mols of trige *@{xy Lod; gg%angm LA SO ’111‘[51\1:1

DESHOPHEN 1200 (Ref 22-22-16) Polye
acit\i B mols 1,4 butanediol and 1 molﬁ’g?ﬁe 1@3 {3‘%’3&;’? AR

DnSuIODUR T Toluene dl-lsocyomate

DESMODUﬁ ﬁ”f“" :fé“ et eﬂé“‘”‘di"’“Qaéﬁaﬂa{%‘é"ot‘ﬁ\f@?cﬁgw r{ ffo*;@f\’}(\;‘%_

chlorOphenylene ‘- 2 4 “ai- iso-

mat erial o

(E)C.‘C"“ BWD- ‘Iesﬁ’ 5 ‘!I’Lfﬁ;{ 5103?1‘41«.201\@1_




ALKYDAL Ko 67/XIIT . Made. fromwpararfin;oxydation fatty aoids
trime y ol pﬁqpane phthali ‘acid_gndﬁadipinic acld.

ALKXDON 50.") . Raw materials for. ‘lac. synthetics. made rrom '
R *‘“““Sardineutrau".‘

PR M e e g

- ffy;QS?LIT El oont. _bheno"”ormaldehyde resin Vszgfﬁgﬂﬂm~uf:i

Benzyl ‘aleohol
Triethyl ‘phosphate: (or subst)

AMIN T32 4 emino-n~oxethyl ethyl aniline 180 - a photographic
developer.

“AMTDONTTROBAME - Sodlum salt of 1. anino, 4 nitroanthrachinone-

% suiphonic-acide - -

ASTRALON ~ See Igolit JT

AZAMIN  2,4,6, triemino 1,3,5 Eriazin (melamine)

AMILIN © 2 emido, 5 naphthol 7 sulphonic acid.

APTRETAN H (Hasche) Polyvinyl acetate 95%, croﬁonaldehyde 5%
Tn solublon in alcohol, with ammonia added to for m emulsion,
Used as lacquer and as stiffener for hats._

APPRETAN M A dye emulsion.

APPRETAN P Sodium’ salt of compound,
ARIGINAL (Ref CWS 4001) Methyl formate insecticide.

ARUBREN A fire extinguisher made from WPergut“ “Chlophenﬂ
and "N{prewachs“

ARUBREN (Nibrenawacher RN 88) Used in rubber industry.

ASPLIT (Ref CWS_4004) p-Toluene sulphone chloride . 10%
: . ‘ : ‘8ilica - ‘ 20%

Quartz powder. _ ,%%%

Phenol-formaldehyde resin :

Benzyl aloohol - 10%

’ ’ - u  " Qement for briek and tile

 ASPLIT & (Ref CWS 4004) - '
= P-Toluene sulphone chloride 10%

Barium sulphate

Quartz powder

Phenol—formaldehydehresin f%m”
‘Benzyl alcohol =~y 4
Trlethyl phosphate

or dichloropropanol or chlorobnzalddhyﬁe '
ASE&IT EI (Ref cws &334) ’ e

aniline

B 3TOFF. OR L,B. STOFF Hydrazine hydrate"

BAKELID - |
~ IDONLT )

KONDENSITE ). 1

RESTATRCT e e e e

” Tar acld resins made by Bakelit, Gumbh

BARDIONAL  (Ref CWS 3756) Sulfathiourea

BINDEMITTEL AG3 - Trimethylol acetoguanamine
AG4 - Tetramethylol acetoguanamine

e L Gondensat Lon- product ot 2 anino, 4“&”“““““”””4

..methyl, thozol, formaldehyde and
butanol,

BOOmTL 28 (Desmophen 900)(Ref £22-22-16) Polyester of
4,2 mols of trimethylol propane and 3 mols of adipinic acld,

BINDEMITTEL 28H Corresponding ester.

BINDEMIBTEL 38 Polyester of trimethylol propane, adipinio
aciE aﬁHeyErIEe.

BLIDAN (Ref CWS 3756, 5892) Insecticlde (m H50) op)xro E

BRAUN-ANIL 4-5 benzo 3 oxy-thlonaphthene, 2 (p-dimethylonnido)

. BS-EMULSION 1 l "A binder made from altl mlxmure of acrylic

acid bu y- es_er and styrol.

\‘BUNA CHEMICALS Alﬁydal~l49/3 OKG-Harz, Trithinol roh flussig
: (l y&trich or, 6 phenol) R S ,

-t




i

the most- pamt the- 31053ary -on'-the- following pages 13 a
selection of the I. G, nemes ‘for materials that ere act-"
~uglly or-potentially" of "indistrial: importance. Some of

theee«namg;imsuohwaewnylon, __vinilite,-aeplit aten, are o

already fdmiliar in America, - . \

§

Information as to production of some of the synthetiecs
_mentioned in the glossary will be found in an evaluated I.G.
dooument labelled "Kundstoffe und Lackharze" end in various
B+ T30+ reperte—wlrioh—-have-bean—-filed

After preparing the 3lossary frmm the I G. document
"Neue Produkte®, mentioned above, the report® of mepy C.I.O.
S. investigators, were searched and the information contel ned
therein was used to supplement the gl ossery. Where the prod-
ucts were mentioned -in a C.I.0.S. final report, a reference
has been included, Thus “Ref. 22-22-16"™ indicates Cole0oSe
Report Item No. 22, File XXTI-16. Unfortunately, only a few
of the hundreds or thousands of C.I.0,5. reports which wlll
eventually be issued have as yet appeared, and therefore
references to these reports are scanty. The Londoh office
of . the Chemical Warfare “Service, Intelligence ‘Division, has"
to a consgiderable extent overcome the delay in issuing C.I.O.
S. reports by getting -out the reports in a ditto form. Where
the C,I,0.8. report 1s not avallable at present;, a reference
bes been given to the CWS ditto re ort, i.e., "Ref CWs 3996".
Inasmuch- as the CWS "quiokie“ will eventually appear as a -
formal C.T.0.S. Teport, it is planned later to issue a . corre-
lation of the referenoes between the-two series of reports.
Tn & few instances, the information used had .not appeared in
either a G.I.0.S. report or in a CWS "quickie" .In sueh cases
the author:of the report from which . the. information was_ taken
~is shown, Later on, dl references may. be given in terms of
¢.I.0.8, reports, Where mno reference is-given, it is to be
understood that the informetion we.s taken from the German
doouments ment ioned above. o

£

’vmou” cnmou”momore

AGRON.AL 1,2,4 (Hasohe and Boundy) Dispereion of mixed poly-

mer o part methyl acrylate, 2 parts ethyl acrylate and 4
parts of n-butyl aorylate.

AGRONAL Bi (10,20, etc) Mixed polymer from acryl nitrate and
» cate: propor on of maleic acld ieobutyl -oater.

ACRONAL 500-D ‘(Hasche™ and’ ‘Boundy)  Copolymer of '50% butyl aoc-
Tylate, 50% vinyl acetate, with 2% free aorylic acld needed.
Used for waterproofing textiles. Emulsified with emaonia and
used as a paint.

'AGRONAL VG Mixed polymer from equal parts of methyl acrylate

and lsohexylic aclid vinyl ester,

ACRONAL V26 Mixed Polymer from vinyl acetate and 1sohexylie
acld vinyLl ester (l-1) equal parts.

. ADIPINSAURESESTER The.methyl ester. '

AGLUTOL 5 "”Softeners made from Iump glucose (Brockenglukose)
AGLUTOL €

AKARDIT II A stabilizer made from diphenylemine, phosgme and
me’EHyIa'ﬁine.

' ALAI. Lef OWS 3994) A liquid catalyst used in preparing eihyl

acetaldehyde.

. ALBERTOL (Ref CWS 3999) Phenolic resins made by thy ahemieche

ALPHENATE Werks Albert
ALRESENE .
ALNOVOL -

PHANODURE-

: DUROPHIENALRESAT

ALRESAT

»ALIPAL (Ref O'WS 5996) Soap substitute

ALTPAL CI 355 ;
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RESTRICTED:

“~—record-from-all the~I:G:~laboratories Listing-all-mew

__anmongst tho T.G., Ferbenindustrie documents telen to | .

~ -London-by one-of the-investigating teems ls.a .quarterly . ... ..

chemical compounds or new chemical products made., The flle
contdining the record is labelled "Neue Produkte - Meldungen
1935 - ¥,  The period covered is. from 1935 to 1944 inclusive,
This document has been used as one source of lnformation in
the preparing of a glossary of some of the I.G. names for
—ghemioal—produsts+—NNo~attempt~has-been-made—to—inciude—al
the I.G.-chemical names recorded ln the document mentloned,
but a selection has been made of some which may be found use-
ful to readers of chemiocal records from I,G. and other German
sources., : :

The naming of complex organic compounds has elways been
a troublemome matter. Natlonal and international agreements
have beéen made with respect to systems of nomenclature, the
object of which was so to name complex organic compounds that
any organic chemlst, on seeing the nemes, could at once write
the structural formulas. The most commonly used system which
has-résulted-from-these efforts-is-a -highly informative-one.. .
but is very cumbersome, so cumbersome, in fact, that thousands
of simpler names have been accepted in lieu of the more inform-
ative, strictly sclentific, nemes., The simplified names so
frequently used by argenic chemists usually reveal somethring
of the structures-of the chemicals but often leave uncertainties,

particularly in the case of isomers,

"% fhe I.G, record mentioned above gives the full name of
‘the organic compounds of definlté structure, and then gives
the simplified name as an "I.G. Name®. The I. G, chemists,.
however, went far beyond the common practice of arganle
chemists in adopting simplified names, as the following ex-
amples will illustrate: - =

' HYDROSAURE - is dimethyl tetrahydro diphenyl carbonlc acld
SRRRONITRIL is 1 methyl, 2 oyan, 4 chlor, 5 nitrobenzens

IEKRYLSAURE 1s 2' methyl, 3' nitro, 5' sulpho
3 < phenyl, o methyl, 5 pyrazolone. "
 BENZA-GUANAMIN is 4,6 diemino, 2 phenyl, 1,3,5 triazipe

'EIC,

In the present glossaTy, very few of. the simplified or
T,G. Names" for organic compounds have been included, primar-
11y for the reason.that. there.are literally. thousands of .such

names-in the I.G. doocu a ts, and at.present the writer does

-not ‘have time o unravel the extremely tangled records.. 'Fér_ _
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mmsmw n‘ .
FOR  PRODUCTION OF 250,000 _Amm nomn m;, (330 days)

2 nar g ;e sume 11,250u3
—— 1o, 760 MO ' - ' t
5058 ’ o Peod 6134 5 mo Wash | ¢ O:chm
Satn _);2 t Splitt:mg v . ~
300 ats 30(t ats

75u"n’ o RV, 49 M

A

"
‘ [ ‘ » VoI vieh or

HAOH > Fhanals ~YLiquor

! 2.2 t
Water Petrol Light u

ends 106
Satd.

