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. Red earth based on ngnite/water free

Sulfur - dry ligni.te water free
—-Screen-reject over LOO mesh

Screen rejeet over vibrating screen

FREH GAS USED Scont'doz

CQUPOSITION OF DILUENT OIL

Sump phase residue = . 3Le2 %
“Centrifiged oil ‘ : —564T-— %
e Outside _oil R
Boiling range-up to 3ho°c " 10,6 %
Solids- SRR |7 o S T
Asphalt
—Efnmntr_—(‘ba‘ie‘d—ou—pa:m—antaed—o&)—‘—:% 8;_
Mud .
Middls oil = up to 3LOOC in effluent 38,8
MOil__up ‘%o 3L0SC in med 12 -%
Solids in mud- : .
Asphalts in mud oil S 15.6

DISSOLVED GAS

In effluent = Isam———7he9 cusmet/ouemet
S ) ’ m__ri.ch . 114.2 A .
" In mud ' Y2248 -
In wash oil ~ lean © 15143
. L ’ rich . L1669

INTERMEDIATE EXPANSION PRESSURE

Effluent- e 38 atme
Wash oil ' 35« atme

HOURLY QUANTITIES

: 0081 ' ' N 1126 cu,met/hr
Cold. 011 and_sggl oil . 848 'cu.mat/klu'
Water injection . 6.1 cus,nmet/hr
Effluent | ,. 6545
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. .- HOURLY QUANTITIES (Cont'ds)

Middle oild reformed
Fresh gas required
- Gas in effluent

Wash gas* -

Gas inmhd ' - 5,027, )
Wash oiI : - - - TR-8041 cusmet/hr-

-

. III." GAS PHASE HYDROGENATION.

(a) This unit-Tuns gf;itm-éeihundredt;ttenw:ﬁve:amosbhﬂ!ﬁg

pressurc. It consists of four (L) stalls, four (L) gas circulat—

ing pumps, six (6) feed pumps for middlq 0il, three (3) fegd pumps

for-water i.njectioﬂ,_,twod,(.Z)_ga:@'r wash towers and sulfurising - -

equipemnt for the prehydrogenation and gasoline stalls (Fig, 19).

(b) The stalls each have two (2) ,regenerators, six hundred
(600) millimeters diameter, and catalyst chambers. The latter -

are one thousand (1,000) millineters diameterz eighteen (18) met~

“ers long and have a catalyst Vo .
Two of the®stalls have electric preheaters and the other two gas-
buring preheatérse: The latter have one- (1) 0il burner and two
22) circulating blowera, At this time, two (2) stalls of throe
3) chambers and one (1) stall of five (5) chambors are filled
with_the prehydrogenation catalyst 5058/7846 Wo The fourth stall

of five (5) chambers is filled with gasoline catalyst 6Li3Lis Esch
circulatihg pump handles seventy-five thousand (75,000) cubic
meters/hour at a differontial prossure of thirty-five (35) atmos—
pheres, All middle oil injcction pumps are enclosed in the stalls.
In order to precvent- the products of the: prehydroggnation -and-gaso- -
‘linc stalls from mixing, all piping is equipped with double valves

' and intermediate expansion, The pump suction lines are fitted

with porous filters., Three (3) of the six (6) fecd pumps havo

8. .The feed pumps will handlo twenty-five

_wariable speod motor
(25) cubic meters/hour and the condensate pumps six (6) cubic
meters/hour. The condensate is filtered through kieselguhr,

78~
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. IIl.' GAS PHASE HYDROGENATION, (Cont'd.)’

L (c) The procoss, as montioned, works in two (2) steps; the
- ' prehydrogonation of the sump-phase middle oil, and the gasoline .
. production step. The former is accomplished by a simultaneous
- cracking and hydrogenating of the middle oil to a liquid-suitable - -
~_for tho production of gasoline. ~The latter catalyst-is morc of '
a cracking catalyst, oducing*aromatics-‘arﬁ_fs'ﬁparatm.a-.'.l'he.., o
former catalysts are designated 5058 and 7846, Catalyst 5058 -
contains tungsten, an element difficult to obtain in Germany,
so 7846 was developed as a subsiitute. Tho - final catalyst is—
 6434. Al chambors in one stall are connected in ceries. " "The
operation and arrangement of the stalls is almost idontical with -
thesunp phass—units. : - _

(d) It must be emphasized that special precautions must be

. used with catalyst 6u43L, as 1t is extremoly sensitive to alkaline '
~ T “nitrogen conpound smﬁell—’as‘mgeli}bothime and-combinede oo s e e

Honce tho prehydrogenation product must be woll refined., Ii

 phenol contont can not excacd 0,03 percent and the alkaline nit~ ‘

rogen—five—{5) milligrans/litor. By water wash s the NH3 content. ..
is reduced to from 0.02 to 0,03 grams/cublc moter. The catalyst -
must also have HpS added, up to from O.l to 0.5 percent.

(e) The degree of refinement of this feed is measured by

- . gravity botwecn the feed and effluent .
 streams of the stall, These should be from 0,10 to O.11 entering

 the prehydrogenator, and 0,075 leavings ~ : .

: (£) From these values, the catalyst tomperatures are est-—
ablished, Using catalyst 5058 this should be 18,5 M.V, and_7846
« For : C r uses nineteen
(19) to twenty-ome (21) M.V, The increased value is due to slow
Jdoss of -catalyst activity through refining requirements which
. ‘the 6L3l catalyst requires, The loss of activity in the prehy-
drogenation chamber took throe (3) years to occur-and in the 6L43L
chamber one and one-fourth (1%) years, This may be considered
a normal life. ' B .

(g) The A middle oil used in the gas phase consists of se-
T mntg—-ﬁw—(-ﬁ—)—percent—nqaid—ﬁrm—liw : : _twonty-five (25) -
perount oil from the outside (tar, etc). The composition variocs
with the specifications of the oil from outside. It normally

=80~
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III. GAS PHASE HYDROGENATION. (g)(Comttd.) ~' ™ . —

' contains fifteen (15) percent-phenols but has. gone wp as high et
as twonty (20) percent. The high phonol content, attained during
 _..the early days.of operation, caused high heating of the chambers
' with resulting loss in production, later, whon the phenol content
dropped, the original catalyst activity was restored and full
capacity regained. S Lo e

~_ (h) In the begimming of 1943, a 6434 stall was built to pro-
duce aviation gasolinc; -This-required increased purlty ‘from tho
prehydrogenation unit which in turn lowcred the capacity of the <
same. The average capacity was 0.6 kilograms/liter cctalyst space ..
(going up at times to one (1) r.)s—The capaclity

of the 643k stall ‘was higher, and averaged 0.75 to 0.8 -¥i lograms/

liter (maximum 1.1 kdlograms/litor of space).

0 ormaTIve RESUITS B3

=

Stream efficiency -

Gasoline stalls
Middle oil stalls
Circulating pumps

—C lyst
No. of operating stalls (avg) %EE 2408

Avg. reaction vol: . '5088 °  37.4 ou.meters

. N . . o 6!83!1 B 12.1& - ] L]

Avg. injection feed 5058 " 0.82l cu.mét RV/H
v - | v 17120 w on onw

Avg. throughput = 0,76l tons/cu.met RV/H -
- 1,070 " mnow won

‘Gasoline capacity (180°C " D.280 " mw. w nm
end point) ' 0,710 » ® wn nunm




III. GAS PHASE HIDROGENATION. (ant'd.) .

——  OPERATING Rv_-.suurs - 193 (Cont'd_)_

T ' , : " Cat st ’
Fresh _gas’/irr]ecti on fced . 5%%% -;_h32.0 cuomet-/ton
o , : - 6Lsh l255-0 oor

‘Cooling gas/injéction feed " 5088 . 7000 "

e e - : 6L3k 262.5 "
R _ 1
circulating gas (stall inlet) 5058~ L325 |, "
o ) 6L3L - 1610 "

Hp in circulating gas (stall inlet) 83.9 ¢ @ 306.5 atm.
Gasoline (180 C end point) in A ' »
o middle-oil ... e 22,8 % .

Phenols in A middle oiv. . T IS.h

H2S in injection feed - . : 505‘8 38.2 é
‘ 68.0

Freed gas in effluent 5 ' cu.met/cu,rnet
- . - , 5058 rich™ 11.5 LI
6)43’4 lean . ) non
&32* rlch 29 3 ) [{] f® n 1"

Intermediatelexpansion pressure '. 5058 - i zg'. Catme |
' o . 2 "

“Hourly rates - Middle oil 2949 cu.met/hr
in:)ecﬁon — ch3lh 12,1 " "

' Wa.ter injected (NH3 wash water)
. 6 8s cu.met/hr
~ Fresh feed gas 12,30 " "
. - . : . 3’670 n u

Effluent gas .
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III.

GAS PHASE H!DROGENATION. (Cont'da)

AVER.AGE PROPERTIES OF ENTmIm AND EFFLUENT PRODUCTS - 19)43
\

-

pnmnaosmnou
A Middle Oil 4 _
sp. gravity - - 0,927 @ 20°C (Aromatics 62,5 %
- API (Phenol free prod) Lo ? - (Olefines 17.2 §
_ Phenol content 15,4 (Naphthenes 9.2 % .
~ Mat'l boiling up to 1809C 20,5 (Paraffines 11l.L %
- | - -5058 Bffluent e _
Spe gravity . ' 04825 @ 20°C  (Aromatics 15.0 %
. APT o 52,0 (Olefines 2.0 %
‘Phenol content - 0403 (Naphthenes 29,4 % .

Alkaline nitrogen in B :
© . middle oil 5. mgfliter (
Ga.soli.ne content up to 180°c 8 2 (

o Properties of the Gaaoline 180°C End Point

. Spe gravity . : 0 765 @ 20°C $Aromatics a.h y 3

__APT .; ‘ W3 2 Olefines 1.9 %
Cut below 100°C . 22, . % (Naphthenes 30,4 £
Octanc number (motor method)6Q.5 , (Paraffines 59.3 %

Samples taken after the 5058 stall had the following 1nspections~

. Spegravity ——0+,825-@-20°¢
API ' 20,0 ?
. Phenol content 6.0 &

" Gasoline up to 180°C 25,0 %

GASOLINE MANUFACTURE - -
Eeed to 6h3h Stall

drogenatlommiddlerﬁii—Sére-— %
\6L3L recycled middle oil - Lk. o B
Sp. grav:.ty . » 0.82L4 @ 20°C ' .

~83-




III. GAS PHASE HYDROGENATION. (Cont'd.)
Feed 6 643l Stall (Cont'd.)

63l Bffluent

0,768 @ 20°C (Aromatica 7.2 %
(OIGﬁms 2.6 %

91O—v—$—-——-——-€Naph$hene8—58—9—%*
_ Gasoline 180°¢c end point 68.0 35 (Para.ffines 32.2 %

Gasoline properties - 150°c End Poj.nt

Sp. gra.vity O.72h @ 20°C I(Aranatics 6.1 %
53,5 - . émefinea 1.9 &

; Gasoline - 100°C end" point 49,0 - Naphthenes L3.5 %
..Octane number (motor method)?3.3 . (Paraffines L8.5 %

Iv. cmrmuem UNITS. -

(a) The unit consists of thirty-six (36) cont:i.nuous]y ra-
ting De Laval centrifuges, cach handling two (2) cubic met.ersfe
hour throughput (Fige. 20).

(v) The mud in the coal stall effluent is separatod in the

i

ts—into—an—oil—fme—zrom—so}:bds;—suitable—fm
- diluent oil, and a aolid residue wh:l.ch is later coked in coke
~ovens,
h (c) The mud is first de-sanded in a conical sett]ing ta.nk,

forty (LO) cubic meters capacity. The fced enters tangentally
" and passes down through a fine screen (08 millimeter mesh).
The sa.nd is removed: through the bottom cone,

1!“ The—de—sanded—produc%—is—pumped—fm—é.—réc ~ulating

pipe system to the centrifuges. These rotate at three thousand
two hundred (3,200) revolutions per minute and have a drum dia-
meter of four hundred thirty (b30) millmeters, and a _factors

- -8l
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IV. CENTRIFUGING UNITS. (Cont'ds)

C = 2,500 kilograms. The vertical shaft carries on its upper end
~ the so called plate block, consisting of two hundred twenty-five
~.~.(225)._superposed plates, two hundred eighty (280) millimeters in

diameter and 0.5 millimeters apart. The plate block rotates in o
 the drum which has a discharge orifice at the center made of Widia
metal (tungsten carbide). Between the plate block and the drum -
is a latticed basket with Widia edges which scrapes off the resi-
uwfroﬁm—drm—sidesr—lhrough_cyclic__openanon,_a difference
in speeds of fifteen (15) revolutions per minute is set up between
the basket and the drum. o

(e) The feed enters the centrifuge from the—top-through-a—
throat to & measuring device and then through the hollow shaft. -
In the parrow space between the plates, the scparation of oil -

_and mud takes place. _The oil flows upwarcs through holes in the
plates near the shaft. , The asolids contained in the residue pass
/through.orifices in the drum w?.ll, : :

(£) . The resistance offered by the basket has an important
influence on good operation. This normally amounts to 1.5 ldlo-
grams but rises occasionally to from 3,0 to 3.5 kilograms. 4s
a safety device, shear pins ara installed, After numerous experi-
ments, it was possible to arrange the motor circuit to cut out

+fthe resistance—on—the basket became too great.

(g) Proper operatior’; of the centrifuges depends on the fol-
lowing factors:

»(I’) Pressuré in recirculating linesj
(2) Solid content;—— S
(3) Temperature of fee‘d(].h0°c§

‘Hence the throat and orifice diameters in the centrifuge must be °
so chosen as to give the highest possible solid content in the
residue and the lowest in the centrifuged oile

(h; The solids in the mud vary fram éighteen (18) to twenty- .
two (22) perccnt and can be 1owered to sixteen (16) percent by
dilution with sffluent fromthe coal stalls. By doing this, the
‘coarse particles can be separated easicr in the de~sanding step.

.

- -85
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IV. - CENTRIFUGING UNITS. (Cont'd.)

(1) The capacity of the machine can be altered by varying
the pressure in the foed pipe system. This pressure-is normally
maintained at one (1) atmosphere but can be raised to 1,2 atmos— ,
-wpheres.;HA_variationwin_feed_;axe~iawaccomplgsheduthrough»changing'3“;““f“W“"”
the neck in the feed pipe. These run from 1,8 to 2,2 millimeters,
By the-above changes;the-following operating results can be had:

. load on one centrifuge 3,2 tons/hr - 100 §
-~ —Produst:-Centrifuged oil 22 tons/hr = 69 % - -
" Product: Residue _ 1,0 tons/hr - 31
Solids in centrifuged oil ' 6
Solids in residue ‘ 39

By increasing the sise of tho residue exit orifice and keeping
the same entrance throat size, the quantity of solids both in
‘the residue and in the oil is lowered, e

(3) Ash, Asphalt and Sand,

4

The solids is the mud contain fromninety (90) to ninety-
two (92) percent coal ash, The ash content in the centrifuged -~
oil is seventy-five (75) percent and in the residue ninety-five:
(95) percent, The asphalt content of the fced to the centrifuge.
unit is five (5) percent., The discharge from the de-sander con-
ol 4 : Y k) (o] 80 )
in the feed. The discharge is finally pumped to the residue stream.

(k) Operating Difficulties, , e

The highest allowable solid content in the residue is forty-
two (42) percent, By further concentration the drum and basket
become clogged with solids, It is impossible to operate the cen-
trifuges without de-sanding. The biggest operating trouble was
in starting up after a coal stall had h»een idle, as-in stopping

__the noazzles would become clogged with material then in the unit,
™ "This was. eliminated by thoroughly washing before the machincs
: come to rest. The originally installed pneumatic valves for pres-
sure control were replaced by hand operated ones as the former
did not work well, This was due to the clogging up of instrument
piping with the product, ’

- -87-
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IV. CENTRIFUGING UNITS. (Cont'd.) .

. TMPORTANT OPERATING RESULTS .

. Stream efficiency o : ‘

T TAVE. Noo of units . N 1 S
_Avg. capacity e 2.86 tons

Operating hours = 166,906 hrs/month

~ FERD COMPOSITION

Mud = 88.51 s T
Diluent oil ~ o 1149 %

L)

- - SOLIDS IN: -

Mud _ © 1845
Feed - 164h
Centrifuged oil 6.8
Residue - 3848

HOURLY QUANTITIES
‘Mud to centrifuges” 48.3 tons/hr
Dilucnt oil 7 6,3 tons/hr
Total feed _ - Sh.6 tons/hr
Centrifuged oil 3957 —tons/hr
Residue ~ 15,k tons/hr

V. COKING UNITS. - - e

(a) The muds from the centrifuging units are cokedin an — -~ ~- = "~
atmosphere of steam which allows for the recovery of seventy-five
(75) percent of their oil content,which is split <into two (2)
fractions (Fig.-2l). The coke oven gas elther gocs to the flare
or is used as hcating gas. The residue consisting of sixty-five
© (65) percent ash-containing solids and thirty-five (35) percent
oil is discarded. The unit consists gif: - ' '

. (1) Six rotating furnaces;
(2) Six worm type furnaces.

~88-
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¥, COKING UNITS. (Comt'd.) o el o
. (b) thagg" Furnace. ) ; ‘ -

.. (1) The rotating oven consists of a horizontal, slight-
1y inclined, drum oleven (11) moters long and 2.2 metors ~
_'diametuers. The inner lining of the drum has a worm welded
to it of "guronite" (chrome content twenty-five (25) porcent).
. The -drum nornally rotates nine (9) revolutions per minute .
... . but can bo raised to oighteen (18) revolutions per mimute,
i - "It is heated by twelve (12) gas burncrs. - & second row.of . B
‘ burners ovor the drum preheats the foed and produces super- '
o hoated steam, The coking section of the drum, which is ap- . o
-~ proximately-three-fourths-{3/4)-of-its-length, -has-nine(9)- - — I
' " tons of mill balls, of 1.8 kilograms weight each, while the. -
rear scction of ‘the drum has twenty-four (2l;) mill balls,
of ten (10) kilograms each., : 3 LT e

z

’ (2) The fecd after leaving the preheater.passes through
a feed orifice and is continuously fed to the forward part
of the oven, .Thc mill balls preven coke ;
on the hot sides of the drum and assist in hoat transfor from ' '
the sides to thc material. The product passcs through the |
_drum to the rear of thc furnace, or exit chamber, where it
is conveyed to a water washer by a worm. A scraper then foeds
it to a loador which fills it into railway cars. Stecam is
injoctod through the whole lefigth of travel. The relcased

) . oil vapors lcave the drum and enter a dust catcher, - They
are then condenscd and separated in a system of: rs and
(- coolers. | ' U '

S

—— et —_ —_— — _

— ciieloo o (e) - ..Wom.l".m"na;ces. S

(1) The worm &vens consist of two stationary drums
one above the bther, sixtecn (16) meters long and one (13
_ meter in digmecter. Thoy are joined together at the front
" end by a connecting scction. In both drums is a worm, :
each run by a motor, turning it one (1) revolution per min- -
ute. The upoer worm is hollow and sarves to feed material =
S : into the furnace. The material moves to.the rear of the
R — __upper furnace_and falls through the connecting section into
. the lower drum whore it again is moved forward to the exit.
" From herc it falls into a water bath and then is lifted by

e conveyor into railway cars.
~90=
— i
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V. COKING UNITS. (c)(Cont'd.) .

(2) The furnace is heated by a burner in the.front
scction, under the lower drum. The heat is controlled by -
- - a-heating gas regulating valve. The steam supsrheater tubes

“are in the rear sections of both the ‘upper and lower furnacos,

~_ The oil ‘vapors leave. through a wvertical pipe at the forward
* . end of-the upper; drym. -It gives up its heat to the incoming

S feed through a heat exchanger and is then condensed in two

e ;M(e)—stages_byva-_mcnolanm.uﬁer-cooler’, both water:

" cooled, The former is a packed -dephlggmator-and-the.- latier
—a tubular condenser. The condensate from the precooleor and
_dust catcher is mixed to make coke ‘0il I, Coke oil II comes

“from -the after—cooler, and passes-through-a-water-separator.
The gas is used either for heating or vdiacarded'.' '

/(/d)' - Operation.

(1) The operation of the coking units depends on the

following factorss-
)) Feed rate; -
Furnace temporature; _

(g

b _

( Amount and temperature of injection stean;
4

a
c

(a Top temperatures of the coolers; -
e Furnace pressura _

\

(2) The two types of furnaces require different opera=—
tion due to their degign. The coked product from the rotat—
ing furnace easily goes to dust. In order to provent stopp-

ing up the equipment, only small quantities—ofscrubber steam o -

- can-be used; nm_med,_ngo)_.}dﬁlogramslton_of_ie_eslhaﬂﬁgt,__# R

posed to five hundred (500) kilograms/ton in the worm oven.
To obtain the same coking cffect tho temperature in the for-

mer must be kept higher, namely .at.five hundred ni nety (590)

degrees centigrade ‘at the exit while the worm oven is only
kept at five hundred sixty (560) degrees centigrade, High-
er temperatures tend to coke up the worms. The products are
approximately the same, except that the rotating oven resi--
duc has more coke due to the higher temperatures— '

. (3) The top temperatﬁrés of thd pre- and after—coolors
require careful attention if a good scparation of water in-

_9 Q=
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Y. COKING UNITS. (8)(Cont'degummer— . . = L :

coke oil II is to be had, The former runs around two.hun- — .

: B . dred twenty (220) to two hundred forty (240) degrees centi- .

... . _°. . “erade and the latter ons hundred ten (110) to one hundred . - |

thirty (130) degrees contigrade, - The pressure in tho furnace -

» differs in both types, eighty (80) to onoc hundred twenty -
-~ --(120) millimeters for H30 for the rotating oveh and forty -

(4O) to sixty (60). for the worm type oven. ' o

e i

-.-(e) . Operating difficulties. - o
A (1) The rotating furnace started up without difficulty. . ?
- Prequent - stopping -of “operation-dus to -air-raids-would-often.. - .- ooooes _—
cause the tubes in tho preheater to coke up, requiring the S .
by<passing of the same. —Tho resulting objections were elim-- . b
inated by reducing the throughput-fifteen (15) percent and
raising the furnace temperature from five ‘hundred-seventy- -
five (575) t4 five hundred ninety (590) degrees centigrade.
Further, a pow typo of preheater was considered which would
former type. The stopping up of ateam superheater tubes, ;
made of Sichromal, was frequent bocause the flow through i
three (3) parallol stroams is difficult to regulate. By f
building a singlc stream superheater, much. better operation ;
resulted, .The coking reeidub"wqu’to—-beccune-—s-l:l.uw:due-fto LS b
pulverization by the mill balls and small remaining oil con- ?
tent, For this roason, conveyance by a rubbor belt was im- -
- possible, and a slurry had to be useds The residue is passed
f over a grate by the water streart, The grate removes the
. _coarse particles which_can then be moved in the normal way.

. . _The remainder falls through ‘the grate in fino particles and

is sluiced with much water in a tank, It then is pumped T "“""’"*_i )
through pipes to the ash dump where it is hgndled by cranese. :

(2) . The worm type furnaces started up without difficul-
ty. Difficulties wero met in the even distribution of heat
“over the drums., The heating up of a furnace required forty-
Lo - eight . (L8) ‘hours as opposed-to the six (6) hours of. ths ro-
e : , tating type. By constructing baffles and by dJdiminishing

' ' the size of tho combustion chamber a small improvement was
obtained, It was finally necessary to build circulatlim -
gas blowers as with the rotating ovens. The operating periocd

92~
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COKING UNITS. (e)(Cont'ds)

s

of a furnace is fixed by the coking up time of the worms,
This was seventeen (17) to twenty (28? days for the lower
 and one hundred (100) to one hundred twenty . (120) days for
the upper worms, An improvement was obtained. by not shutt- -
inz down during alerts and by constructing circulating gas .
blowers. The heat exchangers were also stopped up dus to
air raid alarms. For this reason a furnace without preheat
—was—used r this way the heavy oil condensed in the uncooled
' exchanger., By circulating coke oven oil I in the exchanger,
the process was able to operate and resulted only in a slight
 loss of capacity and a ten (10) percent loss of possible
“heat vecovered, T T T T

. OPERATING RESULTS -

R —mﬁg—me T Worm m ,;c_e

Dist. of load 7000 z 30.0 z
Capacity = ton/hr/furnace—3+2 2.0
Capacity oil - ton/hr/furnace2.0 . 1.25
Coke gven oil I - ' *

. ton/hr/furnace 1l -70% 0,75 - 60 %
Coke oven ol I - -~ LT .

. ton/hr/furnace Ol = 5% - 0,20=-16%
Oil recovery 75.0 % - %.
Furnace temperature . 590.0 ©°C oC
Heat required/charge 350,000,0 1 kg cal/ton

. -fton
Steam required/charge 100.0 kg/ton 5
"~ 'SpIid content of coke oven T s
feed . ' 39.0 %
Asphalt content of oil in ‘
oven—feed 13 ~16% 13 - 15%
Analysis of Residue: '
Gasoline soluble 2.0 %
Coke 33.0 % © 1640
Ash 65.0 % - 6l4.0 .
Heating valve 3,300.0 kg cal 3,450.0 cal

i




= v. COKING UNITS. (Cont'd.)

o T —

TOTAL com-tmrr'

" Coke oven ol I - = "8.69 tons/hr -
Coke oven o1} IT = - 1.34 .
_'Coke oven gas o2

| 011 less from i.n:)ectad oill = 27.29 %

ROTATING OVEN

Stregm efﬁciency 67,59 %
“Total hours in operation - ~30;269.0 -

AvE. No. of operating furnacea 3.6 ‘
Avg. furnace load - 3.26 tons/hr

= ' 39.54 %

Residus

Gasdlin'e' soluble, - 2y %
Ash . 6h.2 2
Heating valve © 3,l98.0 K ca1/kg

Hourlz Quantities

Feed . © . -.11428 tons/hr |

~Coke_oven oir It ha03 tens/hr e
Coke oven oil II ’ 0.84 tons/hr -

Gas ) 0.35 tons/hr

outsideoil—injected-and-—lo 5 % :

WORM 'OVEN

Stream efficiency 3he2 B
Operating hours 17,973.0
AvVg. No, of operatiﬁg—furnaces'-n—a-.%%
Avg, furnace load . 2430 tons/ hr

Sl
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V. _COKING UNITS. (Cont'd.)
| Mon

oil 1ost by indecting out-
side oil

Solids
Asphalt in oil

Gasoline soluble
Ash
" Heat.ing

ed— :
Coke oven oil I 1.66 tons/hr
Coke oven oil II 0,50 tons/hr
Coke oven gas 0.07 tons/hr

(£f) Production of Briquette Binder. _ L

- The large demand for briquette binder material for French
hard coal led to experiments using the coke oven residue. In
“these, only a part of the light oil was removed at low tempera-

-ture-operation, - As Fig, 22-indicates, the product- -from the -oven-——

enters a conical tank and is then ¢irculated around - a._pump..
through a cooler, or pumped directly to a tank car, experi-
ment was conducted under the following conditions. -

Feed ~ Product

Solid content 16.8; % 32.1 %
ash content in solids - B%.3 % . 1946 %
Asphalt in oil 26.3 . % n.o %
Sps—gravityat-80%C 1.2
Penetration point : ;

(Krimer Sarnow) . L TheS °C
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. ¥.___COKING UNITS. (Cont'd,)

. Capaci. ‘ R - 3.6 ° tons/hr

T 340 -tons/br
o < 1 1 5 X+ R BRI + W 1 tons/hr oot

- Steam added =~ - - e . 0.21 tons/hr

"’Furnb;cq temperature. R ‘50'0.0  °0 .

Coke oven oil I ¢« II 136 temg/hr
Residue L . o 263

o S . Lk
‘Solid = I . 0.69.

| __ VI, DISTILLATION UNIT A.

