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The I.udwigehafen and Oppau ple.nte are 1argely

independent I.G. factories situated some 2 = 3 miles epart on the
‘west bank of the Rhine- facing ‘Mannheim, ' The former factory is a
general organic chemical works specialising in dyes, dye intermediates,
plastics and synthetic rubber, while the latter 18 & heavy organic:
chemical factory producing ammonia, methenol, higher alcohols and
-their derivatives. . Before the war much of the I.G, research and
development work was cerried out at Indwigehafen- in: part1cular the
high pressure research section directed by Dr,. lathias Pier pleyed

a very active pert 1n all hydrogenation developmente. T o

Apart from the possibility that a full ecale hydrogena-

" tion or Fischer Tropsch plent had besen erected at Iudwigshafen/Oppau -

during the wer, the main objectives of an oil team inveatlgatlon wereg-

> {a) To abtain from Drs Pler and his staff an advance generel
-pleture of German fuel production processes,

(b)  To study the fuel developments still in the research
' and pilot plent etage.

e e exanﬂ.ne any new. developmente 1n hydrogen or éynthesie
' \gas memzfe.cture. ‘

‘ (d)  To-look for new proceaees for production of high anti-knock
ool ‘fuel - conetituente end for new fuel additives.

”.‘“'(‘e'j -To investigate new chemi cal syntheses based on raw meter:.als
: obtainable from oil. T . IR i

‘ . The' Ludwigshafen and 0ppau factories Weré first visited by
the 1arge team 1isted in Append:.x A during the period 25-3lst March, -~
The investigation revealed that no large plant-for synthetic fuele or

- dubricants had been operated at this. te.rget., "All the. Admportant - . -
" .mémbers of-the ‘Fuel Research Sectlon staff had been evacuated to -

Heidelberg and information on the work of this department was therefore

limited to that contained in seized doouments, ‘the greater. part of .
" which have still ‘to be. emmined in detail,. Valuable information on

" .synthesis gas: production ‘from’ ‘hydrocarbon - gasee was obteined ag well :
Tl aa :lntereeting data- on ‘& mmber, of chemice.l eyntheses. I I

‘ o 'l‘wo membere of tle above -team = Holroyd and’ Fe.ragher -
a.ccompenied by Mejor Tilley (interrogator) went on .to- -Heidelberg, =~ -

- contacted Dr, Pler and the: chief- members. of his staff on April lst -
a.nd obtained from them the hydrogenation information gi.ven leter in the
body of ‘the- report. RN
Lo leter,. e.fter visiting Leune., Holroyd, Faragher and Ellis
,paid a second visit to Heidelberg and to Iudwigshafen/Oppeu on , . -

;.27th-30th my to- check a nnmber of deta:lle, pert:loularly with- reepect ito e

‘-"hydrogenation costs end-.,to obte.in informa.t:lon on‘ the ;oreseure conversion

. B
the :I.ni‘ormation obteined 1n‘the oouree of theee varione vieits.
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1ﬂw S :
. Oppan. hed e mATimm cape %Zofor production of 180 000 W3/

hour -6f synthesis gas plus 40-50,000 ur of producer gas. Synthesi.a A

eas was made mainly from water gas produced from coke in 31 generators

of conventional design, ‘the novel feature being that three of the.

nter gaa to hydrogen shift units ‘operated e 25-30 ate. pressure process,

o v '.!!he remining syntheais gas was obtained by’ Limde : .
rrectionat:lon of Saar and Buhr coke oven ges to give hydrogen, and by -

" & modified methane-steam process: (the Msthane~Oxyien or K.V, process)
from coke oven gas or hydrocarbons recovered by linde fractionation of
_.coke, oven gas. . The latter process was operatediin iwo large scale ' .
pllot units at Oppeu and these had a total capacity of 20,000 Lﬁ/hour‘ _
synthesis gas, The units had also been run experimentally using a.
modiﬁ.ed procesa which gives rise to acetylene as a by-prodnct. j T

L Both the preseure ahift and the metha.ne-ongen processes,
eare ofmpa.nti cu.lanintareathemwthem bave&een@opted ~axtensively—
in the new eastern plants built during the war.  They were tharefore
inveetigated in considerable deta:ll e.nd are: described mlly in the
following sectiona. : _ o

ti) meusmm..m_mmnm RS
R Informat:.on ‘on tni.s process was obtained from R
Dr.Sohiea:enbeck, Ing. Lampe, Ing. Fank during “the Becond visit. to
Oppeu. Dr,Shierenbeck had directed the I.Go developmeut work in
-this field end Ing., Funk had ‘been. :Ln charge of a large 8cale IR
'.1nata11at:lon at. Blechhammer. 'g R

o o '.Eheoretically, there are seund. reaeona for the use of

e presme process,  The final prodncte have in. any case to" br—
eompreased for the removal of.carbon”dioxide and, since the '

" reaction CO + H 0 ="COp+ Hp glves & 100% increase in volume of
permnent gaees, operation under pressure. eliminates compreseion
charges in respect of the newly_formed earbon dioxide. A8 £

.'eompreseion is" concemed thereis: clee.rly no advante.ge to ‘be gained

by use of/apreasn.re ha.gher than that to ‘be: employed for earbon :

»diezide remeva.l. ST _ St RN

andno epedal eataly’ ;18 n T
~consisting of 91% F9203 end 7% chrome oxide i‘or both ;preesu.r e.nd_
o vpher:lc unit
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S S —— mevinerease-iﬁ—unﬂ—oapacitywe‘-p&ticulufy
fattractive for _of the res
‘econony. in steel, but as will be seen later, -the. advantage has’ been
offset- by'the neceeaity to use sped.al stee‘le for the pressure :
process. S AT L L K

I -

-. : " The third potential ad.tantage of pressure operation ia
economy :ln steam.. - ,Under normal’ atmspheric pressure conditions one
of. the -chief. heat. losses from the. eyetem results- from the- compa.rati.vely
-large. quantity of water: ‘vapour. carried away by, © the exit gases from
the water heater ‘and condensed in the £inal cooler, see f:lgure I, o
'Provided that: use of. 1ncreaeed pressure is no}. accompanied by an. - -
1ncreaee in. ea:i.t tempe’rature of the final gases, it w.lll reduce this
-loss of water: vapour, and: therefore the heat loea, becauae of the -
rednction in volume of exit- 838 In. eddition, the general heat .
losses from the -system: (per ¥’ of gaa prodnct) ehould. be rednced by
the increase :ln nmt capaﬁty. sl

o ? -‘Ihe poten‘oial dise.dve.ntage of the preaeu.re procese 13
muouommmmmmm“mmhedmbon«m
dio::l.de, oxygen and sulphur g&see in the water.

(11) P_e_smmﬂ.of_xm : L
' ,.s“-ﬁ :'Jlge preeeu:re ylent' developed by the I.G. attemp’ce to eecu:re
;all three ‘of the above:a_dvantasee. A._flow d:legram of -the: plent ds

‘3-."111e ottt ciency of! 'che inter-
ovel of mater held in “the shell,
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; Before ;pasaing 'bo thc seeond pa.rt of the rea.ction
. veue], wh:lch consists of a normal catalyat bed, add:tt:lonal water
‘condensate is introduced as a" ‘sprdy.” The final gaa “product’ lee.vqa
- the bottom of the reactor at about 440°C and’ travels-through the
_mhes of the two interchangera to a f:lnal indirect wa.ter cooler.

S An altemtiva deaigz of preamre plant dovolopod
by Ba.mag i.s shown in figure IIT; - The. separate water heater and
inlet gas saturator employed in’ atmosphmc preasure unitu are . .
retained, '.Ehe ‘main ‘change 18 that the' “final 1nd.irect ntor eoolor
is used to cool ‘the water- condensate recycled. ‘from the satnrator %o
the mater heater. S In 'bhu my the nter huter boeomu the nm
:eooler ;for the ex:lt eas. DA B o

! It waa sta.ted tha.t, :I.n eome Bamag deai.sns, the lecond
:lnterchauger (ahomﬁ.n figure ITT inmusé for ‘preliminary preheat of
saturated ‘inlet-gas) is’ used to preh mter passing: from the nter .

,.Jxeatex._to,.,tha,aamtnr e a

, = In’ ord.er to comba.t the’ corrosio_g ':gblem, the parta of S
‘pressure plant w.lth which -liquid’ ‘water is 1ikely to -come inte’ eonh.ct
‘should be'mede of sped.al ateels - j,‘Ihe I.G. at. Oppau -prefer to use . 17%
_chrome steel, but have used VoA and occasionally ‘FFGN 6% chrome steels
- For-the new flat ‘tube saturator/heater it 1s.propos 180 B crom ’8;"
‘(5,o ch,rOme 175aeuica) ‘




; 5
,8ay-11 atmospheric units with a total capadty f"-‘ 110,000 M3/hour. R

. SR On the operating side there shouldjbe ac sa.ving in 1abour
,and repairs, but the former wil\l be: small betause laborur requirements“f
for: any type of water gas- shift plant are extremely low, and-the. latter
_can easily be offset by inm'eased cost of replacement ma.terials in the
event that any- appreciable‘_ r_orrosion takes placé._ e w T

g Oppau c1 :tha.t : he re‘ uirement %f mgke-up"steam when using
'the 25-30 a.ts. Pprocess: 18, only 50 grama per: 1t of Ainlet ‘gas’ compared
with 400 grams ‘for . the: a.tmospheric pressure procasa. b Hme I.G.-seem -
to -get’ great s‘bore by rthj.s ;8team saving,_. and. 'bhis‘is ::ather surprising g
in view of its relatively small influence on cost;pe:cticularly whezr

‘the. process is ojperated at a factory where H.P.‘ ‘gteam has-a prennum

. value .
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‘ A 'Zme following information was obtained (a) by
| 1nterrog,ahon of Dr. Kosbahn {assistant to Dr. Sachse who was
. mainly responsible for the development of the process) and (b)
"from an incomplete exarination of documenta removed. from

‘Dr. Sachsaa's Oppau offlce. . e -

- © 0 The procees ,prowndes an a.utothermic method for the
production of synthesia gas (CO + Hy or CO + Hp + Np ) from gaseous
hydrocarbons. ‘I'he ‘first step consists of burning 't:he preheated
hydrocarbon (050 C). with oxygen or oxygen-enriched air, the amount.
of oxygen used beir substantially the theoretical reguirement for

.~ the reaétion CHy - +'5 0y =.C0 +.2 Hye Actually. the reactions .

' occurring in the burning ‘gone are considerably more complex; some
CH, is burnt completely to CO and HoO while some, remains unchanged.
la nJ.y as a. result of the above side reactions, .the tempera‘tmre of
“the gases in the burniing sorie 19 ralsed to- at—least—laoo "Co *The—e—w
products from this stage thus have. eufficlent gensible heat for the :
next 'step of the proeesa,which consiats lof .the -conversion of ' .

residual methane by the methane-steam reaction and the atta.inment of

. the water gas equilibrium, These- secondary reactions -are brought
“about by passing the- reactant gases through & bed of nickel-on- .
‘magnesite catalyste. . The final- product leaves this catalyst bed
at 800—000°C and is 1nterchanged with the incomlng hydrocarbon gas°

L

' : W:Lth a. g efficiency ofheat exchange and vlhern
using pure methene ‘end: go%-oxyeen, the, overall result of this.
process, both chemically and thermally, is the same as would be
obteu.ned 1f only the :following three reactions were 1nvolved:- '

CH4+202 _____ co+anz,'
" 'Heat of - reaction &t 650°C & 4269 wE/M3 of. GH

2% of methane feed reacting according to the ree.ction
CH4+E20 00+3'32(1‘ o >
Heat of" reaction at 650°c = -2689 vm/mz’ f cn4

(’3) The reactzon CO + O = 002 + 1{2 proceedin& to equili-
s br:.um/ 890 C..,_‘ LR :

.‘Ihe compoeition of ‘the final gas is C%a 7%, S
0 23.87’ by H2 69,a gnd CH) 2%, - The consumptions per: X fed
are oxygen. «487-117, steam +107 k., 'eooling water .at- 15°C. 9.&

'I!he above figures are “taken from the: ;preli.nnnary design data for a~_
'ple.nt to be erected: at Heydebreck whlch are: given_i.n MOTE de'be.il

- in Append:l.x B(Z). '
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.~ " Tne_ process. requires a hydrocarbon-feed which is /e
=very-low=in-gulphur:———It was- stated -that=the-presence -0f=15mg -
of sulphur/it3 of methane feed necessitates an increase in reaction
temperaf:ure of  about 200°0 o . S

It is unnecessary to use pure h_/drocarbons a8 food
Coke oven gas or purge gas from methanol synthesis is also suitable,
It is also possible to work with oxygen-enriched air instead of pure
oxygen when ammonia synthesis gas is the required product, No
'satisfactory flowsheet figures are available, however, on these
.applications.,. Xt: would appear from the data for pure methane
.given above that, unless much lnproved heat exchange efficiency ia
obtained, considerably more oxyg,en than corresponds. to reaction (1)
above would ‘be regquired. It ig ho pecl that further information will
be: fortncoming either from a .closer examination of docu.ments—or g
from i‘u.rther contacts w:.th the I.u‘. staff. »

It is mteresting to. note- that the methane-oxygen proceos

has been adopted at. Heydebreck;: haldenburg, .A.uachwitz and Iinz in

- preference to ‘the methane-steam process, and when rather fuller .data -
—are avai: 1ah1e T bW }~be-of--considerable-interest-- to-compare-these—-
two methods. | Usmg pure methane, the methane—ozygen process gives:
.1ittle more than 75% of the yield of synthesis gas which can be -
‘obtained by the methane-stesm method end requires substantiel:
quarrtlties of oxygen. On the other hand, no ex'pzernal fuel .gas 18
required anl the use of a tube—reactor is avoided,  The methane-._
oxygen. process also has the- aclvau‘cage ‘that it produces directly a :
‘high CO content ges: su:.table for syntheais of methanol, higher alcohol
or Fischer ‘l‘ropsch product.' S » : T _

: , ' A -
o 3 R o ol

Voo " The following descrlption Telates to.a- pldnt treating
5‘6—7,0@0 M3/hr of coke: oven sas. ) A 11ne dlagram of the fproceaa is:"
shown in E‘.Lg. IV. , ‘ . ‘ o _
‘ S Coke oven gas is introdnced by ‘neans of a low preuu:ce
’i,blower. It flrst "enters the tubes of & tube.and-shell- heat ezchanger
which, in the case of the Oppeu.plent; has. 638 tubes, theé upper - .-
;portlonsof viiich are made of special heat-resisting alloy to contend
“with temperatures of the: order of 800°C, ' The exchanger shell-is.: . .
5 'fltted with bafi les (9): in order to. i.mprove heat transfer, - Fu.r'bhor :
.‘details, of .the: Oppau. ‘and Heydebreck ‘heat: exchangers are: given iInn
Appendix ‘B(1). ' Part of the preheated gas is recycled, and the :l.ncoming
¢ steam {roughly 1 mole of steam/mole hydrocarbon in: reactant gaa) :
g ingected ‘4into: this. recycle sya'bem. -The’ ob;ect is o avoid’
-.condensation: of we.ter which would oceur if -the: steam were inaected
_into. the: cold ‘gaBy il -The preheated gas and steam nﬂ.xt‘u:ce, at a-: L
. temperature ‘of about 50°C, 18 next mixed ‘with the oxygen or o:qrsen-
enriched air ina mixer of* the type shown in Fig.V. - This: is
i:ai'buated at the to; of “the main reaction: vessel. Efficien‘b nﬁ;cing
‘of"the reactants 13 essehtial for. ‘satisfactory oaoti.on and’'is
ﬁ-l-achxeved—by-antrodudng_the preheated h.vdrocarbon:‘at @ pressure of
‘-.3’0' ats tangentla]wto the stre‘ m. Of "« xxgen _which enters. througn

{_,
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& vertica’l “cen'trai ‘hibe a:b a prassure of .5 @ .6 atrw It ::.s“! *—8""'
cla.imed tha’b“mtxi‘ng—is mmplete«with:ln a- lengthﬂf mi:d.ng tube 1.5--—

timea its diameter. -

‘Ihe mixed gasea have a ccmpopit:.on within the oxpldaive
1imi.ts end. nw.at be protected from back fire from the’ ‘combustion zone.
They are ‘therefore- separated from this zone by e. ‘bank of 20 mug,

" tubes in which the gas. velocnty is greater than “the; a‘itical lxtinction
velpcrby ‘of the reaction, aee Fig.'VI. RS . . ) _

B R f In order to obta:.n uniform and. eomplete reaction the :
hu.rner chamlrer which comprisea the upper portion of the main reacti.on
vessel has to be free of dead spaces-where eddies can build up, ‘and
must be of- such a ‘size- that.thé g velocity is leas than ‘the flame .-
extinction velocity.‘ Pilot flemes nm.s'b also be provided at the

. entrance to the combustion chamber, ' These pilot flames are- naintained
by :lntrodud.ng pure oxygen. thraugh amall aeta uniformly placed at tho
“exit of the flame trap tube bank. “This: arrangement is ghown i .
Eig.,,llp .The burner gection of the reactor, ‘whichlds. 11%- by 7O exteml

diameter, is lined with 5" of _refractory: ma.terial iIn order to wim
the temperature of 1200-15()0 C wK:Lch is reached 111 thia stage. L

'L’ne producta of the combusﬂ.on zone pass‘ dovmwards throueh
8 ea’ce.lyat bed #pproximately 6 fi. deep end 9.f%, in diemeter, = 'loss
- jof ‘nitkel a¢ nickel" carhonyl is: replaced by introdud.ng ‘a8 solution
+'of ‘nickel mitrate into the- ‘combustion zone, - The: o*rerall hei.eht of
: the complete reacti.on vessel is about 40 £ - .

i

i 'I.’he ga.s» leavea the c,a.talyat bed at. 800-900 c aml the

, 't_ passe to the- shell of- ‘the’ hea.t éxchengers Exit gas

rom the éxchangex emperature ‘of “350°C: is-'ecoled: :tn-?spray

oolers. ~ Facilities are provided. for passing'a part ‘of-‘the exit.