300k t—r ‘ ) < ?;Mzi/J' I)'J.st t:.on}- -)—

Btal;ﬁ?er
.'oompzvvassion
Water' Wash
: : |
Caustic Wash Alkeoid
Water Wash . -- A\ Compression
W{:ﬁOﬁ; erol Petrol-Butane
o ‘ Phase Petro. Recovery
Petrol
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TE) PRODUCTION-From MA/SCHO 686-2 28/1/43
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. During the first sixmenths of 194, a cold
alkylation wit was put into operation to replace the .
polymerisation unit, This was done to get over the
Limitation on iso-octane menufacture imposed by the
dehydrogenation unit, The iso-butane fed to the dehydrogenatiom
unit was replaced by n-butans, There was a shortage of iso~bu‘~r-
and plans had been made to build an iscmerisation unit for the
conversion of n~butane to iso-butane, Flowsheet X taken from
drawing MA/3cho-686=2-dated—28,1s43-shows-one-schemes;—Pn—th -
case 6.4 teg/hr of m-butane was to be dehydrogenated at 257%
oconversion per pess and with a mole yield of butyleno of BH7.
Allowing for the higher conversion some extensions of the
dehydrogenation units —ould have bemm requi-ed, 2 tes/hr of
iso-butane wa~ wade by isamerisin~ m b tene wit' a prss co'we
tf ~bovt 37, [r the allk-latj A

[} ‘
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Conversion %28 . 19.8%
7202
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Mol yield of butylemes 1196 _ g
L8

A

Tso~ootane % meke-up butane _ 2,88
=35

Prem Flowshest IX taken from drawing MA Scho 538=-2
dated 16,142, it cem be caloulated that the conversion per pass
was 20,l%, the mole yield of butylenes 81%, and the yield of
jso=octane 73.0% on the make-up butane.. '
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‘velve became chokedo
- C 3 nje ce. around . the.
—ingulated-gas-offtake ;- educed . the_ temperature of the .
catalyst before the valves, The.comootion \y) ws
probebly used for sweeping out with inert gae. We did nob
£ind out how quickly the catalyst was moved through the tubes,
The catalyst regenerators, of which there were four, congisted
of a vertiocal cylinder into which the catalyst was fedo Hot
Flue ges containing a controlled GmOUNt O UXygeNWES e
oiroulated through the catalyst from a ‘cotbustion chamber by
a hot fan, -

 The catalyst was in the form of 3/1'65 - 37 granules,
and 1t ’is"’b’”eliév:'ed"td"'be"‘chromitm on al o Semples of new
and regenerated catalyst were obtained, It was noted that

regeneration of the catalyst was not conplets, the inside of the
granmules was guite black, .

heating to 50°C, i} was then heated t6 490 C by interchange, axd
then heated to 550 C in a gas fired greheater. The temperature
exit of the reactor was given as 620 Co The pressure was

1.5 ats inlet 1,3 ats exit.

The feed to the dehydro units wag vaporiged with steem

The general arrangement of e unit is shown
diagrammatically in Fig.Ile From flowsheets it.would appear
that the conversion of butane was 20-256—per pass, and the
mole. yield of butylenes produced was 81-85% of the butane

. converteds L

. After separating butane plus butyleme from the .
process gas, the butylenes were polymerised at 50 ats pressurs
over a phosphoric acid -catalyst which was formed into rough
rectangular blocks, A sample of this catalyst was obteined,

. A number of small reactors were used in series, . The polymer .
was debutanised, and after. removing about 1 % of bottoms, dimers.
and trimers were hydrogenated together over 5058 catalyst at
50 ats pressure, R T

the following flovsheets were found an the plant,

VIT shows & production of
. Prom s tes/hr
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Potrol 1 -1
™3 "-w‘n?’\ 509 t/'vv 6’} W ' Baged on RO00 hra/year

2.6 t/hr

Peed-to-stirV —
18,9 /hour Purge ¢&F
Waghey

"o te A5-95" 6.2 t/br
Vo L
13,

To D,H.D.

e~tual feed 18,4 ¢/hr for 6000
V atall 3 converters at 9.7 ggwtal 51.9 M5
3 oonverters at 7.6

3 interohangers
gtal) Produst SO

130 1l t@ﬂr

58 i

To stabiliger ?

| 15,5
13.1 t/hr“"“‘* e

gas

reaction tubes and it was regenerated

? o 8?100° Sti11 l 3

° fanl4 ' " To7 t/hr ¢ -
Arcmatic 2. ygz

Cut 7 To stalls 801/802

Toluene Stalls
501 t/br o ) g

115° - 130° Red.igjti.llaltipn‘

Residus & 3170°
0.5 t/hr

y

o Ho Dy Petml
10,8

86,000 Y/ -

I:lolds Petml . toluene “%32 7&% on feed or emlud.’mg losaes

m tolueno stall. S

At Scholven there was a butano delwdrogmtiom plant-
which was originally used for treating iso-butane for the
manufacture of iso-ootane by polymerisation of iso=butylene,

Later it was used for trea-l:l.ng n-butane to ma.ce n-butylene for

by the.I,G, ... The ocatalyst was. nwv'ed {ngravity throrugh the
geparate units, It

was therefore umecessary to provide tube materials which were
capable of withstanding the alternating oxidising and reduoing
conditions of the U,0,P, process, Sichremal was used to stend
up to the high tampemtures mnployed and even this gave trouble
with pinholing,  Hot switch valves and time cyole control ...
gear were eliminated at the expense of having-to use a fairly
complicated mechanical device for withdrawing the catalyst from
the tubes, For its output of butylenes, equivalent to 22‘-22;.,000

tes/year of.-iso-octane,. the.plant wms of .considerable.size compared. .

with the equivalent U,0,P, wit,.. It was divided into 8 i.ndopendent
units each oontaining 128 reactor tubesa

‘Each of the 8 units consisted of a brick lined ...

.oombustion chanber with the central burner in the bottom, Tha

burner was supplied with preheated eir, The flue gas was
deflected by the roof down through-an annulus conta:.n:i.ng eight
bundles of tubes, Each tube bundle had 16 tubes 23* ID, .
appreximately 15 £t long, pitched on a circle of radius 260,

The inside of each tube bundle was ocoupied by a pipe closed
at both ends, this acted as a support for the bundle, and it

_ also increased the velocity of fhe flue gases,  Each | t of

128 tubes contained about 2,2 M’ of catalyst er 17.6 M’ for the
whole plent, Catalyst ‘was lifted to the top of the reactor C
wiit by & conveyor del:wezing into a .closed hopper. This

_hopper was only P£illed at. intervals and the wnit wag teken off
. stream while -this was-carried out, ‘thus "avoiding the:necessity .

-~ for: providing ‘gas seals. No mechanical device was-uged to

, 'diatribute the cata]yat to: the tubes. o o




FLOWSHEET IV (continued)

Gas Made ~ t/br

—d
1160

+800
CH, RAY
C5f
%He -
B, -
P -

Total 1544

m@snt Inatalleﬁ

v

2 ptredista.llation stills 3 ats, pressure, feed 18 t/hr max,

2 injectors each 60 hr,

1 injector 35 ¥ /hr,

2 stalls each with three converters 1400 mm x 8. m; = 5
two converters 100 m X 12 mo= 9
" one oemmrformfmingnmngmxnm

=9

5 oirculators 17,500 M3/hr each bosst 50 —>66 ats,

2 ag compressors 1,700 M/hr each (70 ats)

20

1o~

The ciroulating gas rate was given as 26,000 hr per stall
and the oirculating regenerating gas 30,000 - 35,000 M'/hr/stall,

FLOWSHMV

" FLOWSHEET FOR smom.vm non.n. UNIT

(from Ma Soho UB-2 dated 6.12.39.)

25 t/hr MD
25 t/hr 5058/ 6434 Petrol
Stﬂ.l 25 t m > 160

|
15 t/hr 90-160°

JH.D. 27 mgv (30,000 M’[Ihr

-ovens @ 7. .
. 50 ets. Cirevulatora

>
| 13.@ t/br
68 t135 - 160° [SHIL] | ges 0.2 t/br

| ® 0.8t Polymer

T 0
€3 am

3% %hr

, Baffinate = 2,87 t/hr 90-135°
ﬁﬂon] — 70% toluene
pmpane :

.87 t/hr distillation

€ Penzol &
arcmatios

2 t/hr Toluene
=-16,000 t/yr




Profuot §gide .