1 . 111 - o_(g) separate

columns and eguipment. In this unit the total coal hydfogenation

product and cutside oil for pasting are sgparated into-the A-mid=" "~ .

dle oil for the gas _pg_a_gg% ogenation 8tép and a heavy oil to

be used‘?iiﬁ—ﬁi the sump 'ﬁ iase (Figs 23)+ Both-the-product-and.

 pasting oil are mixed together, as only one storage. tank exists
for A distillation feed. o

.~ -(b) The main tower is equipped with packed sections, four
(L) meters apart. The feed is preheated under fifty ( 0) atmos—. )
~ pheres pressure, thereby kee it in liquid phase. s pre- )
" vents erosion-and clogging qf the ‘packing through too high wapoxr-— "~ - -t
“velocity. ~ Two (2) pump stages are used, By the first the feed ... ... ...
. is pumped .at atmospheric pressure over a heat’ oxchanger into an
intermediate storage tank, while the second pumps the feed through
the pipe still into the tower, The gas resulting from-thispre-
heating is condensed and used as explained later. All pumps are
. centrifugal. L ~ ' : B ‘

(¢c) The feecd may not cantain more than one (1) percent wa-
/  ter, otherwise it will cause foaming with a resulting flooding
~——of ths tower. —The water rempval-is—accomplished-by-settling-in ‘
two (2) storage tanks. In order to .obtain a complete dehydration, -
sufficient gas condensate is added to the feed to keep its specifioc

-8~ L

x4




VI. DISTILLATION UNIT A. (Cont'd.) =

gravity hpder 0.970 at fifty (50) degree;ﬁcentd.grade. This nore
- mally amounts to fifteen (15) percent of the feed. et

oo/ (a)  The middle oil for the gas phase must have an-end pojnt —- T
A ey of three hundred fifty (350) degrees centigrade. This high boil-
: ing range material causes a heavy loading of the gas phase cata-
lyst. Hence material boiling above three hundred fifty (350) .
degrees centigrade must be absolutely avoided. The distillation
: requirement thorefore producos a-gsp between the end point. (Eng-
.~ ler) of tho middle oil and the imitial boiling point of the heavy
.. pasting oil. This gap has to be paid for by burning extra heat- o
oing g'as:Ln"tho-'pirehs‘atarfand—nstntextr&“str:l;pping;etean—in—rthe»~‘—~——- fe e
base of the, column, Honce the utility requirements, originally - ‘
anticipated, are’ somewhat over the guaranteed figures. . -~ - - T

~(e). The unit started up without difficulty and has run well
ever since., Water entrainment caused some trouble due to the
emulsifying effect of enation mud and paste. This was re-
medied By m ng the sump phaso Operxsd Lion—and by dlienaing =
er feed with outside pasting oile .. .. .

(£) The tower can bé,opera:.ted with good éaparation-aﬂd or= .
dinary utility requirements at between thirty" (30) and one hun=
dred fifty (150) percent of the guaranteed capacity figures. '

. AvVge oberating'capacity" ST 85.6 - - _

- Avg. unit capacity (inclu R S
circulation),. - - 4846 ‘tons/hr

pags

M
A-middle oil ; 40,05
Residuce (bottoms) L 59.32
Overhead gas K . 0458 -

loss - ’ - - _ - 0405 -
Middle-oil-end-point 342.0
. Residue - I.BCP. e ' 3!5900
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VI, DISTILIATION UNIT A. ‘Confddaz

opm'rmu wrmom' oas comm:sam (Com-d_ e

1 c:i.rcula.tion quantity/total
ut

, L m. P
Distillation factor = without cive, — B.92 & T
Distillstion-factor ~-with-circe——— 250 %~ oo

HOURII QUANTITIES

" Throughput (uo recirculation) 7.3 tons/hr-
A-piddle oil R - 28,5 tons/hr
Residue . LT 42,3 tons/hr
Tail gas I . 278 cu.met/hr
Gas condensate - returned ' : 5e92 ‘cu.net/hr

. )€ . Cu.

Heating gas/ton throughput  0e125 mill kg cal.
Steam/ton—throughput » G.G?&ﬁnﬂi—kg—m._

" VIiI. DISTIIIATION UNIT B.

(a) In tbe B~distillation unit, the products from the gaso-
line stalls are separated. The apparatus greatly resembles that
of the A-distillation. The tower packing is highor because a
side stream stripper is connected to the column for~ renov:lng in-
termediate products (Fige 2W)e =~ — .

(b) The products of prohydrogenation and the gasoline stalls

are separated by distillation, -To produce the normal products
of aviation gasoline and diescl oil, the following conditions .
are used, The efflient from the prehydrogenation step is cut - .
at one hundred twenty-five (125) to one hundred thirty (130) de-
mmme—ﬂﬂumﬁrﬁmmwamw
be sold as diesel fucl, an intermediate fraction of from one hun- .

dred thirty-five (135) to two hundred five .(205) degrees is with-

drawn., The part boiling above two hundred five (205) degrees

is diesel oil. The_intermediate cut plus some diesel oil is then

fed to the gasoline stalls, In using the whole distillation re-
“sidue from the gasoline 6talls, the yields of intormediate pro-

duct is aasu_;ed. The gasoline stall effluent is separated into

', o . .

"=10Ll-




. gasoline with an end point of one hundiea ﬁ.fty (150) degrees
centigrade and a bottoms product which after mixing with the pre-
- -hydrogenation residue is reused as feed to the gasolino stalls. o
... The gasolincs from both distillations are treated, and then blend- o
ed with the condensed cut from Cj unit followed by a caustic wash
and stabilizatxon. :

. OPERATING \ RESUI; TS
- mmmocmauou DIs'rILm'rIon - 5058

stream eftio:lency _
- Noes of operating units - 0e83
Avg. load/unit (:anluding circulation) 37-3 tons/hr

Yields

—Gasoline 50586 —

" Heavy gasoline 5058
B-middle oil 5058
Distillation gas 5058

- Losses,

..F.B.P. - gasol‘hb -

- I+.B.Pe - beavy gasoline

"F.B.P. = heavy gasoline
IQB.PQ - B‘midd].a Oi]. 5058

_Recyele. product/total ‘throughptt .
Distillations factor without recyele '
Distin.ations factor with recycle T

E Hourly Quantitiea ‘

, Throughput without racycle - 26473 tons/hr .
"Gasoline 5058 ' " Be2l1 tons/hr
| Heavy gasoline . : . A 0.61
e ---—43--:::51.«#5!13-4:&.1—5058—~;w i 17455
‘Distillation gas * SR 180.0 ou.met/hr




| ‘mm.nauon gaa 6h3h
-Jo8ses -

" T FBPs g_'ai_om :

“I.BiPs middle m -
GO-P

cironumg t[total t.tn-oughpnt 8.33 tona/nr

‘Pistillation factor (throughput - 1

o diaﬁllati.on) o ,

. With recycle . } 2.27
m.thout mcycle RN 12408

w o B S ‘_..,‘,,__‘,,;w!‘-:,g“!!!"ﬂ!"tﬁaﬁi_t.._

'n:roughpnt vd.thout racycle S ]5.99 tons/hr
GCasoline 643l 769 “tans/hr

‘B-middle o1l 643k L Te92"

Distillation gas a o - 162,0 cu.met/hr

- btilivy Regtﬂ.remente

Heat:l.ng gas/ton throughput R 0.163 nill kg. oal.
Steam/ton throughput | T 0.038 m L
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VIII nxmmnsummmm

L (8) Thomd-guounoupuuﬁ.-dw:nm'uhu-
.'mg dilute NaOH solution to remove HoS snd Phencliecs, This is
followed by treatment in the stabilizer to remove the light hydre-- . |
carbons and mha the upor preuuro correct for a salaabh pro- '

i wﬁh preoedtrtho m—tmordsr%v
protoct :l.tfrc-l!zs corrosion. A degasser may be installed shead
of the alkaline wash. The alkaline wash is dome in two (2) stages.
For washing entrained alkaline solution; a water wash is emplayed
‘with a round-based column,

afterwards, The stabilizer is made with a round-bas
“and is built for six (6) stmospheres working pressure; It opam

ates tunw auto-auc mapt for mmnl fead i.njaoﬁ.on.r

‘Since the crnda gasonne ono h\mdred
n (150)-1:«: twohundred (200) ni.mgnu HoS

anporpmsamoto. tl,oophe ._thomlofdiuolwd
C1.to Clye. Themaﬂtmgnmudhemwmtmuponudw
combined with the heads gas from the C3 plant. With increased
tionthac-%mlant was not able to mset its guarantaee,
tgeheadpr ¢t could not be used as mentioned. Conso-
reflux to the stabiliser had to Ve aged which

ias abls to maintain the purity specifications for uﬂutabh
gs ° m:thec&hnbwashaptauppned. The fraction of
total C3 prodnc onmsultingtran(:;heaiagunmutedto

 about thh'tw (30) perceub.

- ) omwrma cmmnons

. Gasoline ' - 21.5 ton/hr
.¥apor. .pressure at entrance of
| stabiliser S 0495 atme
Vapor pressure at exit of N - S
~ stabiliser \ 0.8 ata. -
_I4quid top product: = . -l ton/hr
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ons are procesaed torgésoline, and the]nmm ”- ont o the. wm

- ¢racking plant and the utility mains. The ‘apparatus consists.

ofanalkasmmtrormovalo:azsornzs-'coz,anouabaw-“

7 ption unit for remowing highor hydrocarbons, an organic sulfur - S
- converter, a NaOH absorber for final remeval of st and CO2, and '

a gaaonn&plant_tor—hquitaotion»and~frwﬁonation of the-ldqud- -~ . -
p*oducts. . ' | S §
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e (1) Flaahed gas :tron ths cod and gaao:l:l.ne chnber
- ~-e£‘t:l.uent “produst; . : e
(2) 'Flashed gas from the recyoled gas. mh;“ U
} ?hahedgasfrcnthem:dotthecoalam;
L mtlet gaa from the coal and monne a,g‘, per -
- Outlot gas tron ths otabﬂ.iaer; : - -
“Low temratm*coha‘oven gaa ﬁ.-ca tbe red.due~ LI T

(o) '\";l‘he ﬂa'ah n-m the nqnid prbduct 1s mwﬁmi“m o
n are aent'

i -
N ,_x.».;gmxfmr!'; i L M - .
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mmm hish

~~—~~~(d)—~m nqui.d absorp S
_ pressure process are dawaiﬁ.ed by a mlti-atage pressure o
down,andthenae :I.ntorlchandlaannaoﬁom.»'rheindi--
; vi.dualsf.epa ares e = -
(1) me.ng “to 30 1;0 ahoiﬁﬁﬁréh‘i‘“cbﬂ*and—guol- SRS ORS
ine and washod gas; o
= (2) Plaah}‘ngtoabouto.l atmspbereo: ooalandgaso- ‘ 4
1ine and washed lean gass - - ;
2. (3)- Heating at atmospheric. preeaure in the strippe‘rt e ;L
A and ‘B distillation gas; ' - L
~ . (b) Heating under pressure in the stabilizer: Stamnzer gas.
Amonia is removed from the lean gas by a water wash, H28 is re-
,’ moved with alkazid, and the gaa is sent to The cracung “plant
or to tnel. , ] : 4 — _ : .
(e) ’Bhe gaaoline ri.ch gas 15 freed from sulfur with alkasid
— — e ‘ourified together with the pure coal rich gas.
The mixture of the two gasos treatedﬂth"WW .
residual COp and HgS, and- then largely liquified as mixed rich .. . |
gasinthagasolinaplant Thores:l.dmgastmntlngaaom o . :
-  1is sent to the cracld.ng unit. oo . TR S
- =107=
3!
- |
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watef:; to reduse this content to about thir
““The gas from tho gasolins chamber is~amnonis

from the B-distillation gas are washed with water after the M3
removal,

Tho gasoline rich gas passos through a two thousand '~ . - _

finally aftor comprogsion to Oli atmos-
‘an -all W . The gondensate -~ .

| (J) Alkmsid Plant, (Pg.26) - - - .|

e so-called alkazid caustic has the property of al- | ‘

 most completely absorbing Hz8 or-HpS # CO2 at twenty (20) degrees o
to forty (LO) degrees contigrads, and of releasing 1tf§$j§bqu$~'
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T i TR 80229 .
omlmndreddemea centigrade mmm congists of an |
a'baorber, a regenerating column, coolers, heat axchangers and -

; _ punps. mnangu,tbmnmmustmmmw and .

4 . the gasonne-ﬁ:ch gas are washed in two.(2) bell-bottom absorb- SRR
. - ers with DK.~caustic (  ‘dinethyl amino acetic acid) S |
the co-rich gas with M-camstioc {pri y mothyl amino propri-

L " ondc acid) 4in two (2) packed columns, “The saturated caustic goes

o o o intormediate storage in the Dik<cau -and from there: - R

, “7 T “is pumped through a heat oxchanger oounter current to the hot . e

St - pagenerated caustic from—the regenerator: ‘column, ~ In the lean gas e

Y AU washing system there is a gasoline scparator betwecn the heat - S
PN emhangerandtlatmktomowcmteuptoeew(m) | I
i .. . .degrees meco]mumledwithringaandtha ot
tle is fedidthdiructandindirect steam, The steam outlet con-
) - nection lsads to tho side of the: circnlatl.ng lnattle, which con- _
“_ o ¢ains the tube bundle for indirect heating, ~The division- beﬁaen SRR O
~° _ direct and indirect steam is detsrmined by the specific: gravity P

i i H
[ SORNEIORRN S SRR B O

of the caustics, which mist be controlled to prevent corrosion. . 7
- . After deguiﬁcaﬁontoaneoonmc degree, whore the gas is cooled . _
4in a water coolor attached to- the column, the-hot caustic is pumped o
: rrmthehettlethroughaheét'emhangeroomtercumnttothe '

e cold-saturated-caustic,—thro -water-eooler, _the ab=_

: . . ‘sorber. For the want,y-ﬁva 25) atmosphere absorber there is
abooaterpunpbe'bleenthecoolerandthe absorber., Inthaooal

" rich gas systom there is an intermediate storagd tank for ‘satu-"

i ———-—mnsttc*ﬁbrﬁn one for regeonorated caustic after the coo].-

TR er. From this tank th: caustic is punped to the five (5) aﬁoa-

(k) Prodncu.onorlﬁ.ﬂmri

nm&. -

.

S  _ The. gas from the stri colmn of the ].ean,gas absor- e
: ' ber system contains about Tifty 550) ‘percent HoS and fifty (50) '
L pement(}Oz,whichrcsultafrqmthelargeGQexmainthelean .
i ——gas-and-which-will-be- absorbed in-caustic, —The-gas will be washed - R -5
e once with DiK-caustic in a boll-bottomed absorber to concentrate = L i
: the HoS. The ‘saturated caustic from this wash will be regenerated ' .
together with the CO2 free saturated caustic from the gasoline,
rich gas absorption.. The stripper gas fron this ¢ caustic cyc].e
. contains about ninety (90) percent HpS. . The atri;?e
- .~ - - the coal rich gas ll—ca.ustic contains ahout. ten ( percent ngs
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. IX. HYGAS PROCESSING. gk“(:mt'd.) e -
i
“and xn.naw (90) percent ‘CO2. The ratit of 328 and cozapprou:lmte-, o
| ]ycomapondstothatottheleanganandthemfomwﬂlbecon—
| centrated in a washer, and tho caustic will be rvegenerated with. = =
the caustic from the lean gas systen. In this copcentrating wagh-
" or. the oxit gas from enriching washer . (m’ﬁgs), the outlet gas:

e - e - from -the Wasto-water recovery (5-8% HpS), and thé outlet gas from
SR : - the middle o}l desulfurization unit (10% 328,) are mhed :tor t.he

-~ produwctionof Meh purity HoSe T e
@y G ration of the Alkazid Undbe " ‘

‘me a].hnid unit was put 1nto operation in June 1943, .-
No- bas:l.c difficulties have been experienced, - Wet aluminum corro-.. .
__sion ocourred only on héating tubes of a column,.and appears as
pitting. Iron corrosion occurred to a greater extent on tho water
side of numerous coolers.. Strong bensin condensation in the lean
- .gas washer caused considerable trouble by pump abrasion and by
camminthecmuctothemtemdiate .storage and the
‘columns. - A bonzin separator remedioed. this in normal operation,
waagaaai.ngtheoausﬁcinthe columa, amllbntconﬁ.nual
fo- , caustic loas occurred. A lower caustic inlet rature and
e —a m—mrmmw-m -inlet-corrected this condit-
. . ion. . Increased axygen content reduced the effectiveness of the
ll-oausﬁc, and regeneration with potash made no Amprovement., -
The officiency of the caustic cooler and st condensers was ot- .
“ten jnpauad by water. side foul:l.ng R

(m) Pmr Gaa t. —— - - R “4._:;,.1..1'.'_.‘._,w L Ll ‘ B ./ .

. Lo
B ——— :

i

B

SO )

- The power gas plant sorves to condense the ].i.quitiable gases
: _"and fractionates them into C3, C} and gasoline fractions, The _
i gas-mixXture containing about. fifteen {15) percent CH],
' 15; percent §2, H6, twen -four (24) percent 3335’ )
- 28) percent CpHyg, ninc (9) percent Cg and hea and ten. (10) o
- wmmﬁuﬂww {azo,_co, -No)- j,a_eompreseed_ta hlenty_ﬁ.ye S
- (25). atmospheres in a two stage machine, and. the entrained lube . o
, oilisthenmovedwithanoﬂwash. ‘meoilwashconsiatsof
: " a small packed absorber over which liquid product is trickled, .
. _.The-lube-oil is knocked down to_the kettle. The gas from the oil
- .~ wash is cooled to about sixty (60) dogrecs with water, Gas and -
condenaa:he toget.twr are eprayed into column’ 1. In column 1 the

PR U O

e~ T R I ,,__-112_-; R o




S et o e s b o yo—— to————— e - s i oy o

fedtoeolmBWaMmhn&er.

S at seven (7) atmos es, anlthapmumucontrmbytha

_nmnwtothecwagew..rwtdthecmuumd ‘
‘tomn\xcolm3andpmu‘mdupﬁimmtﬂn'6u‘sh“a“‘6 T T A -

oo e a-displadcment seter GO te storage.  The ketile pro- -
PR "a cooler, a displacement moter, and is add- 5

) 1ngphntaspo-ergaareudue. Bamnthoﬁrotandaec etagea '
—.—.the gas is sent ovor a_gas heater and ﬂ.nalg used for drys.ng the sat- -
t.ed s:u:l.ca gel, _‘

(n) Mﬂonofthe(%m Building, o | |

o o Bacameotoperat.:\.ngmm and put:l.oul’arly because of
{ " #1aws in construction a-great-mmber of aifficulties ococurred. By
R tbeﬁofwhzwcoaluchgucmeammmgemmhum-
- tactorydnrimtm:l.r operating time, Boﬂxmchdmaweradestrqyed

i
1 =
:

"ure of Maﬁon. The. rotary blower for Bi-rich ga.s was . often ,
nnderremd.rbecause o:ttherow.-, :

(o) Recport of %ration of the Pawer Gas gl.ant

1lant went :Lnto ration -in January and " : o
Ml_at 121;3 withou%gﬁ.culw and haaoggerated withont tronble ;

o ' . -11} V | ’ E 4. o




o "me parformanoa guarantees ware in no ianner nqt; parucularly S o

G . - the A=oplant, Pr:l.ncipal faults were poor separation in the colmms o

- and a poor pertormnce of the moniadephlegnatoramm e _

precooler, This was. partially remedied by incroasing the ‘length -~

i of column B=1 and exchanging the ‘dephlegmator of column B-2 for - -
- two. (2) unit coolers, and providing ‘separators and pumps. The :

B Uhde Company--of Dortmunde had ‘teed, and to maka‘sood 1’6“‘ S
5 . ’ was neeessary to build a nmv punb. , _ T T

s e et bim st o 01

: ‘ ‘ | _93.0. % » : . ' é
i ; © - Prope B 81.0 s - ' o
S In wonm % S 5.0 ‘ e ]
_ ‘ and higher : - 95.0 | .
- Inbutane ey R 5-0’("‘") '

- -~ imoCy - . -6 0% -

B S - T 33-5 L
‘ T “"05 m‘mw S e 5 ‘ o

- Power gas - - C2 I . . h %

, , TGy 30,0 %

E 3 I oy . T 65 %
> o . .. cg and higher T . 9’-“,’ | - ' %
’ - Vapor‘ ' pmaam'e ' | S, | | "
| , 1460 L _ 10,2 atm, :

Hourly quanﬁt.ias : I

Inlet mixed rich gas -~ h,hso. n3/hr

sqa;a:zl:‘a

o T T Nate gaso‘.l.i;ne - — 0,9-tons/hr— . . - - e
~ " Power bubane S i.i tons% - . |
Power propane " ' «1 tons - ‘
Residue gas . 1,500, m3/hr S o
' czacjd.gg_plant 550. on3/hr , _
e
i B . e i - _m_ R ;\ - :_::; - ; E
iy -
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~ (a) In order to remove asphalts in a satisfactory mamner,
‘a definite partial pressure of HpS is necessary in the regycls

- gas stream to-tho coal stalls, Due to the low sulfur content-

o .  of the raw coal (0.5 to 0,8 percent) and the diluent oil (0.3 i

e . - percent), and also duo to the heavy sulfur requiremcent of tho g .

"7~ iron cxide catalyst, ths coal paste at Wesseling has olementary

~ sulfur injected into it amounting to 1.25 16 1,5 percent of sol- .. |

o (b) - After the: conversion in the stall, the sulfwr becomes
PN bound chemically with: the iron of the catalyst, the tail gas, T |
. the discharge water of the effluent, the distillation and ammonia . ;
— wash, and the tail ges. It is also to be found in the caustic - -
" - wash .of the rich gas and gasoline,. The sulfur in the coking res-

B jdue and the caustic is lost, while that in the discharge water - '
- end -tall gas _recovered to a large extent, The dischargewat- = =~ = = |

_er is freed from HpS by gasification with Coz. . -

- S TR

- (e) In
undt and

th ‘ gas feed for-the gas crack- -

ing unit and the rich gas for the fuel gas unit are concentrated - ~
and stripped of Hy8. Tho comosntyated HoS (approximately mnety

90) percent) is used for sulfurising’the feed fo_the gasoline

stalls, hence the sulfur soluble In the feed eventually turns

up in the crudé gasoline, in the gasoline stall rich gas, and
. 4in the discharge water. The non-absorbed sulfur is taken back
L. 4into the alkasid unit, The sulfur losses can be summed up as

the alkazid unit, the
N
of

1) Coking residue;- e NS UE
——¢{2)—In the purified gas in the alkasid unit due to

(3) The discharge water fram tho gasification; = .

(L) The caustic wash from the raw gasoline. . . .

. (d) In the alkazid unit, either HpS or.HpS ¢ COp are absorbed -
alkazid caustic at room temperature. Upon rehcating, the HoS - - .
 is stripped out and the caustic used over again. Two kinds of |
caustic are used, concentrated caustic and M-caustic, The former
consists of N—dimethyl amino potassium acetate {(CH3 )2>~¥~CH2—~COOK)
and this is highly selective in absorbing HpS in contrast to CO2.

B T S a7 fo——
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X. SULFUR PROBLEM. (4)(Cont'ds) - |
" j-caustic is principally N-mothyl o amifio potassium propionate |
R .(9“3‘;"’%'0601.{.5 R |
| and. this is equally effective for KgSa.nd CO2.. The removal and : | [

concentration of HoS occurs as follows (Fig. 26). The lean gas R

is washed in scrub r W2 with concentrated caustio, removing the '
HpS as opposed to CO2. The absorption.in the caustic is deter—— —— —~ "~
mined by titration against HoSQ) and the quantity of gas deter-

- mineds One volume of gas to one volume ef caustic is known as
none Point Absorption.® - o o

- (e) . The saturated caustic ffom scrubbers W2a snd Web is - : :
: regenerated in columns ML and M2 by open and coll steams The B
" relative proportion of tho two steam quantities is fixed by the R
_ specific gravity of the caustic, which must be kept exact, due
to corrosion on ons ‘hand and volumo contraction on the other.

.(£) With regencration, the HpS concentration is appraximate- S
ly fifty (50) percent and can be scrubbed within scrubber Wi onoce el
again with concentrated caustic. The caustic from scrubber b = §

4 - .andalaoﬁ'on_thegaannostallrlch\gaswasher,maandb,_are‘ ‘ o

‘ regenerated together, relcasing only the HoS. This concentrate
§ is approximately ninety (90) percent strength and can be used
directly for sulfurizing the middle oil., -~ ‘ o

e AR) ‘?xe)gaadischarged gzm scrgbel".h con:rains appr?m&te—
. ) twen 20 rcent . as discharged from scrubber :
T | %I—g-ﬁsﬁimoun?%mmé%ﬁbm&ym%&u.cmmd _

'into-SOp. The final HpS content in the S0p is very small.

: g;), The rich gas from the coal stalls is washed in scrubber
- W5 with M-caustic ch absorbs equally well HpS and CO2. The
_saturated caustic ‘48 regenerated in the stripping columns Ml and

M2. Duc to the high CO2 content in this gas the H2S amounts to -

only fifteen (15) percent and must be concentrated in scrubber Wl. . -
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I o Inronmunr FACTS ABOUT THE ALKAZID UNIT  <j;}MMw.t1' L
- | -f—5-----_-_-_____.___.___._. ; .
' HpS content - g/cu.met ng/eu.nat. Vol.ﬁ nas cn.-ot/hr- - i

lean gas raw o BeT DU ,-]5,000 .
o | coal stall rich gas Taw 35-.,. ... ... booO .
T o | 9. T u00

Gasoaine stall rich,gaa pure - 330

Tail gas Ma/b - ,,M,_,h._ e zsg I
- Thil gas H1/2 - o .. '1,ooo i

o Cauatic Scrub- Peed In- Reciro. Gas Steanm Steam Sp. g:‘tv.

... _type - .ber  Jjected  quantity . =~ direct indirect @ 20° c. )

. ] ‘ cu.net/hr cu./met/hr tons/hr tons/hr '
S _cefee ‘ - :

L c«_moent. m. 32 6 - - L ‘ g

Fresh "™ -W2- 22 23 . . S

Blower—gas— P —— 700-

e et e v st e <

s caustic " 4!3———16——~._ 218 -
- ‘Concent. D1/2 . sh L-6 L4 3 1;*155

ﬁ e h BA & ALY W ,57315? S
, . - suxrun.naxaucs T o
. Elem. Sulfwr 350'£on,1 o
eEm O o o m
: - |
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- Tail gas from after burner R -
| S lost in phenol removal = . %2 =
AR on loss . e 2 o SR | ]
LT © 7 8 residue in heating gas = 18 SR -
S residue in mud gas : B ¥ A T
. SinMywash 16 |
S in ust water not -
__recoverable =

S in 643k feed

L -~ (a) The raw materials used in _the final product are
- pure lignite, outside oil (tar cils, etc.) and petroleum, Seventy-
- eight (78) percent of the finished product comes from lignite =
, and the rest from oil. The outside oil is partly used as diluent
e ' .- oil, and partly as foed to the cool stall effluent distillation -
TR = unit, the boiling range, specific gravity, water and solid con- -
L - tent, are fixed. All oils containing either water and more than
twenty (20) percent middle oil are passed through the A-distil-
lation unit. The remainder isﬁmi.’xed with diluent oil. .~ : : ;

- (b) Variations in quality of final product can be made inm = :

. operational changes: reactor throughput, reactor temperature, - - e

' coal paste injection, amount of catalyst and boiling range of .r
middle and heavy oile - - B R

At s s b

i

(c) Properties of.hmevgggi' te Charge Stock. | - | i

. The pure Rheinish lignite is easily deccmpoeed 6@- , L

" cally. However, the resulting oils are difficult to hydrogenate, - A .

 requiring the high pressure seven hundred (700) atmosphere opera— }

tion in the sump phase. This is apparently due-to the high car- ... - |

g - R ;

_ ,q — j
s L ) B N p _
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“bon content in the ngnite. ‘The nmte"sem to be mautr
‘decayed stumps and plants.. The hf.tor did not aerious]y atfect
operaﬁ.on atter propeﬂy si.ﬂ;iug the raw. coal. ,

v gl

'waferv content i | 7.5 3 o
Ash - e 6.02 | r,,f

.

6r.76%
S.10 %

wzgg:;;‘

o.75’s

The underlined valu.es pm an inportnnt part. in the proceae. :
'v,,(d> _022.0222&. T S

' Thiaieconvertedintocac%bythocheﬁ.cal daconpo—
sition ot the lignite. This results in'salt crust or 'caviar"
fornation leading to seri.ous operating difticulﬁea. S

t

5. )

E X
£
3
a5
i
v »
I
v

.