: ‘jifrom, the-reactor direct o the. ‘coolers as a means. of. control on

the ‘-hydrocarbon feed, - Further control is provided.
'ssa’:r:y a, smal quantity £ cooled end. .clean :
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(itd) Cosiy 9
e Yo Gesman cost data were obtained, In view of the
.'interoet in comparing this prc¢cess with-the methene-gteam mothed,
e special effort should be mede to acquire fuller details of '
utilities consumption end labour requiremente as well as more
complete general. technical informm#idn on the appucation of .the
proceee ‘ho a feed such as coke oven gee. S o

(11 h‘.o.c.cﬂ.LD.eia.un . -
o . Sabetanﬁally 100£ hyd.rocarbon gas and pu.re oxygen are
-neceaeery for this process,  It- cons:lete essentially of the burning
stage of the nornnl synthesis gas process with - the addition tha.t the;
products of combustion are cooled very rapidly by water quenching.

The reaction chember has to be. small enough and the

rixing of the reactants sufficlently efficient to emnsure that the
_duration of the burning—reaction doee mt—ezceed. one-lmndredth of

'asecond. L S

.

R T R diagram of the prooeae 8 ehowu in ng.m.
Both the hydrocarbon -gas and the oxygen have to be preheated to.
- 400°C in gas-fired heaters. . Vhen using methane as the feed, the
‘ratio of hydrocarbon to oqgem 1e 2t1le  To e_toem is introduced with
the reectant gases, - G o ae. T -

P The reaction vessel consists of a mixer, a combuetion
section e.nd a water quenching arrangement, The very efficlemt m:l.x:l.ng
which is necessary is obtained by adding a second bank of ﬂame trap

tubes, -~ The two tube banks are separated by & very small space and

ere arranged so that the orifices are ‘steggered, see Fige VIXL, -

The burning zone has genereny a diameter of ‘700 mm, and a length

of 350 mm, and the gas velocjty through this sone ia 8.5 H/nooond.

.'J. temperatnre of aronnd 1500 is reached' e

Lo

S0 0 . The water apraye oool the reacted ‘gases. to 80—90

. after which they are passed to a coke filter for rewoval of eoot

" and texry matters ' This part of the apparatus is identical to
“that usaed for eyntheais gas production except that: aoot i8 removed
““from'the “gpent . coke by air blowing instead of by water treatment. -
: Soot ie recovered from the circu.la.ting ajr by meane of a cyclone.

. : when using methe.ne as a raw ma.ter:leﬂ., the gas leaﬂ.ns
thé ‘gorubbar contains: 8-9% e.ce'tsyleneJ 3—4% 002, 6—7% methe.ne,“ L
~24—267 c0 e.nd 56% 32. R o -

.,‘...-_

- __“"?

I “When concentrated acetylene 18 requirod,ﬂxie ozl.t gp,e
18 compressed t0' 18 ats. and washed with waters - The solution of . &

—g&eea—:m—water » 35 let-down in two_stages = (a) to 3 ats,, the gee
evolved being recycled to the oomproeeor, “and (b) ‘40 1.1 e.te. : Bofore‘
recycle the waeh water is. degaeeed under a ve.cm of 05 ate. (he N
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_obtained in the second let down and in the degassing operation 10.
ea.'r; mixed and thie ”final prodnct conte.ins roughly 70,o acetylene and.
2

) Gas leaving the water waeher at. 18 e.ts. containe

50-60% n - 35-40% 00 and 6-3% Gi,. ‘If this gas has too great a
methane - conte:nt for synthesis pu?¥poses,. it is given. aoaecond oxygen
.burning. treatment. - This is apparently carried out “without- ‘steam -
;and’in a unit . conte.in:ing no catalyst bed. There are &lao’ inds cations
. that this second ‘stage burning may be carried-out under pressure of
'18-30 ate. : More detailed infomation is d.esirable._. =

: A flow diegraxn for the acetylene con’centration method’is -
.shown in Fig. IX, . This is & summary rlowsheet of 'the' proposed
Heydebreck operation using-ethane.as- lre.w naterie.l, and in- additien
“to ‘the acetylene concentration steps it provides date-on the- ethe.ne -
‘bu.rn:!.ng and: on the eeeondery combuation of” the evnthesis gee. S

(1111 qummm

_‘ Another way of dealing with :the dilute acetylene adopted
by the I.G. is its use. for aeetone syntheais. Fig x gives a line
,‘d.'l.agram ef this proceee. U ‘ o Ll DA

“ 'me acetylene-conteining_gae,i.e mixed mth the :
,req,uired amo‘a.nt ‘of ‘water: (steam) and passes through a’ b ower ,j €
‘operating at a discharge pressure of 0.2-0.4 e.ts. ' ‘Ihe zas. mixture
As:8split. into. three: :main ‘'streams;. which .are. introducea at geparate. .-
-points in the reactor eyatem in order 0. provide the. preper temper ture
. eon*rol for the exothermic ree.ction. - ) i
‘of the reactor f:lrst passee throu, :
_~heater wllere, by means. of & fuel xygen mixture, :
‘of thia; ?tr eam ig’ eda te _ 50°¢
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- ==-De-to-formation of -some-free-carbon; etcs dn- the
synthe.,is, the catalyst bed gradually bécomes fouled, with =~
consequent iucrease in pressure, drop, end regquires cleaning every .
8-10° days, This is_effected by recirculating a mixture of flue
‘€8s and air thirough the converter, maintaining catalyst tempera‘hz.re
~at 360 C. The flue gas is circulated through a spray cooler.
Despite the careful temperature control exercised in this process,
however, ths catalyst doss gradually lose activ:.ty, as evidenced "

" by decrease in acetone yield, and requires ultime.te replacement
about every three months, e .z

The portion of this system dee.l:.ng with' the recovery

"ot the acetone from the product g¢eses is illugtrated in Fig XL,
It comprises two pairs of Raschig ring columns in which we.ter is
used as the scrubbing agent, & 63-plete etripper column for . c
concentratin.,’ acetone, a 20-plate stripper column for. fractionating
‘out aldehyde, ‘and a Raschig.ring column for redistilling the acetone
to final purity,: The entire system operates at atmospheric pressure
and is of conventiona desigl. ‘The only innovation found in

""" ~—thi’s" “pert” of “the plant 18 & new type of -dbsorber recently being
‘tested as.a -possible’ improvement -over the original Raschig ring colmm.
+The experimental tower contains & mumber of trouch-like trays which -
are mounted on'a central rotating shaft, extend:l.ng the full height of
. the columm, - The rotating trays have serrated edges which d:.sperse
the falling liquid and provide intimate: vapour-liquid contact. L
“Deten.ls of. this equipment were not obtained. E S o

i —(iv) __Q__,H_ : .
= AN estinﬁte of  the' ‘costs’ of acetylene nroduction from
ethane was made bJ t"xe I.G. in connection with the proposed. Heydebreck
ple.nt. o . . _ : .

= T Mhe capital cost for a plent to produce 1 ton/hour of .
etylene, together: with 10,000 ¥ /hour of synthesis gas ves calcule.ted
be—2 mllion RI.., made up e.s i‘ollows i R ; : o

Acetylene Generators (5 umts) ST f 00,000 BM :

o Gompressors for acetylene conoentration " 600,000 R
- -Acetylene scrubbing plant - v 400 000 RI.I
"Secondery treetment of synthes:s ée.s with

e

‘

oxygen . '-300 000 ma :

The estinnted operating costs are shown below'-.l TR L AN

 Bthane 3070 M3/iu- _‘@ 0.71 pfbllooo VB 3070031[/};;;

Oxygen 3130 M3/hr6 a2 2 Pfg/m3 S 68.20 BM/L."

Fuel Gas 1:67 x 1C° WE @ 0,45 Pfg/lOOO ws girs 7

. Electric Fower 120 @ 0,04 mg - _-; .
_Cooling Vater 160 M7 @ 0,02 BMAP .~ ... 3.20

’Wages 5- Han hours @ 2.40 L ' : -
including—‘jod’ oncosts SuE

‘Aé




" Repairs --

p 12. ’

AmortisatiO,,% 33‘9¥[¢§Pit§}[?§1991;4;, 14-50 Rmvhr

Taxes etc,

. TOTAL.

~£_l_99:tzl.eus.en.zm

T

~ Electric Power 1900 KvH @ %.4 Pfeg/KE 26,60
1

Cooling & ‘iash Water 300 &

far, @ 2,0 Efg/D . 6,00

Iube 0il 1 kg/hour @ 50 Prefk. C .. 0630
Viages etee 3 Lhn/fnaure @ 2.40 RM I 7.20 o
including 50}'5 oncost. o ,

_Repairs ' )

Amortisation ) '1875-'0_1; capital r?a.;me Sl 20,70

Taxes etce .. )

TOTAL -

 oxygen %9 :&3,1,13
- Cooling Vater 30 ik

'Repeirs

Amortisation ) 1_871 on ca_pital‘ value . 6420 -

T&xes /etc’
: TOTAL
Grand ‘I‘otal

fcredits 9750 M3/hr Syn'bheaia gas at 2.7 Pfg/iﬁ" S
Cost of 0.975 Tonnes: Acetylene. DR ;
' Goat Rlﬂonne Acetylene -

@ 2.2 Prg/ir?‘ R .,-,.,7,.20 o
, /hz.@o.oams/h o :
Vages 2 Man/hours @ 2,40 R LaE

1nc1uding 50,.-» oncost.

oy

= Oppe:u. cost. at- end of 1939. o

414- 13.

61400

N 19.“_36
| ."494’6_4‘3..
- 264,00
230643
. 236400

‘]:he above da.ta should be~sufﬁcient for the proceaa 'Lo be
eoated under British or Lmerican conditions. : E

: 'ﬂze I G. have clearly carried ou.t a great deal of L
. fu.nda.meutal reaearch on tlame speeds, :t‘le.me ‘extinction velodtfé‘s etc.

‘“for verious gas mixtures, ’

"Some of tlis ‘work 1s: covered by the

"~ documents brough’b back from Germany bu'b a mach cloger a’mdy of these
¢ papers,and posaibly further contact wi.th ‘the guthors, is necessary
+ in-order- to; /prepare. an. 1ntelugible uummry of th:ls researchr
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"""" o i very caaual inspection of the plant and 1nterrogation
.f Dr. Gogel (head of the Oppeu high pressure . ‘department) revealed =
10 major developments in this field. -~ The maximm capacity of the
ippen plant was 800 T/day nitrogen as amuonia. and a considerable . . .
mrvofwthiavwaswexportedvaawliquidwanmnia— to—~Kochut,%Itm4ndwwm
nttefeld. , , ) o .
R - There :I.a a :plant at Oppau for the synthesis of: 60 '.E/day
£ Urea., It operates- at a. rressure of 150 atmospheres without a
atalyat. ‘Formerly, the plent was. lined with Monel metal but, ‘daring
he war, 1ead linings- have bad to be used, The: compressor umits =~
'th:ls plant have been badly damged by air attack. L

ttached to
T R A note prepared by Dr. Wurater (lhmging d.troctor of
':ppau and Indugahafern) -for the Iudwigshafen Military. Government, - -
iving. the ‘latest estimtes of the. potentia]. production. ca:pad.ty of-
-he Oppe.u plant :t’or amonia and fertiliaera i.a reprodu.ced i.n Lp;cndix C.;'_




JESFEA0l, A0m EIGHES ALCONOLS SIXUESIS A
d

Each had-a aingle 800 mi x 12 ¥ converter with & capacity of
70 T/day of methanol, Reaction pressure. was 230 ahnospherea., ‘
 reaction temperature 360 ¢ and the eatalyst a mixturé of zine and

chronﬂ.um ozidez'. -
' : Eight einﬂ.lar units were normally in operation for B
. eynthesi.a of higher alcohols, FPressure and reaction temperature is
- the same a8 for methanol but the throughput is 1ower and the catalyst
is alkalised, . The average catelyst life is th.ree months, - Each
urdt produced 40-50 T/day mde product of: the followlng averege

weight compo eition:-

mathanol . BB
. Dimethyl Ether - .5-- 2.07
“Olefins (G =Gy} :
n=Propyl.Alco o:L 1 1:3%m
Isp: Bu.tyl Alcohol 11-13 :
Higher Alcohols — 6-7%-.
'Keton’e's Lo 006‘0.7%
- Water R 20.3-24.37;

" The- crude product :ls separated into two 1ayere, the‘upper
_layer going to a stabilizer operating at 3 etms, pressure, " In this-
stabilizer: the overhee.d materisl. coneiete of dimethyle‘bher’ ami a part
.of the olefins, '~ The bottoms pass. to column 1T, operating at
atmos;pheric preesure, ,where me‘l:hanol {s: taken overhead. _ ﬂhe ,
“bottoms from th.ie column are blended with ‘benzené in the ratio of
2 to'1 and pass to column mr where“water, benzene ‘and normal
propyl aleohol are teken’ overhead-, ,:I.aobutyl, some n—propyl aloohol
“and -some of the higher: alcohola are taken off- ae ‘4 gide’ stream, while
.-the remin:lar of the higher alcohols and ketones 'i8 removed as.
“bottomse The sidestream from -column: III 18 'fed to colum IV where
‘normal pro;pyl ‘alcohol 18’ “removed. overhead and the bottoms:are fed :
to column V which seperates iao‘;mtyl alcohol fro:n h:lgxer alcohole’
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~-=The-higher-alcohols-produced:in-the-iscbutanol - - ..

. synthesis have been. hydrogenated to.the corresponding
hydrocsrbons which are used as aviation fuel ‘components. - The
higher ketones, congisting primarily of di-isopropylketone, have
‘been uscd ‘as .solvents and have also been hydrogenated to
hydrocarbons. :
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been 1imited to the emergency use of the ‘high -pregsure Research -
Department pilot plants consisting of 6'= 500 mmy diam.,and 4 - 800 mme i
dia, hydrogenation converters. = The chief production use to ‘which ~

- this equipment was put was the improvement of gaaoline q.uality by
dehydrogenation {sSee D.H.D. process).\ o o o

" Production of eynthet:lc fuels: et Iudwigehefen/OPpau has

' " The feed material was pertly imported from wesseling and
partly derived from Bruxhal crude petroleum: during the course of its
refining to give lubricating oil at Oppau... The maximm output of
“D,H.D, gasoline" was at the rate of 25,000 tons/year. It was planmed.
"o extend D.H.D.. 8ctivities and a ‘plent on the Oppeau site for prodnction ,
of roughly 100,000 ‘tona/year had been practicaelly completed. At"the -
time of the Allied occupation this plant was being diemantled e.nd
removed for re-erection, probably at Bittefeld. Lo

Distillationmconnected with ,_Qhe”e;nergency production 0

D.. Do se.soline in the research equipment was carried out in new
stills built on the Oppa.u s:.te ad.)a.cent to the new DcH.D. plant. -

R ‘Ihere was also a small producti‘on of ﬁnished liquid
f‘u.el products from the operation of the pilot- p;.ent converters
prlnc:.pally on tar and petroleum 0il residnes. 'mis was. probably

" incidental “to research work on these raw materials. . The total -

hydrogen delivered to. thezhydrogenation Research. Depe.rtment was’ not
_more ‘than 1,500-= 2,000 M7 per -hour and it is therefore unlikely -

. that the production of ﬁnished prodncts could have exceeded ' '
5,000 tons per yeer.\ ; , S

’ : Although there was no large-ecal , hydrogenation e.t R
Ludwigshefen/()ppau, the Reseerch and. Technioel Department directed,~;ir
by Dr.Pier wag known o ha.ve pleyed 8’ great pert in th ple.nning of

“the new, hydrogenat:.on projects in: Germany -5 ALY the more: mportant

: "members.of .the staff of this Department, including DriFie: fhinferelf,

- wWere located in Heidelberg on 1.4445 and interrogation ‘Teve led: the o

following general picture of~ Germen war-time hydrosena on- i

. developmen : :




- The mumber ‘of coal stalls at Scholven has been ,17'

.mcreaeed to 6 during the war aiid- the capacity of the plant
brought up to 200,000 tons/year of ﬁniehed prodnct, mainly
-aviation baee gasoline. '

) \ ) "Because of the’ d:lffimlty in obtaining tin oxnlate
.-other tin compounds, and occasionally lead aalta have been - ..
‘gubstituted, The latter were found to give higher y.lelds of”
"unconverted" coal.. Apart from minor chenges of this type,
there has begn no modification of the proceea end no marked
improvement in efficiency during the war, The yield of aviatlon
.,,gasoline obtained 3,5 just-over 50% on the a.m.fs coals ‘