Tnlet 3rd inter or exit 5th converter 519°

Exit 3rd inter }57: on proocegeing
Tlet 2nd intev or Exit 6th conwerter 2950

Bxit 1lst inter . 13, ¢

Converters

NO.1 inlet 520 exit L9
No, 2 inlet 523 exit 396 on prreegsing
Ne.3 inlet 523 axit 4,98
Nook inlet 523 exit 513
No.5 inlet 523 exit 519
No, 6 inlet 357 exd t 295

The iangem were givem as 12 m long by 600 mm,
313. tubes, area 158 W~

Flowsheets

Flowsheet IV dated 1ho2,41 is a scheme for the productien
of aramatic petrol from the whole of the 6434 petrol being made
at Saholven, 413 this time they were meking aute bengin with an
end point of 180 C,  The yield of patrol on the fraction fed to .
the aromatising stall was estimated to.be 7L, 5% and the overall
yield of DHD petrol was 76,5, 3.2% of bottams from the poly
units was included in the feed, It is curious that polymer
‘bottems were added to the Peed as the paraffins g o
therein would be cracked to butane, C/Anat w
hydrogen absorption if any, but the flowsheet shows a gain
without allowing for the cazbon which was burnt off, Flowshest ¥
is a schemo for taking the 643l stall cold catohpot product
outting it into three fractions @) middle oil above 160 C
(b) light petrol to 90 G and a fraction frem 90-160 as Peed to
one small aromatising stall, Toluene was separated from the
aromatised produst by extraction with S0, in propane, The.
aromatising treaiment was to-be much les§ severe than that
finally adopted at Scholven, ' Inoluding the tolusne, the
arcmaties in the produot were only 25% by weight.  The yield
of produst from the fraction arematised was therefore high

t

v e

(93%). . Flowsheet VI refext to-a acheme prepared at =
. petroleun, . .This probably repiésents. the operations which,.
- Were 1o be-carried out on the DHD: plant wnd er_construction at

: OP'p\au“ T R

Food 27,000 t/yr Gk.jlyixfol + BOOD t. Poly. Bottoms (8000 hra)

31.9
5.0 /e

o distillation at 3 ats.

36,9 t/hr
31,3 Purge Gab..uooooM@

Gao A.
5.0 T/Br } 1.5 Pon.

I g s
2 3 t Q0000000000000 00C 0
(cotual. feed 35 t/hr for 6000 hrs),
Yas0ats=lat. ppp ostally
oirog, gas 1500 /%
foed, Regens, gas 30-

35,000 i’ /hr per stall

Gan B
27 /b

Liquid Produoct
2.6 t,/h:‘.}(

‘ Redistillatiem Gas C
N L Y
Bottaus to .
coal stalls - :

C.@‘. _ .-
1,08 t/hour Petrol 19,9 t/hr

506 tfhr *

B mﬁ.?d Note
stabil '

~ Fesd £0 D.H.D,
SG, 0078

D.E,D, Petzol ik t/hr
Jor 195,000 t/year, . -

Yield Fina 1D.H.D.petrol76.57° of ‘hotal feetl or 7% on peti'oi fod,
"7 Yield from D,K,D. stall feed alone Tleffbe - i
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VII, D.H.D. Process for Aroma 0 atising Petrol, o '

Kt ‘Sahiolven the whole of-the-hydrogenation-petrol - .-
was treated in two D.H.D, units, Dr, Scimidt said that he
was not Pamiliar with the details of operation, but he outlined
the process, Further date was obtained from doouments found
on the plant.

Briefly the petrol was distilled to remove a fraction
boiling up to 85-90 C, this amountgd to about 30/ of the petrol.
fhe residus was troated at 500~520 C over a molybdenum catalyst
in hydrogen at 50 ats pressure. The operation was a straight-
through prooess,.  The carbon formed during reaction was burnt
of? after 100~140 hrs processing, To do this the pressure was
bl wn off the plant and pitrogen containing 2 contrelled smownt
~f ~wygen was oiroulsted,

By thia process the aromatic content of the blend of
light Praction and aramatised petro) was raised from 1% to
L5-5(% The yield of final petrol was, according to Sclmidt,
ahant B0 on the hydro petrol.

- The gas made in the aromatising process depends on
the composition of the feed, napthenes are the best feed stock,
and paraffins are to be avoided, The extent to which aromatising
is carried out also detemiines the gas make,

»

Dr, Schmidt ;31& that the:feed rate per stall was

- 14 tes/hr with 16,000 ¥’/hr circulating hydrggen, The -
operating tempsrattn'e was 84id to be 500-510" inlet converters
falling to 470°C at the exit, The pressure was between 45 and

70 ats, After processing for 100~-140 hrs the pressure was
blowmn off the stall, and after sweeping out to get rid of
hydrogen it was repressured with nitrogen, A controlled
emount of air wus admitted to burn off the carbon, if desired
.. the converters could be reactivated in sequence, In_order
to maintain the aotivity of the catalyst it was pecessary ‘to
limit the, temperature during regemeration to 530 C max,

From the flowsheets found on the plant it was deduced that the
reactivating oycle ocoupied 20-30 hours. : ,

. Dre Schmidt said that the catalyst was 7360, it is
believed that it was molybdenun oxide on chemically precipitated
alumine, ' Sempdes of catalyst were removed from a. splinter hole

in a converterr, subsequent analysis, ""No catalyst was made

at Scholven; The units had ‘been in cperation for 6-9 months = -

" ‘before their destruction by bombing.

‘/ .

f

pee
i

. B
The Scholven units hed oonverters designed for a

B working pressure of 70 ats, ~~ One btall had five converters and R

the other six converters,  The'preheaters were notable for Aheir. .
~gige;~Fhey-were~built-in-five wvertical_sechlons each with a
burner at the base, and hot flue gas was oirculated by fans,

‘ Tha followingiﬁfomation.ma obtained from & drawing
found on the plant end dated 9.2.42

_ i amvrErstall had thres converters—10-m-x-I5400-wmm———

each 7,7 )’ reaction v61Me;x§he 1ast three converters were

12 m x 1,400 mm each of 9.6 ¥” reaction volume giving a total
of 50,9 M’ catalyst space, There were. three interchangers,

The firstafive oconverters ran with a temperature gradient from
about 580 C down to 470=500 C, the -product frem-edch. converter

was reheated in the preheater before passing teo the gext conyerter.
The product from the fifth converder was cooled to about 360 C
in the hot interchanger befors passing to the last converter or
refining stage, Cold circulating hydrogen was supplied as
by-pess gas to the exit of each preheater pass, and fo the exit
of the hot interchanger to give comtrol of the converter- inlet -
temperatures, In the same w2y control on the reactivating cycle
was obtained by using cold ciroulating regeneration gas as by-pass
gas, Common circulators were used Por hydrogen and regenerating
gas, An oxygen controller on the exit of each converter
controlled the addition of air to maintain the required
conoentration of oxygen at about 3-ifhs Regemerating Mgir was

‘supplied to two units by two. campressors, each 7,700 /hr at

© 70 ats, Six hydrogen or reactivating gas circulatoys. were
provided for the two stalls each capable of 16,000 M'/hr with a
- boost from L8 ats to 66 ats, S o _

The following data was given on the flowsheet,

Feed - " 17.5 tes/hr L E
. Produst . Ul "  (not stabilised)
Total Ciroulating gas 28,000 lg';/hr procesging -
L - 17,000 Myht‘rﬁ’serx'eraition
Cooling gas ~agpro%. 2,000 My Fracess e
L 7t 7,000 M°/hr regeneration

" Interc ngers o
" Peod side - inleb 300
oo Bait NOWY 3685




. The octane nmumber of the &43L petrol alone was
12 olear CFR, m,m, and the blend with liquid phnse petrol
70-T2%s - _ e
Like Gelsenberg shortage. of tungsten had forced them
to replace one converter of 5058 in both saturation stalls by
8376 - a catalyst containing only 25% V.8, This change resulted

in more nitrogen compounds pessing em to %19 aplitting stalls and
detepiomtmn-—of——tha-&h.%w&talyst‘,——-—A—plant—twrmveﬁtheseMﬂ
amall amounts of nitrogen, (a few parts per million), by washing
the saturated oil with acid was under construction,

They had scme trouble with ammonium chloride chokes
in the saturation stalla which they said were caused by
ammonium chloride in imported tar oils, Middle oil pump
bodies had given the usuzl trouble with oracks developing.
This had been overcome by designing the bodies so that the
valve chest was independent of the pump oylinder, The main
source of" trouble on the saturation stalls had been leaking
interchanger glands; - They had-tried-sealing the-gland-by
injecting steam cylinder oil onoe a day, but this was not
entirely successful and they were changing to the injection
of circulating gas continuously, They had also the design
of a bellows type gland in hand but they thought that such.

a gland would not be sat:.sfaotory with frequent and rapid
blowing down of the stalls in air raids, A rapid release of
pressure may give rise to excessive pressure difference aoross
the gland, The tightness of glands is of course more
important on saturation stalls because a leakage of feed
into the product has a bad effect op the splitting stalls
because of the nitrogen ccampounds in the feed.