-~

. Ihne to its. high value, twanty—ﬁ.ve (25) percent, it usoa
up large amounts of bydrogen, two-thirds of it being converted
1nto water i.n r.he Process,

(£) Sulfur Content. -

o Tt ‘amownts to only 0,75 percent whlch is rolatively low
compared to lignites from middle. Germany., Extra sulfur has to - .
~ be injected to meet the sulfnr content requiremnbs of the cata-

mtﬂ- 4
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S MO consi.ated o:t aha.‘.l.o oil, etroloumn residug, nhard- -
C coal.tars,andugnitetaraofmphaﬁc, ¢ and aroma- -
~ » tic charactor. Varigtions in the same. prodnced different products.
¥ Pelt in the final product

,. . However, thesc variations were
iy e—ee oo due to the large part of hydrogenated lignite effluent used and - I

; . ~ the proper operaﬁ.on of the gas phase catalyst. By useing too B N

. .- .- much road asphalt (over five (5) percent)asdnuenf.ou,augh- I

(h) The ﬁnalproﬂusta weres LT T T %

| s (1) Ordinary D.i.asel o:l.ls .
- e e o {2) Marine Diesel oil; -
‘ , 3) g:l.d service m.oael oil tor w:l.nter canpaigns in

. sia;
.~ (4) Crude gasoline for the. 6D plant of I. G, at Dﬂd‘
e wigshaven - prehydrogenation on]y

5)‘ Ordinary aviation gasoline; .
6) via Cl, gas for automoba.le

L (7). Spocial a tion c3 - C) gas tor use "in aviaf-ion L
- _ engines. ... T “’_f“”.““ o e e e

msmcnousormowc'rs o

st e .

~_Ordinary | D.teael ou.l B B e ,

Spegrs €15°GC 0.8 = o.aas — T

. ¥iscosity - Engl.er o 2o° c 1l = 2.6 - R
Slmrnotover ,‘-100(:.

Winter not over - 20° C e |

Flash point over : 210 ¢ o D |

Cetane No. - not. under . - 35 . : , |

— ' ‘.
t

. . — - e

— L el :

H

b

— |




ot i

. Spe gr. 815°C - .~ 0840 - 0870 - SR

Viscosity = Engler e20°¢C 1.2 = 2,6 | S %

E : Cloud 'point - - 40%C - - ' :
P Flash point not under __ .,“55°c ;
. ' Cotane Nos =motunder . -~ T - Z
(3) m.eselod.l (Eusai.anquanw) T s

o ,clondpoint,tmdar-_ " =3%c¢ .
A - Pour point, under . . =3520C L ; ?
S » o 2% ¢ T o

ity
g
3

. 165° C
: ’"_81. quo_Po o ' . OQS -] 37.80 c '
- API max. S sPe L

C e ;__;_Octane No. . o ' : | g
: Motor ﬁﬁthod“-clearw—w—— O
20009 vole ToBele BT e

Ty (6) Nom'-‘- 03 - ch gas -for aumb:l.les T S

T 1 ﬁ 31. S 0,7 atm. 8-0 °C o oo -
N : \ : . : : R vy mmm. .-, L 16‘7 “&h. ““‘0%‘~ T T e i
: : R 1-9 31.3 - pinimum- B 1:5-atms© : :
- L - maximum - 16,7 atm. @ obo"c R
P = not over | ' 0.2 mg/cuemet. .

. R
: 2l _(xz':anicsulm—not over =
o . = Elemental sulfur .~ megative
| - . Mercaptan (Doctor teat) | P
I - _m}m,_" | )
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S S Ruso:lan mﬁ.oz.on failed to naot itn c1oud pod.nttelt.;\ S

‘III. smsummmnwum

S (&) -The. great W&@Mﬁ of the m;g p.-aaa\n'e

& - of suitable stoels for the high preasure apparatuse memk
bl o omst be safo 1n negarda 4o the high pressure m""r

' nuzotthaprodmtsotlvdrogenaﬁ.

¥ion process would be impossible without the existence e

ey e ot

. i
L et t———

e B»S. - In zones of high temperatures .i.hew_nmaja,be_abh to met
SRR o '{E‘; special propert-:las. _ | .t

: (b) Theae reqxﬁ.remntammtonlybyallqs‘teeh,'bich
have been given a special troatment, Especially sujtable are

' the VoA steels, which arc mixtures oontainming over fwenty-five

- ;= -~ (25) percent Ni-and Cr. - The faults of these alby stgelp foroed
: the development of other steels with 1ower impurities, It is
to the credit of the I. G, Parbenindustrie tmtthsyprmad

such special steels, having strength meoting the

t-trea

-—-——of -the-high-pressure hydrogenation with a motal of lower P
contents Through-a specific-hea

v ' a structure,.which gives them great mchanicslatrengthandhigb

L. % . resistance against chemical attack, The treatment consiste in
prolonging the haat:l.ng in the austenitic region, quenching and
short tempering. The heating and the quenching. make the steels .
hard, butbri.ttle. ‘Through the tempering the hardness and brite
t.lenesa again will be partially raised. The steols reeeive by

~this means rau.fﬁ:cien‘btoughnasa—for —world.ng satew.

(c) The added tabular groupings: g:l.ve an msight into the
h:lthert.o developed ateala and their diatributd.on for individual
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H10H PRESSURE 326 At
1cationsg cf the Worki teri -
. - . ,/./ e
3 : : Applicable Naterial for . _ ’
7 Temp. Stage Operating | Nominal Tubdes Formed | Blind |  Screw | Bclte - Juts . Lenses
'y - | Temp. C Range Pleces |[Tlanges Nanges | ' -
o - - -~} 6-16 | stv.45.29} | s3 | o
0-200 16-160 X4is '
s2  |s2 s1 53 82
200 St.35.39 & | K1,K1M8
11 200-400 - | 6-200" | mea | ®maa  |mea xa8, X1, | xas.x1, 83 BSa 'Y
Fow 2C0 - | XaMs X1V K1CV _ '
? | | | . Z . |
— | Previously : : - ; a ’ ' - |
200-480°9C_ | _200-480 ,,,9,299,,,, _ 'f ) 8 R u, fs "?c' 1 nﬁ,ucv ““, __,._?iv -
!
111 : o ’ . ‘ i
Now 400-510 6-200 B9 R “REEE [ K3CV x3cy 83 ) (T O
40C-510°C f . X3 X3 | . '
BRI h 6-45 | ®8 N} T X3,K3CY | K3,K3CV sz e
Previously 480-510 . N '
480-5100C | 58-200 | ¥sv,m10 | mev mio|mev,mo{ x3,Xx3c¢, | K5,K5V | K1NS,K3. ) (7Y
| ‘ X5 K5V .| nav xacv _
| : oo
<o
o
~ (AN
gy
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BIGE FRESSURE 700 -Atm .
o  &pplications of the 'wg.-'k;:_g !.toriﬂn - .
f'l‘enp. Stesge | Operating Fominal 4Pplicable Norking !.tori;g g - v
H Texp.°C Range Tubdes . Jormed  Blind Screw . " Buts  Leases
’F ’ Pleces TFlanges  NManges
. !
S . 6-16 - 1 sz ! &n ! s s2
| 24-16C XaMB L - SE—
' b ¢ 0-200 except 135 ¢ | 83 K4Ns :
, N $3 n n K4aMs $3,K1, $3
136 K2 K1xs KNS O K1V, K1CV
. . . - . w‘-
, . G=45 KOs .1 | KIS X1
. KNS K1V, K1NS 83
> 11 58-160 ¥ea B8A T KaMS K1 | KaNS,K1, K1V ‘
T |Bow 201-400 except 1356 ' .
- - |200-4000C | ' X1 xs K4NS ,-_s:s,u.xuj’
e | 135 X3CY | R TRICY T
- — )
11 !
Previously : . s
200-420°C - | 200-420 6-160 N8 8 [ E8 X3,K3CV | K3,K3CV 83 /
111 6-16 o RY K3CV - Kacv 33
¥ow 400-510 | 24-45 %10, ¥eV 29,887 | m9 W8V | K5,K5V | K5,K5V X3,K1V H5A
o - X1cv
' |400-510°C . ,
' 58-160 u9 267 Eev X7 K7 K1MS | we
1 $3 SR ; k2 Fx7 KNS
'Prevto\nly - ' i ‘ ' . ) | ¥
420-6109¢C 420-510 6-160 E10¥. 510 J o K5,X5V | K5,K6V | XK3,K1CV . _
. { Lo C'\
, <o
- "\ “A




nﬁlestandanlateelforthemghpres
"~ other purpose . NB u:\.l‘.l. be employed espe |
.f“* —————tenperatures: —The. 1 -characteristioc -o.*.»’ ‘these steels
L ,'meremi.ningelemntsareﬁoand‘v,mch“arpnaadtn%hemt
of 0.5 percent. These stecls have the. advantage of  needing only

_a local ] after welding, ﬂﬁ.la t.he 1ater devaloped ateels
“ mast ‘be heatad ina ﬂnrnaoe. ' .

(d) Lt't.er the intnoduction ‘of the higher preasnres of aeven-
: -t smng'thqualiﬁeaofs-weelamlong—

" the designation K-steels.
~.a Cr content of about one (1) pereent

(e) “For the hot seven hundred (700) atmosphere s
- the NBA to N10 and some K-steels were usede Of these KS and
" K7 are outstandinge All of these stecls contain Ve Another char—
acterist.i.c is t.he :omewhat hi.gher c content of the: K-steels.

T (2) The best Seveloped steel for- nigh temperature: s«:i.s—the R
MO steel with a creep stren otsj.xteen(]b)stﬁvehundred .

£ifty -(550) degrees centigrade. It is ®mployed for the most streoQ-
sed tube piping and bends of the seven hundred (700) atmosphere

appar;tua, espeo:l.ally for tha ‘hot prehaater tuheg. e

(g " “he lack of tungsten and m]ybdemn forced the . pneparg- : ‘
"tion of substitute steels, such as the. NBA, N8V, N9, KICV, XK3CV. . . o
steels. In these, the contents of V and Mn was increased.




” ' o . 183, K, K3,. K3CV, m: K5, K6, K7
(1) The seeding 4 of the correct app]icaﬁ.onof?fn

-

steels is a rel rol for average strength values, . The -
- minutest detail must be watched, since the improper appIication
- of the smalledt parts of the apparatus such as bolts and lens '

&
a4

© (3) The supervision starts with the analyscs.
. two methods available: the-quantitative complete analysis; and
. the rapid, or so-called spot method, The latter consists in a

H" a6
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e R
moistening of the pisce under observation with H3SO),, HNO3, or
' HCl, and observing the formation of colored spots.  In conclusion, '
 all installed apparatus: was tested first by the quantitive method = =
" and second hy the spot-methods - - o oo o

materials. All larger pieces of apparatus, formed and tube pleces, -
“are marked with stamps, showing the type, the ocurrent application, = ..
— T o hﬁ‘ m OrTe . -ct—:m ljcaﬁ on m_tﬂamg .,,I—Lum,___n-ﬂ IR

 gmaller parts, as lense packing, bolts, etc., the material is re- -
- cognised through grain or simllar ways.- — I

- {1) . The supervision.of the. correct installation of single = -
: " “pleces of warking apparatus is followod colsely ‘by-outlines and -
© 0 sketohes,-on-which'the technical material data of each construoc- ..
- tion part is recorded. - The lists would be changs

" (m) . Tt should be stressed that tho nearly four (L) years

Y Bach "

C.__ UTILITY PROCESSES.

.~ . (a) Tho power plant supplies the factory with steam, power,

soft wator, amd condensate (Fig. 27). The maximum

each of the above quantitics is as follows: . =~ - .

1) Electric encrgy — 60,000 kilowatt; .
ond of 18 -

EB} Demand of 3.3 atmosphores steam - 30 tons per;'hon_r; ‘
(i) Démand of 2.5 atmosphores steam — 180 tons per hour;
(5) Feed water at 185° C ~ S0 tons per hour; -

s == (6) Pure condensate 50 - 80° C - 25 toms per hour,

. {b)- From the sbove steam quantitiocs, one hundred (100) tons
per hour vof_ condensate are returned to the power plant. : :




(0) The po-er p].ant eontaina tha tollowing uni.ta:

ilg Boi].er houao \d.th coal comora and preparation"- S
Turbo-gonerators, low pressure sﬁean ganerator, SRR
- n_,.uater purification and pump unit, o
B (3) Elecuﬂ.o control statl.on. LT T T

; electrio energ in three (3) atagea ‘at- en:(18), -
, 3-5, and o.h atmospheres. 'ma largest quantity. 4s cxpanded to 3,
: atmapheres .whenco it exchanger—gone: at;t:i By indirect

total ¢ te’ from the turbines: r boiler us
_is not contannated with other water streans. m 1oag and¢,-m
'».-r@doimmtmupmmmﬁmﬂ ““ """ ‘-

'ateaniemdefronaoﬁwmharuhich
, mumwm
one hundred ton 4;110’ domes centigrade :Ln order to remva tho

.dissolvadmen. .

e (f) In order to ca.re far varlaﬁ.ons 1n electrlc 1oa.d the
e _turblm&waqunippeinth_ ondenacrs which allow for increasing —
SR -r-thepmrfmtheturhineswithtbeambdmcapaciw.

: (g)- naeboﬂerlwuse (Pig.. 28) is equppedwith five (5 -
- -bo:uara,_gwh capable of prod (6!;) to eighty (80)

. __tons of steam per hour at-cighty ( he \ -
- .dred (500) degreemntigrade
cbupleted. The bo:l].ara are of

ah- prehea.ters and pulverj.sed coal tmrners. o
are controlled by Askania rogulators, which in;lect condensate in-
-to the superheatcd steam flow to maintain five hundred (500) de~
. _grees centigrade, . Boiler foed water is fed through two (2) typaa
-of pmnps, ‘electric or- ‘steam turbine- df.iverf;“ “Tn order to remove - - -
scale forming- componenta, a conatant blow dalm of ‘two: (2) percent '
is maintaineds , o |

L
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m POWER PLANT, COnt'd.)

“(K) Tho fuel is dried ngnite ha&ing ﬁ.fteen (15) percent |
‘water content. 4lso, provision is on hand to use briquotte fines
and semi-coke dust from the gas plant, as well as oxcess tail gas
from tho lvd.rogona.ﬁon unit, - The coal is transported in apec:l.al
railway cars, in an atmosphore of CO2. Each boiler is equipped
with five ( 5$ pulverising mills. Thc combustion gases are removed
-from the boilers at one hundred eighty (180) to two hundred (200)
degrees contigrade through a smoke stack one hundred (100) meters.
high whose natural draft is augmented by an induced draft fan, Lo
---The expansion-of the -boiler house-called for a second stacke -~~~ =
The  ashes arc removed fram the coubusti.on chanber by a water slur-v
Ty a.nd pumpod into a catch basin,”

- ri plan called for four (h) steam turbines
"~ with condonsera. later two (2) back pressure machines were in-
stalled. The turbines discharged ninety-five (95) tons per hour

~ of oxhaust, of which thirty-two (32) tons per hour passes through
' the condensers, In straight condensing oporation, a maximum of

eight thousand (8,000) kilowatts can be produced, A maximum load

requires ninoty-five (95) tons per hour of stoam which amounts

to eighty (80) tons por hour of exhaust at 3.5 atmospheres., Un—

der-mh—opera%ima—%hir&een—thousand—( atts-can-bo -

produced., For generating one thousand (1,000 kilowatts, twenty

(20) tons of stecam at ecighteen (18) atmos s or seventeen (17)

‘tons of steam at 3.5 atmospheres or four (4) tons of condensate

are required. - The ganerators are so built that when loaded tb R

_thirteen, ‘thousand (13,000) kilowatts,. the resulting power factor .. .

" is 0.8, The voltsge of t.he ganeratora is s:lx thousancd (6,000)

volts o

o {3) Each turbine has three (3) stagese 'I‘he f:l.rst oxpands
from forty (LO) to eightoen (18) atmosphores and & such produoea_
the eightcen (18) atmospheres plant stéam and the superheated
stoam.for the 2.5 atmosphere steam operation. The temperature
of the eighteen (18) atmosphore-exhaust-is held constant-at three —
hundred (300) degrees centigrade by injecting condensate, The
second expansion stage produces 3.5 atmosphere steam which also
indirectly produces the 2,5 atmosphore stoam for the generator,

To cool thc condensate “the compressor cooler water from the g
0

" plant is used., Its temperaturec is approximately seventy (7C
dagrees highar than the tempcrature of the plant. wa‘ber sys'bem.




| (k) ALl turbines are equipped with over speed trips which =
‘automatically operate above three thousand (3,000) revolutions
- (1) Thé boiler house can continue to supply plant steam
_ even if the turbines are not in operation by means of ‘the throt- - '
tle stations which reduce-the boiler pressure: to the various plant =

. (m) . In order to convert the 3.5 atmosphere extraction stéeam
from the turbine to 2.5 atmosphere plant steam, six (6) exchanger-
. type steam generators are used. Each can produce forty ?ho) tons
__per hour of 2,5 atmosphere steam, and by raising the pressure . o o
" from 3.5 to L.5 on the Hgh pressure sids, the out-put- can be——— -

‘raised from forty (LO) to\gfty',-'fli/ve (_55)._1‘.@13_. per hour,

(n) The genorator is fed wi ~goft-waters —In-order-to ré—= ... ...

" move scale meaﬁ,on,.apprcd.mat‘elyjthmg,B)Np‘e ‘
. water is blown down constantly. The soft water

“Wr-byﬂaating—to—mhm—

hundred thirty (130) degrees. This haating is done bty 2.5 atmos=_

-phere steam. _ ST | - i

|
1.,

- 7 (o) The soft water used'in mald.ng the‘2.5'atmo§phém steam |
. 4is mode from plant water which passcs ‘through the ‘calcium soften-
er, Permtit umrit and de-aerator (Fig;29).“ e e e T g e ]

(p) The softeming is done by adding milk of lime in the so-
.. cad ) r which is filled wi
. ‘marble, Thé plant

7 which combines with tho " g Sabucral
cium bicarbonate to calcium carbonate. . The result calcium car- o

 “bonate settles out on the marble balls in solid form. When the
_ marble particles become too large they are -

(q) After leaving the agitation poactor the water passes - - -
~ through a Kies filter in which the large particles are removed,
T Tand "énters“*bmfPermx_ﬁ.—t—Aﬁlter;—éThis,is‘;fille_d,_ with a zeolite
which works by a standard well known process, Finally to remove
traces of calcium carbonate, Na3PQy is addedes  The water is then
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2 . freed of oavgen by heat:i.ng 'I‘he dagaaaed soﬁa water 13 now t.a.lcan |

: to thc gonerator and vaporized In order to prevent scale forma-
- tion on the tubos, two (2) to three (3) percent of distilled wator
B *“———:’cs—comstantﬂyﬁdde& uhilo the—sawquantitw 1awb1am—dmr —

T omumamnlsm

g - \Avs. No. or boilers on at.ream o h.oz |
U T T Avgs load bollers - T 77776055 ~tons s/t 3
| : Avg. No. of turbines-on lina | . .OS T o .
. . Avge load oach turbine -~ 7 11}’,_51&2 ke, . x

, ‘ L HgO content of coalﬂ 15.07 z e
R By - Kg. cal/kg h.692 L

e e g e ] -

\ _ PRODUCTION
T * : 70_4tm. Stcam

Used = boiler foed pumps .. Ta10 : e = P
Used — turbines R 235.39 -
S | Uaed reduct:l.on - throttle o ; . 1.92 :
 Conde ensate B o e hO'.SB'to'ns S o :
3.5 atmosphere ‘steam - - 170611 tons =~ R Lt
18 atmosphere steam - S 2h.7o tons R . R
Total exhaust e 235.39 f.ans,; e

S"‘EAI '1‘0 FACTORI

P ‘18 atm, steam. S ]1;-66%008
Sl 3.5 atme Steam - -17499-tonS
L .'2.5 atm. steam ’ i 110.88 tons T
o o condensate do-oiled '33.46 cuemet. -

o - ».,, . . . . A -
— N " . e ey -
\ RN : . .
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I. 'mE Powm PLANT, (Cont'd.)

B - TEAM TO FACTORY (éont'd.z o

Turbine condsnsate . - 6.2l cu.mat.

, Soft water - cold ‘_ o . 26.10 cn.met.

Producaimplany_w - 3!4862 m

~—Soft water = warm : — 90461 cusmets — =

- - +Outside power. 5 _ ) 615 _Jwh
‘ ' Total required P ~ 61,hW kwh
.. Used in power house ‘ * 3,015 kwh
Used in plant | 5&,90!4 kwh

ST L o'rmmcrs

- Stesm/coal (ton/ton) R 5,78
e (cool 4,500 W.E./kg) -
70 atm, steam demand/kwh 6.752

Total coal required/kwh I Y4 i §

Condenser steam cnergy ——10; il kw S

Total power capacity ' 3L ,862 kw

- © II. TREATUENT OF DISCHARGE WATER.

{a)  The discharge wator treatment romoved the largest part
of t.he impurities in the process water, and thereby prevented
the pollution of thc Rhinc, The discharge w:rber streams arct

. (1) Water soparaﬂbed from the coal and gasoline stall
' - effluent chamber products in the discharge water tanks;
(2) Water in coal and gasolinc efflucnt which is ob+

I B LT A TSI R S UMY Y

- " tained in the overhead cuts from distillation; -

. _ 7 (3) The condensate from the coking residue; . :

| ' (L) The wash water from.the rich gas washer; .

A (5) The rinse water from all of the oil trca.ting units.‘ ]

' “The impurities are: 011, st, and~ phenols. ,The ‘discharge waters—- - —
: were divided into two groups for separate trecatments. "These are ;

the phenol wa.ter and dirty water contaim.ng oil (Fige 30).
“136- .ls".,.. - ' i
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(b) m the ﬁrat group belong watera containing more
than cne (1) gram/liter of phenol. - Thdse are effluent waters

- of the coal and prehydrogenation chambers, the condensate from - - = -

‘the coal affluent and prehydrogenmation disﬁllation, and the wat— -------------------- —_—

erproduoed at the"gas phnrand tbrcektngkﬂns. - e

. L (o) 'ﬂm second group contains the efflusnt andd distd.llat:l.on o !
) . - ..  water of the gasoline chambers, the wash water from the rioh gas : N
. "*mhar, and “all’ of “the oil—containing rinse waters. - ST e

- (d)  The purification treatment fer the oil-containing dirty
o -—water -is simple, For HpS~free water it consists.in allowing . the ’
(- oil to settle out, For water containing HoS the oil is first

' separated and then 1t. ie treated Id.th 002 to remove nost. of the
~ ‘dissalved st. : L

(e) The watar conta.ins.ng phenol is given a ‘somewhat ex'ben- o B
sive purification which consisis of extraction with trioresyl™ =
phosphate in addition ta the oil separation and the COz treatment. . - |

_ 'The tricresyl phosphate, called PTri® for ‘short, is a ul.xbure ‘
‘_ - of triphenyl, tricresyl, ar andmwrphouphm—whm
~—-- = gbsorption power depends on-the triphsnylphosphate contemty . - - |

- (£f) A special character.!.stic of the Tri process is that
the extraction medium boils higher than the dissolved phenols,
hence these latter must be distilled out of the absorption med~

- ium, This operates so that the phenols produced rare vary pure,.

~while the impurities remain’ behind as still residue w.i.th '1‘:'1.

The Tri must next be purified,

I S (g) 1In general the operation of -the dephenolating nnrb 13: Cote
The phenol-containing water was treated at forty (LO) degrees
centigrade in three (3) mixing chambers and separators located- e
' oné behind another. Fresh extraction medium was added periodice-. :
T T "ally. The mixing chambers.were constructed ‘with slow moving agi.- L —

tators because the Tri tended to emulsify with water when viol- T
_ently agitated. All together the concentration of Tri was about.

ten (10) percent of the water. The phenol-containing Tri was
~ vacuum distilled to remove the phenols, The Tri remained as atill

»bottoma. The phenols were condensed, the water- separated, and

‘v
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o _ II. TREATMENT OF DISCHARGE WATER. (g)(Cont'd.)
i then vacuum d:i.atj.]}e,d a secon@_ time. . They m:thgn, sold.

(h)‘m‘e'n'i"“ °°°1°dt°ab°nf- forty (hO) degreeacenti-

grade and used for ﬁn'ther',exi@ractidn*df_,phénonof-oonm.ning—pt—f .

er. A fraction of about six (6) percent of the product was centri-.

fuged out to remove impurities, and a second smaller fraotion

‘r-—~---4 was treated with O.5 percent phosphoric acid by stirring several I S

N ‘hours followed by centrifuging. ‘The dephenolated watarm.lad

(1) Many operating difficulties occurred in the purification
of the phenol-containing water from the coal stall effluent, es=-
~ .pecially when the sludge from the coal chambers overfiowed into
" "the effluent. The coal stall effluent could become as dense as -
the water through the cooling of the latter and then either passed
on through the separator or the gravel filter. These disturban-
ces usually led to increased quantity of “impurities -in-the-Rhine, -
since the only remedy was to discharge the water into _the Rhine,
Once, oil passed through the gravel filter to the extractive ves-
{= I ate 8-tk DEY wf . .

ri)®

o

the disturbances, for example, as described in the sump phase
and coal effluent distillation, the addition of diluent oil to .
: coal effluent produces a deposit. Other points are: the improve-
v .. ment of the apparatus and increased supervision of the high pres-
.3 : sure operation, avoiding the addition of emulsion promoting olls,
A such as heavy oil from- coking residue and unsuitable outside
.. oils to the coal effluent products . . :

(k) On account of the special pioperties- bfjt.hé ,m, most

- +~—~-~~*——=:—-*—-m—g&;~ia—‘bammea_are“removed""fl‘m'*'tbafwater—bems“W"‘;—“:'“'A' R -

| phenols.  These materials raised the viscosity of the Tri ten—
e s #£0l1d inside of three (3) months from the original of three and

(3) e remdy consisted in provenbing the cocurrense of

one-half (3%) EO. This was in spite of the mechanical and chem-
jcal purification of a small bleed . The concentration of the

" impurities then were from forty (LO) to fifty (50) percent. At

"~ " the same. time the solubility of the phenolics in the Tri, especl-~
ally phenol itself dropped sharply, so that the henolic content
of the washed water rose from seven hundred (700§ milligrams/1it-
er to nearly threc (3) grams/liter. ‘ _

~139-
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| ﬂ . (100) to two lnmdred (200). minligrans/litor.
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II.. mmmm oF n:scmosnm con:b'd ).
’ _ (1) Furthermore, the mpmue &F1n" the Tri tended to cake
i - on the walls of the: apparatus. The crist deposits are difficult -
to remove, It was tried to remove these cakes by circulating

"~ hot concentrated NaOH" ao].uﬁon, ‘but uaimlly it waa neceaiary to
t.ake the apoaratns apart ‘
H R !

(m) - Those difficultiea dema.nded that the '.l'r:l. ve renewed , L
‘at least every three (3) months, The change was made at suitable = -
- intervals to keep the formation of tightly~adhering cokes in check.
‘The product which is drawn off can be regenerated by a high vac= """
uum distillation, which must be used for want of another suitable °
distillation apparatus, 'l'he purified water in the discharge water
treatment contained NHj. - This led to the formation of thicker - . ' .
crusts, particularly Cac03 “in the discharge. water sewer through — = ¢
itsmi:d.ngwithproeesswater,Ontlﬂ.aaccountapipemxefor : , .
the impure water was laid to the Rhine in the process water dra:l.n.