“The new bitnminous coal hydrogenation plants, ’ namely,
Gelaenberg, Stettin, and Blechhammer, employ a pressure of 700 ats,
in the liguid phase ‘gtalls,. Alkaline catalyst conditions are
Temployed. 1.2 = 1.7% of iron sulphate (including water of
crystallization) is added to-the coal before drying. 1.5 = 2.5% of
.-Bayermasee*"( an-iron-rich-residne- from"almmmn*mfacture)“i: R
.then added and finally, at the pasting stage, .375 of ‘sodium sulphide
is introdnced. ‘The above quantities are % by weight on the dried -
- coal treated, It should be noted that acid reaction conditions
ca.nnot be used at 700 ats, because the iron/HCl/HpS equilibrium.
"is such that corrosion occurs in the converter and hot oatc.hpot. -
At 300:ats, corrosion does not occur ‘gbove about 350°C and addition
of alkali. before the prod.ucts are. cooled 1n the 1nterchangero 15 ‘__"
' sufflcient to avoid corrosion trouble. ' i , ’

1

: 'l'he uee of the higher preesure permite “the use of a
higher average reaction temperature, 480°C as ‘compered with about
-460°C for the 300 ats process., As a result of. the increased
temperature and pressure,- the throughput of coal for a given
reaction volume is some. 6073 greater -in-these new plants then at: -
Scholven. --On the other hand, standard 700 ats converters have only :
75 of the reaction volume of .those operating at-300 ats so .that:
the throughput of- ooal per converter is only some 20" higher at the
.h:lgher pressure. S . Tl ; o -

i From the atmw.dpoint of y:leld,the main advantage of
*700—ate operation—iem*re&zction—in—theuamount-of "unoonverted ooe.L
-residue, - .This is usually =A% on the agh~and mointuro-freo cgal;

-at 700 ats compared with 7-0% for 300 ate operation. '~ This has. ‘the
_Becondary effect that, since-leos 'solid material has to be: p:rged froin
" the . syetem, the loss of oil in the a}udge recovéry section is lower.
 Under -700. ats operating condition ‘the asphalt destruction is 'al80 -
'improved. - Tpis leads to much easier handling of ‘the. 1ntermediete S
Et produ.cte and also to' an. improved efﬁciency of oil: reoovery 4n the..
oarbonieetion of- the- finel -gludge” residue, - 700 eta .operation: g!.vea
no redn stion.: of hydrooerbon ‘£as mke in the oopl 1iqu.efaction stago.
: s presumebly because the alkaline ‘catalyst ‘conditions ar ,
X '1, less—favourable from a etandpoint of ga.a prodnction.
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ledrocarbon Ga.s Proauct:.on ~when wn&bor
Gasoline from Different Raw Naterials .

200,000 t/year = 25 t/hour. Hotor Sp:.r:l.t

Rew Materiel Bituminous g"m“’“:rgﬁie " Natural 0il

I‘S

Liquid Phase o
- Methane  t/hr 2.3 1.3 - L
Etheme ~ " - . 2.0 1.2 - 0463
- 'Propsne - .o L 266 T Y S 1.16
- n=Butane - " R 1‘3 ) a 0\¢76 I 0095
i-Butane " = o Gelb 0.09 o 0.02.
 Zotal - t/hr 836 1.85 e 3672
Sa.turat::.on S e v - o O . :v
Methane ~ t/hr  0.13 A T T TTT0u08
Ethane . SR 0610 N C 040 . 0,06
Propame . M. 027 .. =027 . 021
n"Butane S ’ 0016 : v . 0016 e ’ 0.10 .
i-Butene M . 0.6 0.16 =~ .0410"
. Total - - 7% YU.0.82 C0.82. . o.‘51

Splibbing 00 o
| Metheme . - t/hr . 0,028 - . 0037 o 0.035‘
Bthane " . - 0, 0Ly 0 0018 . . 0.016
Propame. % T 028 T 037 0035
pButene = P . 0.2k 03270 T 0630
i-Birbane v ‘" , Oa Zl ST 0‘2& R ’ 002 N
Totel - tfr o 1,272 00 ‘1.685 T 10601

0,96

T Methane  t/hr 246 L 1.1,7 01408
‘Bthanes " .’ 2411 - S 1.32 e 0.
ne=Butane . % . _ . - 1.0 1.22;._ e 1.35'
iputene " LOF T e

Total t/hr " .1*5 7.36 " ﬂ 59&[-
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rovement-in -gasoline + middle oil -
coal vhen u.s;i% - 700 ats is roughly

valent to 7-0% improvement on the

ble I summarise the results which DrePier.
eould be achieved under steady operating
e Ruhr cal of 83% carbon content (ash -
‘motor gasoline (max. FEP 200°C, minimum
b0 ets alkaline catalyst process is assumed
tage, vapour p}mae-treatment,df the
cerried .out at 300-ats, This flowsheet

b the achieved results at Gelsenberg and
bbtained at Scholven for 300 ats acid -

..‘- R . |
! -

bt was forced to turnover to brown coal tar
f;a.i.r‘_raid_damage_inj_;l%,but-‘ prior to this
his. factory contimued to be brown coale '
had been considerably increased to mpre then
pwn - coal per: jears :

; _ _ Beyermasse was used @s
suffered from the disadventage that the ~
ts’_)»".j‘r There have been no major modifications

bal is hydrogenated at j'r’les}s"eii_.nlgftq gi've.
| finished product, ‘This particular brown .
i ddle Germen coels,and the ‘coal -liquefaction

bag plents; Bohlen, Magdeburg and Zeits,.

on brown coal ‘tar and one .of the newer

; Factory at Brux, &lso operates.on this

. of ‘finished products from. the -three Brabag

er of 250,000 tons a year ‘each, while the
of 400,000 tons/year. . At Bohlen, Mpgdeburg
n all major respects identical " to that operated
ception thet iron on active cokehad . . .. -
o as liguid phase catalyste This was -
carcity of molybdemume = ot

o coal tar plants produced motor and eviation

n amount of diesel oil, . . ILatterly, they ..
htities of jet-fuels - See Jet Fuelle 7

ant at Zeits operated under entirely different

developed by the Indwigshafen Research' . -
iT.H. process, consists of single ‘pass_treatment’
fer an active hydrogenstion catalyst uuder -
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‘lov:'“tempera‘tme—condrtrons—%e—refined~tar—produet—rs—*v —
fractionated to give low Quality petrol, a moderately good diesel
oll, a refined wax and lubriceting oil," The main features of the
process ere shown in Fig. XIIX, - .In order to reduce its solids
“to less than’ .l,a, the tar is first fugalled and filtered,” The
‘Pugalled tar is-then preheated with hydrogen, (2,500 m3 hydrogen per’

" ton of oil) and fed to. reactors operating at 300 ats and an average
temperature of 360 C. The catalyst employed is tungsten sulphide -
(5053) or & new saturation catalyst (8376) which will be described
later under . vapour phase hydrogenation. : The throughput is 1 Xilo
per litre of catalyst per 11orur. - Catalyst 1ife ig of the order of

"6 months. ° The hydrocarbon gae make is 1-2,o of the fresh feed and
the hydrogen absorption 500—590 n3 per ton of fare: . \

19.

.._. The crude prodnct ia worked up to give 25,o by weight of
gaeohne with. en. octane number of o3 } '55-60 motor method, 50/o diesel-.
oil with 50-55% cetane mmber, | 10—15,o refined wax .and 10—15,o lubrioatrug

_o0il which had a- good nscosity index-but a low absolute’ Yiseosity.
The refined wax obtained by this process is particularly suitaple,

' because of low sulphur content, for oxidation to carboxylic acids .

- or for cracking 10 olefines for- synthetic 1ubncating oil. mamfactu.re.\
Dr, Pier stated that latterly most of the wax product had gone to

: Stettin for 1ubr1cat1ng 011 ma.nufacture. o Do ,

. Zéitz also Operated a modified vereion of the‘above procees,
known as. M.T.H.procese. .. The conditions are substantially the same as .
for TeT+He except that throughput is lower and the temperame higher -
(390°). The ‘crude product consists of 35% gasoline, 60% diesel oil *
--and 5% heavy bottoms which -were. probably sent to Bohlen for liguid
‘phage-hydrogenation. .  The’ hydroce.rbon gas make is roughly 6% and . the
; hyd.rogen absorpt:.on 650—700 m3 per. toq of tar. C _ _

. Cee T E.tuminous coal tar. is hydrogenated at P&l:.tz and at
Lutzkendorf. - “Bituminous coal tar pitch is used as xaw. mater:l.al at
‘Wellieim,. = Vihen tree.ting crude “tar, it 18 ueually distilled to give
‘m:n.ddle oil .which  goes direct to the _vapour phase stages and a’ light-
- piteh: vmich is hydrogenated at 700 ats. using “+he same oatalyat o
-conditions as. are employed -for. hydfogenation -of eavy. fractions of
,;brown coal ‘tars  The. attached flowsheet ;Fige JCI‘V was- prepared by -
Dr.Pler's staff and shows «the yields, etc, which: they feel” should be
_,_'obtaina‘ele u.nder steady operating conditions :ln a plant world.ng
irely on. bituminous coe.l te:t. S TR
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— C o The lo.LlO-t.Lﬂ. flovisi.eat, .g‘,Lr_JJ is ty ol eal of i €M,
“operation-on—i:eavy oil residue. ohtained’by e ralght dlgtilgiguion b
of German crude petroleums -The figures for gas make and gasoline’*;f*
yield are unl ikely to vary greatly vith different types of crude oil,
but it should be borne in mind that the hydrogen absorption wxll very

apprec_lably ‘according to the nature of the crude.

,:f) ﬁgmg‘l 309 gtg,‘ Vapour ¥ Eiy agatiop. -

Vapour phase hydrogenation of the gasoli 31 + nnddle 0il
prod t obtained from the liguid phase operations described above or
from straisht distilletion of tars or crude petroleum is usuelly cerried
out in two stages. The first stage consists of saturation hydrogenation,
the main obJect .of which is the removal of ni trogen compounds which ‘reduce
the reactiva.ty of the oil in the second vapour phase splitting hydrogena—
tion step. It is. usual. to. fractionate the crude saturation product from
the rirst stage into gasoline and middle oil, only the latter going
forward' to splitting hydrogenation. " 'The main reason for this is to’
seggregate the. comparatively poor quality saturation stage gasoline
from the main splitting hydrogenation product. The saturation stege.
-gasoline-i8- frequently_ueed as_feed._i‘or the DsHeDs process Whlch is:
described later. P . . . ‘

! ‘I’he eatu.ration stage consists of once-throug,h treatment
at 300 ats pressure and temperature of 400-410°C over an active catalyst
Formerly, the catalyst used was tungsten sulphide (5058} but this ‘
has now been largely substitited by & new catalyst developed by
I.udwigshafen vhich consists of 20-25 tungsten sulphide and 3/; mckel
sulphide supported on: actzvated a1mnina,(83?o). It is claimed that ',
‘this catalyst hes as good an eectivity for the purlflcata,on of oils from
nitrogen, oxygen, etc, as 5055 but it causes-less splitting to lighter.
products.. - This is .advantageous ‘because it rednces the amount of - -
cormaratlvely poor quality petrol made in the saturation stage.
“Actually, the impression was geined: that the main reason for employment

__of  the-new. catel yst wes. the necessity to conserve. tu.ngsten and that the
“new catalyst was i certain respects e.g. life, inferior to 5058.

. Ur.Fier also stated that Bohlen and Magdeburg had used 6434 (see below)' -
as.a saturation catalyst. . xHydrooarbon gas meke in. the, satu.ration etage
is ,small- . of the order of 1 ] on the o:ll treated. - .o

1

' S As will be seen from the flowsheets in Flgs.m, XIV and xv
“the throughput through the - eaturation etall, expressed in kgns, ;per ,
“litre of catalyst per hour, varies with ‘the natyre of the. feegs . The
determining factor is the. temperature control, of the converter, which is

' achieved by arranglng the catalyst in. beds vith. intermediate introdnction
“of cold hydrogen. Aromatic feed stocks req.uiring a hlgher hydrogen j
absorpt:.on give rise to a greater neat of’ eaction and. have to be fed
atalower rate.-'-z;_._' B RN Do ;

!

8

: t:,In tne splitting hydrogenatxon stage, saturated xpzddle oil

1s reactecl over tunbsten sulphide ‘on activated Terrans oatalyst { 434.)

at & temperature of 410-4.4000 and: pressure of‘~_,300 ats. =The pass- conversior

o_gasoline_Ls of,_th,_ _order of" 005.,. Hydrocarbon cas. maLe degends on the Lo
end—point ani volatility of the petrol produ.ct. Wnen maldn&a motor .




gasolzne of_end_—point about 180, it is about 127 by welght om the 21s

‘middle oiI”hydrogenated and this” rtaeaﬂ’o‘lHD% witen aviation gasoline
of" 150 end-point or 65-’70a volatility at 100 [+ iat;n required product.

e No (atalyst other than 6434 has been used for large
scale splitting hydrogemtimab 300 ats,' - Other catalysts have been "
ttied in_the laboratory, particularly an iron on activated Terrana
catalyst which was suggested by A.N.I.C. (Italy). - None of these
alternative catalyets have been found to be su.perior to 64%. .

-5)‘_Odtv ge Hydr % .- 

_ : . An .1nterest1ng development ‘at the Welhe:un and I.utzkendorf
plents has 'been the elimination of the saturation stage and the direct
_splitting hydrogenation of liquid phase gasoline end middle oil at

700 ats. In the case of Welheim, a new splitting catalyst is being
used, probably consisting of 3% chrome oxide and 1% molybdic oﬁg . v
-supported on Florida earth, %he I.G. Research Department at =
have been working on parallel lines and have.found -this to be the -
optimm catalyst.. ‘The reaction temperature is 450 C, i.e. some 30

higher than that “employed in~ the niormal 300 “ats” prodess"tmt”’In sp:[te” "‘"
of- this, because of the lower reactivity of the feed oil the emount of
gasoline .obtainable from a glive :rtge.ction volune is’ little more. than. .
helf that gbteined in the nor :'p 8, ~ For a petrol product of the :
" game volatility, the ges meke in'the 700 ats process is some 5-b% greater
-than that obtained by the normal method, -  The chief advantage is the
-_elim:lnation .of the . saturation step and the production of .a.mich more —
‘aromatic. gaaollne and therefore one having a higher octane: m:.mber. o
The. aromatic content of “the final gasoline is very dependent on the
nature_of the feed stocks - Middle oil obtained by the liguid phase
_hydrogenation of- pitch or. ‘oitu.minous coal or from the fractionation
‘of bituminous coal tar gives:rise’ to & gasoline containing around 45%
- aromatics and having en octane mumber of at least 78. without lee.d.
}dddle oils from brown coal ‘or from. petroleum oil give rise %o '
gasolines of” mu.ch 1ower arOmatic content. e : -

L

; At Imtzkendorf the use of 700 a.ts pressure in the vapour
,phase pla.nt wa.e ma:lnly for the purpose of. eliminating ‘the saturation . -
‘step. . The normal 649]. catalyat-wae employed.(See Leu.m and Iutzkendorf

a-'Reportsl. S T L T AR SR ST S AR A

h) .H,D, 2;9" g gg‘gi*"i T . .
RIETRE " For the’ highest quality evietion gaeoline, the Inftwe.ffe
-l~1nsa.sted on a'high aromatic content. ~The 700 ats ;hyd.rogenation method

‘ described above met this requirement'but only a8 far ag: very: high aromat:lc
‘were. ~Anoth m_ethod wes therefore s
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- St - —— I . —-:22
-for brown coel e.nd petroleum feeds alternating with 20-24 hour .

catalyst reectivatmn periods. " The’ ueuel_reaction co_nditione
were - 2 . _ .

Preesure: e "25 ets for brown coal ter end petroleum _
‘ " oll feedg, 50 = 70 ats for feeds derived .
from coal hydrogenation and from bituminoue
coal tar. : 7 L - .

Average Reection -'I‘empz 510 - 520°C

y Throu.ghput,:v e o4 Kgmse of fresh feed per litre of :
o ’ . oL catalyet per hmu'. ‘

‘per ton.
Yield data were given as follows _ )
.- 4y Whe of feeds .. - "% by wh..
- denved—mfrom“——«-w'w-v- ~~~~~~ -of-feeds-derived-
Eituminous ‘coal hydrogenation £:om brown coal -
: : r-eng_bimm_@el.j_ar tar and petrolenm
Stabiliged crude DeHoDs = . . - ‘ T
. Prodwet:s . . - . 8284 . 76-77
»‘Hydrocerbon gas makez Lt 6" 22-23
Carbons = . s £ - S .5-1 oy
Hyﬂrogen nade in reaction: . R 7.‘j oo

: %e hydrocarbon gae mede in the reaction is roushly ma.d.e
ap of equel proportions of 01 02, hydrocarbons.. - Heavy
‘polymer is formed d:u.ring the reectio e.nd ré—distillation of the .