-In oonnectlon with the general. question of gland
pack:mgs it may be noted here that they had substituted 80-20 .
lead-copper packing rings for the paste injeotor glands when
tin became short, They admitted that they had no experience
with glands packed entirely with the new packing, a mixture of
the old and new type of rings had always been used. Their
experience with gland paaki.ngs for the hydrogen plant copper
l:Lquor injectors was very interesting, = They used & Buna SEAe
-ring packing and lubricated the gland wi'th water, which-was
fed onto the ram outsﬂie the gland,  Ohly two rings were used
= the gland 1asted at 1east 6 months.
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23.8.41. (ALl quantities metric tons/hr)

) 7.6 ﬁar—l/‘h'

3
<

/' 1,9.9 tea/hr
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W Gas
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Splitting Stalls (6434

Reaotion volume 1’&3

Feed sat,oil + B-MD t/hr L2
72,5

Overall H, used % A-MD
Petrol mafe % AJID

Total petrol t/hr

amf coal Vhra
patrol

overall H

% on emf goa

VI. YVapouwr Phase

There were two 5058 saturatien stalls and two
6434 eplitting stalls, each with two gr three converters in
series, A converter centained 9.5 cataly te Each
converter contained 7 beds of catalyst of uniform size with
cooling gas points in betwsen beds, . Cooling gas was not
fitted to all beds, in partioular in the last converter of the
splitting stalls the effeotive length of bed was doubled by
leaving out alternate by-pass comeotions, Two interchangers,
18 m x 600 mm with 240-300 tubes 14 mm i,d, x 23 m 0.d. Were
fitted to each stall, The preheaters were all gas fired and
were fitted with 8 hairpins 90 mm diam, 28 m~1ong, with a
heating surface of 1280 sq,metres,

. . The feed to. the: aaturation stalls was 15-16 tos/hr
for.a three oonverter stall giving a leiatung of 0,52-0s5 te/ns/hr
The J.itt 65’
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FLOWSHEET I
SoboTven Coal Stalls —(pate—frowDry-Solmidt) -~ - -

Teq/hr/3tall
Coal . Paste 01l

1M tan H20 2.0 0il ‘ ]1...1;.9
Ash ’..q,ﬂ- Solids 1961

QmmH A RY)

amf 10,29 7 ]
ash eh9 13 tes .

wbar 02 T / cleitsl|Paste 6l 0.9
00 ~ S 2,2 tes Na2003 .12
Coal Stall 7 Nﬂ,ﬁl e

]'?ol mndo € '
/ o =.82 tes (__,,__...,.-—————-—-"—

‘ . 4
16,1 tes Heavy 0il Let Down - Cold Catchpot Produst

0il 8,95 (asphalt 276)  Heavy Oil Potrol &
~ Solids ' C Middle Oil

! o o 6.15 _ 6ol
| é:f.%‘m Y G

_ 'Racdve'fe&:'Oil

+15 |
et B 615

0i1 19

Solids_ 6'802 (}7%)
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 Concentrate r
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1t was the intentioh to extend Scholven-on-am———-
adjacent site, Later a new site was chosen at Gladbecko.
The scheme was sanctioned in 1938 for the production of
250,000 tes/yr of petrol, Erection was started but was
abandoned in April 1942 owing to ‘the shortage of bullding

—construction-laboure—Many-of the detailed drawings

ware found at Scholven, The main interest in this project

is that it was intended to eperate the coal stalls at 700 ats
pressure, The use of the Welheim 700 ats vepour phace process
was still under discussion when work was stopped, Flowsheet IT
at the end of this report, was taken from drawing MA.ITL 20012,
dnted 10,1138, A ‘summarised version of this is given in

table TY balow, .

A second flowsheet III taken from drawing MA/GL 9-2
23,8,41 indicates that they had in mind the possibility of
woricing with-a middle oil-paste-to produce. excess heavy oll
(32% on the coal) for use as fuel 0il. The vapour phase .
aide of this flowsheet seems to be in error as the yield of
petrol appears to be less than 705t on the middle oil treatad.

TABLE TI
Sumery from Flowsheot MioTIT 2001-2 (10,11,38)

700 ats coal stalls

Reaction volume = 150 w
a,m,f, coa - 555 )
ary ooal(;o Hzo)t/hr zg. g |

Coal in paste” . golids in paste oil % 80
Total catalyst % onooal 4O % H,0.LD. - 30.0-.
Total paste thrughput O.% " Fugal feed 19.0

. Te : _ oo

amf, coal Te/MP/hr, 0,37 - ® Fugel filtrate  1L6.

Circulating Gas/te coal 3740 Fugal ooncentrats 38.0
‘ S L.

‘ Yields % a.m.'f,‘wal - ‘ ] * I

mA"‘m e ' ‘ 870% .

r.
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The fugal oanbentrﬁté was carbmis,e‘d..in 12 ]ghgel
ovens, 10 of which were usually required to balance 5 coal

atalls on line, The feed to an oven was.27=3.5 tes/hr, amd

0.5 tes/hiy of siupertisated stean was addeds  The amount of
steam used at Celsemberg was only half this quantity.  The
temperature inside the Kugel ovens was ngt measured, but the
shell femperature was said to be 590-610 C. Each oven had to
be shut down at intervals of 4 weeks to remove the coke
acounulated.on-the shell, - This compares_unfavoursbly with
Gelsenberg where the ovens ran for 6-12 weeks because the

ratio of solids to asphalt was higher, For the seme reason
the efficiency of oil recovery was only about 75% on the oil
plus asphalt fed compared with 78% at Gelsemberg, Experiments
on grinding cherges indicated that the most satisfactory charge:
~enaigted of ribbed balla,

. The design and arrangement of the Kugel ovens was 13V~
that at Gelserberg, A more detailed desoription is given in
the report on Gelsenberg.

The coal stalls were operated under such conditions
of temperature and paste.throughput that the heavy oil in the
new formed oil was just sufficient to balance the loas of oil
at sludge. Also the gnd point of the middle oil was varied
over the range 325-330 C in order to balance heavy oil stocks.

. Dr.Sohmidt gave us the following data for the operation
of the coal stalls, see Teble I, The figures given in ‘
brackets are those obtained in 1937. It is evident that

there had been little change in the method of operation except
for the increase in asphelts- in H,0,L.D. which has already been
discussed, - For comparison seme figures for the 700 ats

coal stalls at Gelsenberg are included, -

, o ¥
Tlowsheet I has been calculated from Dr.Schmidts -
figures, The overall yields are calculated to be s~

Tields % emf; Coal

P

Petrol + M- - 62,2  (10ff petrol on ccal)
HO lost 6.0 1 S
Insols, -840 L e

Hg°h6mi°ﬂu&' S
- " dbsorbed - . - ¥

9

) volitilityatloo% iould be expected-to be 52 on-the amf coal..

‘We know that the actusl yield of - petrel- at Scholven was between ..

- 4,9-and-5eff-of-the_amf. coal,  This does not allow for additional

loases incmed 4n the. D.HOD. ‘ J\mits.

Thé cold catohpot product after separation of liquor
was distilled to teke off middle oil and petrol together,
After stabilising the distillate this was fed to the saturation

“Stells. — Up £ 120 t/d of tar-oils and-crecsote-middle-oil -

were imported, these were either 2ddad to the pesting oil or
put to the liquid phase stills,

The liquor from the stalls was treated for the

renovery of phenols by benzol extraotion. Same 500 tes/yr
~? v‘wz'ls were recovered for use in the mamifacture oFf rasina,

Sumary of Operating Data - Coal Stalls.

Scholven Gelserbery
19544 (1937)

Stalls 6 (3

Average on line

Reaction Vol/stall w 39 ;363 36
Dry Coal tes/hr 11 (9.5) .- 15-16
Carbon content % amf, . . 8283 83 -
Coal paste tes/hr % (2 33=35
GleitBl = tes/hr | 2,2 2 6
Coal in paste % L6 (a7 46
Coal in paste + Gleitol 42 38
Pregsure inlet ater ats, 300 700

Gas to preheater M’/hr. 27,000~30,000

Cooling gas M"/hr, 6,000~ 7,000 ,
sverags T, G . hE4T0 4T5-480
H.O.L.D, ¥e/hr, - -1 U5

Paste & Glejit8l te/m3/hr. , | o617 L1
anf, coRA/r. 26, B
Petrol 4+ Middle oil te/ir/hr. 157 ~

orgenic insols, % amf coal 8-8.5

i1 % Solids
1 % of solids .
o
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wag greater, The final preheating of paste and the remainder. ... ...

_ of the inlet ciroulating gas, which ms alrendy preheated
in the interchanger, was dene in 120 mm dism, tubes, There
weve uwsmally 17 hairping in a preheater,.

About 2 tes/hr/stall of pasting oil was fed direct to
the preheater, this was called Gleit8l, ~This is common IL.G.
practide—ond it 4e-supposed—that-theoilacts—as—a—Tubricant fer
the paote.

Originally the catalysts, tin oxalate and ammonium
chloride, were put jnto the coal paste., As might be expected
this caused considerable trouble with oorrosion in the preheater-
and the ammonium chloride was then injected as a X% paste in
pasting oil, direct to the inlet of the first oonverter.

The top bends of the preheaters were enamelled and the bottom
bends were forged pieces fitted with hard erosion resistant
linings, Corrosion-erosion took place only in the temperature
region of 250-350 C, ‘and this diffioulty was largely overcome
kv rhenging the point of injection of the ammonium chloride,

In order to improve the performance of the coal stall
preheaters, one or two preheaters had been fitted with exial °
flow fans, . These had given trouble with inadequate clearances
due to expansion, and they were going to change back to the :
original type of centrifugal fan, IR

s

" The converters were hot walled and were Pitted with
: V2A liners,, and the usual cement lagging internallys

- -In order to save tin which was in short supply, &
lead catelyst had been trisd but it was not satisfactory
-. because the amount of unconverted coal (organic insols) was
L too high., From the stall recoid books it was noted that there
had been changes in the concentration of tin oxalate and
ammonium chloride,  In 1937 they were using 07% tin oxalate
and 1% emnonium chloride, ‘expressed on the coal, = A redustion’
P in ammonium chloride to reduce corrosion: iroubles was probebly
; the reason for the increase- in asphalts in H,O,L.D. after that

| aate;, in 1937 asphalts in oil-were 0% compared Wit 23
Co forml;re recent conditions, .. - . . . L -

e e A

 possibility of ‘alkali conteminating the whole:converter, . ..