(n) The diaadvantages -of- the- m procesa led _to its _remov-. R

al 1n favor of the YPhenosolven® dephenolation process of Im'gi. ,

- -Phenosolven is- -chiefly-isobutyl-acetate-in-a-mixture of esters - S f;
_that boils lower than the extracted phenels, It is distilled . I
_out of theextraction mixture and thereforse remains clean,. 'l‘be o

impurities remained in the phenolic extract and were sold with —
- thems This change in the process produced a far better phenol
yield. The phenol content of the treated water was one hundred

IHPORTANT OPERATING RESULTS

e Qﬂﬁﬁﬂﬁ
. Dirty-oil from dirty water - - - - 8,900 annual tORS— - - -l
Dirty oil from phenol uater 2,600 annual tons o !
_ 0il containing dirty water . k7 /h;‘__ S
Phenol water 32 u3/hr - | . f
CO2 used for :Ln:jectd.on in tho wator 600 W/mr - - |
i
e ] 4' = ‘A‘%”
: - ~lo-
,,,,, - ‘ i
. . : |
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S Hgscon'hant
Of f,he un-gaascd phenol watcg

Of the gassoed phenol wator
" The outlet gases K
Pz‘oduct.ion of phenol oil

Mentul oil -
. Phenol
Cresols -
~xylenols
Rest -

| o Phenol Content

950 annual tons -
A "‘1a ofPhenolQﬂu
— T Ty e

Of the Pmuol water

. 5,2 gfliter .
 Of ‘the-dephonolated water ~—Le@-

_ .. Phenol. production .. e e

142 g/1iter
e

dnter,~__- - m.__-,-;.,.-, e e e e v

Lk Vol %

2,0 . SR
L3.0

‘1.0 : '

63 0. F 3 .

| |  ori Content
of the outlet water

-Of -the-phenol-oils

0,086 g/2iter
9 =5 gb.itar

(4) Miscellancous.

-

L.
(a)

HET & mmm:s.

Water Gas Um.t

: Guarantee Figures

0pera‘bing figures at - - RS

~ Capacity of the generators
Water gas/briquettes 2,030
“ The heating gas rcquired 7807
“Outside steam required
. -1~

“homendizm

CO f‘ Ho - con‘lient of the wa‘ber o % N
[ ,500 nm3/hr

wa.W gas

the end of 19&;

h y 4
5,250 nm3/hr
820 WE/
. “water gas
0.12 kg/

- e
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- The guaranteed quantities on gas mu!aiturewere never reached.
" The defiocit amounted to approximately five (5) percent, for which
the firm of Pintsch was charged with a penalty. This was parti-

‘
r sotion 4 2 AP LR PO N

(b) Fusl Gas Unit.

: o - " The guarantee figures for fuel gas unit were completely . L iy
i .. met when using HoS steam injeotion, and when using CO2 injection ’ *

. the figures were surpassed, At thec same time excess steam in'the. -~~~ et
- - amount of 0.1 kilograms per -cubic meter of heating gas was produced.

(o) Gss Cracking Unit.

e

: . No guarantee figures on this unit were set up by the _

_ B manufacturcr, but the operating results exceeded those values an- . -

- ~_ticipated and designed. The most notewarthy points were the high
-—- —— - " “"produstion yields and steam production through waste heat recov- __

. ery which allowed for steam production equal to the steam require—

R e ) R O
(d) " Bydrogenation.

S The hydrogonation plant of I. G. was never covered by .
a guarantee. However, the operating ylelds from both units exceed- ‘
e ~ad—thedesignquantities., The coal-requiromonts were somowhat . e

; . higher than anticipated. The hydrogon requircment which had been _
(’ ; estimatod from pilot plant studies of I, G. were originally set : o

" . too high. The oporating difforences expected from using a Rhine
"1ignite instead of mid-German lignite were correctly anticipated.

S . ..- .. . 7In all othor operations anticipated full loads were eith-
er reachad or bettercd. This is especially truo of utility demands., |
! Ong exception was the C3 = ¢}, unit which did not meet its guar- . :
anteesj this failure amountod to forty (LO) percent of the designed -~ -
figures, The firm Uhde was going to build another unit in order to g
meed the original requirements. ' ’ e ~ . 1

- LY
-
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I. MET AND NOT MET-GUARANTEES. (Tont'd,) - T |
(f) Capacity of 't'.he’f“Plan"".”t." e o | | '
- . The pr@mﬁén—ﬁné ‘curve shows that in 194l the unit
-~ was -capable of producing ‘twenty~seven thousand seven hundred = = -~ .

" (27,700) tons/month of diesel oil and gasoline or two hundred
sixty thousand (260,000) tons/year of gasoline and diesel oil.
- This meant using the -comiplete gas producing capacity. The raw T :
materials were approximately seventy-five (75) percent coal and =~ R
twenty-five (25) percent oil. - From codl alone, two hundred .
- twenty=-five thousand (225,000) tons/year of gasoline -and diesel -
oil were produced which was the designed capacity of the unit. }
The bottle neck was always the hydrogen production, By the addi-
tion of outside oil, the capacity of both sump and gas phases o :
‘rose to the total of two hundred sixty thousand (260,000) tons/ =~
year. This use of oil saved hydrogen, as it requires only half .
- as much hydrogen as coal, The sump phase capacity was raised fif- —— " —™
_ty (S0) percent by a_slight addition to the gas preheater, The ‘

)  gas, phase had sufficlent reserve capacity for this additional mat—. ' —]
erial since the middle oil made from outside oils has less phenols : o

~ than the coal oil and could even take a throughput thirty-five
(35) percent over the designed figure., In using coal, the capacity - ;
of the unit is two hundred twenty-£ive (225,000)- tons/year diesel. . -
oil and gasoline while with outside oil it is threc hundred sixty s

thousand (360,000) tons/year of the same. ' To conver:t the latter
quantity to aviation gasoline, a fifth gasolins stall would have ‘ L
to be built. Sk _ | | R ~ -

~

II.  AIR ATTACKS AND COUNTER MEASURES TAKEN.
(a) Protection for Men and Machines. '

-... ... ... When the plant was built, many air raid shelters were
included in the work., Besides these, a considerable number of
“walls were built both inside and-outside of buildings to protect

machines. - The turbines and boiler plant were given special pro-

. tection. All tanks containing inflammable material were speci-
" ally constructed and had extra heavy dykes and run off ditches.

(b) - Blackout,
. ' Spocial means for blacking out ‘the plant were undertak-
en, either semi- or complete, Under normal blackout conditions,

3~




AIR ATTACKS IND GOUNTER MEASURES TAKEN. (b)(C | |
epecial lights képt buildinge in semi-dirkness, while only theé - '

repair shops were kept fully lit. At the approach of enemy planes, » | | |

the blackout was completed by cutting off the lighting current,. ' o
- Diseipline among the workmen during air raids was excellent. :

No dama;:c was received duc to blackout orrors. | B
. (e) Air 7aid Werdons and Their Work,

‘Suitable air raid dofence was always available. No one ’ i
shirked his rosponsibility and the posts wore alwagys completely = : - L
' - manned, The air rald protection procedure was minutely worked - o
ocut and was constantly being improved. Warning from the outside- o
was conveyed quickly and efficiently to the central station by |
. - -the Army, with whom good cooperation always existed, The infor- . ... . . |
.~ mation was rélayed to tho whole plant by a siren alarm exsept L
to the high pressure unit and boiler house which was by tclephone, - i

- — - glving the latter instantaneous notices. ' , } SR S
©777T (a) | Operation Procedure.
: : . The most important detall is the blowing domm of the - . ... . . ... :
‘unit, This was done in two stages "Safety Operationt and complete : -
depressuring. The former assumed on receipt of warning that planes ' .
_were near, while the latter was only resorted to just before or - . . _
' after bombs started to fall, "Safety operation” requires isolating
.~ the units in ths plant-from- onc—another, hence -making-indirect - .
. . damage impossible or unlikely. It disconnocts the main plant . CT
; from outside power supply and stops the feed to the gasoline stalls . P
- ‘of the gas phase, It also stops the coal paste injection in the o '
sump phase, and substitutes diluont oil for the same, ~ Under ex- -

T RGN DI ONnSOVvVe n.p.- i E s 22 22 G0 CORNE 44 u 3
" power plant in a few seconds, - The progsdure was so well exscuted -
that "safety operation! could be carried out in two minutes and .. .. .
complote -blow down in another few seconds. Such results wero -

made possiblc by placing all control valves and ‘power switches - o—
in one air raid shelter and at one switchboard in the power house, . o
The same reliability in blowing down the unit existed in resuming o
operations, ' Production was completely restored after four (L)- B
to five (5 g hours. Hence operations were broken and resumed thir- R
" ty-one (31) times., The methods were carried out that damage was 1
limited to one gas holder and one .small sxplosion in the gas plant. ;

w . . N R . S
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T e —————
_AIR ATTACKS AUD cormmz lmsunzs mm cont.'d. |
Loss of Produstion Dus to Eneg_g. r Raids - Loss of F:l.n:l.ahed Product
-5/29/h2 Safew operation (attack on .
i “Cologne, loss-of- outside power - S
“several days) 300 tons -
o 10/15/h2 Bombs dropped on gas pla'ht | 8,300 " B e
B 1/23 . Safety operation (outeide . . . .. o1
power off) a 600 | |
‘ 2/1h/h3 ' Safety operation. (outaida o o |
power off) a0 , '
2/23/u3 Ioss of all outside power . Lso » : s
6/27/43 Blow down complete (1 stall = . S ;
coked upandhadtobetak— \
S — 7/1;/}43————~——szety operauomnth—loar e T
. - of power - - 300 n - : o
i =79 f43 - Safaty operauon wtbh—losa ~~~~~~~~ oo §
S of power .. 100 : |
. 7/30/i3 ~  Safety operation with loss R
S 'ofpower" - A\ ©180 n L '
81243 -, Safety operaticn with loss v o

of power e
~ Complote power fa‘l.lura (ald
stalls coked up dospite
. quick operation)-.
— ] ﬂW“""“'Safw—dpéi'Eﬁon
' Safety operation. e
‘ ~ Outside power failure -
Several days outside power

. 4 ” "‘-————Eo_"f‘
A e
5,000 "

m&___.. S ——— 150 o | A ,i e e 2 _._:
100 ® - _

“lost due to damage to pub~
o utility —

' 'Damage to br:\.quette conmu

20 - -, Safety-operation, - , _
- Safety operation ' 80
‘Several days lack of briquette& :
(main water conveyer in m:l.ne
‘damaged)

Safety operation e

. Outside power failure (011
circulating pumps out)

Cas

Safety operation 0 w0 -




| 11/30/1;3_; "safew Omraﬁ.on

-h 22/l --Safety ration - - ,A
" 5/20/“& Sa.fetyﬁration A

- Bl26/ul Safety operation

R 72 10 [ e wSafeiy operation T T
e ew operation - T 150 . R

Inss of ?rodmuon me to meg m Ra:l.ds }Ibaa érr Fi.niabed Product

5 |
5

- Safety operation:

2L/L, . Safety operation - -
3/u/uk Safety operation

Sf2h/lly - Safety operation’

§ é«ﬁ‘*s‘séséé

$/28/us _Safety operation = . o |
6%3/“‘ ' Safety operation = - 250 S e S

6/23/ul . . . Safety operation (mlure of ooy

S 7 outside power transformers) - 2,080 %
6/22M“"““~” -3019*«7 operation and blow- dmm R (bl
6/27/uls. Safety operation o .

§§

,’~

. The total production during thi.a time was b55,356 tons, | e
that air rai caused a loaa of S.1 peroent. | - \ - !
N II1. A_mm'mcxos'.:mm,ghh.“

(a) In the night of July m—19, 194k a heavy a:h.' at.t.aok

"waa made on the plant. About bne thousand (1,000) high explosive

bombe, mostly five hundred (500) pound, fell :l.nside the manufao-

i} __was _dropped ggq;-jhe plant. Seeonds later the bombs started . " ,
- 40 drope They came in three waves . and lasted about‘twantr (20)““’ T e ey

turing plant. m the south west the boiler house was haavﬂy

(b) “The acoo\mt -of-the attack was‘ as follows: .at 12:55 ]
a.Me first alarm, at 1:03 a,m. "safety operations® was ‘sounded e
-, and word was passed, '!Attack headed for the plant.® . .

(c) 1:07 aem, full blow down was given' ai‘ter a red ﬂare |

nd.nutes,

LT T ;_“ '—.‘_"“’ e T "i—"“ “f_;n""&-“ — »v ] T ;_"‘ , T : - - ' ‘ v. "":""
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 III. AIR ATTACK OF JULY 18, 19hhs. (Cont'd.

.. . .-(d)_The attack was nmade easy for tﬁze aviators by the light-
., ed conditions, sincc. the artificial fog was started too late.
: ... .  The reason for not starting the fog is unknown. The manufactur-
- fires were started after the first bomb attack. . - L - -

e

?“ R *'* - -““(é)‘#Safety”operauom‘mdemgemy"shut‘dm rocaeded - —"" e
satisfactorily, despite the short interval of four (L) minutes. - - : .
, . for doing same and taking air rald shelter, o A C

- ] (£) The same satisfactory conditions obtained for the sev- -
- eral men in the power house, who had to romain at their posts : B \ I
- -as-long-as possihle, Nevertheless, they were in their sheltera - - PR
at the start of the bomb falling., - Of the six hundred (600) work- o
- men, there were-three (3) deaths, _These .all occurred through

. (g) On account of the severity of tho attack, the water
_and eleotric utilities and telephone lines were domn, ILikewise '
‘ the destruction of the radio tower made it nocessary to send for

i ______(h) The aid men and wardens were brought partly by Intel- .
ligenoe and part came by thomselves. The fire was sprecad by num- T
. erous explosions, and through the many hours of fighiing there s
o 'iras"adextremlythick*fog;“ItfonmdfrmAhe—Mback_tow e

% mrfeld, Fire water was taken from DHD tanks filled with water, o

. out of the Rhine through a.short finished water 1ine, and out L

of the ash settling basins of the gas works, Oreat fires spread T S A

in the tank farm where four (L) full tanks were locatede 4lso o

_ “fires spread in tho coal mill and the bunke -workss——
Besides, tnere were a series of small fires in the vicinity L
the .high pressure, the. dlistillation, and the power gas units.’ )

The 1ittle fires were quickly: extinguished, but the large ones '
~ lasted to the followling noone T
| (1) The following damage oocurred: Great destruction in
e _the gas production unit, in the coal mill, in the water gas con- )

. version, in the compressor ! ""';‘"_'iﬁ“thé”co'ptu".\.fica'f!;ion,'"inw
. the. recycle pumps used for hydrogenation, in the tank farm, and
‘ ' the pump house for headvy oils. Almost all gasoline was destroyed.

e




. The aml]ar gaa ho].der for Ng and 328 réna:l.ned almost undamged. ’ 2

“The cracking, distillati on—fowa r—gas; dephenolating-units-were — — ‘

- 1ess hoavily damaged. F ]argetubebreakaandalargeri
o ~number. of .splits occurred., The fresh water, drinking water,. and

‘ discharged water. 1ines were brohan in. many places, alao the tele- o N :

graph and telephone lines. - R _ T

(4). About twonty (20) percént of tha “plant was destroyeds
mhg:l)aci‘wwas greatlyhm'tbeoause tbab\ﬂ.ldingshadbeenhit ‘
so hoavily. o |

(k) In ten (10) waaka ot aoceuerated repair work, the plant |

wa§ restored to fortw (ho) percent of productton. S
T 7(1)  Oa October 3 and 11, 19 hhtwomoreattackaronmdand"
ateacheboutd.xty(w)bomboofonethonaandpmmdafenon
~—the- p].ant. -These-causcd damage in the h.tgh praasure, tank farm, i

-+

(m) ‘on October 6, 19lls the plant was closede of a1l the
bomhsdroppedontheJulle,]S aid,ttohundred(zoo)mre

de ) . ‘ » R . - - e e o - ’»Z_;E_—

Prod amd t . Hn:hsch - &r\in _
S »"Pj:p:l.ngmd stocl work b . Kolsch = Folsemrlne, s:lsgen S
- Furnace l.tuing . . . Dre Otto,. ‘Bochum IS
L ST xoppe:g; BEssen - - : C S

Gas scrubber. . ‘ o Munchen
. B ~ Gas and air blowers . . Jager. and Coey Ie:l.psig
—=— 7" - " Dust removal and oleaning - Imrgl, Frankfurt
- o Tar pumpo , ' - ~ Weise, Sohne, Hal]ﬂ 3 ' '
_Conveyors . ' ' , Ponlig, Koln-zolletock ,
| Prodnoer and water gas, blowersj - . " Schiele, Eachborn/'.l‘aunna .

¥




- 8026?

Iv. usrormonrmmmmsormcmsmw_tgg

J‘ittinge and cocks -
Gas holders .

' Zimnermann u, Jansen, Duran

Nsumiarn, Eschweiler

... Tanks Neumann, Eschweiles |
' ',Cooling towers ™ . Otto Estner, Dortmund -
Redler conveyors for dust and aahoo _Gebr, Buhler, Dresden ~ . A

5 conveyor belt. Clonth, Koln-llippes D i
aonm HOUSE i

Steam boilers » Durr A. G, Bat:l.ngenb Dtdort F
L : Walther, Koln-Dellbruck
Boiler feed pumps ’ Halberg, Ludwigshafen } 5
Boiler feed turbines Borsig, Berlin-Tegel . §

: Coa'.l. conveyors Maschinenfabrik; liagdeburg,x.s.G.j W :

Fire brick 1:Ln‘.l.ng

« Steam lines
Burner control
Temperature control
Flow regulators:

Berlin~ -
Karrenberg, Dusseldort

' Seiffert, Eberswalde -

Askania, Berlin
A E 3y Berlin e T
VehoGey Mannheim

—— -~ -—Superheated-stean equ:lp-ont---,---

Amag-Hilpert, mu-nborg

~Schaffe» ua Budenberg,

o Magdebusg :
Boﬂ.er .feed mtor trea*hnentr Permutit. Ber..in .
Blowdown (?) - Natorp ua Eberhardt, .-
- e ~ _Hohenturn b. liclle i

Turbines T A:E.G., Berlin ;

Water p\mpa ‘ ‘ﬂw
Condensate -

Rits u, Schweitzer,
Schwabisch-Gemund

_ Vogel, Wien-Stockerau

Ia-pressyretanks S

Feld u. Halm, Bendorf L

CONVERSION C(HPRESSORS
EE ARD CO PURIFICATION

P R R

ST " Organic sulfur removal Bamag, Berlin - ,
; _ Exhaust gas blowers Kuhle, Kopp ue Kausch i
“ LT | - Frankenthal .f
" Air blowers Schiel, Eschborn i, Tae |

Boilers " Oschatz » llerane i. 8. _ 1

. . !

\~» N 4

' |

i

. 1
T




Regenerat.ors - 700 and 325 .atm.

Heat removei'a -700 atm,
Product. collectora ‘

Snrge tanks

L 3

Preheater copatrnction :
Hairpin tubes — 700 atm, -
Hiarpin tubes — 325 atms .

Exdxapger | pnp_dlgs

| Appurtenanoes

Circulating: bluwers
Gas coolaers -« .100 a‘hn.

i‘riedr. Krupp, EGSGD '
D.H.H.V, Dortmund-Horde
Bocumner Verein, Bochum

- Pres. u, Walzwerk, neisholz

D.H.H.V. Dortmund-Horde -
Bochumer Verein, Bochum -
Pres. u. Walzwerk, Reisholz °
Deutsches Rohrenwerk,
Dusseldorf -
‘Eisenwerke, xa:l.aerlautern

"I. Go Indwigshafen, Ieuna -

I. G. Indwigshafen, Isuna
Leuna~-Werke
Hydrierwerke, Politz
Chemische Werke, Huls
I. G, Lodwigshafen -

Schiele, Escheborn 1. -Te - S

| ' Io Ge Iydwigshafen

Rea.ctor orans -
‘High pressure ﬁ.ttings - 700 atm,

Hi.gh pressure fittings = 325 ata. ,.

Air coolers I, G, Iudwigshafen -
Nud coolers I. Ge Indwigshafen
E ‘ Dussledorf -

Demag, Duisburg
I. Go Iudwigshafen -
I. G Ludwigshafen

I, G, Ludwigshafen

Rheinmetall-Borsig, Dusseldorf
Ruhrstahl, Witten =
Hem‘ichshutte, Hattingenu,
Wolking '

Tool wagons

Electric prehea.tor .
Electric transformers
Electric equipmnt

Ot.her cranes

.Conveyors

' ."-15‘1-_

9

—Dautsche Rohremverlce 9 -

' Dusseldorf

Fuchs Waggon, Heidelberg

. 1. G, Iudwigshafen -

Koch und Sterzel, Dresden .

- Gese fe E].ektrosclmeisung,

--Dortmund -
\F‘redenhagen , Offenbach
Gebr, Wohr, Unterkocheanttbg.



' Pump- un:l.ts Y, —,—_ L ther Amag-liilpert Jetst N

- CO2 compressor Oolt atu.. .~ Co Enke and Co. Schkéudits

" Balohe,_ Franlmnthal

’coubuation nnit for Ng producﬂ.on T Bamag, Berdin ~. A

' KQSOB. !rankentha;

Clrt it s e sy et 2 i

Heating gas blowers 'c.Bnhaandco.,Schkaudtts.

Heating_gas blowers Bai 38 ’  Ceo Enke and Co., Schkeudits
‘ I, Jager, Chemnits

‘Poosters ...l .... . P;hrhard u, Schmer, Saarbrucken -

e i
s st e e 4

. Mansfeld

Eblingen-. .
Demag, Du:!.aberg

" poiler feed units (p\mpa) . €§.5.B. Prankenthal
Hp compressors . . . llaachinenfabr:l.k Surtli
Conversion . L Bamag, Berlin -
Water gisblowers ~ . G Enke and Co., Schieudits
Beatinggaablmrammh . ' Ce Enke and Co, " Schikeudits
“Compressers -~ - ' Halberg A G, Iadwigshafen
Pump wriits S " Halberg A. G, Ludwigshafen
Pelton turbines - R Escher Wyss, Ravonsburg/W.
co pur:l.r:ler | R PreB-u. Walzwerk, Reishols
‘Expana:lon eng:l.na - o T Leuna-Werk, Merseburg -
Vacunnpulp : - K.S.Be Frankenthal =
Booster - — ... BEslinger llascld.nentabr:l.k,
o puriﬁ.cati.on equfpnnt B »mdorfet—&eemle_rke 5
T o pergedorf be Hamburg
- e mmomanou “HIGH mnssmm

Coal reacore- and waahers - 700 atm, F‘r:l.ed.r. Krupp, Esaen
Coal reactors . D HHoVe Dortmund-Horde

~Gasoline reactors - 325 m. . D.H.H.V, Dortmmd-Horda

i . .
JRUNA SN U S TS




. IV. LIST OF wonrm IANUFAGTDRERS oF HACHINEB mwm -(Contid,) _ |
Rotating furnacea Lo frup Ornaonwerk llagdebnrg """ coo S
Furnace lining . T "Tomverk, Beibrich-ﬁieabaden o
Reducing gears , : v o Friedr, Krupp, Essen: - :
“Burners - - Wistra GemsbeHe R
Preheater and steam superheat.er " Walther, Koln-Dellbruok S ' 3
Cranc units » | W. Fiobig, Waldenbnrg/Schl. :’
- Residue pumps - | - I. H, Naher, Chemnits. C -
e Ot heT-Cranes E«Holscher,- Rachlinghausenm- T
~ Circulating and fresh gaa blowers " Kleinschanzlin & Becker, : -
. . Frankenthal ' |
. : . o
oo n:snmnou §
Distillation units al, A2, A3 Uhde, Dortmund . = .
Distillation units Bl, 82, 53 ‘ Uhde, Dortmund o .. .
Distillati.on unit Bl . 'llaachimnfabrik Brunn, = -
, : ' 7 Konigsfeld . '
Stabilizers 1 & 2 S . Lurgi, Frankenthal/M,
"Hot oil pumps up to hO atm. ‘ " KeSeBe. Frankenthal -
"Water pumps . . Hesse, Chemnitz :
A3 column - ot - Gangler ' o S
Tanks 1000, 2000, 3ooo ou, motors Munk & §em:i.t:, Kolm . - .
‘Tank 500 cu. meters . . Dingler=Werke, Zweibrucken ' '
Centxrifugal blowers. . Schicle, Eschborn, i, Ta. -
°awer~gas~s%orage—tank& - Bam“mmbﬂ%b.ﬂ.
. : Sterkrade
. Power gas scales T - Dopp, Berlin o
{ ‘ Weighing lorry S T ) , Schmidt, Dusseldorf
Other 1o:riea - | S Schnﬂ.dt ’ mmseldort
Alkazid wunit -~ oo nr. Otto, Bochum ~ , . o
Hot ‘and cold caustic pumpa ) . = Amag-Hilpert, Nurnberg , .
! OAl sc¢rubber i ] Bamag, Berlin , : f'
Orgahies sulfur purifier - —~-Bamag, Berlin
. : Sodium hydro:d.de wash ' Bamag, Berlin S
C Hard steel-nozzles ' Wallram, Essen
Electric controls for valves : A.E.G. Berlin .
o =152-
- ,
i . b .
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»Repairortubeb\mdhs

tuhaa 700.“.

~”Hairpin tubes — 325-atms-

Paste and preaaes

mmmecuonpm-%oa

. 700 atm. . .

~-Io _Ge-Indwigshaf

h.ntsch, Barlin

, " "D.ReWe m:-dor‘
lﬁttledentsche Stlhlﬂorha
Riesa -

Ieun&-‘werma
‘Leuna-Werke

EMAG vorm, - Schwart ea\s’koﬂ)ff,
Bernn -

Baloke, Frankenthal

" 'n:l.gh presgsure c:l.rculat:l.ng pulp 60 Ah.ﬁalberg Ae Geo Ind-i.gehafen
- »Expansi.on engi.ne - , -

MATICN WPRE&URE

M—_— = -4

Diacharga uni.ta

"Convsyorun:nu

Iﬂ:l—un&te—(sk’n—rom,—& Ionsouhra _____ -

Gobrr, Buhler ’ Dreadan

Maschinenfabrik Buckau .

Qebre Buhler, Dresden

Krupp, momerloa, llagdeburg '

- Schenk & Coe, Darmstadt

". mn’ _

Eschweiler
K. S, Eddesse, Oacl\era].ebon
Bergedorfer Eisenwerke, .

Bergodm-t _
s Bssen

, Deutsche Edelstahlwerlne,

Krefeld
_Risepwerke,. Kai.sarhutern

. m > - v e e s

Screw comyor ovens

- Screw conveyor oranes -

g3~ G it
B Sampe
03 - ch compressm

- Xa- Hanbold, cmt‘

_‘m;_ m’ we

. Hesse, Chemnlitw

Uhde, lLeuna -
liaachinenfabrik
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. IV. LIST OF IMPORTANT ummcmms otmmm-_‘

- nrivaa j ERETAEE € mutacm Oetuebebaugen-
R 5 K sellschaft (Gaa. E:d.sti.ert
'~ ‘night mehr)
carbon rich gas compresaora SIRTIE llaachinenrabrik, Sm'th
Cooling unit - - ‘Rehinkalte, Dusseldorf
_ nrives and coonng coupreasors . Tacke, Rehine Westf. West-
- S deutacha Getriebebauges S
o Gaaonne rich -gas- blowera e ~~~-‘-C.—Enlea,~—80hkeudits, Iveipng AT
03 - ch gas holdera ST, - _ o

) Pbenolzmnov:l.ng mﬂ.t :
Vacmnpmpo ) - ‘
Oll separators
. Packed towers =~

Vater wake - DT methrakon
S ' o 'Kohch-Folnerverlna, Siegen

v mmsmnoummcmmaommmr

(a) The head of mmwumum. Speere,
Unden.hi.minhcharge_nt_ﬂle chemical industries ‘is Dr.-Krauch,
the chairman of I, Oy who ccmapmda to the head of our W.P.B.
The imustriea are brolcen down 1n following groupa:

2 _Aludnum,

Hydrogeaatl.on, _ S e o

5 Nitm@n’ ~amr - "-':4 R TSI EEI GRS ' '"_f,‘:?:';"""‘.:i‘:f"f_f;fl;- cae :—‘**'———“ o —:: T IT T e
Bxploai.ves. ' : _ o o :

. - (b) ‘The planning for a11 arnaulant.s under Speera 13 done by
o Herr Kahl, chairman of the planning div:l.aion.