" erude proanct to en end point of 180 C left a reeidue of epproximtely

4% by weight,

g . 'I'he method of operation d:u.ring tb.e reaction cycle can
be eeen from the following diegre.m, Fig.m. S

o s I‘reeh feed end recycle a8 (containing 50—65% by
volume of hydrogen) is heated by inter change with the out-going
product and ‘with a ges-fired preheater to a tanperatu.re of 500

It then enters: the first of a. geries. of convertere, usually four
or fivi An: ‘mumber;~.  The reaction volume -of each converter. ia
9-10.m”, * Each: converter contains a single bed of - cetalyet Which
is active alumina on which has been deposited 10% of molybdic '~
oxide, ‘The ‘reaction being strongly endothermdc; it is necessary .
/to re—hee.t ‘reactants. before passing’them from one" converter to the
- next,.. This intermediate heating is done.in the seme fusmace:
mein preheating etep. . On _leaving’ the - 1aet reaction converter, the
producte are interchenged with incozning feed ‘and’the temperature
reduced ‘to’ 300°G after which they pass to a final refining converter
for removel of uneaturated prodncte by hydrogenation. oThe

tha: D.H.D. reection b'u.t it ia pbssiblé"i;o




~catalyst and20; ’z’re.ctn.vatedFTerm.nudth -no metal edditic L&

—The-product is-ﬁmlly“cooled,bqurther interchange with the -
" fepd and by water coolers, let down to atmospheric pressure,

" stabilised end redistilled. . The final distillate is blended
‘back with the light O - 85°c fraction- of original gaaoline. _

Gaseous products produced 1n the process are pu.rged,
(e) dg dissolved gas released on letting down the crude product
and (b) as a purge from the recycle gas syetem. o .

. For the catalyet regenerat:.on cycle the whole eppare.tue
is let down and purged with inert gas ‘obtained from & previous
' regeneration cycle, . Carton is then burnt off the catalyst by
introdicing air to each’ oven, the concentration ofoxygen at the .
inlet to ‘each oven being 3—4,: by ‘volume of the. ingding gase
A pressure of about 40 ats is mainteined, and inert gases are
circulated continuouely using the game circulator as used. during
“the reaction period. Cold inert gas can be introduced between
'the converters in order to control temperatures, vwhich mast not--
exceed 530°C,  With properly controlledmaet:.vetnm,the life of~e.~—
batch of ce.'be.lyet ie about 12 months. -

- .The final De H.D. _naphtha containe 65-68% aromatics, -
e.nd vzhen blended back with the corresponding 1ight gasoline : -
~fraction gives a finished D.H.D. gasoline with an aromatic content
of 40-55% end & minimm octene. mmber - of 78 unieaded and 87 with
09’ vol.'-,a ‘of lead tetraethyle ° The octane rmumber of DeHeDe
~gasoline- made from coal hydrogenation and bituminous coal t,er
products is at least 2 units higher. B -

: The 1mportent feature in the mamfecture of DeHeDs.
ce’relyst 1s the use of carefully prepared activated alumina,
~The T4Gs make this themselves, ‘6ither by precipitetion. from’
‘aluminium sulphe.te or godium aluminate. The active alumina is
impregnated with ammonium’ molybdate solution, The produst is
dried and finallJ celc;ned to remove. e.mmonie. e.t ebout 400 Ce
TV L It hes alree.dy been pointed out thet, vwhen é.rome.tic
mddle oile ‘are ave.ile.ble, direct 700 ats ges phase splitting
throgenetion can produce a gasoline of of practi&ally the same -
~quality &s that obtainable by -the- Z-stage- _saturation/300 ats-
splitting/fD.H.D. method. It is therefore’inferesting ‘t0 'compare
the- y-leld efficiencﬁes of these two proceeeee. ‘The. ei,ngle- - :
stage process givee a yield of abou.t 83,a of final gaaoline. . The
f:.rst two steps’ of ‘the nm.lti-etege proceee produce from- the seme -
rew materidl 9,.: by weight of the normal hydro ge.eoline. 'I'hie,
Jon distillation; gives: 73.5% of naphtba and 15.5% of light——- -
gaeoline, Jboth. expree,aed_ee 73 by- we:lgh‘l: on the originel feed .
-stocks . Treatmen‘b of the mphtha by D.H.D. process. gives 60 .‘
by weight on- the originel ‘middle oil: of. re_;d_igtllled napthe which,
. when' blended ‘back with the: 1ight: gasoline‘gi_ves a fotal.of
75.5% by welght of “Firal aromatic 1, Thus, in e.dditi.on to
i-ste.ge procees belng‘mu‘ > '




~700 ats hydrdgenation process, .I.t_ is alao interesting to mote S

*that*tmwield—of‘fimhedyB.H.D.—gaaonne—from brown coal $&F or
petroleum middle oil calmlated in the same way as above, is' only .
71~72%, . This compares with an 89-90% yield of ordinary 6434
hydro-gasoline, showing that the Luftwaffe were prepared to
sacrifice up to. 20“% output -in order to obtain a highly aromatic
fuel. - In asseesing this cout of the improvement in aromatic
content, it must, of course, be borne in mind that the hydrocarbon
gases, particularly ‘the- butane produced in the DeH.Ds pro cess, could .
be used for increasing the output of other e.viation components, Lo
' such as iso-octa.ne or alkylate. : o

, The D.H.D. process was f:irst tested out on a large
*scale on a modified vapour phase hydrogendtion stall at P8litz. .
This plent also had the first properly designed commercia:l, unit,
vhich started up at the beginning of 1942, DeHeD. plents have
also been in operation at Scholven and Leuna and are in dourse
of erection at Blechha.mmer, hlen, Bru.z and Iudwlgahafen. |

, Naphtha dehydrogenation is also cerried ou.t ona.
‘ scale of dbout 60 000" tons/year at Moosbierbsum, The DeHDs .
process is not employed. A slightly modified’ version of “the
normal A.merican "hydroformlng method is used. ‘ A

i) X Q:Octgge and.Algylate E;gdggt;gg, L o _

o - . The first method cdopted in’ Germany for. the prochxction ’
of 1so—octe.ne consisted of the dehydration = of iso~butanol" o
(made by the higher alcohol synthesis from carbon monoxide and o
hydrogen) to give iso~butylene, the polymerisation of this iso-
‘butylene to:di .and tri iso-butylene, and the hydrogenation of the

" dimer. and’.. tr:mer. This process was operated at Iudmgaheren/

- Oppau and-at Leuna in the- ee.rly days of the war and is still the -

process employed at the new plents, Heydebrech and Auachwitz. S

o Iso—bute.nol of 97-9875 purity is dehydrated over an .
alumina catalyst at a tempsrature-of’ 330-360°0. The yield is -

~ 95% theory and ‘the catalyst life- from 34 months, = Polymerisation’
ig-carried out over a’catalyst’ conaieting of active carbon =~ - .
contaimng 10 phospbpric acid, - Tempefature is approximately
150 'C.and pressure “of .the order of 20 ats, this being adausted

to ensure. 1iquid ‘phase. conditions at: the reaction tempera:tmre
emuloyéd, - The polymer is: ‘redistilled usually to remove as - SR
bottoms only the polymers oi‘ greater molecula.r weight than tr:lmer,
.and. the distille.te is.- hydrogenated -at: 250-300 ats pressure over
'nlckel molybdenum sulphlde catalyst (5615). . R




jehyﬂrngemtiompxnce&a,nhich_was_dezeleped at Leuna is &8 "~ 25..

contimous process operating -at 5H0-H70°C and at substantially
atmospheric pressure with & chromiwm on elumina ¢ catalyst (10-15%
chromium). - The process was made contimous by adopting the -
moving catalyst bed principle, The catelyst, which was made in
.the form of spheres, passed dowmward through enxtermlly heated .
reactor tubes .cocurrently with the butane feed, The residance.
time of catalyst in the tubes is approximately 4 hours, efter. .
which 1t is removed to an external reactivation veaael. Reacti~
vation is carried out by burning off deposite -carb with diluted
-eir. . - The rate of butane feed is about. 700 m” per m” of: eatalyat'
per hour and 20-25 of the inlet butane is converted par pass,
About 854 of the butane converted goes to, butylene, = Carbon
~content of catalyat leaving the converter is 4% and this 1s reduced
to about 1.5/o in the reactivation step. o attempt is made to
‘burn off all-the carbon in the inner core of “the catalyst and there
is a theory that the presence of & certain amount of cerbon in
regenerated catalyst helps to keep down carbon formation. - The
.process was first operated on & la.rge scale’ at Leuna., PBlitz and .
,-Scholven. . _ o

‘ Eerly in 1943 there was & further change which
resulted in-a greatly increased potential output of branched - -
peraffins, . Normal butane was dehydrogenated ingtead of 1eo-bu1ane.
The resulting norml ‘butylene was used to alkylate -the 4 so-butane
fraction giving & blending alkylate of about 92 octane mmbere. '
The alkylation process was carried. out with sulphuric aecid in
stirred vessels. The’ ‘method was developed at Leuna and the Ind-
wigshafen staff could not provide any de‘bailed 1nforma.tion.

.J) Fue 1 gg; Jet glma IR Lo

L e 'IhiswasknownasT.L.melinGermany Itmsmdo
by ae.turating ‘e specielly cut middle oil fraction of brown coal:
. tar. ' A fuel was req_uired which would have the highest possible
“calorific valie per unit volume. At the ‘same time it was eaaenl::al
for the pour point to be less the.n-25°c and for the viscosity to
be less than 1.29 Engler at 20-25°C and not moxe than' 3° Bngler '
at -20°C, ~ The fuel had also. ‘to be subste.ntially fre_e_from phenolo
“in order to avo:d aeid corros:Lon. C . = _

)

~ "In order to meet the above req.uiremenba, the brom eoal
" tar mddle 0il had to.be cut to a lower- end point then uml,
namely, 280-300°C, ‘The crude saturation product ¥gs stabilised
. and despatched without distilling out |the gasoline componente - - -
'lhe synthet:.c fuel was normally. blended with petroleum ofl . ,
- fractions, - - Leuna end the Brabag plents: have produced eommercial
qmntitios of ‘the fuel, for which: the first demand was in July 1944
It was planned to produce up to 20,000 'cons/month of ‘this material
~in-the German hydrogenation plants bu.t only a’ fraction or thtu
\en.tpn.t was reacheds . .-
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. os'r cmmxm FOR THE PRODUCTION or mo,mo'm

'Bituminous Cosl

. Rew Material

.81.. te.B:Lt,coal (1)
at 21,50

" 2800 chm at
m}.

- koS PLE/

7
‘.Ga.!__"n";;
500

. Fuel Gases (2)

ot

Rumi.-ns__,costa L

o N . i .

230 at . I . L
B 050,65 mi/ve G

6

3.1,:10 WE

at6m&

-52' .80

Prodnotion Cost :
Ezpa-t Cost ‘

‘ General Costs and I.:.cence .

T

. 220,65 |
3000
11,05

' motal 0081: ’(Loaded)

5% of Production Gost

(1) Bitunﬂ.nms coal w:.th 8% Water and h.% : _
(2) If Ethane is recovered the m:-edit is inm'eased ‘by 4 2.-/1;0.

“(3) Volued at the In.-odnct:.on cost o:f Motc(r Gasol:l.neo

2370



MOTOR GASOLINE BY THE HYDROGENATION OF VARLOUS RAW MATERTALS

[

Bituminous Coal

Naturel Oil Residwam . -

" High Temperawre Tar \
Ri/te RY/te- mq/to

Motor Motar. Moter' -

S Gagoline - - Gasoline Gasoline .
1429 te H,T,Tar- .26 te Residmum .26 te.Residmm ‘
at 40 RiY/te- 5150 . at 40 R:M/te 50,50 - - at 60 Ri/te 7550

. 2090 cbm a S 870 b at «« 870 obm at
5 Pfg/m3 990 | kb Prg/nP 39420 ko5 pfg/,,? 39.20 .
7420 0 " '3._00-;-- ;-3.00,:.
.186kga.t . L 12..3kgat 143kgat g
T193 RYfte 25,80’ 148 R/te 21 20 | 170 Rif/te 2,80
2.0x106WE‘ .M-x106WE _ .z.a:106wm R
CatéRL 1& 00 at 6RM: - '8.60 at 6RM - 8,60
87,20 | " 85410 | 85410 |

R X T w0 170,00 |

A 3°°0 i 3400 S 3.00
— " ) ! ) '\ R
9.65 - ."7,40 o 8650

Res:.dnes at 80 RM/te give Total Cost d’ aoz.,so




T TARLE IV,
ANAIXS[S OF RUNNING COS‘I‘S PER TQ‘INE ‘OF MOTOR_GASOLINE

: Bituminous Coal
' - 'L:i@.d Phase | Vepour Phase | . Total
Cepital Cost in LEll.Ku T o T
Hydrogenation Proper. | 46 T 63
Associated Bldgs,25%(1) ' « : . - 16
Running Costs S R B N N
Wages, Man-days T 525 . o 220 I 45
Man-hrs/‘l‘e gagoline “To75 362 : . 10,95
’ o RM/Te Motar Spirit - | -
[Weges at 1,30 RY/mr, | 40— | - W15 | 1k415(2)
Salaries 207 of Wages | 2.-" L 0e85 L | 2485
Energy Costs - EETREE E
Water at 0,01 Rif/chm 110::13) 1 10 80m3) 0080 . 1690
H,P.Steam at 3.e/Te o,z@meg o30 0,2Te) 0660 |- 1490
|- LoPeSteam at_ ?..‘,zg/:neu.w 1065Te) 3,70_1(0,59T) 130 D=
Electricity Energy = N |
. at 0,015/KWH ¢ | KY) 124w 146mv) 2,10 1410
TFuel Gas at 6,=/10E | (2x10%WERo-- 097) 4920\ | 16420 -
 Maintenance Costs R B Lo ey
270 of the assoclated I S [T
1. " ‘buildings L N 3 - 2 IR . & D AR 1o60.j
Workinig Matemsa.s N B [ S
10% of wages . » e R 1‘,00 M 0ol . o Tl
‘|Amortisation - - SR D BT I e ,
10% of the plemt - '*v’.', w23 | T 8650 L 31450
| 5% of the asmociated . - I ) R |
,Protectn.on etc, IR DR RN EE e
2% of the. Caplacosﬁ - TY & 20 2610 ,' o h85
8 = 83%22“.' 1 P 121=22

(1) The "Assoc:.ated Bu:ldings“ includes= Main Off:.ces, Yain Workshop s
.- Gas Protection, Labcratom.es, Cha.nge-rooms, Construction equipment,

Gapages, Railway - szd:x,ngs, M.oaﬂs, Stores, P:.pe Bm.d.ges, Dra:.ns, Cul- _
- verts; etco. :

- - In this cost eaxre genarauy includea. the costs for-u 1n1t1a1 o
.-..»-dsa:r.gn wwk, Constmctmon ma.nagement, Equipping of stores, . Spare cate
.. alyst, Persomnel training, Interest on capithl during construction,

-~ Working - Gapital, Lend Costs, Razlway commections and’ hous:mg. hese
TRy greatly aocoraa.ng to t‘ 1ocat:.on of the plant anﬁ. are not
T ingluded,

(2). Because of thz necesmty of using uni:ra:med and. unqual:.ﬁ.ed
v staff the: personnel reqluremnt is 1/3 h:.gher than neoessary




A(le#oapad.iws ZOO,OOOJJ.'eq/year Motcrcasol:me)“

: b T )
'1!19,1 »‘°°8_5:; 1695 | - 0 dgee 0,,85

*,{ao ) 0,80 0,80 ' 1,60 |

170 1430 | 30— [ (0569 Te) _
6om= 2,10 | 8,10 (420 KW) . 6,30 2,10 | B840
2 .w%) 7620 " 420 11440 §E1.zx10£.vz) 7.;9“ 420 | 11,40
9.40 5010 :14.50! V" 9’_ ‘. 5.10 11“10 ]
o.eb_"ffo.‘_z;o 11620 . 0,80 040" | 1,20 .
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1P the oapacity of the plant is doubled the Ruxm::ng Costs will be
reduced by. RM 10.-/Te Yotor Gasoline. '




. k) Sumnnrz Teble of German ngogenat;on éCtiVltleB. 26,

~“Table 1Y }ists the- hxdro&enation _plamzs_in.Germany
and’ summarises the information obtained at Heidelberg concermng
their mode of operation ancL caoamty for finfshecz fuels, :

B

N

(C) Comparetive Cost Dgta on thg dergg_e_gtion of Bituminous Coal,
&MWWM&M_&.&-

Fraulein Dr Hbring and Dr.Donath provided ‘the ’following
cost estimates for hydrogengtion of. bituminous coal, bitu.minous -
coal -tar and heavy petroleum residues. - , 4

’J’hese estimtes are based on the flowsheete shown v
in Flgs. XXI, XIV and XV and the hydrocarbon ‘gas yields given in
Table I.- They should be compared with any data . on achieved costs
obtained at Gelsenberg or from Pblitz documents. o

: iable,m showslthe build.up_of the works cost of,__,n,;-m.
petrol in terms of raw materigl cost: (coal - tar or heavy oll, SR
hydrogem, catalyst or chem:.ca]s and operating coet and overhead c-harges).

e Credits for liquid gas and for fuel gas are taken :