' The I,G, had. considered the.possibility of using
a separate vesdel after the converter but we do not think
that this had been installed, They did not employ the method
edopted at Billingham of scrubbing the vapours from the hot

_oatohpot using a mixing vessel, a second hot catolipot and

_hot catohpot 450G,

 which contained 37-3%.solids. The filirate was-used for

separate alkeli let down, For this reason . it waysspentiak—"
to centrifuge the whole of the H,0,L.D. in order tc remove the
excess of sodium carbonate, ~ From the I.G's point of view this
in itself wes not a disadvantage because they always favoured
centrifuging all the H.0,L,Ds but the whole of the Kugel ovem
residuss were conteminated with an alkaline ash,  ~ To burn this
residue they had found it essential to instal] special boilers

which discherged the ash in the form of a fluid slag,

In camplete removal of sodium carbonate in the fugals
could give en alkaline condition in the preheater, At 300 ats
pressure this might lead to a higher make of insolublé Tesidiue,
Tt is known that: the pasting oil contained 0,200 7> free sodivm

~ carbonate, which was more than sufficient to neutralise the

whole of the chlorine in the coal (0.1~0.12%).

The LoG. system for hydrochloric acid removal wes
cheaper in cepitel and- maintenance-costs, but it was not as
efficient, o ,

o The hot catchpots were fitted with an arrangement
to recycle hot H,0.L.D. in order to-prevent solids settling
and coking on the walls, ‘they hed tried gas cooling coils
+o provide reflux on the walls, but this was discontinued
because of corrosion, The average tmppratm'e in the o
converters was ugually 465-470 C, and in' the vapours from the

The H.O,L.D. was let down frem the hot catchpot
through a fimned convection ovoler, After separation of
dissolved gases the H,0.L.D, was diluted with liquid phase
heavy 0il (i.e. heavy oil from the distillati?n of the
vaporised oil collected in-the cold catchpot) ‘to reduce the.

golid content from about 27 to 176, The mixture was .
centrifuged in Alfa Laval continuous centrifuges fitted
_with Widia nozgzles for discharging.the concentrate

EI AT
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COg_removal was done at- 25 ats and-C0 removal-at: 300 ats. 00"
‘v water gas hydrogen was.. s,tq.j:ed_:bnwba,.o.05~0. -

The Iinde u.%ts each took 9,000 1B of gas and
produced 4,500-5,000 W/r of hydroge The total feed
Mg the Iinde units was about 55,000 }/hr wade up of 41,000
purified coke oven gas, 5,000 lean gas and the
remainder-N=water gas f¥om the hydrogen 86%s, C0p was
removed by compression to 12 ats and water scrubbing, The
residual COp, about 0.5% was removed with caustic soda, Of
the 27,000 Mg /br of hydrogen made on the Iinde Undts, 16,000
was compresged to 300 ats in one set of machines., The
remainde’ was compresgsed to 150 ats first end then recompresaed
to 300 ats in another set of machines, This was done to
make use of old machines Wwhich were available when Scholven
~tmy bod Mnstmction.

About 1,000 M3/h.r of ethyleme was produced by
"o TAnde Units for export to Hdlls.

The grs syastem at Scholven can be summarised
L] f“ollOWE.

Coal Stall 40 ats let down gas

Td fuel gas & Iinde
Cas Washing 25 ats " -

)
)
508 25 ats gas R )
6434 25 ats gas )

Coal Stall 5 ats
Gas, Washing 5 ats
Lean Gas from DHD
and octane units

Coal stall 1 at To petrol recovery
Gas washing 1l at and prdpane & butane
24 "1 at ) -separation. Residual

34 1l at gases to fuel gas,
Iiquid phase and vapour phase ‘
distillation gases, .

y | a
.~y On the 5098 and 6434 stalls there were let dovin

stages operating at-100 ats pressure. ' /The. diasolved

gases from these stages were recompressed to 300 ats to
_ Join the main atr}eam of . make-up gas. '

|

1200 mm D giving 13 to 13,5

™. 99.«1_.%.*2_1}5_
Thére were 6 coal etalls, on the average 5 stalls

ware on- linewtogethor.wwamsermnthmatall £ LIS 1 P —

construotion, Each stall had a throughput of 11 tes/hr of
dry coal, ,

The coal was obtained from H:lbernia Colliery and it
had the oomposition -

' 82—83}6 ash moisture free (a.m.f, )
Volatiles 37-38%
Ash ms—gﬁ% (on dry ceal)
Water 8-12% -

The coal was cleaned in-a Baum Waslier b_osf‘ortlc:B being
received at the Hydrogenation plant, Schmidt gave
ash oontent as 4 5-5, 5%, this is considerably higher than it
was in 1937 whem it was lg%o

The arrangement for ooal grinding ami paaﬁng was
gimilar teo that seen at, Gelsemberg, Grinding and drying to
%% water was dene in 4 Enapp-Greson (Magdeburg) mills each of
capacity 22 tes/hr coal; There were 4 Concentra rod mills for
peste making, The paating oil contained 8-12% solids end the
paste 45% ooal,

The general arrangement of the stalls, oontml Toons,
injectien and gas ciroulation buildings was aimilar to that

"at Gelsenberg and Welheim (seo photograph in the report on

Velheim, )

Each stell had two preheater fam, three converters

each 13 m} reaction volume, gas=products interchanger and hot

catohpots: - The usuval size of c Hgnverter was 18 metres long by

reaction volume, -~ Some. of

the converters in use were 18 metrés x 1000 m.ka-giving 9.5 M',’
reaction volume, Four ‘converters had been tried but the
preheatera ware not of- auf'ﬁoient oapaoity to allow the feed
-rate: to‘ be inoreased 40 make  the -




o maintein the output of petrol ‘at about. 220,000 tes year, -

-+-4.plant for the dehydrogenation of btutanes had beem

~in operation, _ This was_ the German Version. of--the U,OsPe——
catalytic process and it compared very unfavorably in sige and
output with U.,OeP. plantas It employed & moving bed of
catalyst with external regeneration of the catalyst, 22-24,000
tes/year of octanes were made by polymerisation of the
butylenes from iso butane, The polymerisation plant was
“replaced by en alkylation Wit end n-butane was ‘dehydrogenated.
In thio way 1t was expected 6 indrease the output of octanes
to 45-50,000 tes/year, This alkylation umit ren during the
first six months of 1944 and was not over the teething troublee
vhen it was destroyed. The general impression was that the
T.G. had used mich more steel in the alkylation units than
was really necessary becauss they did not realise the bensfite
%o be derived from efficient mixing of the reactants and
from having a very high ratio of is0 butane to bu lene,
For octane mamfacture 16,000 tes/yr. of iso butan¥Peparated
at Scholven and another 16,000 tes/yr_ Were. imported. from
Gelsenberg, Vhen the alkylation unit was put into operation
there was a shortage of 180 butane and preparations we¥e [
being made to isomerise n-butane to iso-butane.

-. Some propane end all the ethane produced were
exported to the rubber plant at H#ls, Spare n~butane aid
propane were bottled for use in cars, H00 tes/yr of
phenols were extracted from the liguor produced by the
hydrogenation ﬁnits, this was used‘ for mamfactare of resins.

+

P
IY. Production . - -
(@) “From the auditor's anmal statements the following

_data was obtained; - These- statements were removed for further
examination of the cost data contained in them,

198 9% 140

dnto benzin = 127,080 tes 106,377 tes 103,%'%0 tes

Aviation - 71,0 " 74,000

Treib gas for - - _, 10,285 -
cars, ‘ ’ e -

2,800 w5 v B8

; Atter August 194.0 the whole vf ‘the-petrol was
prodnced as‘aviation grades ' . . v oL

o "M(‘;b)'gr‘ iJ'Bat:;
algo that 1n,1944 vhen I
stalls,the output: wag 185,

- glven as 0,55 tes/1,000 ]

g

(c] Our estimate of production, assuming an aveérage =

“of 5 coal gtalle-running is 3=
" Raw cosl treated - 1,320 tes/d, .
aomofo coal 1,24-0 ®
Hydro petrol from coal £20-545
Tar treated 120
Petrol from tar 100 %
Total petrol before DHD 720~745 tes/d = 262,000~272,000 tes/yr.
Dol De—Aviation-petrol—210;000-2185000tes/yrs— —
{
These figures represent the maximum output pogeihle,
They do not include octane or elkylate made.

‘ 4 heavy raid-on March 15th, 1941 put the plant dut of
commission for 3-4 weeks, After a heavy rald in July 1944
it was partly restored, but it did not get onto production,
Another raid in October 1944 made further attempts to repair
the damage hopeless, Of the three hydrogenation plants in
the Ruhr, Scholven, Welheim and Gelsenberg, Bcholven appeared
Yo have suffered the most severely, Although equipment
which had not been damaged was urgently needed elgewhere
it had been impossible to remove it because of lack of
railway facilitiess Light equipment such as instruments
hed been removed, The instruments from the stells were
found in the Hibernia line, '

ITI. Hydrogen Production and Fuel Gas

The average gmouni of hydrogen required was about
fe5 tes/hr or 78,000 Ngm/hr of make-up gas. This was
supplied as 50% from water gas from coke and the remainder
from Iinde units operating on coke oven grs, hydrogenation
plant lean gases and “N-water gas; also 7,500 M3/hr of
“hydrogen was imported.from Hitls, M% Demag end 5 Pintach
generators produced about 58,000 Mo/hr of blue water gas
with 7 generators on line, The raw coke consumption was

Mz B,WeG, "20% of this gas was
N-water gas which-was purified in oxide boxes, ' . about
50% of the N-water gas went to the Linde units after
conversion of the CO, and the rest was used as fuel gas,
PH-water gas after alphur reioval by oxide ‘boxes and
aliacid scrubbing was freated over Erown Ofide catalyst.
(iron plus chromium) for: conversion of G0 o hydrogen,

{
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INTRODUCTION TR o ‘ . R I F‘TRWM
PROTUCTION o '."'["l'h’e',1nf{ofm¢.’tioh‘j’gi§‘enfin"fthi's' report was obtalned |
A by interrogating-plant-persomnels Some-inférmation-was -

HYDROGEN PROTUCTTON awD FUEL GAS extracted on the site from documents for the purpose of

getting & general picture of the operations carried out at
COSL, STATLS Scholven, Some data has been incorporateéd from & study of
o drawings collected by Colonel L.L. Hirst. Notes taken by
AR PROTECT , ; . Major HeG. Simpson (CeAsF.T.) on operating deteile and notes

on Fngineering matters from Major JoF. Ellls, who vigited the
plent et a later date, have been used in preparing the report.