(c) AB well as the above mantd.oned persons there is Herr
R - Geilenberg, personally picked by Hitler, and responsible only ,
... . ' ‘o him, who :I.e in charge of exploiting all lvdrogemtion plants-

. . . . . - L4 - : N - ’
e e . ST . e . . - I S R S, . !
. . : : . g . R et . o i e

. 3 .. .
. . © e . I 5 . w
. . - sn’e e -7
. - . .
- L] . e~ . . .
. Toegt O . - - .




) He is responsible for the Ganenberg“l’lfn which: T
S 2 14 naw cﬁa. : EE ‘ ‘ !
Ge:l.lenberg waa reeponaible for the deei.a:l.on not. to repa:!.r masel- ; T
i ... ing ‘and npviq the worhnn ehewhere. | - .
3 " (d) sProuct Destination. LT 7
. mottmmatwesuungmma tott.heul-v o |
. timate destination of the plant's cutput. Hmver, thé fo‘.l.lmd.ng ST
;o infomtionm gi.m: . AN
(1) llotor gmnna am.pped to Berlin, Duiabe \Wg R
_mhtolargetmkfarm-standard | o
¢ . otee--Some lead was apparently added.
tz) Diaaeld.l-aantbycanalto aoumn,mwarpand :
Chente- Mcamrrcntbehmalﬂuro. ,
; " (3)  ‘Aviation gasoline = destined for plants called
S — e __WIFO =.Munich and Dui.sberg. Sane went to Ruhr
: o 011 Coe ‘at’ Bothrops :
(h) Special 165 C avla‘h&.on gaaoline went to D.H.D.
unit at Indvr}.gahafen. Here the naphthones were
delvdrogenated to aromtrl.os. - -
; (e) New Unda ’ nnd Inatallationa of Of nation Planta. ,
e underground installations go by the code name ‘WSchwal- [
: bel, 'l'hey are suppoaedly five_j.a number, Two are in the- BElbe S N
: —valley;—botwoer 2d Aussig, in the Elbe Sandstein Gebirge, - = !
. —.._.on both s:l.dns ‘of the rlver,. One is near Buckeburg and Minden . B
‘ in a natural cave, The fourth 1s in 4n Thiaoringla at Berga Kelbia - T T
andf.heﬁfth,belongingtol.ﬁ.,iaintheﬂarzmuntﬁ.nsin' .
the ¢ld gypsum quarries at lliederaachswerfen. The latter also
has an A, .T. unit. (Allqla.ﬁon Plant).
Preparéd by:
- | L. H, MULIT, . |
7 Lieut. con:m., usrm. e
N —— R.ﬂc.“ R ’ o i
( =& -155- Iieut., USNR. ,_
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THE PRODUCTION OF TETRAHYDROFURAN INTERMEDIATES - --. -

e T 1 P
T e - ’ . I3 o ?

The ‘mszsnhtién contaimdherein ., waaobta:lnedduring an in-

- terrogation of Dr. Dorer of the I.G. Farbenindustrie plant at Ludwigshafen

o
on 28-May 1945, Tetrahydrofuran is produced as an -intermsdiate for other
syntheses., The principal uses to date .have been as.a monomsr for a poly-~
meric- synthetic lubricant and for butyrolactone. production, The latter is -

2 relatively high boiling ketone for solvent purposes. An intérmediate in -

the production is butandiol -:1, k4 which has been used in the: laboratory -

" preparation of :a polymer for a nylon substitute,  This work ‘was described

by Dr. Pohme of the I.G. Farbenindustrie plant at leverkusen. No large
scale work was done on this process so no details of equipment or process

e m

can be given. 'The product is quite. new an ns-to-be-explolted
by further laborat work in Germany, The chemistry of the synthesis is
given below, It is suggested that this information be made available to .
interested laboratorics. for a more critical evaluation -and possible ex- -

~ ploitation, if the resin possesses any desirable features, either from its

physical propertiéﬁ“di‘""inanufactu:ing advantages, It does not appear that .

tetrahydrofuran would becoms a ‘very inexpensive building block becauss of
the raw materials, acetylene and formaldehyde, The process requires three

_(3) steps each of which has an efficlency between 90 and 95 percent, re~ - - . - -l

o

_The Nylen substitute, a PO

—sulting in an ‘overall efficicncy between 73 and 86 percent, The equipment

requirements arc easily met in that no extreme -temperatures or pressures
are employed and the operations are similar to techniques commonly used,

-

2, Details. -

LYURETHANE, is -described in-detail-in the attach- -
-—ed_report. 0 ‘olyure thane "—bY-DrrO-Baver,Iaverkuen~rc0.wark,~2hsepta.-——~~

~ TPvniyemtabin:

(a) Tetrahydrofuran ip-produced by a-liquid phase resction of 30 — -

percent ageous formaldehyde with acetylene in the pressure of a-catalysd.

containing 12 percent copper and 3 percent bismuth deposited simultansous=_

' 1y on silica gel. The conditions. for the reaction are as follows: .
Temperature .seeeeeceeecc.s 100° C

Pmssm LR R NKERNENNNNNIRERNE 5 ‘@o_”?mrgs o ..

. Acetylene' is fed continuously to an agitated autoclave containing the for-

malin and catalyst until. the stoichiometric quantity has been reached,
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The cata]arst is removed by tiltrntion and reoycled. The y:lald :I.l dleged»

" to be 92 percent. The crude product frok this step ia lvdrogemted in tha
| liqu:l.d phaso with a auapended cat.alyat whiqh eonta:lns: o S

m'

‘-'"’"depoeitad on an int.rt carrier of ld.eaelgubr Exceaa lvdrogen above the'
' quantities called. for in the following equation .is used and the tawera—
ture of- lvdrogenaticn is maintained at 100 to 120 degreaa cenugraue

m:l ..o‘oqoocoorco.o ls‘h‘m“my. ‘ “ -
» cOppel‘ .ooooooeoo.ooo.. ' spmnt. '
cwm tooo..oooooooo".. 006 mmm-

The product ia butylene s].ycol - 1, h S
. gwge c c-cgzoa¢2nz-a-noc§z_!_!g cﬁw

Thesped.fiedyieldinthioatepis96pez‘oant. Thecatalyatisaga:l.nraq-

. moved by Ziltration. Tho third step 48 the- de}vdrauon of buiaf].ene g].ycol

totawalvdrofuran. S Co . .

: mcng cnz,caz,caaw‘-» 11 ¢ HpO.

centigrade ‘and the tetra!vdroﬁn'an ‘is 'renoved as distillate as rapidly as

delwd.rogenation :I.n the presence of a anspend eatalyst of 8 peroent pure

dration takes place. at. 270 degrees

formed., The yields are given as 95 percent or higher, Butyrolactone is
produoed from the above compound butylene glycol - 1, L by liquid phase.




2, Details (a) gcont.'d.) o e S

. The nylon substitute .mentioned in. the m .is ‘closely related to nylon -
‘synthesis, - This ‘dia-

United States that is

in that hexamethylens diamine .- 1, 6 is.used in the
nmiamadamthecomntiopnmmdintb _
from adipic acid thru the nitril and hydroge catg- .
lyst in batch liquid phase Teaction at: 150 demea “to magwg een«u. e
grade -and 100 atmoapheres. . ol

Ccopalt =

8
é
5;
A
H

" (b) - The hexamethylene diani.ne :I.a maud with phoagene according to .
the following equaticm

H"’f NEp . -_  » 'Hzf-ﬂ'=ci o
7 - cm)y, + 20001, > ’(c'az)g,_‘_ C e .untn
i S 32% un2 o 32c ¥=C=0

. to give t.he diisonitril shown in the oquatien..'rm.a isonitril is reacted .
- with butanediol - 1, 4 to give an alkyd type of polymer by the interaction '

| \ of 2 polyfunctional molecules. The mechanism of the reaction and struc-

— t wo.ture of the product was helieved by nr. Pochene to be as folloua: ’

P

S0 ... The hydrogen of the hydrox ] group on the < N

T - o alcohol adds to the gttrogen atom of ‘the [
T isonitril and the remainder of the alcohol '

,nnkstothe carbon atom as follows:

- ' : {

- J‘ il ‘_ - -N = ' C“"‘"‘“‘o i "" ‘ Sem e "H - *N:“ c:o e "“'":_‘"""" a “_"“"__“"";‘,T SN

G emy
' HC-N=C=0 HO . NG -

- T e " ' R ) ) ; 0»” -_,' -‘ e e A L.t .4 ) e . ﬂ
Hzc-N‘c=o: HO -~ HC-N-C=0 =~ T
i - B : R | T

NG )
Hec-n c -

"
o
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2, Dotails b com..d, |

Obviously this reaction can cbnt.inua %o tuild long ¢

| '°f typical alkyd polyners.

|
i

PRSP U |

able terminal isonitril groups slwvm 1n  above eqmﬁoninm manner

e
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P . Hocheolerulere Vert:.ndungen werden bekanntlich neach t-ol ! ?

' e

R . Areed? cgcntun Verfuhrcen wvi.acau: Ju:;h Kundons.tlon oder durch Fo.y=-

1 . . a.xi.-tiuu_horgootcl.zl~

ie charekteristis haten Merkoale des Xondensationsverfahrens
aind N ' B ' ' ‘

1.} eine grolle Anzehl xir:ner Molekule mit sisdestens je 2 fumktio- |

-

neilen Gmppen reagireret urter Austritt eines ntodcnolo!ul.ron

Reaxtionspartners, wie tei1spiel sweise '.ooor. Solzolnro. IQCI.
Alsohol u.dg!l. uttotu.nder

2.) r Erzielun, des aakromolekularesn ustandes werden vielfech

T A R PR Y LY

recht robuste Reasctionsbedimgzungen, wie beispielsweise hohe
‘l'updrnturon.,Kondoautionm;ttel use. angewandt. Infolgedessen

e’ 8304 die erhaltensn Kunststoffe in den-slleraeisten Pallen Ce- — —
®1ache der verschiedenstem Kondensstionsstufen.-
j.)"o:tvoll und fur die london-itbn.ronk tion bemaerkenswert i1st
' ' ’7: . die Noglichkeit, beliebdige londu..txonoainhonnutu sdfarnzen
und dlese gegedben=nfalls nntor dleidendez V.rfomunc bis mr

{; - Endstufe. sel e8 sle Prooot-rttmg. Giessharz oder cnschmels-

i ‘ bteren lackubdberzug, woro.poron lassen . xOnnen. auch Misch-

Lo » __kondensste lussen sich aus den verschiedensten Yorkoadensatior.s
£ o produkten herstellen.- |

e

. ' . Typivohe lopdou.nuon-ptoduk te aus der Reihe der ?-diaoluton.-
' ou lipearen Hochpolyneren 3ind beispielsweise dxo Thlokolo aus

. _ ’ CLC&C&CI - 'QS.. . die Superpolyamide. die men durch Kondenja-

ey
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i ' ).) EAn weiteores mesentliches Merkmal der Polymerisetion ist, '
) T ¢ T4sf mar praktisclh sur voo reartionsfihigen Vimylverbdindusges !
‘oder Dienen ausgeben kans und sus dieses enteeder gradkettige L {
e r.der vernetzte Polymere erhiilt, die slle durch direkte Kohlen- ‘ f
; st ;If-Kohlenstoff- Verknupfung z.etande gekoaser sird. Die ' l 1
‘ o lxocnpolperiut 108 zweler oder dreler versohiedener poly- ! i
: ' ' serisst ionsfShiger Verbindungea ersdglicht wohl eine weitge-
: (.“ 7 ' beoae Varistiousrmewlichxeit (Igelite, Buns uew.). echliedt i
c | - " aber den hocrmolexulsrem Aufhen uber Heteroatsme praktisch ' l
' aus. In ganz webnigen A.snammeféllen sind zwar auch reine Poly- ;
_ serisutionsreaktionen uber Hetercatose dekanst ‘goworden. Es R
} e e g RTer BT AT e Pi’i}ﬁmmWﬁmrgunp—amr—nnsmme
& ’ we zB Aetr.ylenoxyd.' Aetr:yﬁx‘eai.ia und c.pmlictg hzna.e'- - ‘
7 e e gaen Urd n d1e VulkenToatics des Keutechuks erimnert, dte | |
) * zsn _e euch als Veilterpolyserisation mtoi Vercetzung zmi-
scnen den licearen Ku;tgcmk-n.d- Schotﬁholoknl forsulieren
~ Ovgleicr nach diesen beiden Jrundreextiones die "“‘:'2"';. ;
* e . _Pulle unserer Xurststuffe hcuo-_tol'_li yird_. sangelte es aoch an : i
‘ (_,_; eiber univeraellen Pollnortutxoi‘othoco. die gleichzeitig die
 Msglichkeitea ucd-die Yorzuge_der Kondensc.ione- und der klase:
schen Pa“liﬁﬁ-mn*iv—ir't.h‘r‘éi—rq—i‘mt"’i‘fﬂifm ¢8 also eor- ,
mstglicht, m.achond' voa'ﬁollobxgo ~ ugd polyfuaktionellen mnie- |
dermolekularen Verdisdungen be w. VOB Vorkomdensates bezw. Vor- .
colymerisaten duruh reime Mdtt;mnfcuttonu beliedbige BEndetu-
) fen Eea. Knnn}.tot_ff -1&'!u9p_nbt? ltgnoch.t_ton -1 oricngoa. - v
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f Bine ulcho hadben -tt sus 18 Jahre 1937 10 des sogerans-
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410 rolyurethane ‘4er. Polyamiden Uberlegen. termer seilohnen s.e sicn Jurch

eine erhohte Biéstindighelt gegeniber aguren ans
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Diese -pououon ngon-oho!too in Verbindung @it den
ubrigen muten Bigenschafteno der Supomlynxdo sechesn das Ige~-
314 U suoh is Kunstetoffsektor su eines wertvollen, boohsohmel-
zenden rhomplootu Die daras hot.onoutou Byntcunp nnd

gegecuder Vasser und mrttouobtzckoit un-pttuuoh ond vor el- B
lem saBSnaltig. All diese Rigenschaften -oraoe des Igesid U dexw.
- perlom U im techniecken 3‘_‘9,? eine Reihe vo.lspon.l_modny--

- . ‘ Py l-

' tertucher, Siure~ und lostbestandiger Ansuge, ?rotbu’d-. Tane,
Kebelisolierinsem usw. ereohlieSen. AGf dem Textilgediet wird sioh
botcplol-otoo ‘das geringe V.-oormtu!-wo:-ogu der Polyare-
thabe Tur mwnWﬂHuMm
aschteilig und fur iie lototolhag voa lvdrophob- Dasenst rimp-

fea vorteilhsft snouirkes.~

Perloa U stellt ntolgo seiser Harte, oomr setallsal-
tenihnlicren Elastizitat and seiner Uu-pnuuonon mowbor
rwawtﬁr!mnwsuuumwnmx-___u -
Materisl sur Hor.to;lm vom Borsten und Roeshesr dxr.- Auch 18

' seinea farberisohes Vomlto. unterscheidet sich Perlos U von
des Superpolysmiden; da o0 seimerlel basisohe Oruppes’ cnthlxt. .
.ct—cwcr.—atohs_um'wbltoffu. _sondern nr’ ]
soch ®it notntuido— boa. &upouloa.tcxutotfoo safarbber.
uro;a—dol—hn.o—mmnot Onppmu v suoh 19 dct
Sohmelse geges lnﬁuuontott m: erheblich unpnnd licher

sle 41e Buperpolyamide, sodass eine Brmwng do. I.tortoll bdeim
th—hnprwﬂcronumaﬁhunnunlnm_ﬁ,*m i

P

.o- !ntt-uoohhl niocht eintritt.-
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In setmer Mrive:r physigniisorsn i h.noveue:. .c4 seiror

WeatefrversPbedtufig. -io T.b. 18 seiner Viretre.xtar-eit 5if dbeyp

(ooﬁ Lelbey uFarrascltcnen lARge Junter ‘' rientierurng Jer Nolee
. Eylketter, seibes . .:tenéen Verformuas .o ter Fira.rkany voa °

“authenien ‘mseer unter AlviohBesitixer siurcer Spancuns | tosrd

icrtz_iu.:, BIR.LS 0B waiteatgenend der. Siperpuiyssiden. -

T
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o) in wherisatierten Iustaad
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Aussor dieses :gamid 0 bezw. Perlon U werdes moch felges-
de ‘!'ypeu technische ocedeutung erlengen :

‘Dus Rulyuretnsn sus des L 4-Buten-dilscovemat o L.g-nm.
KLxkol. Es besit.‘-;raxtisoh die Kleichen Eigenschaften wie Igamié
‘U, sohmilzt jedo:in ue 12° boher (P.P. 194°). Wabrsiheislioh wird
es such billiger =.s laemid U einstehes und une Guroh die Totel-
synthese des l.4-Disaintutans sus uot,m und Bleslare mhhh-
gig von der Prenol- bera. B‘ulmto sachen. -

Yon aawmmwgm —
deren Glieders is allen Icsungsmittels ia ‘o; E&lte wllig an."e-
11ch und our in eisea Phenol-Vassergemisoh (90:10) 18s110b eimd.
‘unterscheiden sich die Misohpolyurethame, die umter Verwesduag
‘eines Geoisches der Glykol- oder der thy-t—lmt- ber-
kgo-tout werden, durch thre gute uoltcﬂnt i Chlorkohleanasser-

"~ atoffen, eogsr schoa ia der Kilte, os..-uo‘npup Sotmelspunkt,

nx“\”lin aroferes thermoplastisches Bereich, grofere Teichheit und bee-

.oro\ VYertruslichkeit sit Veichmechers.-

\w{—nwmwtfm.»uu—mm-uu—.rl-moxm
von Pilmen, Folien und Ledersustausohstoffes.- ~ |
Ein Igemid U, 1a dem nur lo Mol $ des mul-.molo durch
loth:l-l 6-hexendiol ersetst -m. 1ot erhebdlioh thomph.ti.ohc!

. loton.l ucmu 1st ferner, da8 sun e® ‘ohne losuagssittel ein-

fach d_uron ‘Zusamsenschmelzen der Komponesten herstelles kenn.-

Es hat sich im groBen und ganrzen ele praktisch gleioh hersus

gestellt, welcre Glykole i-n in Verdiadung ait dea billigen 1.4-m._
~ tylenglykol sischpolymerisiert. Ale Ledersustansobssoff ist 1zamid
u.' oin Misohpolyurethan, zur Peadrikation vorgesehen, das Sdurch

- 14
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Mutxlsagixkol ¢ 1/2 Mol Naihxlhexasdin) erimltes wird. Bis Sieceh-
poxjura-it ®it gens ammliches REigessonaften ist deispieloweise
sus 1/2 sol 1.4- + V2 Mol 1.6-Diteceyanat pad 0,8 Nel 1. C-ht’-
lon.u:uol ¢ 0,2 kol Iotnylnowtol -atni-n.- .

Ixemid UL 18t o1a sehr wei.res, 18 Chloroforw-Alkehol-Gew
‘@ischen leicht l.siicnes Neterisl .Is vieles seismer Bigesschef-
ten ist o-o dea Blenk-lever erret...r Jsderieges.

.V

Vor den udbrigen !mtd-lnnon. die el Ledersustsusohstoffe
tum_lm—uuxu_.%twmro—b—huumn—u

ellem den Vorrug, praktisch unnpf%ndllch _g.mn"..ppr 2z sein,

- 15 -




elso nicht amehr die lelm:,x sus Brechen bei extremser Trooken-
heit bezw. box. Erhitzen 1n Wasser zu zeigen.-

Aufgn.r.d seiner e.astischen Rigenschaftes 18t das Poly-
uretran aus ] Mol 1.6-Ditsvogenat + 1/¢ Mol 1.4-Butylemglykol
o 1/2 Mol ' '

C
Ol-clb-z:::&on
. 5, v

besonders o [apragnieren und Cachieren von eweden ncxﬁnot.

Andere interessante rolyuretran-Typen, die ». :n rock 10 Dirche

pri:ung befinden, werden zuo Teil hergestelit aus den dilliger
~ einstehenden uromatischen Diisocysnsten + asliphatischen %lyko-

len oder uus arcamstisohes Glykolen sit Heteroatomen., wie z.P.
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oder u'.3 n.l;"atiscren linearen Polyestern @it freiesn Rydroxyl-

KTUPPOGD usw. . Jle werden aly Elonli'ruxauiiiert‘ouen..koohtotto

T SUTStNAUtS, Trugematerinlien fur fotografische Pilme und fur

SN
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silitariscne 2wedke usw.” praktisohe Anweandung finden. - o
1z Rahmen dieses zusasmenfassenden Vortreges kann icn loel- -
der vicht s.f dre z-hltotoho- spesiellen v-rirbcttunp-Vorfnhrn ’
und Anwendunssxebdiete fur die Polnu'oth-u eingehen. FNebembei nl
sur erwahnt, dal eine ganze Reihe sch-:eﬂzot und oeuer ’roblno
bei der Herstellurg unod Verarbdeitung der Poclyurethane suftsuch-en,
-1; beisplelsweise die Herstellung von Po&yu,iit.hcnn 81t bestimm-
ten K-Werten, d:ie Stabtlutonina deo l-tor'i,‘.l." in der Sommelze
gegen Veiterpolymerisstion und such Abbeu u.a.m. . Es suBten nouo

.y,

Ch-nktennemng-othodon. nouo Yeiohmsoher, se-blu.aomag-—

nittol uow. p-oh.(ttoa werden. -

'In der Herstellung der Polyurethane und in '15}7-“{;;5;--
dung auf den Polien- und Kunststoffgediet 8ind wir voo den Du-
pont’schen l;;aly-ud-Sorntzt'ooh!on vOllig unabhangig. In threr

-Versrbeltung aufl Selde und--Borsten -1st-es-uns 1n-Zusemmenprdeit -

@it Dor-.uen und ilolfon Relungen, P.twt-u;bhunp Verarbdbei-
tung--Vorf.hnn wlmtlndan. ‘

. Dile Poter.uago ic USa 18t allerdings poch umlm
Dupont het saslich., nachdes wir 1he voo unseren Arbeitec bereits .
in otnoﬁ sehr fruhen Stadius Mitteilung semacht Faben, 1o JSA

‘d41e Polyurethane eberfalls um P.’icnt_nmoldot.-

" Igacid ' wird praktisch nicht teurer als die Superpoly-
amide einsterer.. Dadurch spart die I.G. kunftighig gans wesent-

11che i.tzrri.z-'.‘wt TaZe »in. AuBerdes werden Air It ded ReLen

- 17 -
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Neterislien such voa dea territorisles Bisguages doe Polyssid-
Vertrapes frei werden.-

Die liremr uf, ctuuten Foiguretnane oind praxtisch alle

Trerzuplaste. uc. 16 der Hitse uacr it Losingsnittols bosw,
Vo1 hsachurxsaittela verfors- und versrveitior. liset eass jedooh
Ditscocyanate auf Verbisdumges sit sehr sle 2 resktionsfahigen
Iauoni;;hm. wie 5.5. suf Glyoceria, Acetyloellulose, Poly-
ester ait freies Hydroxyl gruppen, Polyvlnulkohox usw., eoin-

- wirkea, sc-entstehes 3J-dimensioasle Nakromclekills; ¢ die sewmoh]l in
allen organisches um;-ntoh usllelioch sis such sascimelsber
eind. Als solcne eind sie fur die mmmh-u Sur sehr be-
sohriinkt verwertber (Giessharse und sar ait spasabdbhsbdenden Verk.

T eugen beardeItier). Sill ass daher diese, el dot grofen Ml le
der tw-aom-n Polyolynrnam-m hom.uhn. tuaototatf- Preg-
tisch vononu. 80 GuSe |ad ihre msuu es Ditscoysmnate wah-

. remnd des hntmmnm vorselmen. Man suss slso fur die
;1;;“3.!0- Anwenduagsgediete ia lLeck- und Kumststoffsektor die
beiden Komponenten entweder suf des s Ubersichenden Gegenstand
oder unter bleidender Verformung uster Druck, dhnlich dea Pore-

. : nldmdprmmu. susreagieren lessen.\Ana.J. 66 687).-
— e § . Bm !mmmmammm

und eines Diisocyanates etws im Verhiiltnis 4:3 der OB~ und leo-

cymnegmppen in eines hydroxylgruppenfreien wmmnul. R~
Reternenfal 18 ur.ter Zusetz von Pigsentstoffen hergestellt. Eine

18 -




BLaCo

' donniuo uouonu wipé denn sufgespritst usé 4urch Stehes-
laseen bei Zismerteaperatur eder durch Ernitassn suf Tespere-

- m ‘t- m 160° eimgedranat. Dadei entstent .u“vcuag»u- :

ldalaolot nd mo-olslitot h&ﬂiom. deseon Elastisitat

' und Harte aan )e nach der Verwesung ves .wa aliphe-

tischea oder .n.ounb- Kospessatea uu.u. ouotonc. kemn. -
s.uotvoncu‘uobo 'omuot-n. fur 41e0e Ardeitewol-
se 18t aaturlioh, dal die mwu bei gewOimli-

oher T.mtut ®icht eohes vorseitig “m.l’ m:om.

de scast d1¢ lecklOsuages nmuu. Pese bt‘om wire
von einigen Diiscoyenaten befriefigend ot_tlnt. Dlie frisch
hergesteliten Losuagen sind jo 8ok den Bocingunges und dem
Ausgacgenaterislien viele Stundes, oft segar Tage leag, helt-

m-.‘

Es wurde sun-weéiterhia gefunden, Lescaders Vel Anwesn-
dung vom organischen Cellmlosederivetes, dad die Neltberkeit
durch gesisse “Stadilisstorea® erbidht werdea keam. Solohe sind

s.5. 10 orgsaischea LOmmgemittels 18sliche Asoferbetoffe und

gouisss seuer veagierende Verbiadungen, wie TLiokaruetoff und
seine Derivete ( Anm. J. 67 162).-




Yon 4ei te :rajsch zuganglichen Diisocyar..ten kosmen
P lpgercde T . .10 ;raatinch- Veraenwung in Fraze, 21e nach ihrer

e _Renatiounsturigee)t angiorirnet sind 00000

1.) 1-Chlazpheny;ern-2,4-d11800yenat (reaktionef (Aigetes
Dajeccyanst)
2.) s-Tuluylendiisocyanst ~

3.) 1.6-aug.nduo9cx_m.t j

4.) Diisocyanst sus Dienisidis - .. -
2.2.226° (. :.1/2 Mol -Eriet.-Ciarbensel )

- 8.) O=CaB- &'6‘.'3'0 " (lengsametreagierendetes - -
o et s o] - SRR ——  SY 13 7 L Y

oy ok
rp. 229°

S oDy Frave er Holttarkeit von Lackansatzen nicr Jew reuen

cVerfanrern < o0 S0 o eln Y ‘rincsatzlick anderer. Géyce inoe-

.I.'B':.t’l’.dcr.;\ :-'.?n XA n'm.-..n-r. Jtatt der Diisocysnate auch 'i-r-
' bindungen »yﬁg_gpé_p_":ig-g,mpze in der Hi%ze w:e Ditsocysnute resgie-
rer., 4.h. unt'or‘m ldung von Duqbcyam;tfen- Auu'fna_e.pnl.ter. werden.
Es sirnd das bey é:pielne:ée -1;9-"d-n'm isocyanaten entsprechen-
den B;_up’he'!_»)‘;vi-r"ot.’n:..e, dxc mAan entwecer n: v einéz Dilsocyanst

%
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und rrenol cLacer -us Chicrameisensgurephenylestar und eines

Cismin —ew:ist f-Eunl. ————— -

w
- Ooomaayyonaoy e 0oy
VR PO
Qv omoyoyogoyoyepe o)

Auckr eir.e anccre :.Dr erkisese 315t far .er. .liedccer _.ecCi

ver.-f tur .- »3nd $1e3 dre addukte .- Dlasccyan ter. urd Ve~

losester Lesw. .uutouamtcr z.8.

| ASremonpne
25-,' w:lﬁomwgmg

gle Cterfi.. . - 17 cTRitzen auricudpeltier. JTdere -twsicrete

"‘l" - ttiarge ..03.kxte lessen sich sus Diisocyanrten ¢ Then:l-

3 -
re h?lpynulon. mpfne\rgluin oder CHy . C\ CHy Muuuu

__U - ‘._,_.‘Aw ——
J I
) cn




Weiterhin 1‘& euch ‘ulA WI.'Mitmilm, L .l Ammsaies
ein spsltberes Addukt hcrntolli‘t.- .