K into account. : :
' AT Table IV showa the ‘tuild up of _the operating costs in
terms of we wages, utilities, ete. It will be noted that this R
operating cost includes amortisation. S o

P ] The data on utilities consumptions, labour reouirements,
etc. are suffilciently complete for the costs to be re-calculated for
"British or Amerttan conditions. ‘Thig: has not been attempted in
the. present report. B R RPN L

)

(R

: A mzmber of general conclusions can, however, be :
dre.vm from a very brief consideration of the figures. . For esxample, :
the relative value of the three feed stocks is as follows--

Bituminous Coal L 21,5 m per ton. e
B:lgh Temperature. Tar 62.5 Rf.n ®
Petroleum Heavy Residues. 100 BM : «

R It is also clear that the use of 700 ats pressure
does not alter "the. position that ‘the’ liquid phase stage’ ia the -
reallrexpensive ‘part of  the- synthesis of petrol from high molacalar
weight raw materials, . It ‘may be calculated from the ‘figures =
~sapplied at Heidel'berg that starting with bituminous ‘coal-at -
21.5 ‘RM per ton, the*oost cu‘.‘ production of 1 -ton-of - ‘crude. liquid
‘phase product is’ 155 RM, - Similarly, starting ‘with H,T, ter &t
40 HY & ton, it costs 124 RiL-for. ‘each ton of. crude liguid phase
prodnct. ; Compered w.i.th the above, the total cost of producing
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a’ ton of petrol from 1iquid pha.ee product, including hydrogen

but excluding the cost of the oil feed, is not more than 75 Ru
“per ton, kpresaed in another way, the value of liquid phase
product from bituminous coal or bitwminous coal tar hydrogenation
compared with bituminous coel at 21.5 RM per ton is roughly 150 Ril'
per ton, The comparative value,on the same basig of liguid phese '
product from- petroleum residue (which requires less hydrogen in
the gas phase treatment than does’ bituminrms coal product) is as
highasl?OBMaton._”‘ ,

(D)-Research
A large proport:.on of the effort and 3q,u:.pnent of the
Ludwigshafen 0il Research Section has been devoted &uring the-
“warto the developmentof - the‘D.H.D"T.‘I‘”H"a:nﬁ. fhe-700ats—vapour-
phase ‘splitting hydrogenation processes and to routine evaluation
of raw materials and catalysts,: A mass of reports and documents
relating to this work has been evacuated and ewaits detailed study.
In the writer's opinion it is questienable whether the effort
-entailed can be Justified and it is suggested that the easiest
‘way to: obtain a full account of these researches would be to. . -
br:.ng a select%d tean of. German workers to this country and: have
them write up summary reports of their work uaing the captured
documents for refarence. o _
: .In addition to wurk on processes which are now in use ‘on the
,..large sca.'l.e, considerable research was carried cut on catalytic -’
cracking, iscmerisation, éy'nthesn.s of tranched chsin hyarocarbons s
eto, The following brief notes give an 1dea of tb.e type of work -
in hand on these au‘b:,leots. Lo ‘

cat :I.c cn:'a o

SR Tha main :i.dea 'behn.nd this work was' to improve petrol
‘quality and, at'the seme time, to reduce the mumber of. h:l.gh

' pressure. vapour. phase mrdrogenation stalls by complete ar-
‘partial substitution of splitting l'vdrogenat:.on by catalytic cxrack:mg
FigXVJIshcwa a typ:.cel ‘scheme which, ‘at ohe time, was: ‘considered-
for application to the Gelsenberg pla.nt.  The feed is middle -oil .
from coal hydrogenation which is first saturated by high' pressure
_vapour phase byﬂrogenation in the cwdinaaw way,'  The middle oil
“coamponent .of the saturated product. is then: su‘b:)ected to. straight-
‘through: cata.‘lybic craok:i.ng ‘and’ the- moduct is distilled to.. . ..
_remove petrol., The residual middle oil is hydrogenated over 630
_ana the proauct fraot:.onate& to give petrol and: m:l.dﬂle o0il bottoms:
-'A_a-aclung process. “The fmal

| ffilwﬂrogen ion pe , t
~1east as good a y:.ela. as’ i.s given by ‘the’ normal lwdrogenat:.on ”
.and-has. o8, - ymmber f 75-76 and 87 with.

-and" splittﬁ!g




- CeT - : : 28»
- . Other schemes cut out splitting _hydrogenation completely

and the middle -oil component of the crude catalytically cracked

"product is recycled - to the saturation-hydrogenation-stage.—In-

‘this case the final petrol product tends to be too unsaturated

. gnd petrol from catalytic cracking has to be. subjected ‘either

to a hydrogenation saturation process ar to acid treatment. -

Isomerisation = - S ’
. A considerablée amount of work has been devoted to an
attempt to develop a technique Por isomerisation of straight -
. chain paraffins (from n-butane to Kogasin) over a solid catalyst.
‘Pairly satisfactary laboratory results were obtained with n-butane
using tungsten sulphide as catalyst but compared with the-Aluminium
" Chloride method there was excessive breakdown to lighter products.
This. tendency towards splitting-increased with increasing . o
moledular weight of the fuel and further, it was concluded that
the solid catalyst method shewed very little promise as regards
_the proguction of milti - Iranched hydrocarbons, e.gs
' dimethylbuteres from normal hexame. -~ °

~Synthesis of brenched-chain-

' " This was done mainly for evaluation of the effect on
knock: rating of different types of ‘hydrocarbon structures but,
..in view of the lengthsfwich the Germans were prepared to go to
‘secire high_anti-knock constituents, e.g. isooctane fran higher
. alcohols, the possibility that they were ‘exploring methods for

large scale mamifacture camnot be ruled out. .-

— The cordensation of iscbutane with ethylene in the pb:"e‘senc}e
of AlCl. wes studied at Iumdwigshafen.. .'The product was mainly

2. 3-dimdthylbutane.  This hydrocarbon was also made by reacting
isobutylene with hydrogen and carbon monoxide over a ‘eobalt :
oxide -catalyst- (120-150°C and 200 ats)to. give iso-valeric
aldehyde, condénsing this with formaldehyde to produce - e
'isopropyl aecrolein and finally, hydrogenating this product to

. 24 3-dimethylbutane. : 2;2,3-trimethylbutane (Triptane) was = - .
_prepared by acetylating Pinacoline -alcohol with Ketene, splitting

~out- acetic.acid, coupling the product with formaldehyde-and:
finally hWydrogenating’ to the hydrocerbon, . . « v .o L

s

.7+ Triptane had ‘also been made from diisopropylketone which.
~is a by-product obtained in the. synthesis of isobutyl alcohol.
from carbon monoxide, and hydrogen, - This ketone was chlorinated -
- .and the chlorine .atom replaced by an OH group. .. This product. was
‘isomerised to the acid shown in Formula 4 below and this was
_hydrogenated to Triptame. . S
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' | Hexemethylethane

S o 2.2.3.3. tetramethylbutane was -synthesised
" from 2.5. .dimethylhexenediol obtained by condensing acetylene and N
- acetone under alkaline conditions

The. 2.5. dimethylhexenediol
.+ reactions shown below to give

' and. hydrogenating-the product.
was subjJected: to- the imomerisation S
sact ‘ the acid depiocted in Formla 3
b was hydrogensted to 2.2.3.3. tetremstiyltutans. . . . .
e GeH =G —C=GE
@mgmm e pma

CHy
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ﬂ(ﬂ)_l;‘;et’tfoﬁs of*‘iarmfacttu'e‘o ¢;
"*"'“related. processes. ;

':oly'bdermm—Grude catalyst (focr lz.qun.d phase mrdrogcnata.on '
~of heavy oils).

Compos:.t:.on- Grude 98‘9»
: ho(’)i 2%

. Grude conta:r.m.ng 1,0-506 ash (obta:.ned 'by car‘bonlsa’cion
-.of brown coal in a Winkler- generator) is treated with
_sulphuric acid to effect 90% neutralisation of its alkdlinity,.
The neutralisation is nmade necessary by the fact that alkali.
».;oon.sons the molybdemm catalyst. - The Grude :.s :anregnated
with an ammonia molybdate solution to give 2% Ho03 in. the
finished catalyst. It is then dried at’ 12..O°C and grouna. to:

a fine powder (60& through 10,000 mesh) The catalysj; is used
.as'’a 1&-0’ 5 paste :Ln asphalt-:t‘ree o:l.l. ‘

- 2 ]'ron-Gruo.e CataJyst (i‘or 11@1:1.& phase throgenat:.on of .
“heavy 0113). s . .

Composltlon- Grude ) 9070 .
- Tes0,. 70 0%

For th:x.s catalyst “the Grude is not neutral:.sed The
:.nmregnat:.on with hot' concentrated iron solution is:carried
_out.in a screw conveyor, - An amount of NaOH solution equivalent
.%o thé iren is then added. “The ‘catalyst is dried to an 185 -
g water content and then pasted w:.th o:.l. Jo _

3. 5058 Vapour _Phase Sa’curat:.on Cataljst (also used :1.n T. T JHe !
" process and fomerly used in'a comb:mecl saturat:z.on splz.ttmg
process) .

.‘.

K cmp"s““n' WS2 / ', 1°°?5

500 kg. H/W0, , alka11 and chlor:.ne ﬁ'ee, 1s_d:1.ssolvea. in
1200 ‘1itres moth 11quor in an agr:.tator. The mother 11quor,
“from an’ earl:.er operation, conta:.ns 9 - 10‘}0 I\IH3 10 - 12% HZS .
and 2 = 3¢ W03 as (NH,) WS, in solution, Befare adding the |-

WO;P, however, the NH content of the mother liquor is broughi
ub to 12 = 13’ by ad.d:x.g:.on of llqu:.d amnon:.a. ‘Solution" :
‘requires: ‘¢a 1% hrs, ‘at 150 mm Hg pressure ‘and 60-70°C and
gives a solu'l:a.on conta:.m.ng the equivalent. of 27/0 WO..
3= s \103 remains undissolved and is’ filtered off a:

“a -sludge; the. sluip'e contains some silica and is returned to
“the Hégoh. plant, ~'The filtered solution is- 4introduced at 50°C
to either of two saturators where: it is passed with. qu undes
~200 rm, ‘Hg pressure while stirred, Durmg the: first: half- -
. bour thé. temperature.is raised to 60°C."and. then ma:.nta::ned.—j{};
“at, '609C: fdr '3%-5-hrs, . After: a, ﬁ:rther 2 hrs.. a2t 509C the .. .
solut:.bn :|.s cooled to 20°C over 2—— hrs, be:.ng st:.rred. under



H,Sal the time, Yellow crystels—of L{__sepmte:axﬁ:the:
Tﬂte@ed‘sulution—shws—erﬂf;—#@ﬁ%#%ﬂ?ﬁw

The yellow c.rystals are filtered off unde:r 0,5 atu. mtrogen
pressure and after rumning off the filtrate a current. of pitrogen
at 60°C is drawn throuph the ceake. The yellow salt is finally
dried at - 100~120°C in nitrogen in a rotatn.ng or stirred drier and
thon has the follomng cenposition: 914056 NHz, 5&./a Wy 36 8 - 37.0% S;

" The deoomposz.tlon of- the yellow salt to is carr:.ed. out :.n
a sm.'oll-type farnace which las two passes, each g H long. The. '
first pass is electrically neatc.d along the whole of its 1engbh
the second pass along only helf its length, the second half of the
second pass serving ss an atmospheric cooier. The maxinimum ‘
temperature of the hot section of the furnace is maintained at .
420-450°C and the residence time is dg 1 hr., A hydrogen rate of -
up t6 100% in excess of the sheoreticel requirement is mainteined .
through the furnace, The b1 ack powder has the following ana.lys:.s-

_]3@-;79 W, 25-26,o S ca 0.1/o H20, 0. 1~0, 2f/o H2S0y, .+

. The powder is milled in a nmmner—type ("scnlaglcreuz“) an11
to the follormng grading . ‘

S 70~ 80”3 unrough 10,000 mesh
- ',-v » . 1000/0’ ooow L 7 000 AT .
-and is 'then pelleted. The: Wast two operatlons also are carr:.ed out .
in an N2 or COp atmosphere and,. ‘after breaking off their edges in
a rotary sieve, the pellets are stared under N, in gas~tight orums,
. aince oxidation by a:.r results in a loss of ac lv:rby wh:.ch cannot
_be restored. e o S 5 _ |
: The 11.i'e of the cat&.yst depend° on' ‘the nature - of the mdﬂle .
~oil but normally exten&s to two years. When used in’ the T, T.H. yrooeas,,
" the life depends on the ash content .of thé.charge. Althcugh the '
" activity can: somet:.mss be restored by grinding and re—pullet:mg,
it is eventual]y necessary to regenerate by roasting -pellets: -
: to W03 in anr and: repeatn_ng the whole preparat:.on via the yellow ualt.

\.

. : Va oi:r‘ Phaée" litt' Catalyst (has occas:.onall;L ‘been used:
da.rectly on petroteun (120-325°0) and brown -coal tar mdﬁ.'!.e o:.ls).

RSt Compos:.tn.oncv ‘Terrana (Fuller's earth) 90%
' ‘ 7. - a . W52 B S 10?0. .

Not all Fullar's earths are: catalytlcoally act::.ve and. :.t is
_mecessary to test each.particular’ sample far achivity. 200 kg, earth,
4 -200 1. of 10% HF and’ sufficient tungsten solut:.qn to. give 10% WSg, -

S in 'shedcatalyst are. J.ntrodncad into ‘an 1 :Lr:l.ch ‘mixer’ ani
‘jthe mixture knesded for half an: howr, . The: tungsten solut:.on ig™

-,.prepared by d.issolv:mg yellow salt in’ mother “1liquor to give a
. solution containing 75 - 80 g. W03/1. . The slurry from-the. mixer




5e

-lines as for 5058, - S

' for 5058, later. superseded. by 8576

After cooling, :the product is-coarsely milled and then
sulphided in the .5058 scroll-type furnace - temp. 425°C,
residence time 1. hr, atmobphere Ho+H,S, - ‘The sulphideéd -
powder is cooled-in a nitrogen streali, kneaded with 304

of water in a small Eirich mixer and then pelleted damp,

The pellets are first allowed to dry in the air for 34
hours and then dried at 120-130°C in an inert atmosphere, .
Finally, the pellets are heated in Hp to ‘80°C. far -a day,
t0.120°C. for 2 days, to 450°C far 12 hours and then cooled :
off in a stream of N2, Packaging and storage are on the same

Catalyst - now superseded -

r DsH,D, -Process. ' (has been used as. a saturation catalyst

.88 cetalyst in the T.T,H, Process.) ™ . - .

' Composition: .. 1003 * ' 53,5

DR SN /.« M. |1,/ I

e S - Mg0 S e5%

7 - 21,6 kg, of MoO3, 12,15 kg. of Zn0 ard 6,75 kg. of
Mg0-are mixed dry in a'mixer for 5.mimites; 15.-.17 1. of
water are added and further mixed for about 20 mimites, The
paste is spread on trays; allowed to stand for 2 - 4 hours,
cut into pieces,and further dried for about 12 hours at. .
120 - 140°C, - After drying, the catalyst bresks up into. . .'.
separate pieces which, after sieving, are used as.-catalyst,
The sieving is -carred out on an 8 mm, mesh screen ‘and gives
7 -"10% fines, which are added to.the raw uaterials for the
next batch, - . 0 oo 0 T T

_ | If required in the pelleted form, dry cake is ground
in'a hamer mill, 8,8 kg, of the powder is mixed with 1.2 kg.
of raw materials which have been previously mixed in.the -

‘correct ratio and then 8 - 105 water added in'an Hirich mixer,

The moist material is“then suitable for pelleting, As freshly

prepared, the catalyst is not semsitive to oxygen,

:_ Vapour Phase Saturation Cate

st (sivet mbsstoutod

.
B

|

-+ .The carrier is an alumina’ that is prepared fram téchmics

alumina’ cortaining 60/ Alé03_'and-499§':mt€p;’.“This' alumina. .