Pl B

VAFOUR PHASE STATX.S

D.H.D. BROCESS Dr. J8st the managing director and Dr. Schmidt were
interrogated. Dr. J8st proved very difficalt. Dr, Schmidt
RUTANE DEHYDROGENATION AND gave us most of the dgtailed information about the hydrogens ti~-
OCTANE PROCESSES stalls, Ho claimed to have only general information about
: the DHD and ootane units.
IMBARTSREN OAPTTAL, OO
518 The plent wag visited between April 6th-9th by =
team comprising Messrs; B.L. Baldeschwieler, C.l,Cawley.
f.Cockram, G,Von Elbe, L.L. Hirst and F.A, Williams.

RN, [} [, T—

The Schodven plant was started up in 193§ and
extensions were commenced in 1937, The main purpose of the
PERSONNEL OF TEAM ' plant was to hydrogenate coal to produce aviation petrol.
— 4 small emount of ter r:‘:\h (120 Tes/day) were also treated,
Mr.B.L.Baldeschweller R " these were imported f Rauchoel and Meiderich to! haly the
' U"g;::t;:;m Adnﬁnistrator Ly coke oven people. The hydrogenation process. for coal was
o ‘ ' the standard I.G. process operating at 300 atb, pressure
Mr.L.LHirst = ) o ! 2 ' Wi'thhtin- and hydrog;en'chloride‘ catelyst, The conversion
‘ ‘ 5. o of the middle oils’ produced was done in the vapour- phase
Mr.G. Von Elbe ; - UeBeBureen of Mines o at 300 ats, pressure with 5058 catalyst for saturation .
' - and 6438 catalyst for splitting, Apert from increasing
the capacity of the hydrogemation plant by the addition of
..new gtalls there had been only minor changes in the process
since 19374 no changes had been made which had glven en

) _
Major F.A.Willisms ; = . Ministry of Fuel and. Power : . inag’aa‘ed yield of petrol from goal, ,
.‘_§ )* . : !

b

Major C.Cockram

Two new processes wore in operation aft .
Stholven, Two stalls for the D.H,De process, & ..
modification of the I.G. high pressure, high: temperature

/ aromatising process, started operations at the end of 1944.

. The fragtion.of the hydrqgenation petrol boiling above'
80-90°C wae- treated at 510%0 exd 50.ate., pressure to raise
‘the aromatics in the tofal petrol from 128 to. 45-50f The

~ overall yield was 77-79% onthe hydrogenation petrol, - The
.~ ‘o¢tane rating of the final petrol was raised from 72 clear
-~ CFRy MM t0 76~78, The loss of petrol resulting from-the
" ’introductio

Capt. C.M.Cawley

- 'introduction of this process necessitated the installatton
. of en addl tionel-coal stall (5 rumning nstead of'4).1n oxder

s
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Y STION A0 USAGE OR THE PRODUCTION OF 39,7 TE/H
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42503 CO;01 CO- He 169 N265 i
C112,5C213.6 C3 22 71C4 116nC,80C578

8. DISTILLATION nmYh 76!

Hz50,1 CO215C012 H2 20 N2 06 et

C10,4 €22 GC3247iC, 40,2nC4 12008

N

et LY TING 5"1‘/\( |
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SPUTTINGLDT20/I nmY/h 1892

qH2513C021500-Hz 10! N2 40

C141C246(323 416;230nC495C, 125

i

STABILISING. nm¥h 168!
HaSb, 1 COz 1,1 CO [0 Hz 24 Nz -
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1937 - 1939

Capital Costs at 30.6,1944,
: o Rlle
Hydrogen Production 4,887,000
Linde Hydrogen Plant 7,517,000
Coal Pasting . : 4,994,000
Coel: Stells including distillation- 5%,%14,000
Sludge & Fugals’ Co 8,096,000

Vapour Phagse Stalls and distillation
Export Tanks
Trelbgas

1,60
, . 42,880,000
Power Bistributien 21,315,000
‘Workshops | ' 3,594,000
Rallways 4,857,000
Laboratories , 3,124,000 .

- ~ Total _ 2’092’_000
Starting up Chhrges | 7,409,000
Constructien . = 7,612,000

23,113,000




S’call 307 was arranged with three converters conta_ming : vt b v ‘

7019 catalyst and one converter with 7380 catelyst. o S ST e

niddle oil was not saturated over 5058 first end the 1iquid R VAPOUR. PHASE DI/STILLA'I‘ION("B" Di st1lation)
phase petrol had been removed, The operating temperature T T

vas 500 - 510°C,  The -catalyst had a short life, 3-6 months.
7019 required‘“l"Wer"tempa'at es*than‘jﬁ!.@«ca*baiyab«md——the -
gas meke was rather lower, It was decided to abendon the
experiment because. ot that time the demand for aromatics had | |
fallen and the output of petrol was seriously reduced. by this K . By 18.4 te/hr. each
'arometising treatment. _Details of the condi‘oions of running , ( g 28

. eac.h
| the stall are available from the- documetn-ts. 12437 te/hr.

| 5 units were available for the distillation of the
mmbined«sa,turad;ianwstaumand—sp}:ifrfring-wstallwpmdnots.
The -capacities of these plants- were: - :

Ty-pical analyses of the °petrol made were:- ‘Four um.ts were said to be capable of taking the normal load

with five coal stalls on line, but as the average feed to the
29th April 8th July 2nd Oct. 24th Sept.

Sep: vapour phase stills was 85-90 tes/hr. the distillation position .
o lom.  lo4 . do4d 1941 __must have been tight vhen one of the large stills was:shut

' Pet. Bi.7019 Pet, CVZBL CV,BL V. BL B A ch gas from the stabilisers was combined with the =~
- - ‘ ~ . rich gas from the 1liguid phase stills for.separation of propane
Density: 88 L5 ~788£l SRRy - B and butane. ' The uitane was further fractionated into iso and
% Aromatics vy vol 45.5 50 = 45-46 ° 4a.5 - o butane, the iso butane bei‘ng axported to Scholven.
by wte 492 52 865 415
Naph'thenes by vol. 37.8 = 33.6 ' R | |
n by whe 34,7 35

LI
Distillate 98% at 166 165 96.% 150°
% to 100°C % D
dol + 0. 1% vol,THL. B K

... Analyses. found at Welheim -

foi- 7019 catalyst showed




‘Table VI (cont!d)

Petrol from splitjoing--amone
 Volatility 100°C ', v 57 - 6.5

- "?é;’di'blismcut from. satura fon. stall.

. ON . CEREM - : Leaded
End pt 140 °c . f‘68 6 '
: - 68, 2“

14 )
GQN;GTLEM -7305. = 7307
Vol. % aromatics R 7% SR

At this time stalls 305 and 307 were doing -
Age - days, 334364 125-155.
Throughput 036"'039 100 '
Av, Temp. - 422 395
Petrol Leistung

 Petral to 155 n -
C.C.Ps 4647 B5

(B) Petrols Produced

- (1)  During 1940 and early 194 (informatlon from shipping
17 nemos). At 'this tine liquié phase petrol was

Petrol -L-BC :
84 o735~ 739 Tefined éé_t’ara’oelym

Tol % ot 200° 5¢ |
75° 20 :
.FBP 98% “to 155°C

~Aromatics 13—-15%
Naphthtmea 48+

- te/nd/hr..... -5 .185 ,51 e e

O0e

-66'.‘1‘:\

At this time Scholven VT 705 petrotl was 68 8
clear and 89 7 leaded. e
)

e (19) vPa"t.rols produqed in 1944 3

_ 211444 to 18,2.44,
Octane no CFRM\H L.6~72 clear

89 5-90 leaded (115 ces/
. litre)

-‘Petrol L.Bi made in 1940 end early 1941, before
‘the aromatising experiment started, is kmewn ‘to -
be a hlend of all the petrol made. including the

refined liquid phase petrol, The fact ‘that it

- bad a higher aromatic conbent and higher octans

number then the petrols mad after Oct. 1942
requires mrther J.nvestigatlon.

(G) Pmnucnon oF ARDMATIC PETROL e

\

~
“From- April 1941 to:J anuary 1942 & part of the petrol
was ‘made by treating coal middle oil under aromatising
s with 019 and. )




Ta’.ble YL (Con‘t' d)

1\_1_9_1',3 : Since the’ saturation stall product ig distllled w:.th
" the splitting stall product the petrol leistung given above
T S _mist_refer to. : -
Ca-balys‘b Ago da% . /=397 . . . o o . © .. . .colum. fomt.he purpose..of. estlmating the- performance of
Throughput tes/ /hr ‘the saturation stalls, The properties of the B-middle
Average Temp, | A22.43 , ( ' ' S oil are. debermined iri the same way. -The petrol leistung
Hp pepe ats 267-2P B o appears to refer’'to the total pe’crol including the 15%
" Totel .gas. mz/te/feed 080-250... . ... .. . . . ¢ . . liquid.phase.petrol inthe feed, - The figures quoted: for
Petrol leistung fas/m3/hr 0.1 19 o : - petrol léistung, pétrol in product and hydrogen consumption
* Petrol % product oil - 39.8-39,0 - e are not entirely consia‘aant.'
Gas mplcd; Lo 603:- 68 : E o |
H, used/te MO - . ‘ S U '
* e petrol woewp o mEEW

Feed R ) o s a0

~ Specific g!:avity' :gg '.942 . - ~ - | S Yerch 1944

FEP . 335 . 336. -  Catalyst Age - da

4 Su.lphur y : 0.34¢ 0.31 - | ‘ . | Taroughput - té’ /m% : ngg 3%5

Phenols 12,3 7 - - . ‘ o Average temp. °C . 406 ~ 420
“Petrol. in feed. .-  vola- . . ' — Hp pepe-ats. 269 =258

“tility at 1oo°c 42 3B o o - gas/te feed 1850 158
- Coctame WO, | ‘ o | Petrol leistung ve/m3 0.36 - 0.365
Product - - o - -. o o ' - Petrol in CCP % wh. .5 .72 48,2
o : ‘ ‘ - Gas make % on MO - 2.6 - 23,7
Specific g;ravlty A : 800 - : . , Gas meke satn. + splitting 17.95 16.45
46,7 450 . : Hp used/te feed .20 - 20
) _41.7 (c.f. figure'abqve)f R o - /te petrol o N7

Aniline p’t;:.c petrol 45 -44.4« - : o, S o Feed"
petrollaromatlcs vol% 4. ~




' -pisbon and rod: througl ‘the top- cove ..tolact as. a. guide ‘end
to provide a differential area | top—bottom wlde of the piston.
The 700 ate. rich oil from the gas washing towers enters. the
bottom of the cylinder a.nd drives the fresh wash oil into, the

i '"gaa..washing owers: -The rich-oil ig discharged. to the let. .