Diese “verkappten Diiscoysnoste” bo.us- den m Vor~
" teil, deB ihre Luckansitze umbegrenzt haltber sind. Je, sas keme
SORBY h_yil_roxylmpponh.lu.o l@oﬁmigol nttionou‘ﬂ. ds 410~
se ‘meist vorher verdempfen, ehe aie Ruckespeltung me Dlt.ooy..f

eintritcte. angoa tsuscht ses den Bachteil eiser bBherea Bis-

_1:¢ oft weniger orC-o!-o htmbc.‘a‘

uaouun-chto Spn.tst JOI. uutttotcn e Mno sich adber bdeil .!'6-’
Beren . Venucncu. dass z.3. dn suftretende Phemol bezw. der ent-
stehende lcal.ouoster und uotao z.r.ctamm:odukto beins E'mbrem-

non -nverr'.n— fen. urd nicmt -oncr otbn-. He dieoen llttolu

kon m auordhu- dio "onotmn; besser 4ie = eiRem bc.tg-.

ton and Ly By, wa® nt tnu- Duooey--m. e komp

d1e vouxg vemotrtcﬁ Polyurethane t-.r C‘ Optimua darstellen.-
Aus der riesizen Pulle der btutc herstellberen Poly- _

ouv.rbxn&ngon naten sich folmd. besoaders Sewlhrs - e

1.) Ein verseiftes Ix.cloo.y-ortut aus Cd 'mlcllond . 20‘
Vinylscetat.

2:) Bin-durch-Vekuumveresterung-hergestellter MMW
haltiger Poiyester uus ca. 3 Nol Adipins@mre bess. ™iodi-
propionssure, Phtalsiure usw. und : Mol Trimethylolpropan,
1.2.4-Trioxybutan usw.. Durch Mischen der S#urekomposentes

hat sen o8 1B der H-;:d. die Blastizitat is weites Cressen
varijeres su konpen. -

Die luaphens, '
Benzyloellulose,

Koodcnunon-produu.e aue den utotglykolcn M 2 ¢+ sspuer-
stoffreiche Iylolformaldehydrarse.- —
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Zusannenfasuend besitzen dto asuen l‘oluborwn mtm‘

eingehender Pr.fuasen dof hck.btn lun‘oa ‘wvon Le und ln rc.xm- .

de VYorzuge ‘ '
).) megeraber A4-t. Aulyail'l-chon li..oon'oio liohwbox ‘or'botuch"'
nudoron Tospoututu 3 T. esoger ochoa bot za-onmorntut
'oxnbnmon' und Bomcen daher sucth tur ﬂoo buror is d3e- -

 ear Qu.u tat nicht ausfur.rbere hcuomn. vos P-ptot. ‘lox-- :

: umnn-uo-. Leder. Hols, m—u.nl. lnnoutoﬂoﬂ u-.

wie sie uuron endere l.-cco ofs nlcnt = ersielen ut.
sn geichoen .tch duroh ouu umomueu a.tnntunu S
.ut der 'Iu*erum urd durcn einen oohr Pohoa ..l-n: -u. nnd
’_uu -n den :ejsten huon 'Oht lnucbo-tgndtg 'uocrtcaun

fﬁkoit und Psrcnthtndovouopn. }ﬁottcrultmdlpou x.rd u:-

mmittcxuotmxﬂott sind ho"orramd.--g.

) De d,}o Du.ocymtmpp- sit allen N-ocucun '.ountorr-
" atomen, die EL) d1e elektrische Zeitfahigkeirt bcdingon. Tes-
ngoron. weisen dte Ditmocyanatlscke einen hohes elektrisches

Viderstand (spez.VWidersterd 1o'3- 10'é Obm x om) und euch
eine decerkenswert gute Kriechatromfestigkeit auf, was fUr
ii._ﬂummeﬂﬂl _besonderer Bedeuts
1et.~

Nechteilig far des meue lLackierungsverfahres sind :

1.) 4ie geringe Haltberkeit der fertigen 'l‘oklo.ungo.n. S.e mus~
sen on einea Teg verarbeitet -o}don.-

2.) me v.nonduug von hydroxylgruppenfreien LOsungeaitteln usd

dcr~xcluso Auuchm voun 'o.oor

- 23 -
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3., er ULlu.saien -techmds Geruct der ntodotqoloknlorn -

)uo._cym.:ute

Das _,a,uu'- de-* ewr=Cy ', die hohe Elastisitat und d1e Zooh-

- bestnndigked t’ eitss e 1socyunatlache lessen sie besondere ele

‘Teberzuge wuf Trefz} ehdblechen fur Eonservendosen geeignet er-.

scheinen. Da die Varre®zur g ORr.e Abspel tung von loﬁttonmﬂ-
pern verluuft, besitzen e tuckuberzuge susserdes eine hohe Gas~

dichtigkeit. Beserkenswert fur 1.0 ‘Ditsocysnstlecke 1st weiterhip

inre qute losttestandigkeit, di1e dle d OpP

neblich ubertrifft. Ein demit impruguiertes -Pyior (1 o2 wiegt

€6 g) s1t einer Lackeinlagerung vod sur 14 g/o? besitit eimen
L-Wert von 13 St.(!) peach MR 30 und vos 4 St. nach MR 50. Die
Erprodbucg dieser L-festen Paplere und Gewebe wird z.2It. i grde-
seres Uafange durohgefunrt.” '

»

i)nun Peststellung, ‘daB die Einfurrusg vosm Urethangruppen
den Stoffen eine hohe Wasserfestigkeit verleiht und deS suseer-
des die Molexulverknupfunx sittels Diisccyamaten ein Eufierst sil-

des Aufdeuprinzip darstellt, war fur un'o die Versalassung, uanter

B T Bt T s L b e A ve et IAL

diesen Gesicht -Wcmmsm——“nkﬁm—vﬂiﬁ—mﬂ!"

tete Probles der Leintlveredlurg in Ansriff m ‘mehmen. -

Wir haben einfech Le:nol sit der berechneten Menge Glyceris
oder Trimethylolathan zu dem Diglycerid umgeestert und dieses
Aurch Zugsde von 1/2 Mol CBIotphonyLuditmyiaot su einen Nole-

kUl vereinigt, des nun 4 trocknende Fettshurereste enthilt.

Romal.
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‘ Nes kaon suf diese Veise,je asoh dem Ored der Unesteruag,
“Oele 1t Seliebiger Viskoeitat herstelles, die sioht wie Leindl-
Standol und such gesisee Alkyéale Ges Starkes thermicohss Bim-
griff des Yorkoohess bis m 20e° Garehgensoht habdes. - |
Bia o erhslteses modifisiertes Letabl Ubertriffs u- Leine

0l-Standl]l gaas .o.-tuol and uonn sech den Urteil der Uer-

' aimger Alxydalebteiluag Bigeaschaftea, Simlich denss Gee Moehet-

wertigstes ux,‘.l L extre, nnmgt Garubder m im sioh oo--

esr dle mtmimnmtc—mw _
hoonst o9 u.s. dos Yormg doo mh rescheren An- und Barebtroek-
aeas, der hiheres ruumuuut. des umllor- Brreichens feoF

~ !.mrtoou‘oti. lot um 'onruuo&ott and éee miohs l..b-

diekens 91t l:..uohn h”toa.-

- . : . :
B L B T e

lcohtout. ist -nr ouuo n-u .onmn uonoohtboﬂ.
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Sobeid wieder ia giu'or- Sengen biiu sy Verfuguag steht,
wirzd Uoteum aie r»mnu- dee vmu-x.uou. ia groBSes

Nafstabe -at-ﬂ-u. do.-o. Mmm. ot-. ﬂuoh des voa Alky-
del L extrs 1.%.4- ' )

- e duu- m:wxomm omi. sich soch eine Reibe
weiterer uur«-ntor Wﬂ.ﬁo&otm et dem Oebiete
aes lo-toolntm. dor lomonnnc von Oeleside, Elektreisolier-
lacken, Spachtelaassen fur des Plugssughen wes., je es gelingt
sogar is gleiober Veise sohlecht trockmends Oele wie Tras, Ser-

9. J. “ '”‘)'-

BOS




Pur d1e Herstellung neusrtiger Pressmsssen 2180hS - dae
Difscoyanat ®it der loxyomorbm.ug otwve im molares 'on.u-u
der reaktionafahiges Oruppen, gidt sueserdea nooh srodere lﬁc-
Pilletoff, wie 5.3. Nolmmell usw., su und lEset die Additiem Ger
beiden Kospomentes uster Druck uad Bitse, &MmliGk dem Persigne-
ges aus Bakelit- und WOtrptooumu. vor eich gehesn. Uabe-
Ques 1at such hier die begremstie faltbarteit der Diisccyanst- |

olyalkohol-GCemische. Bel uavorsiodtiges Ardeiten reagieres
Glese echon auf der Valse beis Vermischen miteimender. Bao ist
daher praktisch sur auf die VYerwendung ¢ Y. 4 ‘

und roohsohselsenden Dilscoyemste sus Diamie1din und eus Di-p-xye
lylidinaethan angewieses, 21t desen san recht beachtliobe Resul-
tate 1n Verdisdung wit s.B. eises Rydroxylgruppenreichen Poly-
ester sus Adipinshure und ru-ntouunu ammliok wie er bei
den lackensatsen Verwvendung fisdet, erhals. Bei Prnot-pc.nr-

m ‘os. 1«:‘-1&" und eiser Pressdeuer van 5-10 Mis. erhalt ses
'd.m- Prooolun 410 bel Mherer Temperstur sear mooh etwas
thermoplsatischer sls smsgehiirtete Phanoplaste, dafur ader 4iesen
. im wesentlichea hc.M- !borlo.- ol-l !hro l-.tvotllp
B T e —

1.) Eine sehr hobe Alkalibeetindighess,

l!.-llbot 20 ooo loph boa hkout.

3.) bohe lnoohotmtmtuut. auoh is fewobhten fnstemd.

'4.) wesentlion Igiohsere Miecssbarkeis als die hkouh.llo..
W88 Deoh Angabe vom Proledorf die Pertigung vos Presslisgen
bis ma 3faches Gewiobt der Bis Jetst herstelldberes Phenol-

-r‘-
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5.) Die wichtigste lt'nﬂ»l.oh.tt' der neuen Naterialien sber ist

thre hohe Elastizitét, die eich im der erhohten Schlsmtie-
gefestigkeit @uSert. Demit durfte des wichtige Probl-m der
Sohaffung des sogenanntes “elsstischen Bakelits® gelost
sein. AeMmlioh "lA. iut dea hokg‘btot hat ssn such hier d1ie
MOgliohkeit, durch Verwesdung voreiegend aliphatischer Kom-

pe..ton -otcho und hoobol..ouooho Materislien und ub ter

Serassieung voB vorwiegend arosatischen m-ganmtorin;
lien hilrtere and sprodere Ptoolnngo t -1 orzoumn Sogar eine
orbobuoho Vorout.olung do. Rttzo—bmoklortlmnm-\hrf;h—
rens oohotnt s0glich =u sein: Sie besteht, &Mmlich dem
)rmon _vom Porzon.n. daris, dal man die Presamischunaen

Y e e -

nlt verforat und dann ohne Druok 1- Ofon “susbackt®. Tia

Vox;notmg verléaft derart schnell, dal xeine Deformaution’

und MaSamderung eintritt. (Anm.J. 69 444 .)-

-a-




Derartig stark vermetztse Polyurethane werden E. Zt. in orst
Lisie Verwendung sur Herstellung tregender lonntmktioﬂ“otlo fug
Flugseuge finden und die Pertigung von bestimmten grofes Opoual-
klh'pcru~ gestetten, bei denen Netall mioht verwendet werden kans
uod Bakelit suf Grund seiner punpton yffaou und Sprodig-

" geit micht genugs. Auch suf dea o.u-t deor hmoldm wor- -
dea sioh neue interesaante m?’pdnng—bcuoltottou orgobon. !

Da die Beuen Prol-nocn obcn(.ll. eine susgeseicmete Haftfestlg-
‘xeit euf den sie umhillsndes lotououou besitzen, cignen sie

sicb nech Befunden voﬁmaWW

gezeichnet mr Nerstellung vos hoohwertigen Schleifscheibes, ein '
grofes und wichitiges m-”uot. suf dem £.Zt. noch die
Bekelitgesellschaft mit ihrea Formsldehydpressnasses unter -
sats vos Furfurolderivatea eis ‘Momopol besitst.-

" aus der groSen Iahl der villig mr Verfugung nob-«-
Polyoxyverdisdusgen haben wir suoh die Vernetmag aoo c.xuu
eingehender ustersuoit, der sich mis Diisccysnstes ebenfslle ma
ussohmelsbtaren und heiss sue der Form susfahrberes Presslinges
verarbeiten lisst. Apoh hier wird eich eim bedeutendes Anwsndunge-
gebiet u'otba

An aieser Stelle sel eingeschsltet, dal mas sit Milfe der

» muooyuuto auch crmmuomwmhn Acetatseide

S S s

v rs s i sy g S e

Berstellen kamn. De Cellit aue .uoiomtuh" LBeung vers—

sponnen wird, geht mam ‘sssckmiseig vos dea bereite bel dem hoko-
erviimnten Abspeltern aue, die beis Erhitses des Padens auf oa.
)o in die Ditscoyameste Ubergehen usd demn ¢ie laagen Cellulose-

kon- vouu; vernetasm. Das 'ott.hu- befindet uoh' s.28. bel

der Acets, ait der die Versuohe ..nou- durohgefuhrt wurdes,
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in Durchprufusg ( Ass. J.67 163).-

PRI SOyt pirages-syebet

P e 2SR Ca CUt

AnSer mit dea reakticnsfikiges Imto“n.. deor
Rydroxyl- und Aminogruppen reagiert die Isceyemstgruppe ameh
nooch, wie hﬂl ebenfelle sohoe ia um 1848 gefunden Mat, Il.‘

der Ocrwlll‘m. s.B.

wobei umter Abepeltusg vas Kohlensinze dee Sinreanid entstet..
Dun Resktion llisst sich sun sur Serstelluag seuartiger and
hoohfester Scheumstoffe anammtsea. Briangt sss M-’iom
einen Polyester aus einer Dicerbensliare < ¢inen )-mup Alko-
bol, Qer sowohl moch frefie .ltonl- als mh Wx—m

enthilt, sit eines Diisseyasat msemmes, 80 tritt bereits 18 =

der bonigartiges Nasee bei %° eine Beaktios uster Entetelmng
vos Urethen— usd Cartomemid-Bruckes bei gleichseitiger Kohles-
_sluresbepeltung ein. DaSareh wird die sihe Nesse wie e¢in Kaohen-
teig msgetrieden usd orhirtes wmter der weiter fortsohreiten-
Gen Vornetsng immer mehr und wekr. Hen Ret o oo im der Hand,
Sohsumstoffe mit sehr hohsn Pestigheiten usd joden govunssites
Rsstisititegrad hermstelien. Bia Naterisl, des beispiclaveiss
eine Druckfestigkeit ven ea. lo kg/om’ el einer genmligenéen
Virsebestindigkeit bis mu 1oe® desitst, wird hewgestellt ems :
rou:huum;mt + einen Polyester sue o:nllhn. uuu-
sinre und Trisethylolithan, spes. Osw.: “eater ®.). <.
(amm.J. 69 394).- '

Pur Gerartige Leichtstoffe besitst beute die Iaftwaffe

_mr Herstellung vos ameinkbersa Yingzeugteilen 4as sllerg:lifte

1
f
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!ntomn. Auf Orund eseiner hoho- Pestigkeit kann der Sobsue-
otort glotohuanc such al® tragendes lon.tmkuou-.toml |ait
benutst werden. Br iet hierins des von den Anerikemers verwende-
tea Balsa-Sols oder ger den Iporitsasses del veiten uberleges.
Anch sur Kiilteisoletion von Behilters 1ot éas seue Scheummeterial

et )mobb‘r. -

. ~Ale wir pun auf dea Ksutsolmkgediet versuohtes, die Yolke-
nisstioca des Bunes ait Schwefel durch die Additiom voe DPiiscoyeme- :

- tea am hydroxylgruppenhslitige m-toohpolmquto besw. OI-Oup-
pen enthsltende Folyisolmtylene Su ersetzenm, ,-.onu- wir dle im-

teressante Peststellung, d.l bereite such Bune S =it Ditscoyane-
" tem ouu- mm-pmm Vulkenisstionseffext org!ht. ob Qs-

fur der ptup Smmtoftgomu des Buna oder ro.uuoadlmn

konnte moch aiobt geklirt werdea. (Fusarsiureester reagieres jo-
denfelle mit Iscoyematen 1) Vir machtem sber bei dieser Geleges-
. beit weiterhis die wertvelle Becbachtwung, dad dersrtige “Vulkemi-
sste” amsserordentlioh fest an dea Netellteilea der Wulkenisier-
presse haftetea. Die praktisohe Answertung dleses Phincaens deo-

_scherte uns nus des schoa lange gesuchte Haftmittel fllr Bans enf
_beliedigen Unterlagea. Wie die eingeshenden Ardeites u-m Kot
solmk-Laboratoriuse . otﬁbcn. lessen sioh mit Milfe voi Digso~
oysnaten t-pmturhnhdsp l.ttnnm von norsslen Mune-Scimefel-
sisolungen euf Hieen, Leichtmetallen, Porsellan use. mit Pestim-
keitem Ddie m 80 kg/oa? ersiclen (4.h. Ger BDuna reift is sich wad sieht
ea ¢or Klsvostolle ! ) Besoméers bewhhrt baben 3ich hierfur die
Dijsooyanste des »-fToluglendianins und des Hexa-

LS. > S
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. -othylu‘sutn.. die sle W Nu._j_b.r.tt. ll Headeld
sind. Bur mit Ahrer muo ut o- Mto bo“ptol.otn o.o lto
Mitverwendung von l.tuumtnm lbgllob. dto Old“ﬂt-
polster fur ‘!‘m. und dto hoohunrtt.o Vnthhnc von .a-lm-

"Stoffen durchsufuhres. In Leverkuses uard 2. zt. esehr ut..iv _
en dem Probles sutbonot. mit mlto dtmr Nuolm elnes
Reifen sus Netalloordfaden und Keuteoimk sufsubeues, was bisher

‘ hw:at-uchuch wegen der gottpqqo mttoltlﬂott uto.olnn Ouswt
und I.tinll\ uxéht. v.‘b.lic‘h war. Gelingt die LOsung dieses wiohti-

- 'gen Problems, wo ware damit der hochwirmebestandige und vor. .nip
mngu der bouobtg oft nen protektierdere Reifem, z.\p fur da
Volknogon ge.amtton.-

Das sute Haftvermbgen vom 2 Rune-Dilscoysnatgesiechen ge—

otuttot such die Herstellung ouo. von der Gothser Waggonfabrik
_votgo.ohlogonon asuen lonotmktzon--toﬂol. tdt Mugzeuge, das
sus einer vonoh-omta dunnen Platte sus muunur und Leioht-

' metallblech besteht. m. so hergestellte Verklebung reisst eher
im ‘hlkunbo: bezw. im ‘NMetall als an den '.rtlolnnn.toncn.
~ Dieses Intorinl. das alsc suBen sus Leiohtmetsll und isaen sus

'__._c.nnlou bootom. pot.tzot “sun, eis loton.ﬂnm -.oh dor T

Bolsbanweise houpotollu !1? Deduroh wirdes bei des Bmu eines
sohweren Boabers etws 2/3 der bisher erforderlichem Arbeitsstun-

den oanp-pm' werden. Olqiohzoitzc -itoe der neue Verkstoff eine
nBhere BeschuSeicherheit als das Leiohtaetslldlech ohne Unter-
lage auf.- Nach dea lriogo wird dtonl Kon-truktaonn.torul suoh.
im Karosseriebeu Ve rwandung finden.- Auch sus mlk-ﬂ.bor nth
huuubornc ldsst sich ein interessanter Werkstoff aufdsuen, dor

“A
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c
Veitere wichtige u-ooduuu finden 410 hn.—!my-t-

neftungen £.b. suf dea Gebiet der meusrtiges mtoaomm-‘l'«

tionen.-

Dieser trto.. suf des Gobxot der Bireh.fung tO“Q l’l-‘ .
taruch auch = VYersuchen mn, die Duooc,uoto Zeng olwu.
auf irre Eigoung sle luuto"o dureu-wmr-a. DPedel otollu
sich oun hersus, 4ad 8izh mit thror M3lfe bieter fur unllsder
seraltene Klobprobl-o uu- luoc- So gelingt es boi-paolo-

sen odor Bols uc.r

Nityerwgndung eices Pouutorp sl uu..uux feotkaftend =

varkleben und die Verschwelissuag voe ‘m Valkanfiderfolier s
dicken Platten durchsufunres, die Jeu scoRSt Bur 18 sehrjihriges
Arbeiteprosess nheretelibares, 4ioken Vulkeafiderplattec durchsus

.nt.presru. -

Die Voulcunr.gcu von T-ptorhb. s1t-Ti1scoyensten ond.
cder DusamBen .1* eines Po>igalkonel argedes eis Schlchmtortol,

das 18 8ll selsern figerecnaften dea Volkaafiber u:ch-n\

burtig l.t .-




‘&Msur""""'.-. .
“9) -

Ja o9 geliagt soger, Netall anf Netel]l cohr feet smfin-

kleben, was wiederun fur dfe
voa grofer Dedeautuag 188.-

-t
L
L
-
-

+ —

~

. r‘

i

. D Chemismus ¢1e0ee elgenartigem Klobeeffektes orklirem
wir une so, daB die Ditsccyamate

1.) soch mit den euf Netslloberflichen haftendes Oxydhydrat-
: schiohten reagieren, daduroh blamke Oberfliichen schaffen,

en demes di¢ Harnstoffgruppes mit den Restvalemzen des Ne-

taligitters alglicherweise eine chemische, sumindestens
eine Redbenvelens-Bindung eingehen, ’

‘ 'l
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und dais vile
unter der kRinelriung vobd letell- bLesunders Lisen-Vertindur. -

Ken uder tusischen Stoffem =ie Phenoistem und Pyridin imze.

= hocmuuhul.uo Stoffon PGly=ar. 5e » W N
einnt.der v-unupﬂ.o ur.d s2ark veruet:ite .tl.tlbl’l.a‘ entsse-

ren. hersite das motwttonouo Premylisocysnst sert o

ie.>*% .n dew cn't.proohndo trisere Prcdukt ubdber.-

—

3 ¥ol CoHy-Balad  —)

. Nit Hilfe der Dilsocyeaste keamter. »ir wsucr das Fr.-.-~

der Herateiliuns e bt“‘“‘“lﬁ'l.ﬂﬂ%‘&i—f—-t—r Ly T raeide telries.
gond losen. Auf ;rurd eingehender Vorsrteitem s:nd wir z. der ¥r-

kenntnis Lexoanen, Jad e:n ALisslisi-rmittel, des “eiluloseleserrsr

Y% t‘t’ﬁfoﬁw' puerer Partstoffe tongl: ‘e‘l’ch*alt'Id’lt ‘iauf\tw. et t——
tet, folaende Eirgenschaften bout.m a8 :

3.) Sehr mode sclesiigrofe mit deveite Susgeeprosisnss A990rPLicRSVeracges .

T 2.) Per LdF du"%bimw -veranteortiichs bdasische Sticzatoff
darf atcht sehr ais otwa 35 1n Weleklll anamaeden.

3.) Vollige Unlcsiichxeit aller Selse emch in kochendenm Waseer.

4.) VBilige Parbiosigkeis, deis Be:gohten sarf ketne—Briunung- suft:

und. die Lichtecntheit der saures m:ofto darf aicht beeintr .cntut
werden. 1

5 ) Du uumuun;uox suse in .o.nohn Ceiner Vertellumg voru.m




-,’., - ’

wir haven deraufhin eiR Pigment nersusgoarbeitet, dad .
wus _ejnes basiuchen Polynarmstos? sesteht, eor t-nl ltnb
edditios voe Chlorphcayu-du.ooa-ot orr- )=

-othyuun e beliebigen Digmine® -tn.alc- ‘ot (Anm.J. 64 249). -~

[}

a1t unee?r3d ln-anouon A (tujs_'..u'vohlofu)' o Pereisto.-
 grund B \r..urtmmuto-) oder. - de

l.tnb‘dprodult Persistol B eird suf Mtl.donollc. eine bveder-
xesswert @t ssschechte “tomb Assrédstoag ersiels, Je-
doch gelingt @8 suf djese Terse asjoks, auch elnes geogee Penzic-

wusclhe bestuniiies mmnon“‘t — ontcl-.-

Die Dnooc).a-u gaben GRS GuN Cu 'ogucucu. sosolk)

nydrophode ale such zleichreitig u-u—ns.nrnrv.cru—m-

atellen. Eane sich 1@ 'omn;uu lou-dllcln. vefricdinend

_ . mssch- usd ceasicfeste !ontotowum 43¢ @1t TiFRODOXy-
ohlorid urd eteas Kaurit miosmmen engoesndt wird, enthalt @18
Wechs, dss sus 1 Sol 1.6-lezamdiisccyanst ¢ 2 Sol eimes Cexischbe

 nbherer htunobu (Gaocu) horgcouut wivd (3.68 27},
J. 68 279, - 70 125)-

Die zurY aotstollun.c der Polyurotmo notenend 1gen AUSRSAKRS-

asterislien sind Diemine, Phosgen, Glykole und Polyoxyvorumn-

zur Herstellung der linearen Folyuretrane werden 10 erster

Linie deas l.hmtylenuukol und 4a® Methyl-1,6- nexsndiol ver-

- 36 -
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wandt. l.4-inutandiol et h:uto nach Qer Reppe-3ynthese sud
Pormaldehyd uad Acetylea eenr btlua und ¢Mtn-8nl mglag-
1i0ob. Des lotnyluox.dtol wjrd duroh Hydrierung 1000 ‘emisches
der Ester eus Romethyladipinseure hergestells, wie sie 18 Leuns
bel der Oxydestion des cyolvomol-_lotwunxuolocodlﬂb-‘..-
falit. Des Dimethyl-1.3-propendiol 1st wns Isolutyraldehyd ¢
Formaldehyd und anschliessender Wydrierurg technisch ebeafelle
leicht ugarglich. Die Eisfubhruang welterer Nethylgreppea oder
elgeascheften und Scohmelzpuskte schoa sehr sterk ebdfsllen.-

Die Ausgangsasterislien fur d1e Dilsceysmste sicd die
eatsprechenden aliphatisches usd sramstischen Dissise, di10 ®it
Phosgea ia ¢3¢ Dilscoysmete

,m‘ol&-l—lﬁowl’ ——)o-e--n moccl

Jdbergefinrt verdea. Vea doa -u.uu-ou. gredkettigen m-saea
18t dos l.6-Nezamethylendianis ngoh dexanmten Verfahrea durch
~ Bydrieren vae uapaumu‘unru ;e much. Iu ol.‘ 3.—

dooh bestredt, vam dem l.6-Dignimointan mow. ‘- aan das- |

selde billiger sus Acetylea und IKH, sloe uwasbhangig voa der

Phenol~ und Densolbasie darstelles kaan. ¥ir hadea js gefunden,
" daB sen ASrylnitril direkt ens Adetylem und BlsusSsre mit Bil- -

fe voa Kupferchlorid-Katslysatores sehr billig herstelles kemm

ond dass dieses in Gegemwart slkalischer Kstelysatorea glstt

ein weiteres Mol NCE eddiers.- i '




m’;v AR aAd 5 S, - “SPSERRRRRSEEE S ——
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. Das o entetendene Deormeteinsasredinitril léset eich sus
u-tor ‘sehr ailden Bedingungea sus l1.s-Diasiscbuten hySrieres.-

MOKN—%-CW e & NCN e

WCCHyCR N T MM EXCHCH MY, —

+ 2€0Ct) — OGN OG0, C%, O, NGO + 4NT

Anf die Nerstellung der srcastiscohes Bismiae ejasugehes,
erubrigt sich, de dieselden jo olt dekamste Parbeto ffawiec ren-
produkte derstelles.-

o ‘Nr ¢1e Jederfuhrung der sliphatischen Disaise ia die n-
isocyasate stehen une versohiedene VYariaatea der Phosgeneiswir-
kung sur Verfu.ung: einsal ~ans Sad diskoatimnierlioch usd keati-

m:orllomnwmbﬁw
@it eiserx; Ausbeute voo uder 8o der Theorie an reinstes Ditso-
cyanest pm-mtoroa._ Is Betried werden wir @' er oo arbei ten, dad
_wir die freie base in vorgelegtes Dichlorbeasol-Phoagen ein-
: tragen, wobel wahrucreinlioh sunschst des sslzsaure Sals des
Apinocerbeninssurechlorids
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enteteht, des sich ohne SoMmierizxelten wneiterprosgenieres 1a8t.