‘is;dissolved in NaOH, -and repreeipitated-with nitric acid, the
‘a0id additions being mads as quickly-as‘pos '
5.5 =76,5 at a” : eeding 50°C, - The' px
- is filtered ‘through a filter pre ‘washed ‘with water for:
8 shart time, . After re-slurrying with water, the alumina is' -

g made as quickly-as“possible ‘at a pH.of | .
- temperature. not ‘exceeding 50°C, . The' precipitate

0



) T - T

mﬁmMmmmmmm_
After peptising with sbout 2% HNO,, the paste is spread
on alurindun trays, partially aridd, mmtoaubeaoc
1 ~ 2 cm, sides, slowly dried and them caloined at N
400 - 500°C, - The cubes aré washed with 5% ammonia lolnt:l.on
and again-ignited. They are then soaked with an, . ' _
amoniacal molybdic meid sclution, dried, soaked with a
solution.of mickel oarbomto in’ scetic acid, and

. ignited at 500 -.600°C," aﬂ.phn'iolouhuldhiplwe
of nitrio acid, Nisouis omtaltomtnthoprem of
H2 at h-m"c. C

:16 ;_Vapour Phase Satm-atl.on c-g% (haa alao 'been used.
- “orr the T,T,H.. Process,far reduction higher aloochols and
Lor hydro enation of di-iaohxiwlmt Sumtims h'mwn as

7&6‘. 25 D \ . . Tl

R Canpodtim: ALO; . 0% e

o . N . . 3% ‘”, Lo - s ) -

: The alunﬂ.na used: a8 carriex- 13 prepared from teohnioal
~aluminium sulphate containing 18% The raw 112(804) 3
is dissolved in water at 50-70°C, . to &ve a solution . ¥
contain:.ng 40 - 12‘}9 3 “and is then proocipitated with -
-& 20% emmonia solutiont “A slight excess of ammonia is: used,
the quantity being’ such that 20 'vc of filtrate is eguivalent
" to 10 cc of N/10 sulpmric-aeid, The precipitate: is washed
“with a 0,1% ammonia solution until !beeM sulphats, The - ’
- filter cake is dried to an ignition.loss of 15 - 208, -
After ‘addition of 1% graphite,’ tbé mo :la pel.-.eted a.ul
the pellets calcined at 450“0. :

1 ‘ w

. The ,pel ots are. satm-ated w:lth an miac&l eblutiqg
ofWO ‘and NiSQ, , @ried in mdrammat 1h0°0andthen
ted to -ti m;l.ph:.de in'an steean at 400 - 450°C, -

The pellets are then powdered, : t pouda' rapaneted apa tln

pellets aga:l.n 'h:-eated withﬂzs e SR

appl:.céble to hydrogenation of
" been used-for: reduotion ot b:l.gher nloohols axﬂ :lnp'owpnt
_of'ylubmoating oz:l. D BESE : o

. paxk of nickel carbonste’ :I.n aball mt
Mgaated:l.naotﬁndmaolﬂthi arts wa
“paste is dried for ‘about 6 hours snd th - dried mas




.

The sulphided powder is pelleied in the sams way as 5058,

An alternative method of mmmfactwre, giving a catalyst
referred to as 6718, involves the mixing of the ocerresponding
‘emounts of ammonium sulpho-tungstate and nickel oarbonate

in a ball mill. The mixture is then converted into the
sulphide at 450°C, and. pelleted as desori'bed :j.n the

'preparation of. catalyst 5058.

7360 : D, ;n g_.'!;z (also referred to as 51..56)

Gomposit:.on. ' 907
R uoﬁ 3 10-12%
: A.n alum:ma carrier prepared ‘from cozmneron,&l o
elumina containing 60% Al,03 and 40% water, is used, Cubes
of alumina are prepared and 1gni'bed as described under
‘Catalyst 7846. The cubes are: soaked with an ammoniacal i

‘Ma0z solution’ (20%“NH )86 that the finished ~eatalyst-contains=—

10-12% 100,. After iffpregnation, they are dried at 140°C and’

L ignited za‘l;311.00°0 to remove a.nmom._a. The catalyst is then

10.

- than 73 0, but requires shorter cyole t:.mes).

scn:'eened and. packed

2252 Improved D H,D, Catalyst (g:.vves sllghtzy 'bettar y:.eld

Compos:.t:_on. _f '0 85,6 e *
: - 6 15/0 : P

"The carr:.er is an almna.na prepared from techn:..cal

,alwmmum sulphate containing 18%: A120 . ~This raw ‘material

-is broughtinto a concentrated solutidn at 50-70°C and. :
precipitated with 207 ammonia solution at 92-95°, filtered hot
‘and washed,  The filter cake is dried to 2 content of 805 -
A1203, pelleted and the pellets calcined at- 450°C., The .
pellets are then soa.ked with an’ ‘aumoniacal 1100 solu’c;l.on,- 80 "
that the final catalyst contains 155 1i00z. Aftgr impregnation,

" the pellets -are dried at 11;.0°C an& calc:.ned at 400° untll

. the" acmonia :1.s removed.

7019 Aromat:.satz.on Cata;z___

Gompos:.t:.on. Act:.vated charcoal 8055

. Anthraclte coal, peat and bltum:.nousﬂcoal tar pn.tch
are f:me]y g'orund .mixed in. ‘the ratio of 100;10: 14.0, dr:x.od.
with' stirring 2 hours at 110° “ground ‘and. pelleted The

vpellets are.ln.ghtly s:mtered 1 ’a"_dry:.ng 'chamber t
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with-a-40=50- aqueous-sclution of chrdmic-ncid, the-pellets-
being dried after each. irmrcenation, The amounts of the.
solutions- are so controlled that tnr, i{inished cntalysi
‘contains 15> Cry0; and 5.5 Vp0s5. The catalyst has good
mechanicdl.‘ strength and camo} be broken by hand,

12. I.Lethane Steam Cntalyst

Composa.tlon Nl O3 25,
’Cement oo 28,
‘Kaolin - 330

- lletallic mnickel is dissolved in 40° Be nitric acid.
*.The re°u1t1ng solutlon, which is somewhat alkaline from.
the ammonia formed, is precipitatcd at 60°C-with sodium .’
carbonate . and the flltcred nickel cerbonate is washed frec
. from sodium nitrate, The nickel carbonate is imixed with
"sulphur-free ;g0 and kaolin and heated on aluminium trays
"in an electric oven at 400°C. It is'then ground to Oy 1m.
size.and wixed vith.sulphure-free alumina ceucnt.. After .. !
the addition of 15, vater, the. naterial is rapidly pellet..,d
in.a small Kilian press. - The vellets are 'brol‘en without .
delry inbo 1-2 wm.vg;-anules and the ¥ '._f,ramlns formed into
-Raschlcr r:.rws J.n a. \Illkmson orc,.,g. :

13. uater (ra., Sln:f't Ca’calyst - Brovm O}.:.de. o

Comoos:.t:.on. F620 ‘ ﬂ'bout 85 B
el Crzog7 » "  155

']‘ Deta:.ls of preparqtlon not o'btalncd

., 61;2;.8 Butane Dehydrogemtlon Cataljst

. Compos:.*tlon. .»'\1205'1; _' 90
Kzo‘:'

2o, 5 kg. f’lm,ly oowda'eu actlvatcd alu.m:lnﬂ 2 ko
waucr-ﬂoluble alumina,-1¢5 dg. KOH, 1.6, kg. @ soand
2 7.1..62. nitric acid are lmeaded for about, h imitcs :Ln
mgader 1'-ncc1 m.th stauﬂ.ess .,teel. .Durlng uhg orocc,ss; -
7--q 1. of water nve-added, ' The plastic umssis e:*ﬁrur]cd ond-
. then formed” :into. snheres on a- special stainless s.,ecl
machine. . @he sbheres:rre dried 2t 150°C for 16 hou:):'u and.
tnm w"uwc" pt 450°G untll m_huzto-fr ’

...U‘
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tion Catalysts

T Gomposition: S10p . 65l
: < A1203 . 06307
[ Fex03 0,28

Y oca0 T 0.T4%
Mg0 . 11,09
803 0 0.1
_ Na20 040975
Totel  Py0 Y 65eT3is v
Free ?84 26,7550 .
) ' 20— ) 1023'7“ »

" . 46 kg, of phosphoric acid (1.698. gravity, 845,
_hnalysis 62,4l P,0. + 2 H,P0,) is poured into a 150 1.
steel (V44) pot, a su_spg_ns:.,on' of 5,55 kg. magnesia® -
in.10 1, H,0 is slowly added to the phosphoric acid, This "
is followed by rapid addition at 80°C of 3.32 kg, of kieselgu
(13% volatile matter centent) suspended in 13.1..Hy0. To -~
_this-is-further added 9.kg..of catalyst pomder from a
previous preparation which is wetted with 9 1. 120, The
total water dontent is 36 1., 4 1. having been used to
wash out the charging vessels, ' The mass is stirred and
kept at - 84=112°C for 22-27 hours, The viscous mass is .
then poured on aluminium trays and dried at 120°C under
‘& low vaguum (40-70 mm,). The catalyst is then cut into
cubes and dried for an additional 46 hours-at about 120°C,.

The total weight of the recovered material is about 52 kg.
The cubes have a crushing strength of 7-13 kg/em? and-an
apparent. density of 0,8. ... o

‘16,,_ 6752 : Ga“@ticrc:backting Cataijéta
‘ V;~chn1.)cy>.s'i1;i‘ori: .A1203 - - 3354 o

si0, 6T

e C;o'nm‘e_rcielwater'gihs'é ¢.$oluﬁidh (2650 S:.O ) is.. .-
. treated with an excess of concentrated (7655 hydrochloric. -
- acid to form a sol without gel prec__:ip;i.tatioh. To this - .

i Ofﬁtained 'fr;Om‘?'Zillei"l':aiei'»'i-iagnés_imke." ,. the magneeiia
" had the following campesition: ~~ "~ ' B

S ce0 24T
' A1203 +.Feg03 oA je
- K0 o155
" NagO- - “+ " races
Bl

B
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f&%sokalzm&matuautim_is_added—inmopmion_
to the desired final camposition of catalyst. The .acldic
'S105~A1,0, solution. is precipitated at 90°C and 'a pH of 5.5
660 ( %:Léorw electrode) by contimiocusly adding small
amounte of ammonia solution, The precipitate is filtered -
and washed with hot water until free from alkali end
chloride., The filter cake is then dried at 110°C,d .
‘powdered, pelleted, and activated in the presemce . :
of e;;.r by heating at 450° (2 hours to u50° 6 hm.rs at

450°) s
o This oate.‘lyst is less sensitive to steam and.
temperature than are catalysts based on Fuller's earth.

’ The catalyst can be used at temperatm-es up to
'650°G- ‘but loses all activity on heating to 800°C, =
Catalyst based on Fu.ller's earth can be used only up td v
550°C.
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—memam—mmrﬁﬁ—pm@mmm%m&@&
oil at Tudwigshafen, but 30-50 tons/day of crude oil was brought in
-from Briicksel, near Karlsruhe, and was subjected to conventional
refining to pmducts including lube 6ils.  The plant ‘capacity is
- 500 barrels Af crude oil per a.ey. A flow aia,gram of the plant is
atta.ched as F:Lg XVIix,

The crude oil is a;l.st:.lled in a two column aizm:@herlc— :
vacuum tube still provided with two- side. stream drew-offs on the
a.tmosyheric tc:wer ar'fl three dra:vf-nf’fs on. the vacuum tower..:

: tra:.ght—z'un gasolina is taken overhea.d on the a.tmosnhevm_:
tawer, treated with sulphuric acid, -neutralized with caustic wofa.
~and water-washed. - Kerosene is ta.ken of £ ‘the upper draw-off on -
the atmospheric tower, treated with sulphwric acid, neutralized . =
and water-washed. . Light gas oil is taken off the lower drew-off .
‘on the a.txmspheric tower. The reduced crude from the. bottem of
~the a.tmosphenc tower passes through a second- fired heater to the

--vacuum-towers R

‘Heavy' gas oil is taken overhead in the vacuum tower.
‘The ln.ght and hea.vy gas o:.l is m:Lxed and then aewaxea. to prqduce
,diesel o::.l. : : )

.| Lubricating o:.l cuts are taken. off the three side stream
.draw-offs on the vacuum tawe-r' ‘ Asphalt :Ls made as a 'bottoms
prorluct.v RRELRRRN , T L

The y:.elds were: as follows

:" Straight Run Gasol:.ne - o% by vol.
- ' . Kerosene 21 o% .

Atos. GasOJ.l_' o 12.6%
Vacuum Ges 011 . . l;f/f ‘

. Light Lube 0il- o 0% ._

.+ Med, Imbe Oil . 21.05

.- Heavy Lube Oil - 3 o%_
AsPhalt S 9,0%

Ll Proper pmporhlons of the 'three iube cuts are- -mixed to -
proa.uce three grajes of lubricating oils. - The oil, after’ m:.x:mg
for the proper- viscosity,is first treated. with sulphumc acid,
using a centrifuge to separate the ‘sludge, and then with clay. !

. The "clay is filtered out in a- f:.lter press a.nd 't;he o::.l passed. to
a solvent dewaaung pla.nt.

S '.I.'he dewa:d.ng pla.nt is a- “Bam.sol" type plant employing
centriﬁ:ges for the separation of ‘the-wax. ' Ethylens d:.c:hloride
is used as the solvent but it was reportea. that butyl alcohol
was; to be used. o



~ . 3
: ,.—fFollowing—thefdswa:d:ng—step?thé{oilAisfagaip-tne&ted»—%
‘with ciay, the clay being removed "in a filter press. :

, ' The wax frcm the dewaxing plant is treated Vith :
- eluminiumchloride in an agitator, filtered and maided into .
cakes. : , ‘ - : ST
, ’.l?hree grades of lubricating oil were produced. -The
viscosities of the three oils™were 6°E, 8°E, and 16°E. '



- #ISCHER TROPSCH- SYNTHESIS: -

Vit

- The I.C. have continued research on .this procese during .
the wag partly in the hope of achieving same important improvement.
‘which might give them an entry into ‘this side of the isynthetic.
fuel business and partly because of the interest in certain

« Fischer products .as chemical raw materials, e.g. Kogasin fraction:

for carboxylic acids and synthetic soaps, i
At Iudwigshafen one senior man, -~ Dr,Michael and two or.threc

juniors were engaged on this work. Up to 1940 the main objective
was an improved quality ‘of petrol, using medium pressure and high
'space velocity of reactants over an iron catalyst.  Carbon .. :
formation on the catalyst wus the chief trouble. Periodic
revivification with air was not entirely satisfactory because this
hed no effect on carbon cambined with the catalyst as iron carbide.
'Revivification with oxygen introduced the danger of melting the '
-iron,. _The best catalyst life achieved in a 500 mm. diam, pilot
‘converter was 2 months,” In these pilot plant experiments the
catalyst was removed from the converter for revivification and it
-was intended that any large scale plant would work on some sort of
moving catalyst bed principle.- The best quality petrol product
_obtained with this process had an octane number .of y5-7% motor method.,

: - Michael failed to have his ideas accepted far any large scale
project and,after 1940, '\shifted‘ his attention to higher molecular
‘weight products particularly olefinew. -Liguid phase reaction con- |
ditions were employed using a finely -livided iron catalyst in .. =
‘suspension in the reactants.’ The catvalyst was made by suspending
finely goound iron oxide in recycle Fischer Tropsch- product. and - -
reducing it with hydrogen. Potash was also- added to°the suspension
‘to the extent of 1-2% on the iron, The catalyst input was said v
to be 250 mgs.Iron/id of oil produet leaving the reactiomn. =~ .
A 500 mn, diameter hydrogenation converter: was ‘converted for . .
‘trial of this process at Ludwigshafen. With a reaction volume of -
4113, 520 Kgs/day ‘of crude product were mede, ‘Reaction .

- temperature was kept -as low as possible but it was not-found
feasible to get below 450°C. The crude product ‘consisted of?,
=T 0% 02#01‘_' hydrocarbons. ' '

030 - 40O% gasoline, -

.30 f-.’lg-B% Diesel oil.
T 15_ 0%»“‘

- Two thirdsof the wax boiled above' 450°C under a high vacuum,
and éne thisd of it had a melting point sbove 100°C. The wex - |
‘contained 2-4% 0,. . It was. suitsble for shoe polish ete.,but fox .
‘most purposes it had to be hydrogensted befare itwas of .

satiéféctgry ‘quality. .



= 55

~Ths Diesel- oﬂwoantained-so-ssﬁunsatmmcam nmbm.;
Of 70. . .A ) . \M' E . .

- The abova sketoby infm-mation was ebta.imd lmr:ied.ly
ﬁmDr.Pier and Dr.Donath. Dr,Michael himself was ‘

. interrogated by the U.S.Nawy team (Messrs.Spaght and, B.eiohl)

- who may have a nnch more conplete stoxry. .

' ‘ Add:.t:.oaﬂa.nfcrmatz.on was o'bta:.ned at He:.delbarg d.ur:.ng
a later visit by W.A.Harne, in early July.: According to the
infarmation'then received, the protess d:z.ffers in several: :
_essentials from that d.esm::l.bed above, No attempt has: therefare
- ‘been-made to reconcile the two vews:.ons and the information.
: obta::.ned on the lata' ns:.t :.s g:.ven in-its entu'ety belcw'-' ‘
'la.chael Process. . \ . Tt e ‘ C '
. This pnocess_mvol'zes _the,.con&ensn.onwofmcarbon wnr\xi@eh n
, and hydrogen 16 :a mixture of hydrocar'bons and: alcohols, ..It has
“beeh-carried cut in two: ty?es of equ:.;nnent- f:uced. bed catalyst
,'anﬂ. suspend.ed catalyst. . '4—_,, . _

. The f:.rst method is s:um.lar to that used in the Synol
process at. Leuna ‘The catalyst ‘bed'in . the 1argest reaotcy
. studied, was 2 metres in diam, and 1 metre high, containing
“a.8olid: 'bed. (no.internal.cooling tubes). of fused-iron :
. ammonia- cata.lyst 'in the farm of 1 cm, cubes or lumps. The .
‘temperature ' was. controlled to a 2-3°C.rise by extremely h:.gh
ges recyole rates and low convere:.ons per. paas. . .