"dovn sets.at.40 ats. pressure and the cylinder is suppliod

" with fresh oil on the suction stroke at 65 ats. by & :
contrifugel pump. This pump and the rich wash oil supply
the motive power. ~The two cylinders Operaf,e elternately

%0 provide.a’ ~constant supply. of wash. 011, The.enginef are
.-* only 80% efficient and & make up of wash oil is provided by

* - three throw 700 ats. injectors. “The inlet eand exhaust
velves :on the let down engines are operated by oil relay

‘from the piston roda.

\.

(a) The vepour phase stalls employed a two stage process,
F058 saturation followed by splitting over 6434 catalyst. .

Both operations were carried out at 300 ats. pressure. It
was noted that the throughputs in relation to catalyst

~ volumes in- both- stages were low as is.ususl in I.G. -practice.
The overall trol leistung for “the two stages was enly -
0.2-0.25 ws/ for. There were four saturation stells 3

* (Vorkemmer) each with three converters zvith a total of 24 M
catalyst spacs, end 3 splitting stagl. Benzinierungs Kammer).
~also with three conver-bers end 24 M7 catalyst space. = Figs..

these stalls, -

the 1 gﬂ;_’ﬂontainew appro:dma’oely £-coa
The “average feed ; .5 = 3/hr )
‘temperatures varie 09C-to: 4.42°C accordin to ‘the age of
the catelysts The inlet pressure was 0 ats. with 29 ats.

hydrogen partial- pressure The gas c;roulators were capable of

boos It ! be calcula with fo | ation
rel e Feen

saturatlon would -be 48 tes/hr or an average rate of 0 5- tea/m?J/hr.w S

- Until November 1942, 5058 catalyst was used in all- converters :
for saturation. ‘Because of the shortage of tungsten one

~convérer “ineach ‘stall-wag repllaced by catalyst; 7846~ (also nown
a8 8376). ' Tis was 25% WSp, %6 NiS on act.ive alumind, The chenge

over on all four stalls was complete by March 1943, 'This catalyst
was better then 5058 for removing phenols tut its activity for

memoving nitrogen was poor. Although the throughput on saturation

“which hed to be run with higher temperatures end the life of

splitting stall catalyst was reduced. . The proportion of satura-
tion stell petrol in the final petrol made fell from: 4% with 5058
catalyst slone to 36% when all four stalls had one converter of
7846,  After June 1943 some change was made in the method of
operating the saturation stalls which raised the percentage of ——- - -

'saturation stall petrol to 40%.  -Examination of the stall record

books is required to explain this,. The overall gag meke from

the vapour phase stells rose from 1 to 19% on the middie oil
converbad.- : ,

i

tures wem'raised i‘rom 374°C to
-cataly, '
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p 4 '”el ma:l.n sﬁorage tanks.
The whole of the H.0.L.D," was dilubed to 168 solids by the
addition of 1iquid phase heavy oil before- fseding it to

the fugals, ' The fugel feed was maintained at about 170%C. -
The ﬁ,ltra'ba containing 9-11%,,501:1& g-uged-for-m

Pas 3 solidsg'wJ;s
obtained ot a a ‘temperattire. of 160 C, The fugals were fitted
with Widia nozzles to stand up to the- erosion by the
concentrate discharéad continu \usly. - ‘There were 12 Iilns
(K gal‘ovjans) installod, 1 ose. uged. at Seholven.
They ‘wére 11.3 metres long, 2,2 metres diemeter inclined to
the horizontel 2° down to. the exit end.. . ‘Each kiln hed two
bofﬂ.@m for retaining the grinding charge, these heavily
ribhed to reduce the hamnering effect of the charge and the
-baffles were placed 2 metres and 5 metres respectively from

..the.exdt end.... Exper: ~variousg-types-of-char
g
tndicated that heav:lly ri bed diamond shaped iren: ‘bodies,

45 inches long and across, gave the best results. The

-kllne: shells were arranged in-a ‘gas heated brick setti
| ng with
the fimed feed: preheaber and steam heater arranged 1ongimd-

_inally on the tops The feed was
: 1 o preheeted to C the
. .preheate there was no interchange with the prﬁctst’y The.

was run.at 560-610°C,  The oil vepours . -and ‘stean
from the kiln were first scrubbed with hot oil to remove coke
Qust carried forwerd.: The serubbing oil was sometimes
-reed«‘to‘tht; kiln if the” solid content was- alm"

Because of -the: 1ow aSphalt conten’o 6f the feed,

~golids/asphalt. 4,5/1, the kilns ran 6 ~ 12 weeks before

decoking was necessery.  Scholven rumming with a Llower ratio -
of solids to ‘agphalt,: 3.5/1, could get only about 8 months rm.

a.kilna.ai:.ﬁel&enhax had. never limited:-the sta ~The ms
.problem in carbonising.the concentrate, 18 bound Np. with the- . .
- apphalt content since the ‘asphelts determino the plastic rengd.

No Iiln shells had been changed but every year they were relined
tith "coronit®, the weld metal boing 1laid in the form of short

_runs: along.the axis.of the. kiln - The:ribbed partitions were
' changed once & yea.rc

(B) Lid hasa diaa;illaton (a0 Disﬁllatd.on)
'mare were four unita for the, diet:!.llation‘_of coal stall

““¢old catehpot product. - Three" uni’os

output of the stalls.

.cold catchpot product before distilla'hion, these oils~ueually

contained 90-95% of middle eil boiling to 3°C.

Untﬂ. August 1942, the liquid phase petrol which amoun‘aed
to about 10% on ‘the coal, vas removed. a separate fraction

"and it was refined separately from the vepour phase pstrol.’
After August 1942 petrol and middle oil to 335-343°C were teken

off together -and the liquid phase petrol was refined with the
middle oil in the saturstion stells, The refined petrol was’.

' not passed through the 6434 splitting stells, The rich 'gas

from the - coal. stall let down sets end from the . ‘stills was

- combined vith-the vapour. phase gases for: pstrol recovery

and gas fractionation. :




Jan.
Feb,

Wore mrking \mder alkaline conditions thara ma no noed for

the ‘elaborate’ precaitions’ they were teking against corrosion
and they made’ expariments with preheater hairpins with the
normal return bend as fitted to the I. G, ‘preheaters at Lewna, -
Exemingtion of the trial bends after a yeers service showed thet

March
April
Mey
June
July
Aug,
Sept.
Oct.
Nov.
Dec,

. Average N SR

(d)' Notes_on Preheater uhl

Tne preheater tubes had proved to be a major _
difficulty in the operation of coal stalls at 0 ats.

pressure. Preheater Bursts started as soon as ‘the plant

wag put into operatien. The troubles could be divided
into two sections, (a) with the return pidces at ther
bottom of the preheater elements and (b) failures of the
tubes themselves, Failuras from the two causes were
“about equel, - We saw a. photograph « of

stall resultd.ng from a burst tnba,

E '
b A A e B, O R T S A S R IS LR i [P R S R o S i

“'thay~ware~getting~no«corrosimmminmd’tﬁ@7’“‘a
. changing all- ‘their elements to: the ‘normel design. - o

As to the failures of the preheater tubing itself they

~were of the opinion that they were due to two causes (a) the
‘presence of Inclusions in" the’ Steel, and “(b) the use of an

incorrect heat treatment for the stekl, They had hed no

failure of the tubing outside the preheater and had had only

one or two failures of the forged pieces such as Y-Hlooks end

T-pieses. At the first they were getting failures after a
_.8tall had been on line aboitt 4~6.vweeks.but.ag.a. result.of the...

changes that had been made they were able to run at least six
months without any bursts,

Changes were made in the marmfacture of the mbing at the
steelworks and in the method of heat treatment carried out at
They were questioned about their ‘abllity-to-measure metal
bemmratures accurately and they were satisfied that they were
maesuring the metsl temperature end not some tempersture.
internediate between -the flue gas end thé metal temperatures. °

Lewna, They also limited the tube netel temperature t0 520 G. L

With a clesn stell, wilthout paste interchange, they could -

achieve ’t.he desired paste . throughput with metal temperatures

- 0£-480°C, . *.As-the.preheater becane-dirty-it-was:-necessary to
.limit the throughput to keep the -metel: ’c.emperamres ‘balow

520°C. " The use ‘of . paste interchange made it possi'ble to

:main’bain f‘ull output.




: *Loss on Ignition 38.05 6.21
00, | - 2,2
8103 on residue 6.42 11.62
Fazﬁa . | 39«57- 63.87

Crz03 ‘ 0.99
Ca0 0.92
S0, 136 296

0.3 -

3.88

Coal-end 011 throughput tes/m3/hr
Hy pertial pressure at ‘ -

March 1944 fpril 1044
15t = Zlst  1st '-‘%& th

New formd 011
Wt % a.m.f. .coal -

110, .99 ‘1.9

Leistung tes/m /hr
"% patrol + M0 - 330° in new
formd oil -

Ges make-.%i..a,.m.f.v coal .