Die Reinherstellucyg der Ditecoyanee, di1e o senr emgfindlisre
und leioht polymerisjerbare Korper sind, hst sofenge senhr groSe

Somwierigheites dereitet.-
Die Jederfuhrusg der sromsatischen Diesiae is 410 DilGo~
\

cyanete gelingt senr leicht. Die si1ederen Slieder oilnd Beoh
destillierbter, wahrend di:¢ Diiscoyanste @it 2 Meesclxerass i
GroBSen nicrt selr destilliert werdes kounes, sich ster ia eisi-

qen Palien prastisch quantitet:v aach der Phoagenieruag ese e
_Chloerl abscr.eiden. -
Wie 1ch schon on-ra'to. sersen €@ Ltnum;nrﬁmo otwe
u ¢es u.gi rer Pre.s wie die Poliyemide eingienes; bdel dem Po.y-
uresrasnleder, 238 is Somelafluss rerxestelit esird, glauder =31r
soxer die- Gestehpreise .~ r eitkonkurrierecdes Poivenidasrzeon
anterschreiten zu kdmaen. Die Gesterpreise der srosstisches M-
1socysnste werden eich swischea RN 1.80 - 2.30 deweges, soda8
sich fur die Reretellung der hochmertigen lecke und Presssasssen,
. . vom doﬁon e DLTr eln Bmc'htou su® det muoc,oanu bestert,

¥

AUt tresgbare Einstardeprelse ergeten serder.-

Ich hadbe lhnen mun 1o groden Jarissea die neuen-und blfqt-

ten An-onaungnogixchh"é:ton-dcr Dijsooyarate sufgezeigt.~-

Wenn wir duher reute ua die jenehmigung einer M?.brtl.t:oa.nlom
sur Herstellurg von zunuchet 200 Noto aliphstischer und is0 Moto
sromatischer Dilsocoyanate nechsuchen, so durfte dieser erste Aus-
bau durch die Uberraschend vielseitigen Anwar tingsgetigte duroh-

. au® gerechtfertigt seim und auch nech dem Kriuge sinen wirklichen - |

Bedurfn"s er.tsprechen.-
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THE PREPARATION OF m
AS AN INTERMEDIATE FOR ACRYLONITRIL PRODUCTIQI

io Suma_.t_z

-onyleldsy - The discloaure here is not intended-to suggeat that this pa.th

The follow:l.ng Momtion was obtad.ned during an interroga-

~_tion of Dr. Glggel of the I.G. Farbenindustris at the Ludwigshafen Plant

on 28 May 1945 and interrogation of Dr. Bauman of the I.G, Farbenindustrie .
Plant at H on 2l May 195 The products are not novel nor are their -
end uses. Methods analogous to ‘these, with the exception of the synthqsis
of formamide, are used in the United States with comparable or better

e

o

w*

for synthesis is any way;- K
used in Germany. The applicatiou to any war effort is’ remote since these
are established products in the ‘United States. Formamide is an intermed-

- iate for the preparation of hydrogen cyanide, This compound in turn re-

acts with et}vlene oxide to give ethylene cyanchydrin which is dehydrated
to acrylonitril. The only novel part of the synthesis is the production

"of methyl formate by the addition of carbon monoxide to methanol, The

synthesis used at the Hlls plant is the direet addition of hydrogen cyan-
ide to acetylene which gives acrylonitril,

2. Details. | f - |
- (a) - Methyl -formate is- prodneed 3t Indwigshafen by the addition of -

carbon monoxide to methanol. A solution of one percent. sodium mtlwl.ate

in methanol is used as catalyst.
this solution, contained in a pressure autoclave, of stee]. resistant to .

_carbon monoxide attack, carbon monoxide is:'slowly added. The heat of re-

action is large and-cooling by means of a brine jacket is used, Carbon
monoxide is added up to an ultimate pressure of 200 atmospheres., The tem-
perature is allowed to rise slowly from 3Q -degrees to 110 degrees centi---
grade. 7The reaction is terminated when there is no further absorption of

carbon monoxide as indicated by a drop in the preasune on the autoclave, -

The operation is centirely.batch wise, It is 1mperative that the entering
~ carhon monoxide be dry.and free of carbon dioxide. Either of thege im- [/

purities would attack the catalyst by hydrolysis in the case of water or

neutralization to form sodium carbonate in the case of carbon -dioxide,

////f&f /2 ;

2t /)//fi co
el
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2, Dotails (a) (cont'd_) B S

A

thus precluding mrther reaction.. The cride reaction mixture from this -
step is subjected to distillation to separate the methyl formate and met=
hanol from the sodium methylate, No attempt is made.-to separate the al-
cohol and ester. The yield in this step is approximtoly 70 peroent. -

{b). The above mixture of methanol and methal formate ie used for the
preparation of formamide by the addition of aqueous ammonia, This reaction
- is quantitive-and the products are.separated by vacuum distillat2on. *The
formamide is recovered in a high state of purity by distillation at 10 to
15 millimeters of mercury absolute pressure after removal of the by=-prod-
uct methanol and water. The formamide is catalytically dehydrated in a
vapor phase reaction over activated alumina t.o yield twdrogen oyanide.

.49

(o) Aorylonitril is prepared by the addition ot twdrogen cyan:l.de
. et.l'wlene oxide to give etlvlene eyanotwdrim

‘ "H H T _
HC -,CHy + HON ——r n-c - C ="'CN.
Y0 . o

o H

(d) The cyanohjydrin is delwdrated to acrylonitril according to the
following equations .
-H H "H H.
.H-,c_ - C=-CN --1—50 C-CN0320
o OH H A
in a liqu:ld phaae batch reaction uaing 10 to 20 percent anrm!rous magnea—
ium carbonate ‘as *catalyst. The apparatus is an agitated autoclave to keep

- -the. catalyst in auspenaion and is equipped for removal of the acxyloni.tr:u T

as vapor as rapidly as it is formed, The dehydration starts at about 150 -
degrees. ccntigrade and the reaction is run to a maximum kettle tempera~
ture of the residues of 300 degrees centigrade. The yield from a cha.rgé
of 200-kilograms of cyanohydrin is about 100

_kilograms of acrylc
This is &5 to 70 percent of the theoretical yield. The residues, a heavy
tar containing the magneoium carbonate are disoarded. .

(e) Acrylonitril is produoed on a very small scale at the Hﬂls plant

-3-
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5. Dotails () (Comt'd) .

by the direct addition of hydrogen cyanide to acetylene. This reaction
takes place in aqueous medium in the presence of a monovalent copper salt
catalyst described by Nieuland in the United States for general reactions

of acetylene, especially the dimerization of acetylenetovinylacetylenes-
The acrylonitril is isolated continuously from the squeous reaction medium

by distillation,

Prepared by:

F.H. ROBERTS,
Technician,
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SYNTHETIC LUBRICATING OIIS

ko

(a) The following information was ,obtdnbd dux"ing an interrogation

of mmhs #ner, and-Dr.Rossor £~ ist;of th
Fettsaurewerke at Witten on 23 May 19L45. This company was re

iitiabs <{2a -l

- the Gerpan Navy to prepare a substitute for Camel-Hoof oil, which was -
~being used as a torpedo lubricant. The objection to Camel-Hoof oil was

two-fold, Firstly because it waa insoluble in water it left an oil streak,

and secondly it pcssessed such a high pour point that it was unsatisfac-
tery for cold weather or arctic operations, To overcome the latter of the
two objections the Camel-Hoof 0il was diluted with a light mineral oil or

quested by = |

raDe éeed 011. This e@dipnt “. Sduiie [ DOXL L) A F, oA -

its lubricating ability, A substitute was made which was simply a fatt‘y.
acid salt of triethanolamine., The acid used was a mixture of Cg to C,
fatty acids of unknown composition. This salt was used in 20 to LO per-

cent by weight in soms water soluble medium such-as-glycol, diglycol-or- - -

giycerine. The exact composition depended upon the desired viscosity for
‘a‘particular use, It is claimed that these compositions can also be used
~at high temperatures, No additives or stabilizers were ever used in these

_compositions,

(b) In addition to the above compound the Deutsche Fettsaurewerke
was also working on an additive for mineral oil lubricants. The purpose
of this additive, used to about 10 percent by weight of the oil, was to- -
raise the viscosity index and Yower the pour point temperature of the min~
- cral oil, This additive was made by the esterification of pentaerythritol

__with a mixture of fatty acids from Cg to Cyn-molecular weight, The com-

position of the acid mixture was not known, This ester additive was not
used commercially. It was, at the time of the interview, only a labora-
tory curiosity., For this reason no details of preparation had been decid-.

ed upon, The technique used in the csterification were standard, A sam-
pPle of the water soluble lubricating oil for torpedoes was obtained and
forwarded to Naval Rescarch Laboratories, Anacostia Station, Attention of

e

Dr, Daniel Fore. _This shipment was made on consignment- Tag—MNo. h577.

R

2, Conclusions and Recommendations, =~

The ciaim that the triethanolamine salts of fatty acids can




-

2. Conclusions and Recommendations (Cont'd.)

be used atwmmmﬁlmmmmmw be .
" - too brogds- The-instability -of these-compounds-both-to-heat and oxidation
would indicate that considerably more laboratory work and testing would -
ve to be done before justifiable adoption, .In addition to this objection
+-w 5 pper_or bron¥e present in the lubricated parts. -
ion by the amine, -- e ‘ ‘

ry

s i

woul preferential corros

— RV e e et 2t e

. 3¢ Details, o
(a) The triethanolamine salt of the Cg to Cg fatty acids is made by
addition of stoichiometric quantities of to acid mixture at room A
- ‘ '; -—S - kii: 92 "v-' [ . - - P g gfinr.w bt U1 - Al UAAd RIS UUS m .- -
: [ : [] ®
‘triethanolamine used in the preparation was commercial grade material pur-

chased from Ridael de Haen or Schering-Kahlbaum, both German. producers,

- (b) The-fatty-acid-esters-of-pentaerythritol were prepared in the
laboratory both with and without a catalyst of sulfuric acid, Preparations
were made using an excess of the acid as the agent for removal of by-pro-
duct water and also experiments were made using totuene ag drying agente.

The products-were the same-in-either cases
" Prepared by:

.. FJH, ROBERTS,
... Techniciane -
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SYNTHESIS OI" ACRTONE

~ 2+ Summarys- T T

—(a) The folimWomebmum ‘an interrogation

‘of Dre Sachsee -of the I.G. Farbenindustrie Plant at Ludwigshafen, 28 May -
194S: - The syntheeis of- acetone - from acetylene described here would not
appcar to be of ‘particular intercst to the . Navy for use in any war effcrt,
nor would it appear to be of any immediate interest to American industry

~in view of established methods utiliging raw materials more abundant and
1\.88 coatly than aeetylene. It was ’ however, uaed on a sufficiently large
' g o D e ang e 8try involved is suf-
“:Lciehﬂy novel that t.be infomation should be pasaed on to interested
producers of- aeetone. -The--production of thie comodity at. the Indwige-
hafen plant wa's LOO tons per month, - - R -

(b) Tho raw materials used are acetylene and water. Theae are passed
- ~in vapor-phase -over -a catalyst-of:pure-ginc oxide, - Yields and efficiencies
to acetone of 80 to 90 percent of the theoretical are claimed for the pro-
~_cess, By-products of higher kctones and e.cet.nldemrde ‘are formed which if
recovered would-raise the efficiency :

hods of operation, however, at the preaent time de attempt to mcover
the by-products,

24 Details o

Acetﬁnr ‘and water react. according to t.he following scheme:
2H=SCH+» 3320 —— CH3C CH3 » CO + 2Hp
o2 X . " . . .
o

~ The conditions for the reaction are as follaws:

 Pressure eeccsc.ecce..ss 1l atmosphere,
Tempcrature eeee..s... LOOC Centigrade,
Catalyst e®0ecescesccce Zinc mde -. pelleted.

Com sescsvaee itppronmabel? 2-seconds,




l

R (c) . The. converter is ordinary fabrica‘bing ateel. _ The feed gaa com .
. pos:.tion for the conversion step is as follows:

Acety'lem Q..ooooo....l...‘.‘.A mpercent

€0 ooooooooo.ooo.oo.oboooooooo 25 permt.;‘

o HnO esecccecesesscscscccccscos 55 pe!‘eent
' c .oooo.ooooooooooooooooo..‘ 3percent o

Nz ‘oooooooooooood’oooooooooo.o SPBrcent

-The . effluent gae from the oonvertere is quenched with ua‘ber in connter

is recovered as a 3 percent aqueoua solution. Thie eolution is charged'
continuously to stills for recovery of the acetone. Several mechanisms

. were offered for elucidation of the simple equation.shawn above. These
“are given for consideration only-and not as a factual r‘epresentation of ..
the reaotiom

S

=i ., -->—uc—_c_oﬂ7 ZC=0H
- OH ¢+ HC S CH === HC m\-c_

H.

de— H3C = C = C = COH ¢ HpO =—=—==» H3C = C =
OH . | “OH i -

H o . -
"HaC =C—="C.=C = OH ,-----a__,ca COCHq + COp + 2
3 on "o 3 3 27 &

. .. +H
2HC = CH =+ 2_1{20 —— .2a3c =C=0




'2; Details (c) (2) (Cont'd.)

HC -C~-C ~C - OH
" o H oOH

o e V H ) H‘ ‘ '.H; P . ' .-
"H3C=C=C=~C = O =-——> CHy COCH + COp + 2Hp -
3" "o H oH . 3 3

Prep#red bjs
F.H. ROBERTS,
Technician,
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TECHN ICAL RUPORP No. 110-45

T S —— i e

* YARTIME RESEARCH ON SYNTHETIC FUSLS BY THE
Wm f

- SUMMARY

Vartime research by the Kaiser iAlhelm Institut fur
forschung on-the Fischer-Tropsch synthesis has been
.primarily directeqd along the line of iso-varaffin synthesisg, ' —
Good yields of iso-paraffins have been obtained using the-—— -+
normal synthesis gas at three hundred. (300) atmosghere pres- .
sure and four hundred twenty (420) to four hundred fifty (450)
“degrees centigrade over an alumina-thoria catalyst. Zinc .
‘oxide~alumina has also ‘been used successfully. About one
hundred twenty (120) to one-hundred-thirty ({130} zrams per
oubic meter of synthesis gas have becn obtained as liquiaq
products of over ninety (90) percent iso-paraffins, »

Synthesis of aromtics has been studied, using thirty

{30) atmosshere pressure and five hundrcd (500) degrecs centi-
grade. However, very poor yields and mapthene side reaotions
do not make this process look rromising. Ruarther work was
—abandoned- by KWI for the duration of the . |

e "Z"Hsch‘er#rropach_s?nthesls using iron catalysts was
studied, but inferior operations resulting from this catalyst
mado it only desirable as a wartime substitute for scarco

U. S. NAVAL TECHNICAL-MISSION IN EUROPE -




T 1. Detadls of Research

(a) Iso~Paraffin Synthesia

(b) Aromatic Synthesis
(c) Iron Catalyst Synthesis -

L

' 2. Concluaiona and Reeomenda.tions




P . "K‘ ' . .
- {ARTIM RiSSZARCH ON SYNTHETIE FUSLS BY THE - oo oov oot
- KAISER wILHELH INSTITUT FUR KOHLERFORSCHUNG

1., DETAILS OF RESEARCH

(2 )wIao-}?araffig A§mb thosis

o (1) Oporating conditions for tho synthosis of iso-
paraffins havo boun found to lio in tho rango of thruo hundred (300}~ -
~_ atmosphores prossuro and four hundrod twonty (420) to four hundrod
- fifty (450) dogruous centigrado.  For prossurc undar- ihreo hundrod - -
- (300) otmésphores thu yield falls-of f rathor sharply, although a L
.very slow ruaction mll take place at thirty (30) atmosphoros or '~
over. Highor mussuros than three hundrod (300} atmosphoros. givo
inerdasingly greater purcontagos of oxysomated products, until at
_onc thousand (1000) atmosphores tho principal product is dimothyl
othor. Similarly, lower oporating tamporaturos givo slower roaction
~————ratos; more-unsaturatod-compounds, o -vory high porcontago of aloohols, . .
‘ and leoss carbon formation on thy catalyst. For temepraturcs slightly
___greator than four hundrod fifty (450) dogroues contigrade, tho products
mm—prinoipully_mpthanicﬂmd,mhon_daposﬁion;bmmamalvo;
Instantancous roaction rates, howevor, aru inoruasod. :

—

: (2) It has beon found that the best synthosis gns has
. a CO/B, rotion of 1.2 volumos of CO to onc (1) of Hy. Incroasing
" tho hydrogon incroades mothanc formation; decrcasing tho hydrogem =~
...__lowors_tho overall yiold. ' N

(3) The best catalyst found for this synthosis has bocn

an aluminathoria co-procipitated one, although Zn0-A3203 appoars to o
| b0 noarly as good and much choapor.  Using vither of thoso matorials —_ — ~
1t wac found nocossary to burn off tho carbon doposits™ about ovory
i tyo "wooks of  stoady -oporation: -This wos zccomplished sidth-air-at-tho -

temperaturc of the synthosis (450 dogrow contigrado). Catalysts so

troated have boun usod continuously for ovor six- (6) months without

approciable ducline in activity. Thoir hoat sonoitivity is also

quitc good, as thoy havo boen held for prolonged poriods at dght

hundred (800) degrous contigrade without damago. :

¢
4

-3 -
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o T T g LT -
—— {4} Neat-svolution during synthosis is approsdmotoly
tho somo as vith tho normol synthosis, i.0. ono-fifth (1/5) of

gl

tho hoat of combusion of the products.  Sinco it is possiblo to .~ =

J

work in a twonty (20) to thirty (30) dégco-‘_céutig:ado tomporaturc
_Trango, this lossons tho- problem of vury closo temperaturc comtrol =

normlly vncountorod in this procoss. Anothor advantago is found
in tho fact that sulphur doos not soom to bo nearly as delotorious -
&2 in former synthosos, although tho upper allowmblo limit has not
yot boon dotorminocd. B IR EEE

LY

£\ £~

3 andlt*mﬂdmnﬂ-{w@:mttmtz —{20) oubic contimotors of & two

(&

\J)Gao"volocitics havo boun fairly acowratoly studiod,

.w/]u» e s [sevepr ey et b st r o (brf et s r Sepinen
: o :
- i .

fi*w*mxmt' fsqu‘i'm'ci;ﬁole,

[T A

R WI_@P&LT&‘LWQYeatalyst_vcro_mcosaary for oach ton (10)
litors of synthosis gns par hour. Any incrcaso abovo thio volocity

guvo. sherp docroascs- in-yicld and also-tondod to form insréasing— T

e e i e et e e e w2 s e em e e i e+ e [ 7 .

lyst using o CO/H, ratio of 1, at thrco hundrod: (300) atmosphoros =~
and four hgndrod v (450) degroos contigrado: 1o A 25

. >. - (6) h’Oduct ﬁclda are. —Q{J——fouow :‘mm..au &‘O-Alz '_.,cat;'. s oo :,'-j-——:;? : —~‘-.h —

e ¥ | B | s

}Tbtal yiold of C, and hiéior " 120 -130 gn./m3ﬂ9 ‘?"f,?"ﬁ.‘l"’ e =

(07 taobatane) 29 oo S/m Je-ze D
4 VNV . O. { nO) . 3) - 80 @n,/ N X 4 ”_7 P
05 ond hl@!or_(ovor97,oluo) 30 - 80 gm./m? 45 %o v IE

S — . e e e e e i e Je—— FESRUR A 3 _‘7 l-:i". 3‘4_. .

T (7) A comparison of tho two (2] catalysts shows that

TR R m e PR Tt

-

bt ' catelyst (1:4 by wolght) tho best yields of .
all are obtained. "Highor gns velocitios can be -used, and:thoro - . - .

is littlo tondency to form alcochols. Howaver » there is a groater
: ; —our o) o o;q&ta;lmng:amtorﬂfhxrna:off__,.;_;_.1__;'_;{’? e

“timos,—Hxporimomts havo varied tho ratio of tho tw motorinls 4y — =
. _tho cotnlyst from twonty (20) to forty (40 | i

(40) porcont A1,04, vAth - -
ory little chanzo inm overall yiclda. Howover, incroasod slumina S |
doos lnorcasc moihane formtion somowhat. Tho addition of S
onc~half (%) to ono (1) percont K2C0g to tho catalyst will give o

slight inorcasc in yicld. - .




‘1. @__Ag.s oF mmca (a)(oont‘d).
20 -
S —m(aManm&—Qe-m-Alz ca.talyst 2l by
w—ia believed to. éarry moro promise as a”commorcial catalyat } :

‘bocauso of its choapnoss. It'docs glve. slightly loas-yiocld- than-

tho thoria type, and produccs about ton (10) parcent alcohols.

Therc is leas tendency to form carbon deposits on tho. oa.talyat.

Tho same tondumoy holds true as with thoria cotalysts, io., higher .~ -

- --alunina contont promotes mothano formtion. - -Howevor, exparimonts =~ =

~hove boon mado over a range of .ueo contont from 2:1 to 1:2 _‘-zithoub'

much change in rosults., Additions af K2003~do not appear to give

. a.ny a.dvantage. '

. {9)_The thoria typo. oato.lyat vna pcparod by us:u:g tm
It tors of thorium and arumiymnm nitratos at tholir Bomns pom
and in the right proportion to g'ivo a 1:4 woight ratio of.tharia to o
* _ alumina._ This was added ono (1) litor of a bomm; Nao

Cinm awlclomotr:.o ammrts. "Horo diluto aolutionn ,gnvo groa.tor dan~ .- S
_sity catalysts. Tho rosultont mr ooipitoto s ~ﬂarpd,_driod and ...
sizod to two (2) to four (4) millimotors. : ,

S e “(10)—*'mc~amnc-mﬁmdm -used for proparing tho o s
, typo oatalyata, oxcept it wms found that tho addition of tho nitrato -
- 'solution to tho s0da solution instoad of tho norml mothod zavo in-
creasod liquid lwdrocarbon yiclds,

~ : (11) An dl tarnte mothod for mroparing thorin- catolysts,— - :
T -”*‘*und*the—ono—'hxclﬁgzwo—ﬂm‘bcaffybms—"ns T.o moXo socdium alumin- T
E— R - Buk? - “Thoriuwm hydroxido— '
p.-ec;pltato w8 aloo mdo, o.nd thoso tm pPpts., were vashed soparato-
ly and mixod while wot. Thoy woro then air dricd ot ono hundro:’ o
loopdogrooa—oenugrado«am‘r—gounﬁe—nermﬁrm

(b) Mg_ﬁmm@g_z_q. PRI e

e PR B

I {1} -Aromntiocs worc succoscfully synthosizud by tho uso
of Cr, L’o, Th oxidos as catalysts. Five (3) to ton (10) percont
003 was addiad to roducc carbon formation... It also roducod activ-
ity., A CO/H, ration of 1:1 was used, at thirty (30) atmosphorcs
. and_five hundred (500) dogrees contigrade. Any higher temporature. .
or progsure gave excessive carbon farmtion on tho catalyst, whiXo




(b) (oont'd)

: lover temporatures gwe no arom'h:!.oa » and reducerl the. reaction . e
BB EU— m____ura.ta..-;l.awer pre.sauro sind.larlxx educoithe.r.ea.ctj.on rate, 'f':'-:'_ LTI I T

e (2) The ﬁd.da were very poor, being only about eight
, - (8 )‘tb“ten (10) gn./m’ of liquids vhich were about £ifty (50) per-
cont aromtics and fifty (50) percent napthenes. There was lots
' of mothane formod, and much unconverted gas. -Tho aromatiocs were
principally- toluono -xylens; and alkyl benzones. 'l‘he'mpthpn_cs o
_were a grand ui.vtnre not yet idontiﬁ.od. ’ . ' )
(3) Becauso of the poor y:l.olda o.nd the cxoesaive _

- ‘ —carbon-formationvhen-works - -
staff had temporari].y abandoned this line o rescarch to ‘concen-

Lo d g v & 1) ) 7iegre 0 rartime - "“. g

(o) Iron Oa.ta;xat m ;g

: - (1) Tho ontire staff of tho KNI was quite: omahati.c in
stut:.ng that tho usoc of iron oata.lyats in Fiachor-’l‘ropuch syn- . ,
“thesis <ms considored only as o wartimoe nocossity bocausc of the .
shortage of chromium. Cobalt catalysts ware stated to-bo dofe — —— s
“initely suporior, cloanor to- usou,-and -capablo-of-oporating-at - S
lower temporaturces. They ddd nmot know of a singlo inotanco whoro
iron catalysts werc actually usod in commoroial inatallations, '
althouzh it had boun plannod in tho ovont that chromimn bocane
unobtaincble.

e #wm»v-‘(z )-—Iron“oatalyats—are—pepa.red by—preea.pitation frozr e T e
its—nxtr&te—with—aodaﬂsolu‘h., —drying at-ono hundred—ton—(110)—-
dogroes contigrado, grinding and eizing, and thon troatmont with -

. 1:1 CO/H, gns at reducod prossuros (from 0.1 to 1 atmosphero) :
and tio ndro T0 240 0O Th D hundraod 70N ?0)_.(109.'008 —
_contigrado, This tno&tment_fcms_m_izon—cm;bido—on—th@ catalystv -

surface, and is continuod until o sharp drop in CO, contont of

- the oxhaust gns mdic;;tos cessation of carbido formation. It is .

gonerally uscd in sizos ranging two (2) to fivo (5) millimetcrs.




'2. gmgusxons A R0 w'

S ..Tho. develomont of’ tho maé'h -'l'xopsch proc.oss as . a. O ooennn
p:oducor of iso-paraffins, and thus a sourco .of high quality
.. -aviotion and automotive fuels, opons tho way for it to boocome
tho most varsatilo of all synthotic fuol prooassoe. It would
~ thon be capablo of producing products vhich range all the way -
from high quality diosol fuols-and lubricants to oxcollont -
“aviation gnsoline, No othor process could mako such a claime. -
It is thoroforae rocomonded that this information be mado mmil—
"~ able to all imtorosted agonciocs, and that tho work of Dr. Pichler
- and Dr. Koch of KNI which is still oontinning at tho Instituto,

1nformod as poasible. ' ; =

- ’ - Smll_aumplos_of.iho.tho:in-_-nlmm_and_the_Zuo-AL
T S —catalyato usad in iso-paraffin synthosis aro boing farwnrdod to 23
P -  Bureau of Ships (Codc 341) on Consignmont Tag No. 3655. Undor’

" 'tho samo consigmmont is also boing shippod smll somples of
n—octane, n-nonanc,-and-n-decano-£or uso- i.n—'the—etandardization
of mass spootrograph:.c umlyeie»-»-prooodu“f

~Propared by.