. | The" tempm'ature of' opea:-at:uon is 280 to 320°G, m.th a gas

. -recycle of - approximately. 100 volums -per vol,-of fresh '

- cérbon monoxide: and ‘Hydrogen, - The linemr velocity of 'che gas
throug;h the reactor should be .at least 1 metre per. second far

' tion, ?‘I‘he f'resh charge g_s rat:r.o is_ 4 CO ‘ho

:"vlcarbonylvf'c?rmat:.on" “The: gas compos:.t:.on con-esponds to e
appro:nmate]y 140 % _12 atmospheres pmtiﬂyeswe of hydrogen
=2 50:3: sph_eres_p’art:.al pressure of ‘carbon: monox:.de, :




_;?76;&;_

35 gms. of methane .and ethane
160 gms. of useful product. -

The useful product consists of the Following:
14 grs, of alcohols . S ’

105 gms. of oil - . R ,
41 gms, of ethylene, ;rqpa;:e-propene and butane-butens,

On distillation the oil yielded:
2 gms, of wax

21 gms, of Diesel 0il o
82 gns, - of ‘gasoline. S

- Thé gasoline fraction was stebilised and cut to 195°C end-point

" to'yield- 77 gms..of refined gasolines of 8 to 88 research~ -

" ¢ctane mmber, 50 - 60% boiling up to 100°C.and 70 - 80% - -
of ‘unsatiurated substances. A A T

i ... The:second method of operation, the so-oalled " Schaum
or feam process, was carried out with the’ seme catalyst
‘suspended in a liquid phase with the gas blown through the
_suspension,- - - N SRR
.. Yery few data were availsble on this type of- - .
‘operation because experiments had not ‘been ‘satisfactory, The-
principal. difficulty was thé formation of high molecular :
‘weight products on the catalyst particles, which caused : v
~them to-ayzlomerate and to setile ‘from. the reaction zone,. .
Also the concentration of catalyst when suspended -in the -
liquid medium was considerably less than. for &’ carresponding
fixed-bed gas phase operation, = .. I e

7“2 'In a comparison of the two methods of operation, the
conversion per weight. of catalyst was the ‘game,  Thus, the -
increased surface of the powdered catelyst was apparently’
‘halenced by--the slower: diffusion through the liquid phase
“anil @id not compensate for the higher concentration.of . -
catalyst in the large piece¥ which were used.in the fixed-
‘bed gas phase operation, T
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—~ffi—;—~--1nc1denta1—$o “the" ;Wof—m&aanmmtﬁmmctly to_ﬁ
—the- synthetic fusls, -come Intemuon mn_gmuad_nt Indwigshafen - -
on & mumber of mincenanem chemiceal pz-oceaua vwhich may be of
interest to the cil industry, These. ‘processes ere listed -and
described below. JFo attwmpt was made, in.view of the very lmited
amount of time and the meeonﬂary intouut of thole m'omuas, to 3et
complete details.

(1) _v%nden@auon of acetylezw with fomldahydo .

(2)  Hydrogemetion of 2,3—bnt1radiol-1 4 to 1,41-‘mtano-diol. :
(3) . Dehyiratien vi 1,4—butanadsol to’ totrahydrofuran end tatadiens.
(4) Ethylbensené and. gtyrens, o

(5)  Polyisobutylemo (Oppamn.

(B) Poiysthyleva. Tl T

(7). Fitroparaffins, . e

(8) Hylon end Koresin, - R :

({9)- ‘Ca.ta:l.yut prepamt:&om for m‘iacelmem proceaaee. '

- The: reaction £ tha'& of a.dd:lng fommehydo to acatylm
to prodnce 2 }-bntinedﬁol'-l,z; aceord:!.ns to tho equatiom -

e 2 BORD + agﬁ.. Sraren mﬁe"“""“"@gm‘

o ‘Iha msze‘.:ion 1:3 the mm; step of the ae—called noppe
.»m-oceaa, and is carried out in the presencs of one of tw eu.talyatso
According to the first operation, the eat&lyst 4@ copper acetylide -
in water suspensien. Approxixately 1£ of oo ‘acetylide 1s
prelent.l 'me reactien takes place at-100- 0, ‘and 45 atan,
Pressure,  The totel catalyst velume 48 30- Guom. and 30 tons of . .
butinediol 18 produced per deys - The’ ‘catalyst is mewod by paseing
ecetylone over .copper. oxids in. aquw sagpension @t 70%°0,  According
to. the secend mothod of operation, the eamlyat mwwd consiole of
1-3¢ bismth end 10% copper on siliea gole Tis bimmth and- copper
sro-impregnated on the- silica gel n the fom ot nimtou tollowd b:g-
dryingaxﬁ.dacompositiono L e S

5 ma reacttan :m the aemna aeep of tho nmo procou:v

oncl :la eu-rie:?lat 200 amao pa.'eamre ané '1@@" tenporaman, 12 the
presenco of a. eaﬂlyut meh u mowed gl fgum: ’




" silica gel, 4 ma. gramiles,
—fafniokel-coppar-mangane's‘e,,ni‘tz?atgg solution,

35 impregnated twice with—

380

The total concentration-

of the nitrates in the. impregnating 8
metals. The ratio of the various nifrates i
the final catalyst, 1 5 Mn.

, 5% Ni, 5% Cu and 1/
the catalyst is dried at 100°C. Finally;

in a mffle furuace at 450°C until there 'is no

of nitrogen oxides,

olution
8 much as to give, in

the catalyst is dried

is 12=1lg. based om the—
After each impregnation

further evolution’

. {3) Dehydration of 1,‘1:,-‘bﬁtanediol to- te‘;trégz' drofuran and
o : L ' o - butadiene.

adcord_i_ng to the following equations:

HOG-C-C-COH

To effect reaction (1), the diol
at 300°C and 100 atms, pressure "
catalyst., To make ‘butadiene, ac
" 4s passed over a sodium acid phosph
atmospheric pressure (
“actually a mixture of .sod
‘being NalgPO . This is deposited on ocarbon,
~ acid phosphate conecentration _on the catalyst
1ife is approximately 4 weeks,
The yield of butadiene is Y.

" The dehydration of 1,h-butanedicl can

vapour phase reaction).
sodium -acid phosphates,

the changeover requiring 1
of the theoretical. In same cases,

be carried out .

.

!

:?—:-'f-‘,~'C;;G-Q-Q—-;+%-'A‘2}120-~4~—--*—r;l*~(‘2)‘4

in Bb% water solution is treated

with a liquid phosphoric deid ¢

cording to reection (2), the diol
te catalyst at 280°C, cand :

The catalyst is
"the major conctituent
so that the sodium.
is 407, The catalyst:
' -2 days, -

_tetrahydrofuran his been added to the ‘@iol ‘and the mixture then

dehydrated to butadiene. It is said that te
 heat-stable campound, ¢
. less steble diol...

PR Ethylbenzene:.s mamfacturedfrom ethylene and’ 'benzene o
* using. aiuminium-chloride as- a.»_patg.'lygt._;Thg@ev are:

dimensions are 1 metre- iD
- ethylbenzene is 500 tom:
- 80°G;.fresh;aluminiun chlox
" introduced at the top of the
‘the base of the reactsr, The .
the sludge is geparated from’the hydrocafbon
“ fractionated. The reaction roduct contains
- .and LOfh alkylbenzenes, - The
-+ ethylbenzenes. in the converted m
. ethylbenzénes fraction is )

and. 6 metres high. .

o

product is riemoved from:the
1

‘recirculated togeth

t tetrahydrofuran, being a
.-be used as a heat garryixlg:medium for the

vl

Y] o o T

two reactors, thei.:;_-
The production of - -

nth, The Téaction is ceiried out at -

ylene is pumped i
bottom,
ayex; and the latter is:
60% unreacted benxeno,

ratio of ethylbenzene to higher ' .

terial is & o

1, The higher =

th fresh benzene’

4o produce more ethylbenzene by. the disproportionation reaction,

The conversion efficiency ‘b :
hloride:is 5-10f by Wte of the

“of sluminium o

905, The conswmtion .-
ethylbenzene produced.



_~_Ihem1bemzene produced is dehydrogenated to Styrens 3 9'
at 600°C. and atmospheric pressure in the presence of steam, The
weight ratio of ethgl‘nensene to oteam 18 5 to 1, Each reactor
contains 20 tubes, ’L’ha catalyat is prepared aa followex

The followins 'components -

’(-1) 204 Xgo of %0
~ {2) 12. kge of Ca0 -

(3) kgo of: ucon)
i (4) 705 kgo of
_____ Z o5 kge of
‘ ( ) kgo of Hg

are mixed together 4n the form of & homogenemw pazte and extru.ded. :
The extruded material s dried at. 100°C, for 12~24 hours followed by
heating to 450°C, in eir for 8 hmu'a. . The finished catalyst is
.acresned to 4~5 mm, particle sige. - The sinc oxide used in the

preparation is made from ginc sulphate and sodlum carbonate; the
precipitate is washed free of . electrolytes and celcined at 45090.
The alumimun hydroxide is prepsred from sodium aluminate - aolution
(8-10% 4150z 1n solution) to which is added mitric acid (30-408),
followed by washing of the pred.pﬁ.tate free of electrolytes. ~ﬁm
eatalyst is regenerated everyl few mntha. Coe e -

7o . '>..]

‘ - The source of isobu.tylene a.t Ind.wigahafen wag the dahydration
of . 1sobu.ty1 e.loohol. . This ‘wag done by. passing :I.aobu.tyl aleohol over
alumina at 330-360°C, ‘and atmospheric pressure, - The yieldof v -
isobutylene was 95% of theoretical; ‘the catalyst life was 74 montha.
The dehydration was ap;parently carried out in two ata;os-' the first:

8 .age, where the reaction chnditions were less severe, prodnced purer
‘isobutylens than the second stage. The polylsobntylene process -
required very pure iaobutylene an.d, therefore, the first stage was .
used for the polylsobutylene yrodnction. ) 'me total prodnct:lon of '
'isobutylenewasﬁtonsperday. -j S L _
o " The Oppanol proceas 48" ca.rri.ed 0111: :u.aing boron triflnorido
:‘-‘aa a eatalyst. . -The reaction mkes place at low temperatures using
ethyleno &8 the temperature controll:lng mdinm. " The ethyleme is
‘mixed with the 1aobutylene, “but th@\fomer does . not enter into the
reaction. By - nnintaining ‘a -constant pressure 1n the reactor, ‘the
.ethylene :ls ‘refluzed at & constant temporatura. The wlecular L
weight of the Oppanol 18 100,000-200,000 and 1t 1s used for 1mmlatins
-»oq;aipnent etc. " The. t&st of the finished, Qppannl 18 35 RMi .5 per
.inlogram No further doﬁailu_, of 'the proeaaa Iwre been obtained. o

el Eme mfactnz‘e of 1sooctuno, which wag’ then connriod to
:-1uaoctane, was formerly: ‘carried out on: a n:lnor ‘scale at m.dwignha.fen,
~but-has: ‘been_completely. eu.apanded &aring the 1alt 12 mom;hs. : 'Iho e
" process 15 described in dection vB(1)..



(6) ‘Pboduction of polye m

B Two types of polyetixylene were made at Indvigsbafen.
Inpolen 4, having a molecular weight of 2,000-3,000 axd a
‘melting point of 110°C, and Lupolen H w:i.th a molecular weight
“of 15-20,000,  Impolen A is a hard wex and has been made to the
-extent of 20 tons per month, while the production of Iupolen H
was 5-7 Jhons/month The process far the mamfacture of Lupolem
‘A has been developed at Ludwigshafen and later used on & larger
" scale at Zweckel, The follomng is the method. of mamxfacture .

of Iupolen A: .

{The apparatus cons:.sts of a pa:eheatea: , reaction coils
‘immersed in an oil bath, a separatar s 8 dlstz.lling column |
- and a silica gel tower., A mixture of methanol and benzoyl v
" peroxide goes through the preheater and is mixed with a albeam” of
ethylene before it reaches the reaction coils, The weight ratio
of methanol to ethylene is'4 to'1, the benzoyl- percxide concent-
ration being 3-5% based on the total mixture, The entire- nn.xture
passes through the oil~heated coils at 120-150°C and 200 atms.
“Pressure using 4 residence time in the coils of 30 mimites, The
¢onversion to wax in the coils is 20% per pass, The product from
-the coils enters a separator where the methanol-insoluble wax is
femoved as a lower layer and the methanol/'bemoic ao0id layer- gees to
~a d:n.st;z.lling column where methancl is flashed off and: then’ pmnped. N
back to the ‘preheater, The ettwlbne which flashes' off in the
separator is purif:x.ed by silica gel, then recompressed .and o
recycled to the reactlon coils. -As indlcated above, an opea-at.mg
pressure of 200 atms. is employed; however, :i.t has 'been stated. that
‘it is possible to use. 60 atms,

. The use of other solvents, such as 'benzol, produoes L
polyetlwlene of ‘a different molecular we:.ght With bengol, the
molecular weight of the product is* 3000, as compared to. 15-20,000
with methanol, Lupolen A is used in canbination with Oppanol for .
preventing cold flow of ;Lnsu.lators a.nd also f:.nds appl:.ca:tions as
,a wa.x and floar’ pol:.sh. '

. Iupolen H is, made’ at 1500-2000 atma pressure in the
‘presenee of o:qrgen. o , - . s

(7) P::o&uct:.on of Nitrogaraffins. S W R E
The product:l.on of mtroparafflns at- Iudmgshafen ’was d:z.rected;
'tqward their utilization as starting materials for. eagplos:.ves. Thus,
'm.tromethane, m.troethane and mtropropane ‘werre - condensed with .
formaldehyde in the presence of lime to.give the eorrespmda.ng
polyalcohols, .- These were in turn ester:.f:.ed with nitric acid apd
‘the resulting n:i.troeompmmds were used in: anti-airoraft\ aminm:.ti.on.

- The’ m.trat:i.on is’ carr:.ed eut a8’ £o;l.laws :

AR ST ¥ m.x‘hzre of ethane ‘and. prepane entecrs through ar /nozzle.:inte_f‘-tiﬁ
.--a sta:.nless steel mix:.ng eham'ber 6% conc. m.tr:.o -acid is’ ‘also supplied




~throngn-a-mozzTe into-the mizer,. the latter being maintained at e

_200°C,-_From the mixer the gases enter a stainless steel coil which -
is mpintained at a temperature “0f 400°C, " The coil containd no catalysd:.
and the reaction time in the coll 1s 2 mlmtes., After leaving the -coll,
‘the reaction products are cooled and pess to a separator. The un- .
converted gas is recycled to the mixer, The conversion to nitro~
paraffins per pass is 20-25% end a 20~25% loss is incurred by oxidation.
‘The nitroparaffins produced-are distilled-in glass colums. -The ’ K
products obtained were ‘then reacted according to the following equationss

(1) GE3KQ2 + 3 CHp0 ————-———-30,H0 _———-cn%/ & 8%

' (2) ONCT__CHS0H:  +- HNOz———— Opi=C i ——CHp0NO,"

© . cH CH

. . Theé production of "Igamid A% (hexemethylene adipate
polycondensation product-nylon) at Iandwigshafen amounted to 50 tons
‘a month; Igemid B (aminocaproic acid) was prodaced to the extent of
~200 tons per month.  Both Igamids A and B are insdluble in elcohol,
while a mixture of 60% & end 404 B'is solubles . o

) W

o .. Xegemid B ;g.s'pro'dnced by hydrogenation of rhenol to S
cyclohexanol using & nt ckel-on-kieselguhr catalyst at 200°C, The
cyclohexenol is dehydrogenated to cyclohexanone over copper spirals '
at 250°C, - Cyclohexanone is converted by the use of hydroxylamine to -
‘¢yclohexanone oxime,: the. letter upon treatment with ‘sulfuric acid . .
andergoes a Berkmann rearrangemept to ‘the lactem,  The latter, in T0%
weter solution, is heated to 270°Ce in & lerge ‘emtoclave under 16 atmse

pressure until -all ‘the water is evaporated, = It is important to

pintein an atmosphere of pure mitrogen 10.003% impurities) above the

‘melt: during the heating, otherwide the product-darkens in colour, - The

‘heating is done by steam at 100 atms, for 5 hours, the ‘charge in the -

‘eatoclave being 2:tonss . The melt is then extruded under water and -

the s0lid s ground inttovet state to chips {5 mm, size} and then dried,

. - Igemd A is prepared by hydrogenating phenol to cyclohexanol
followed by oxidation of ‘the latter to adipic acide The oxidation is
* earried out by means of 65-70% nitric acid using e water-cooled reactors.
The yleld of adipic acid is 60-70% of the theoreticals - The adipic: '
acid separates out on cooling and-is crystallised from water. Adiplc .