0ct.1940

to June 1941

fell to 408

'rising 0 90%
in Juno

...27f;:\,,24

85,7100

24
100
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hed five out of the
8%%-operating time for -

Table IV shows the operating times achieved month

over a year they achieved:~

=
max 470 (for a month)

BaX. »

= 10.455 t/hr.
= 26.% of petrol.

m3 hr
3

+369 tes/
+360 tes/

as low as 40%

ge they

5y 1-C4  93.66
This-represents
8/

4828 m3/hr. (Linde Separation)

1943

Jen.- Mey 1944

1942

- FLOWSHEET TIT { cont!
384 te

Ca 2.

4958 mﬁ/hr.

Up to June 1941

June- Dec. 1941

1943
1944

Iso~butane separated 7007 m3/hr
1942

Composition

Buna Gas

We were told that on the avers
The average coal (a.m.f.) throughputs were

six coal stalls.on.line,.. ..

all stalls.

by month,
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FLOWSHEET m (cont' ) \

Iso-b‘uténe‘ - separated 7007 m3/hr u 2,574 te
Composition: Gz 2.8, 1-C4 93.6%, n-Cs X

m Gas 4828 m3 r. (Linde Separation)

st-co2 ] 02 & 37,7
co 0.8 25.3
H, 9.2 14.8
N, 504 _Ca 6.6

Treibges 498 m3/hr. = 10,455 ’r/hr.
' z 26.% of petrol.

(=]
ae

e were told that on the average they had five out of the
—gix-coal-stalls-on-line.This-represents 8% operating time.for
2ll stalls. Table IV shows the operating times achieved month

by month, over a year they achicveds-

000 hrs)

3

U | exported

Buna Gas CpH,
Liquefied Gas

Gas purged

n
Loss

9
Hydrocarbon Gas -~ Usage

Fuel Gas.§ consumed
Co! osition of

Up to June 1941 as low as 40%
1942 88.6%
19437 - . 84.1

Jan'.- May 1944 91

- 23 -
320,000/yx (8

FLOWSHEET III -~

The average coal (a.m.f.) throughputs were

1942 | %P4 tea/ hr mex .43 (for a month)
1943 369 tes hr max. .392( "
1944 360 tes/m¥/hr mex .200( "

d :e/.‘_hr.
Vergasung -

L]
L4
i

t/hr
? _
512.829 "te/hr.‘
32.64 of petrol

To make 39.7 te/hr. VT 707 Aviation petrol

i
25,7

= 39.4% Petrol +

N
E
=1
3
é’ :
g ‘
:
:
E
:
:
8
i
g
8
g
: .4_‘%’,0
%
£

tes/yr of aviation petrol.

i‘n AGas ;Prpducﬁjon

ot

- 2,374
-0

elves|th

i,-.é; .




Floweheet 1T ms. s propared in 1939,‘ represents.vhat they . ...

POt 0lel e_+n1

-2 tu/br (2 25 t.301id8
g inclocatalyst)

el 41,66
36 tess food to Stm(gglida 47.58)

\HOLD -

14 t. 2# solids
2,45 te |

7.51;.&0

27 t.. 118 Solids
1.9 £ Bolids

R

1075 dry coal
1000 clean 21 Ho0 54 ash

1216 PO 10% solids (16.9)

115 Paste to (foﬁ Stalls 2285 (47 coel)

965 Abbau. 0,23 leistung (P + MO?)
Vergasung

-180-tess gas -

= | ‘)186 water, varluéha etco

- % solids

H 385 tes.H@

6 tes.loss  Pugal feed
T L
(8 23) w9 teB.H@. :

i ‘1?'&;“:"1" s . STy | . e
‘Filtrate = concentrate Losi 12 tes.
. 853 tess 290 “tas, .
l4$ solids . i

' Kilna ,-—..._)7 ms. gas + Loss




H.0. I..D. (cont'd)

Vapours from HGE 4§5°C.""“ ”’”H“O"’L”‘D”"‘”cooled*"by addi'bion B SRS I ——

hydrogen o 375 C.

Fugal feed., - A1l H.0.L.De diluted with 1iquid phase heavy'
Oil 'bo 16% SOlldSo

~Tugal filtrate. 9= 106 5

TABLE 1 (con't' d)

. At this time the stalle as a wnole were taking the
following ratess

010~ 12 feufre—

ig used for mekingup paste oil.
Fugsl concentrate. 2536 "s olids.

The temperatures in the converters were adjusted in relation
“to-the -coal throughput -so -that on.-the.average. sthe new. formed

heavy 0il was equal to the heavy oil lost at the sludge plant 0 |

ise. ‘453 on the a.m.f. cosl. The average make of new.
formed oil was 68-70% on the (Betefs coal, of this 95-9@ was
petrol and middle oil to 3%0°C,

hydrogenatlon was carried out,

Detailed operating data taken from records -foun a on the plan:t

‘are set ont in talles I, II & IIT below.
- TABLE I

-

Typical Operating Data from Records
:  Stell 02 :-Feb.1044
Freshcoal/hr‘ 16.1  15.2 Calculatéd cosl in
3 Throughput Kg/l/hr (Paste) 1.16 - L. 14 paste plus gleitol
. - 38,6 end BB
?’e””
5°62

- The system was, therefore, .
belanced as regards heavy oil make and no separate heavy 011

Paste te/hr.

'Presswe ats. inlet

702 '.112-~-14 Lo
703 0 12-14 "
704 7
5 125-15 !

. Stall 701 had ruf -
jrbtal B -T45 "

480 deys (April
1944), Stall 707 -
5 days.

TABLE II | | |
..(‘ig: e g e .ééﬁedn.fi‘a.ﬁl_,,recé.i‘\ds), ML i h I € 1 ks i 0 e At 0 it o6 b s ey b i

5eled3, 0.2.43, 5.3.42. 26;':12;13.

(46% coel 2 2
Paste -oil te/hr * ) o 2.0 o g. %%0 g?o

‘Wesh oil tefhr. R v 1.7 0 L5 o 1.7

Inlet gas /hr
Brei gas '

2%883 - 31,000

Gaoling gas m3/hr convverters. ’ W 3,000

I ¥ 12,000 12,000 9,2)0

: -2 8,000 8,000 ,800

37,000 - 6,000 6,500

4 14,000 >12 000. 7,500 5,900
65,000 55,000 5%,000- 64,300

= 600 6,000

27,000

27,000
3,000 '

Ebdt. géé o
Gas to H.CP




cosl. The catelyst

. Bayer Uasse

(Eontekt II) a by produe -of the alumininm’ in&ustry and 0. ﬁ

e

Kohle- Kammern mit ¢ m}m 625 cgﬂ?

Egg ___(Kontak'b 2059 MR oxpressed on. "dry coel.

The sofium, sxﬂ.phide ‘was. agdad‘”to remove the chlorine

| mhich appaars 8“_]_5_"’ g d. ;;aposition of the coel. Vhen

exeee?aed 529 c a.nd fubs

. The. prahea’wra have proved to be a major operating dj.fﬁculw

at 700 ats, To alleviéi® this trouble paste interchenge was
introduced end it was then necessary to inject additionel

- pasting oil with) the 46% ‘coal’ paste to dilute the paste to
~-about-40%-of -coal -in.order-'to-reduce pressure- drope-

ord:i.nary tube stack int.erchanger was | loyed end. al%

‘péste oil (gleiw‘i end 13,000 m/hr

gaswmre put through the shell, .. The pressure drop was at

times: as high as 45 ats.: . thia did not cause serious difficulty. .

The-use of a pas'as interchang@r enabled them to keep preheater tube
1. ¥C'and this rednced the" frequmcy of -
tube bursts. ““For" mrthar Idetaila ‘coneerm!ng preheaﬁar tubes 'gen




10,05 to O« 'chiorine. I8 car ntent: was: 8# on- an
_agh Bi#;d moisture free besis (a.m. Mare recenﬂy a coal
of ' ‘had:-

-.'The.wasched "

Fronm the ‘énalyses aveilable 1t 4
- on guality was kept,. in particul:
. constituents. The coal was first
hammer mill and then it was @ried @
circulation of hot flue gas. to the. b
- gddedto-reduce-the-risk-of-explosion,.in. ,
the water content was reduced to- 2h-or 1ess. .
swept out of the ball mill by the
_ & classifier vhich returned over
cyclone’ mnd weighing hopper.
40-45% passed through a 10, 000 D.I..N.. 1eve. The dry,.

__ground cosl was put to the Concentra rod: mills together with -
the pasting oil and catalyst.

) ‘011 pasting oil~
was inveriably used. Thig was. nade up
oil, from & the lmugel ovens and

_ heavj . wes meaéured by Eekhardt
-meters-and it was adjus'bad' to gi ;

7 jacketted to ma:ln

interchanger.
one stall. The
intemally wl‘ch

‘fans vwere lagged:

‘I‘he rate of flx

00 ayout-cen™
he Btalls at Welheﬂ.m in“the Ve lhej.m Teport. -
th hed j'aat

,'me.high pressurs, vesaele wem !

“from the heat of a fire by cement'lagglng.
de access to botton Joints very "@ifficult as
made' and broken in the confined space inside
had.four..converters. making & totel
por stell; and one product - paste
rt time five converterg had been used in

verters which had V24 liners were insulated

t.agbestos lagging 65 mm thick the same as
They said that “fhey had no troutle with
3 "3, . Balg-linsen, elastic 1ens-
h % parts'of 21l stellss - ‘The pre~
gy . type with 3 or 4 flue-gas
e branches from the twin circulating
with a very light insuleting bz%
a‘bion was stated 0 be 150,000 /hr.

gar the K.val' 'es were. 200-1531
' ccmsiderable 'tim'?h 80. long
i