D. R. DEVEY, - -
Liout., (33), USHR -
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- P'mmﬁon -OF nmzm- “M-AND DIK -

S —

o ; Thrtp]:low&gg—hxfomt&on me—obtained—during_ -
ogation of” Dr. Pfhﬁmunbr”ntﬁthe “I.G, Farbenindustrie Plant— ——
28 g -28_ Hs Alkazid M and Alkagid DIK
are t.rade names for alka‘u.na agenta used to remove carbon di-~
oxide and hydrogen sulfide from manufactured gases, either
cgka:cmamgau_nn.mtetgaa;ﬂm M-product will absorb hye .-
drogen sulfide and carbon dioxide, the DIX product is used
primarily for hydrogen sulfide removal after carbon dioxide
~~~“has been swept out, Tho DIK compound, hmvar, will also——
absorb. carbon dioxide, , N

T ——‘fhese—a]:lmlime“age nts-are complex condensation— - ——
producta of ‘aldehydes with alkylamines and hydrocyanic acid. ‘
The M compound is synthesized from acetaldehyde and methyl-
T amine, the DIK compound from formaldchyde and dimethylamine,
_These agents will absorbe about seventy cubic (70) centimeters-
of the rcspective gases per cubic centimeter of thirty (30) .
__percent solution in water. The alkazids are capable of re-
generation upon reaching the saturatton—pcmf‘by'smplrheat-
ing to one hundred (100) degrees centigrade and diapelling
the-carbon d.ioxide -or- hydrogen aulﬁ.de. -

U.Se NAVAL TECHNICAL MISSION IN EUROPE

=1-




endlx - Operatim; Instructioua .
1 Harch 19LL, preoparation of 'pot- S
aaaium ealt of~%trw1—alanin. T T Ty T T




Details L

SO Attached to this report are detailed _gperating in- -
S st.ruct.iona for_the. preparat.ion of the alkagids. These ins-
- structions are briefly revimd—hera—with4-aehmtic—pre-— —_—

sentation of the chemi involved, For the M compound -
(potassium N-methylalanin) acetaldehyde, metlvlamine and Iw-

— qrogenfcmldﬁ_dl'_e—ugéd accox:dinrtcr“the 1‘011;4_.,7,“

I+ S
-1 =

'“*(1)";""'}15c ZC =0+ HN- i HC-C=C =N -~
: et : t ’

X - - - S U s H
,-c.Nfcugmz-—-—-;» 3c-c-c )1_,1120

. - S B e ,:,n,' . . .
- HaC -(.3— C=NeKO ¢ H20--9' H3C - (|1 -C - GLQHNHB —
NH - —. - - . - B m : .
oAy oAy

: [ j';;'.:';:;fff,,._,f_4, o ALKAZID /ll
“For the DIK compound (potassium N = dimethyl glycine) for-
malde}wde——djmthyhmim-and*}wdrogmtymﬁdm—uaed—hrr

“manner analogous to the = above_é‘criélné” T LT

(b) An iron a.utoclave equipped with an agitator and brine

cooled coil and jacket is charged with a thirty-five (35) per-
_.cent_aqueous solution of the amine, The temperatwre is ad- .~~~ . .}
“Justed to fifteen (15) to eighteen(18) degrees centi.grade and’ !




- maintained there during the slow simultaneous addition of hy-

- drogen cyanide and the aldehyde. The completion of the reac-
tion 18 determinded by titretion with aqueous silver nitrate =

~solution for free hydrogen cyanide,  The nitril thus formed

~ in equations (1) and (2) above is hydrolyzed by the ‘addition- -

- —of potassium hydroide solution and heating to one hundred and

" ten (110) degrees centigrades The concontration of the pro=
~ duct is ~djusted by distillation under vacuum to remove water

and adjust the_specific gravity to 1.18 to 1.20 which corre=~—. —

spondsAﬁmappggggmatelyn a-thirty (30) percent solution, - - - —

v

s T T ™ Te—

)

S Prepared by: -
- F. H. ROBERTS,
-~ Techniectan - -
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_eracking of hydrocarbons in natural and refinery taid)
. gases. The total production of acetylens in this =
- plant has been roximately 200 mstric tons per ay @000
(97 percent C2H for further use in synthetic rub-
ber manufacture, The plant is virtually undamaged,
and technicsl information was cbtained from Dr. Bau-
T T A ,_‘cmfm m t—,—' ho > :h'._.fe*m .!.”, d.m umed .41 . LTI T

— {n that-the-overall electric power requirements = _ .

of this process are estimated to be approximately the .

~___ factors such as the costs and ava ities of aif- o
ferent types 6f plant equipment, various raw maters - -
____4als snd by-products, etc., differ from American im- -
~ dustrisl cconomy, it is considered that further do-
"7 tailed economic studies of the process might bsde=" =

m 1945

o v -
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THE-ARC-PROCESS FOR ACETYLENE PRODUCTION

SN - PO

_(a) The synthetic rubber plant of 1.0, Farbe gt ot Bude,

.. Qermany, has what is believed to be the first successful commercial plant =

in existence- for the production of acetylene by the thermal craciing of -
~~Jow molecular weight hydrocarbons. The plant produced around 200 metric

tons per day of a 97 percent aceiylene for subsequenit use in other parts —
.of the plant in the manufacture of acetaldehyde, aldol, buylene glycol, ‘ )
. -and butadiens. By-products of the acetylene production were hydrogen,
———— ———carbon-black; and some-small-amounts of ethylena, The-plant is at pro=_
B -intact and -of immediate operation as soon as raw mat-
erials are supplied, Dr. Baumann, former chieéf chemist of the plant, <
has assumed direction of the.entire works, - o :

(b) The process in btrief consists of high temperature, normal pres—
sure cracking of natural gas using an electric arc, and the subsequent.
pnmw_w BN Uy scrubilng ‘rom-the gas 8 n:;..
.water at 18 atmosphores. Hydrogen and ethylene are removed from the talil
gases_by_low_ temperature liquefaction and fractionation, and the remain-

 4ing gases are recycled to the arc, Carbon black formed in the arc is re=

moved by water sprays, cyclones and bag filters, and is used in the com-
______pounding of synthetic rubbers, . . _°~ : ‘ :

_______(e) The plant formerly operated on a refinery tail gas consisting
largely of C2 and C3 hydrocarbons. At that time the ylelds were much -
'-,—ﬂnper:l;orr-to-—-ttneA-present—mthanB»feed—stock._——-»Bmm,-fsubsethwbim;_m_w,_L"_‘,,m 4
so destroyed surrcunding refineries that the acetylens plant was forced '
%0 the use of natural gas. In the following sections of this report-an —
~ .attempt-will be made to-describe in detail the operating conditions-and— -
-~ “aquipment used when operating on natural-gas,-and-to point-out what dife
ferences were encountered when using the refinery tail gase o oo

2, hrc Converters,

. (a) The ‘plant had seventeen (17) pairs of h.tgh temperature arc con-
verters for the thermal’ cracking step, Only ten (10) pairs of these were
ever used because of bottlenecks further along the process, and because

=3~

ot .h




T2 Aro _Converters_ (a)~ (ﬁmt'd-)

of powor aboruggo in the ma. Each bonvomr pa.i.r wis oLpped with
ite own rectifiers, coolers, and minor appurtenances. One converter was ‘
operated while the other was shut down for repur ‘or ovarhaul. :

(b) Feed to_each ai*c copverter uah 2800 nB/hour of a m:ned gaa con--»w “

P aiating of 50 percent by volume natural gas, and 50 percent by volume re- - -

;M,A___#L_A_;_cycla gas.__The natural gas contained about 92 percent volume methane, - -

I 5 percent nitrogen, and 3 perceént carbon monoxide, - There was about 10 -

v grams of sulfur per oubic meter present in the form nf hydrogen sulfide. '
The recycle gas contained about 85 percent methane, and the balanee hy=—"""" "+« "

drogen, niu'ogen an‘d’heav!.er !wirocarbons. The ga.s waa f?d t.o _t.he arce '

. (c) Each arc was pcmered by a nercury vapor rectif:l.er system oper-
ting on 6000 volts. three~phase line power, Where at all possible, two. .
rectifiers operated in series, each giving 1000 amperes at 3500 volts,

- and rectifying from a twelve phase secondary for smooth rectification,
This gave a 7,000 volt, 1,000 amperes feed to the arc. Because of the
shortage of rectifiers, some of the arcs were forced to use a single one

with 7,000 volt output. "This was found ‘to.be-quite unsatisfactory, and

there was continual trouble ‘with backfires, ete, Figure 1 shows the
"elactrical hookup of tke rectifiers when working in series for one. pair
..—-of ares.. The rectifiers were made by Brown-Boveri Company. -—

-

(d) WW Ieed—ga&eﬁteu
a the distributing ring tangentially near the top of the apparatus, It
——-————- then flows through slots in the anmnular distributor and swirls down throu-
S gh the arc tube. On locaving the tube it is 1medi.a.te1y quenched uth a
B water spray in the bottom section. 'I'he diatribut..,ﬁ ring, arec tube,
- They are grounded, as is‘“'“f

-_one” iiﬁe“bf“tm_fécﬁﬁe?_dutpnt, “and_ water: Jac]cetect Tor- proper eoo‘.lIng

%.(a)_,, The upper_electrode is. mde.worfcopper_aud4eparate‘d_&mtbh_
- converter-proper-by-a-porcelain-insulators It is-water-jacketed- to pre~ -

vent local overheating. A pneumatic operated steel shortingrod starts
the arc, and is withdrawn automatically when the right current is flowing.

) () Cont.rol of the arc aynthests 18 aﬂ‘ected by control of the pow=
er factor, At the design current =nd voltage ’ "the feed gas flow ‘18 1n-

ind -




80364

< ——

. ¢ .
-ereased until—thepow rfacwﬁzﬂ.?w 0.75. Underthese eondj.ttom T
powerfactors cause the arec to go out., 1oner ones g:l.va lawar conversion,
The arc tube proper, or the center one (1) meter section of the appara- :
‘tus, has a life of about 250 hours, At the end of this time the internal
diameter is so enlarged as to preventA,,fnr_ther_,,_,aafbiafactm;operatione
--This tube can-readily be replaced-by disconnecting flangesat either end -
“and springing down the lower section through its bellows eéxpansion joint.’ ,
During this time the other arc of the pair is in operat.i.on, thus avoiding
the necessity for shutting down the syntheai.a. e e

e B - AP comrters (f) (cont'd.) """““";TTv""_“‘"";""“ff‘"""'"~"f'“""""""‘ -

(g)__Mean gas temperature in the arc- i&est:,nated as 1,600 degrees
oontigrade. Temperatures nearer 1,300 would be preferable, but are diffi-
cult to obtain in the apparatus ‘without seriously affecting its operation.

~ The exit gas from the apparatus, after quenching with wat.er, ‘has the ap-
proxfmate composition (carbon blaa: free)ﬁ, gj.venféf“ T

EaY U ooooooco-ooooooo.ooo:ooooooooooc B’hby'—wm '
N 52%

Hé . ’...'..0.....‘.......'..‘......

c Hh ..00...l....!......O,........l. 1

sat, HC's (mtly mm) .........~--~-~252;

co - 0000:.o.oo..o...o.........ooo..

N2 .'....O.....‘Q.‘.....Q......‘.. 7’

In addiﬁonabouté—pement—of—tm—mmbormpnftrcmm—car-—#——
bon black and leaves the arc entrained in tho gas atream. .

o (h) When operat.ing on refinery tail gases it was found that the exit -

e v—-~acetylene—eoneentration—was~nmch~highermd—tvdrogeraism—according]y—~———— R
__Saturated-hydrocarbons took care-of this increase by being-correspo R ——
ly lower. This means that when operating on natural gas the yield was 50 :
percent of thecretical, while on refinery gases it was stated to be even i
_better, No figure was. given to indicats the. masnituﬂe of the i.mprowmnn.. o

e - — - e - ——— e

3. Preliminaq Puriﬁcation.

(a) The plant had a rather elaborate preliminary pmfication plant
which was admittedly not al;l. necessary for acetylene production, However,




themnageneir‘t atated ‘Ehatinvie' otthe faetthatthe en_t:l.go;mg
was bullt hurriedly during the war without all nascessary Pplloting, and

in view of war-time shortages of eertain materials such as HCN, the e].ab-

orate system was installed, This seems entirely reasonable, and exper- .

1enee haa aho-n the lack of neoeesj.ty ror many of t.he 1teus. -

"“"""—(b)—“ﬁx ngre‘B is ahmm a prooese TIow d“:lagram 3 4 ﬂ:e prenm:l.nuy
purification, including thé carbon black plant, . Gas from the arc, which

has been cooled to 150 degrees centigrade by the water guench, is passed

dmm through.a water. seal -to -four- (h) cyolome, -two- (2) operating in-sere= -

. P8 O A sorn ey '_' Y, . 2 tOW=

Overa:ue mterial is removed and the remining blaok :La tmbled in
drums to increase its packed: densiw for- ehi.pping It is- then bagged and
shipped to rubber planto throughout Oe e . ‘

5 (c) The gao £ron the oyolones :Le then cooled f.o 70 degreea ‘centi-
W in a 8pray cooling tower, where low demfﬁ—ﬁrﬁ?ﬁ—blaﬂrmr
as a slurry in the spent cooling water., This black is then settled in a

... __.__Dorr classifier, filtered in a vacuum filter, dried, and bagged, It is- -
T used inmixture with the other black in rubber goods manufactures

| (Q)J_Qt_nnal_eleanup_ihe last traces of black are removed-in elght
(8) bag tuter tonen. Theae tomers ame heated elighuy with aﬁean .to

e fﬁcien‘cy._

(e) So rar the syetem deoeribed hao appl:l.ed to each pair or arc con-
'verters, At this point however the ~ gas streams from all converge ina
—-————-——common-header,-and-goes-to-two-(2) water-spray coolers operating in paral~ — -
‘lels It is vooled to 25 degrees centigrade with a minimum of water so as
to prevent the solution of much of the HCN present. The gas then pueee

- to-two- (2)-0A1 sorubbers operating in parallel, using revolving trays. - . . _
-Herethe-bensene -and-higher -hydrocarbons are removeds —The-wash-oil-used
was a ].ight tar oil, although an aliphatic oil was preferable but not ob-
tainable, The scrubber bottoms were heated to 70 degrees centigrade and
stripped in two (2) parallel towers using CO from subsequent purification
steps. These towers were operated under 600 millimeters vacuum, and the |
overhead from them was water-washed and sent to the boiler house for fuels




,mnpartwuccnunuo tix : "
(L) tar stills, Here the. nmtlwdrowponaandaludgeamnmd ,
- from:-the. qatem, and rneah ush o:u retg_:gg. R )
prooeu m 13 naxtmmd_thmngt_xjg_ tar scrnbho;s o
, . ~—where HCN is removed, : The bottoms from-thess scrubbers; — :
“along with the water from the previous water spray afier “the~ ‘carbon; black -
cyclones, are sent to two (2) vacuum stills for HCN recovery, Bottoms . .
--—————-—fyom-these-8t11ls-are- neuted-—.twa gooling tower and returned to.the. mz
oM. ; HON: crudeform; is worked up-in-a-small -batch

- ence of'vhigher aoetylenea in the- mu cut. Nevertheless HC HCN. m recom ‘
and used- elsewhere Lor acrylonu@ﬂe produettou. o .

(g) ~The gas- at.ream was ﬁnany sent to a:Lx (6) large 'ﬁmaue"‘“ S
' ulpht ade Thaaeareammtotwmw

aeetylaﬁa recovery. - ‘

" h. Aceglene Recoverz.

(a) In Plgure ls is shown. the acetylene recovery mt.en. ‘Haw gas
, A e .

: th—Tecycle—gasfrom—tho—rec
tem and compressed in four (L) stages to 1B atmospheres. To—u?—imen
“were deemed necessary -to-prevent-local 4interstage overheating-of the. .
h:i.gh pressure acetylene-containing gas. There were six (6) complete

acetylene recovery units similar to ‘the one- here:\.n described, all oper-

aﬁng in- paral]al' - — T

(b)  The high pressure gaa was scrubbed in a 66 perforatad-u'ay tow—
erJithm _water, and the overhead gas ‘Prom the tower comtained less——
—than- 0.l~pareenfraeewlene.——lts composition : mappmmmte]a;,aa 5_followss

25’ ..OODO......Q.' cn

55‘ ooocssa)Proseossd
» 1‘ o_od.o"oo:-ooooog'___ %m;
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This gas is sent to units for lvdrogsn and et!wlene recovery which are
~described later., .

Wm—m—ammm%ﬁrmm—

~ (e) The acat.ylone containtng water is expanded to 2 atnospberer"* R
through a turbine, and flashed in a vessel. The off-gas, containing L5
_percent acetylene, is recycled to. the compressor mentioned above,.. ,Thew.w_ S

gas obtained, It is further flashed to 0,15 and then 0,05 atmospheres,

using suitable vacuum pumps, and these gas streams combined with ths one
atmosphere - flash to give &. 96 percent acetylena, containing Np, CO2, cm,
CoH),, Ho, and small amounts of higher acetylenes., Before acetaldehyde.

“synthesis 1t was necessary to remove the higher acetylenes, which was
- done-4n one of two (2)- fashions and will be described below.— The-water.

-from-the—1ast-flash-is pumped to-one—atmosphere;—stripped- with—gas—beiag

recycled to the arc, and aerated in a cooling tower to remove last traces:

of acetylene before returning to the water scrubber. Summor water tem=  ° ;

~ " peratures into the top of the scrubber never exceeded 26 degrees centi—

grade,

fﬂmﬁemw.

(a) - Removal of higher acetylencs was accompliahed in one.of two (2) -
waya. The first method made no attempt to recover this material, but was
much -cheaper -to build and operate, -The second attempted recovery- for- M—

ther synthesis; but was- quiﬁe’expenﬁ.veﬁo'ﬁrﬂ;d“gm—operm.

[b) 1In Figure 5 is shown the first or.oil aa-ubb:l.ng method. Here a.

 light wash oil of unknown- ccmposition (atated to be aliphatic) was used -~ :

cyole. gas to the arc, first of acetylene in the upper section of ,the col-.

umn, then of higher acetylenes in the lower, However, the selective
stripping proved unworkable, and the column was finally run as a single
stripper. .The off-gas from the oil scrubber, containing about 97 per-
cent acetylene, was considered purified material and sent to the acetal-
dehyde syntheaia unit. It was essentially free of all higher acetylspes.

- . R R O, e e e - = - -— - . i e i e
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(c) In Figure 6 is shomn “the secand or liquefaction method of hi
er acetylene removal, Here the Taw acetylens gas is first cooled ina
- _ water scrubber and then the higher acetylenes condensed by cascade re~
ol ._ frigeration to =78 _degrees centigrade using ammonia and ethylene. Coun-
ter current heat exchangers assure maximum recovery of refrigeration from _
——the- surified aostylens. The condensed higher acetylenes are y 'quickly flag- = ===
. "hed in a stripper by the use of warm recycle gas. It is imperative that

the warming up and vaporization of the higher acetylenes is accomplished
rapidly to minimige the explosion hazards, R -

vas stream when sooled to about =10 degrees centigrade,
These a;'e.at'ean distilled, decanted, and used as fuel, -

— (@)~ Somo smA1Y

(e)__Tt has been found that the usé of methanol as a diluent : for the
liquified higher acetylenss greatly. decreases the hasard of explosion.,
Therefore, the entire system is properly protected with methanol flushing -
lines to enable quick dilution in the event of troubles ‘

- (a) The off-gas from the acetylene purification contains a number
of valuable constituents which are recovered before recycling the remain-
—dar to the arc. The two (2) principal ones are hydrogen and ethylenes
. 'The gas, whose composition has been given in former scctioms, is first
-~ treated for hydrogen recovery in a- Linde designed-liquefaction plante -

_Figure 7 shows the flow sheet of the apparatus. - In it five (5) cuts are.

madé on the gas; a hydrogen cut, ‘fa"co-‘Hs' cut,; an-ethylene or Cacut; 8-

CH), cut, and a C3 cut, The last two (2) are combined within the appara-.

‘tus and furnish the major source of recycle gas for the arc. The hydro- - ‘

‘gen cut is used for hydrogenation within the plant, the CO-Nz cut for imn-

_ert stripping, and the Cp cut is further processed for ethylema, - ==~~~

(b) The off-gas is first compressed to 16 atmospheres and cooled
by counter current exchange with the product streams to -15 degrees centi-
grade. It is then cooled with ammonia refrigeration to ~50 degrees centi--
grade. Further heat exchange with the cold product gases condenses the
C3 cut, which is caught in a trap, flashed to one atmosphere, and joins

Qe




m:r‘_ o e e

6. m:: Recmga(b) (COnt'd.)_

(c) “The ofr-gaa, now ai_—‘m‘ae‘peee cehttgrade“ is— mrther coo].ed

to =10 degrees centigrade by counter current exchange with product gases :

S and ‘sent to a condenser. Here the C3 cut is liquified Gy condensing with

- the cold hydrogen-cut and a medium pressure outside nitrogen refriger=’
ation ‘coil. The nitrogen has been previously compressed to 200 atmos-
, pheres and condensed by exchange with one of aeveral of t.he cold ges

‘". ‘cold

: through tbe previ.oualymentid emhangere .

““‘(d)”‘rhe‘m

centigrade, is :tnrther cooled to -170 dagrees oenti.grade with the Bg,

CO-Np,-and CH, streams. The CH) cut is then condensed with a one atmos~
phere outside nitrogen cooling cycle, and is flashed to one atmosphere
and returned through suitable exchengege as shown to the arec, mi.:ned uth

7 "the C3 éut Just before the Cy

. gas,. now.at -185 degrees cen grade, is sent to the base of a double ree--
t:i.ﬁ.cati.on eolum.

- used as. reflux ror t.h:l.a aect.:l.on, and 8 l:lquid hydr ey »

bottom adds additional cooling. The CO-=No cut is evaporated by nquify— ‘

.. ing -medium pressure nitrogen and cooling atmospheric pressure- rﬁ.ﬁogenw~ -
and 13 then sent- beck throngh the ceunter cm-x-ent exchangera mntioned

Mﬂ)—M—Mn—cut—&n%quﬁied—mth-mmudeMLﬂ_,,4,.__, .
¢olumn by using boiling liquid nitrogen-at 0,1 atmosphere-absolute pres=—-. -

“sure. It is evaporated in the lower section and returns through the &x= ~——
changers previously mentioned. Temperature of liquefaction is. about =212
degrees centigrade, This hydrogen is used in other sections of the plant !
for various lwdrogenauon processes, , . _

(g) The lvdrogen cut contains about 2 to 3 percent Na, > and the re=




!erogen Recovery g;! ‘cont'd'.z' .fm T e e S e T I

matador . The Co¥y out oontains about 15 pereent GO, T0 percent Nz,

percen « The recycle £a8_cut contains about 85 percent-CHj,-

ﬁ.th the rest_cs_a.

v 7‘ ' M- 1;_, .-k, __;‘_,: o _ SR S

' (a) The et.lwl.ene recavery syaten is shaun in F!.gure 8'. It 13 a }
1inde designed liquefaction system for fractionation of tha C2 cut, _ ‘l'hg

— reed §as contains -about- 15 to -25 - paroent ethylene, and

s’lnc.

gaa from thelvdrogen recoveryt cyclad to thearc. |

to -35 dagreea cenﬁ.srade by ammonia- retr:lgeration. It is then ‘cooled to _
-55 degrees ce ntigrade by exchange with cold CH), cut, to =95 degrees ocen-'

tigrade in-the reboiler coil of the methane colum, to -105 degrees conti-

‘ ,.,,_,mabx_gxchanga_!ith 1"h&-c‘d.’ mtarmdh{te tracﬁon,—and thrclm cnt—*anu »
1a, | deg antig .

'the of t.he netlmné colmn.

c)__Tha_mthane_ga&mrbead frwth&mthamfcolm*pamtw*ﬁ

the exchangers previously mentioned and is eanbd.ned with the*ethane_—gaa _—
stroam and goes to the arc, Bottoms. Iron— ' -

eent.er aect:lon Of the Gﬂv‘lene column.m ST T e e -A__; et

o (d)w..Tbe ethylens column takes ettwlene overhead. as- product, and af-
ter sultable heat exchange th:l.o material 13 ‘sent to. t.he styrene plant aa '
pmmd QWIGNQ A O 3 sphore athylene refrige th-Os

____atmospheres: suction, is used for reflux and cooling for the column as
shown in the flow-sheet. Column bottoms, consisting M of 02!!6,

_ G.M. MORROW,

And sont o oog after sultable hoatexchange combined with the oy cut S

~ Ensign, USNR,
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.. THE MANUPACTURE OF AVIATION GASOLINE IN GERMANY .~

R e ,l__;.; e ”“;"f — r’f”“8,_e_3'ﬂ87ﬁ""'"“:
— - ‘ Tﬁia ;'cpor,tz:oeox:d-' Information obtained by technical
-4rv osition, and
- manufacture of German aviation guolin;i during th-’pub :
. - war gews., SR
— ‘o : | . ) ‘ ‘. “ - -
guoli.nn—mdncodm—ma&od— d-amalysed, The qualities —— ~ ~ =
and compositions of the differerit grades are shown and dis-- : '
;‘* T - “""’*"‘*%;,,,,, T *‘*“‘ : - T .;,,*:, I -
"l'ho methods and plants used in Gomny Tor lynthoc:l.ung B
- deoparaffins, for manufacturing ‘base stocks, and for synthe-
_ slzing aromatics are described. Process and operating data
A ~ @re given for these operations, particularly where the prao-
B R “"“The*'?ﬂth”ié' of nitration grade toluene is deseri -{—-—v~ S *—
— A An-an appendix. . -
—_ There ‘mmattaéhed--toﬁtne»orxgim, copy of thisreport— - -
several German documents which will serve to elaborate some
of the subjects covered harein. T |
July 1945
o - U. S. NAVAL TECHNICAL MISSION IN EUROPE
.». .l- . B o ‘
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1. Introduction. e

' It was well known that Germany had always depended largely on
synthetic operations for her. Jiquid fuel supply. As the air force S
‘of that nation grew and developed,- and its fuel requrements in- ~— = =~
. creased both in quantity and quality, it was ecorrectly concluded

that synthetic oil plants had kept pace with the aircraft. develop-

.- ment-:-and -continued to be the main source of f!“}z‘f“’p}?’ I

The ever increasing quality of aviation gasoline used by the
- 'a1)ies was-paralleled by that of the German sUpp.y. -
~©  processes applied in imerica for manufacturing high quality gaso- - ,
lines were wall ‘understood by the Germans.- They-obtained information. . = '
th - schnical publications ough analysis of gasoline
from es, and otherwise. At the same time, German re-
search in great—force was—supplying: new _processea, many the same as
_those being developed by the Lillies, to their own operations. To-
_ward the end of the “war the quality of fu= ~being-used by the-Ger-——-
WW~WWWM&~~W&he “Allies. . .
'In entering Germany to study their manufacture of aviation gaso-
~ line, it was to be axpected therefore that many procosses devel~
~opments would be found that were-the same as-those-in-use.. r
Also, from examination of*'iﬁ‘ﬁig‘éiémfiﬁcapturedaenew. planes, it
w—bﬂiwe&%hat—no—radicauymompomMB being synthesised
It could be anticipated, however, that new manufac- - -
' . | 1 technolo “be fourd, that new designsin-— — -
IS — mﬁmmﬂem—ortmtrnm—opbat&mﬁm_a_@t be
" in use in the various synthetic processes. T e

B Fliiesei @

[

. In the course of the tiachnicalvaurverbemgf—reporhedihmin,
. most of the plants that"manutactured—aviat}ongmlin&componma#
were visited, Many industrial and government technical peoplce were
interrogated. A great varioty and volume of technical and opera-
ting documents were obtained and studied. .

~———— Inthe following" sections-are discussed the averall German
position on supply of aviation gasolino, and there are described
the plants and processeos producing the jsoparaffin, base stock, and

-3




.. aromatic. camponents. . -Some of -the-newer: mearch ‘work-is- descr:l.md o
The manufacture of nitration grade toluene is also reported, becauae
its. production was rather. cloaely related to the -aviation: g&aol:\.ne

Wmo

L 'l'he Gemn aviat.ion gaapline volume came very large:Ly tnon the o
-synthetic oil plants that hydrogenated coals and coal tars. A very — ————
malelme«:nly came- n'on_petroletn, while meubia.uy noNe came

cm var:lous caJ. :

Parallel to the situation 1n tho Onitod Statu » great ef.torta '
wore put forth contimially in Germany to increase the supply of
aviation gasoline. Much of the now construstion was never completed . .
dueﬁrst]ytomnedbomba.ngandthentotmmnofthem '
3 TaM~L~u.amaMM®md the._source
volmoot -upplyot aviationga-onnea andthe:\.rmnenta

Gelsenberg - Gelsenkirchen 8,000
P81its A.G. - PBlitz 1.3,900
Rheinbramm - Wue% 2,750
“"Ruhr8l = Welhedm — 1,100"'
Sudatmdeutache Bl ’—‘5.500