‘seid ts then reacted with ammonia & 300°C, using & boron pho sphate
catalyal, 40 176 ure adiponitrile in e 70f yield of the theoretical, -
+The & gonitri..l’e 15 then hydrogenated. to hexamethylene dlemine ab. . .
1120-15008, , 200 atms: ‘pressure in‘ the presence-of ‘Baney cobalt catalyst,
" & ‘three: ton charge was: hydrogenated within 5 ‘hours in the presence of

34 Raney. cobalt catalyst aml 10-12% NHz, - The yleld of hexamethylene -
' Fimlly, adipic acld in methenol

.demine 1o'85% 0f the theoretical.’
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solution is added to & 20% hevamethylene dlemine solution 1n méthanol, -

_ Koresin, a condensation product of para tertiary butyl
phenol and acetylene was marufactured at Indwigshafen to the extent
of 100 tons/month. The reaction is carsi out at 1520 atms.
pressure and 150-180°C. in ‘the pressnce oZ¥ine salt of a naphthenic
acid, No further particulars on the catalyst or other details .
heve 'been obtained. R ' \ ' o

(9}

" - {a) Ethylene oxide preparation at Ladwigshafen was carried
out along conventional lines using hypochlorous acid etc.; the
newer method using a silver catalyst for drect oxidation was studied
in the laboratory. However, & large scale unlt for the prodmction -
of 500 tons of ethylene oxide per month was to -he built at Zweckeu. .
This plant was to employ the direct: catalytic oxidation method, - .

 (p) Catalyst preparationss '

(1) - Catalyst for 'Ehe:.produc_tion of b\itylanﬁhé from

 butyryleldehyde:

:.’_lfhe ‘catalyst is prepared as foiloivéz ;

.

oo my bl 5 g

0 B2 kg, of finely powdered Italien pimice is suspended

in 3660 kg, of app. 8% solution of sodium carbonate, This _ .
‘suspension is mixed with a solution of 1275 kge of nickel sulphate
{cryste) in 2500 litres of water. - The mixing is done ‘in & vessel -
which is- previously filled with approximetely 7 cae.m. of water .at
50°C, ~ The precipitation is carried out at 60°C, ‘The addition -

requires about 12 hours and ‘this is followed by stirring for

24 hours et the seme temperature,. The precipitate is then washed ' -

by decantation until the wash water is free of electrolytess’ This

ﬂ.’.i's"ffciliqﬁe\d’ by filtration, using a filter press. ".The cake thus

_obtained weighs 3100-3200 kg. and contains. 75% water, - (This amount
.of ‘'water appeers to be somewhat high considering the original Anput
of pumice and the-amount of basic ‘nickel carbommte produced on - -
precipitation)e ' 100 kg. of the paste are used to incorporate the

v_c‘le'sirgd amount of. chromia by treating it in a-rotating drum with

a solution made up @ follows: 1 k.. of water, 1 kg. of chrorium
‘trioxide and 1 kg, of 25% ammonium hydroxides ' The impregnated = =

mass is dried at 100°C." and ground to dust on & mille

2

from fats.

: -"%falyét PH-86 for the préperation of fatty alcohols

" Preperations-
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3250 kg, of & copper nitrate solution conteining -about
12,o copper 1s added, at room- temperature; to-abbuL?.OOO_ks._of a G,aw
godium carbonate, After the precipitation has been “completed, the
precipitate is washed by decantation until the wash water is free
of electrolytes. This requires about 10-15 washings with 15 cuem.
of water per each washing. This is followed by the addition of
44 kg. of barium nitrate, 42 kg, of zinc nitrete and 62 kgo of
-\chromium nitrate to the suspended basic copper carbonate. The
precipitation is carried out using a solution of 176 kg. of sodium
carbonate in 1700 litres of water. Upon the completion of the
precipitation,- the precipitate is washed by decantation until the
wagh water is free of electrolytes, This requires ebout the same
rmmber of weshes as the washing of the basic copper carbonate, - The
precipitate then goes to a filter prese and the cake is dried at 100°C.
The dried catalyst is powdered. _ i

(3) Catalyst 4711 for “the throgemat:.on of aldol to 1 }-
bru.tylene glycol. - _ R . ce

cuzcmom{?_cn e TCH; cno‘ﬂcﬂzcnaon

The eatalyst is prepared by impregnating silica gel, 3—-6 mm,
particle size, with & copper nitrate-chromic acid solution, The..
impregnation is carried out twice and after each impregnation the
catalyst is dried at about 100°C. The impregnating ‘solution
contains about 35,:, copper nitrate and a correspond.ingly smaller .
‘amount of chromic-acid, so that ‘the final catalyst contains 204
. copper and appronmately 1% Cre - After the second :lmpregnataon o
and drying, ‘the’ catalyst is-heated in a mffle furnace at 450 Ce until
there 18 no further evolution of nitrogen ox:lde.e. . The resultins ‘.
catalyst ‘is screened to 1e5-3 mme sizes ' f ST

. : It should be noted thet this is one of a rmmber of
' ce.talysta used for hydrogenation of acetaldol. "~ In another preparation,A
v silica gel is impregnated. swice with a solution ‘containing the.
calculated amount of - mcke&-copper—nitrate-chromic ecid solution,
‘the concentration of nitrates in the solution being about 3HPe - After
each impregnetion,. tne gram:.les are dried 'at 100 Co and’ finally S
“heated at 450°C. in a muffle. ‘furnace until there is no further ’
'v--evolution of nitrogen oxides.. : The regultant catalyst 18 screened ‘o
1,5-3 mm, sige. The final catalyst composi tion is 15% Ni, 5% Cu.
‘and 1% Cr;. “the reat being siliea egol.



- Heydebreck, referred to. in black target lists as
Blechhammer South, is a’ tremendously large new factory built amd

- operated by the I.G. It commenced operations early in 1944 but full

outputs were never achieved because of air ralds, and erection of
many parts of the :plant was never completed, . The following gmeral
information was obteined at Oppau from Dr. Saenksen {General mnager

at Heydebreck), Dr, Mailer Conradi and Dr,, Schierenbeck. -

. Me/mndamental rew material for proceesea operated at .
Heydebreck was synthesis gas, (carbon monoxide and. hyd.rogen) » the.
greater part of which was to have been obtained from coke oven gas:
from the Upper Sileeian grid system, As previously mentioned, the
methane-oxygen: process was used. Actuallyﬁconaiderable amount of
equipment: for production of synthesis gas from coke was also installed
and was used exteneively for the early atages of operation of the
Heydebreck plant.. : !

__(a)*w el ._A i

’ I e etandpoint 6" s;mtﬁetic f*aela, the most important
activity at Heydebr ck was :the higher alcohols. synthesis, . Thirteen ‘
units were plenned, each unit having one converter 1, »200 mn.d.ia. and

18 M'long,  Each unit hed a capacity of 150 tone/day crude product

of the average composition -. methanol 57%, propyl ‘alcohol 1-1.5%, -
isobutyl alcohol 12%, end higher alcohols 10%, the remainder teing water,
Methanol was recycled and: the remaining products worked. up as ‘at Oppan. .

- The catalyst employed was exactly the eame as at Oppau. Only 8ix or

~the units were pu.t into operation.

. o fﬂze ieobutanol from the higher aloohole eynthesia was
. converted. into iso-octane. by dehydration, polymerisation of the =
‘resultant butylenes and:hydrogenation of the final. polymer, the b
operating cond:.tions for these ateps being as follows = 1

P_gh;@;‘g_tlgg Catalyst—alumina, ree.ction temperature—
S 330-360 ) preseure—atmospheric.

Mﬂn Catalyst-lo% phosphor:.c acid on éoke,

R I - (Note: This-does not. ‘check on. the other
R ;information vhich indioates the.t sthe
.- polymerisation.catalyst is'a magnesium silico
.. phosphaté).,. Temperature '120-1609C, adjusted’
S o Ccatalyst activity, preesure—around 20 ats,
":.,;.":;:i'ad,jueted to maintain liquid phase conditiona.

3. Polymer - . f’-300 ats. presaure nickel tungsten sul de
megnoetalyet (5615). ’ i Phi

T‘ne i"ull oapacity for ieo-octane was to he.ve been about
50,000 tone/year but the maxinnm ach:leved. wae only half thia figure.
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~—Alcohols of hzghermlec\&araeisht than 1eobnty1 "’5 °
alconol, were hgd.rogenated over the same catalyst as was used for
polymer hydrogenation in- order—toproduce branched- chain paraffin
for use as aviation fuel “components, 'meopressure employed was
300 at%., the reaction temperature 380-400°C. and the throughmut was

of ca.talynt per hour, The crude product was ‘distilled before
it waa auitable for use as & fuel component. V¥hen cut’ t0.an end’
point of 160-170°C the distillate product had a ‘CoFsR. motor octane Ho.
of 64 clear or 82 vhen leaded with 0.12% by weight of. tetre ethyl lead.
Ont to an end point of 110°C the product had a clear octane No, of
7879, rising to 99-100 lesded, The plammed capacity for this ‘prodact
‘was 30-40,000 tons/yr. dependent on the end. point. _ Again, actual !
output ‘was only 5 of thia_figure. '

The cost of 1sobutgl or other highar aleohols fractions
‘was said to be of the order of 00 pfg including capital- charsen. -
It would therefore appear. that the cost of iso-octane or 110% end -

“point paraffin from. higher alcohola hydrogenation mat have been abent‘
1 200.ma.z:ks/$@. : I

- . The: propyl alcohol from the hisher aleohole aynthuis ,
was used for synthesis of glycerine by the process shown. diegrammatically
4in Fig,XIX - No complete yield data were obtained for this process

‘but it was stated that 1 ton of propylene gives approximately 1 ton =~ .
of glycerol. The plammed output of the glycerol plant was 6,000 tons/yr,
but actu.al prodnction never exceeded a 2 OOO _tons year rate. .

SRR Heydebreck haa three methanol atalla each wi.th a e:lngle

converter 800 mm, die., 12 m. long end with & catalyst capacity of
“8lightly under 3 M3, ‘The catalyst used was’ the seme as at Oppaun, -
and it had a six months 1life at Heydebreck. " The methanol output per
unit, averagéd over a six months period,was 140-150 tons /day, compared
with 70—80 ’cons/day obtained in Oppau or Leuna units with the: same S
~'czetalysrt; volume. The :!.mprovement in output! 13 dne to the use at.
»Heydebreck of v o ‘ L _ . T
1o 300 e.‘Fs.. preasw: o >

.2, A CO content of 18-20% in d.rculating gas,

T 'Converters con‘baining-beda of - ee.talyst with . intermediate
-~ mixing and cooling chambers. T
; ,4_.'{. Higher efﬁ.ciency interchangera. SRR o

P

N v Shortly a.fter the start up of the plant :ln 1944, the

,,_methanol outpu'b wae-at- least 80,000 tona/year. .The. i.mpresa:lon wag
gained that by July 1944 an. outpu.t "cbrresponding t0 120 ooo tons/year

'Vwas being obta:lned:’ ‘ _ »

A Dr. M:.llar Gonradi stated that the total methanol
production 1n Germany 1n 1944 was approximtely 450,000 tono mda
up as followst.‘_ DT L PR : }

Lenna
Beydebreck
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.Oppau -~ ' L .. 50,000
 nschwits .. - bo,000 -

1
t

In established planta the cost of methaml avm'agod 15 pfg/ﬁ:g., this
cost being made up of 9 pfeg. for synthesis gas, @ pfg. plant costs _
‘and 4 pfg. capital charges. In the case of the newer plents the
cost was of the order of'20 prgfig,, this allowing for & high rate
of obsolescence, .- The capital cost per tcn yaar or mathannl 1n the

newar, planta was a‘borut 400 mrkuo

E Pmctieally all the metha.nol prodnced in Germny as.
’convorted into’ fomldehyde. , Most of this was used for the ‘
) mm:.fa.cture of the explodive “Hexmgan® although conaidarable
‘quantities were condenned with acetylane to ‘make 14-bu.tene-d.iol
for buna mbber. _

(c)_ émm ‘ T : " '

: Ths~capadty plunned for HeydebreckrerOO ooo~tons/year
Only two atalla were aétually operated, the total outyut being at . .
the rate of 50-60 tons/day. -These two stalls were of the old desi@
and consisted of & eingle converter 800 mm, dia, end 12 M, long, - It.- :
-was intended that the later ammonia stalls. should have & 1,200 mm, x 18 X
‘reaction vessel with catalyat beda and. 1ntamed1e.te minng and. eooling
chambera. ! : _ : g . _ :

. b3

i

(a) . s
- A pla.nt for the electrolyais of 17,000 tona/year of salt
_was in operation. 'lhe chloripe wag uaed in the glycer:lne procesa.

(e) Emuma R

1

'mese were be:lng made at. the rate of 20,000 tonn/yeu by :
vozldation of paraffin wax,  The paraffin ¥ax was melted in alnmtn:lnm .
‘vessels, catalyat in the form of a ,menganese aoa;p wes diuaolved in -
+the mass and air was blowm in at a temperature of 80~90°C, - The -
temperature was controlled by water coils and oxidation of -each ba.tch
required 8-10 hours, The pxioduct was treated with soda - aolntion,
~the ‘resultant. two: layers were. separated and the agueous lngr was
subjected - to-steam . d_iatillaﬁon 1o -remove:] hydrocarbona. _e fatty
adds were used in the form of aodium salts for soap. ST \
) L Thia 18- A urea formldahyde res:ln wh:lc.‘n was sold aa a.n
adheaive for plywood. It was: prodnéed at Heydebreck at ‘the: rate of . -
20,000 tom/year using urea imported from Oppau, It was 1ntended that
Heydebreck ahcm.ld eventually have its . own urea ‘plant, A

1% vas. intended 'Eo build the Tollowing additionsl plénts




2+7.

(1) Opmnol 7,000 tons/year (no bui lding or pla.nc :
- erection commernced.). ‘ :

(#1) Hydrogen pero:d.de 24,000 tons/year (buildings
erected but no plant). _

(111) S.S.lub.oil, This is made by polymeriaation of -
pure ethylene (see Leuna report). A plant for the
- production of 22,000 tons/year was complete but
was never operated. The etlylene was to be nade
partly by oxygen cracking of éthane pipelined
from Blechhammer North, the. remainder being eepe.rated
" from coke oven gas by I..inde treatment. oo ‘)

(iv) * Tetra Ethyl Lead It was proposed to make . 2 ,400 tons/
year and the necesaary buildings ha.d ‘been erected.

(v) Sodium Su_'lphide. It vas intended %o make 1, 800 tons/
. year -sodium sulphide which was required as & catalyst’
1n ¢oal hydrogenation plants:’""(xo “build.tng or plant‘”‘“‘“
.erection had cormenced)e . . o

(vi) . Formamide -and Formaldehyde. ‘A production of 1,500 tone/
L month of formemide and 3,000 tons/month of formaldehyde
. wag intended but no work had started on the ;plant. :

(vi1) Concemtrated Nitric Acid, 4 plant for 20,000 tons/
LT lmonth was proﬁected. _ o _

- ('ﬁ_iﬂ :‘ Galc:l.um Ammonlum Nitrate. Designe were being prepared

fgre plant for 130,000 tons/year. =

(h) MW . ‘ : SR
Thé first raid on Heydebreck was :ln June 1944 ‘when the

synthetic glycerine plant wag the only one to.. baeﬁmed. There.

was another attack in July 1944 when .the isobuty stillation plant,
the synthesis gas production plant including gasholders, the - boiler :
house and the salt electrolysis plant were fairly badly damaged, .= .
The entire plant was shut down for four weeks. . -The 1eohu’cyl alchhol,
the |1so<octans ‘and the methanol plants had just been restarted at -
“full capacity and ‘the glycerine -and-synthetic lubricating oil unlts -
pat on’ line at a considerably reduced output when they were ugain
‘badly dauaged. by air. attack, - - After July: l944,raid8 followed et
reguler intervals of. approximately one month a.nd ‘no appreciable ‘
-production vna ~poasible. e ‘ _ :

e e

v following very nmited information on the prodncts
pad.tles of" the various Auachwltz plant’s was
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froxn Dr, :Durfeld (the managing-director of Auschw!ts), ﬁo,it 13_7
u.nderatood, is now at Leuna, .- :

Bunx rubber | '3,000 tona/yr. ex aoety:tewa froxn
Co : » : ea.rb:l.de.
‘Polystyrems Gapaci.ty not stated. -

Igo-octane C 25,000 tons/yr. ex is6-~putyl alcohol,
” Branchaichain paraffin : 12, 000 tona/yr. ex hyd.rosenation of

hyd.rocarbons. RS alcohols higher than c4
. Methamol = . . 125,000 tons /yre

Chlorine = . 12,000 tona/yr.’

Glyeol - . . . 7,000 tomsfyrs -

Gasoline and motor . 11,000 tons/yr. made from coal .

benzole =~ . -carbonisation gases and by d:l.atil-

_ . N : ~ lation of tar, :

»H.tch - L 15, 000008 /yTe-. wta.r.distillation.

_Propyl a’lcohol = 5.000 tons/yr. ex highér alcohol:

RS - _ synthesia.

Ester lub. ot . - 4,000 tona/yr.

This 1s iso-butyl alcohol _esterified with adipic acid. Tt 48
used gs'a - oold atarting 1ube- oil,; and. haa a pou:c point of. .
_ ‘abaut -70 Go : .

Ce mmz:&mm S : ‘

‘ : ““The’ following prel:lnﬂ.nary 1n:rormation wms obtained by
1nterrogation of Dr, Pler and Dr, Maller Conradi at mdwigshafen/olmau.
A considerably more: detailed account of PBlitz activities will be :
‘presented in amother: CeX.04S. report follgwing the interrogation of
Dr, Wissel (chief chemist of the Hydrogenation Plant) by & UeS. team
,and the seizure of a very eomplete eollect:lon of plant doaunezrba. _

‘ ' .The hyd.rogenaﬁon plant at; Palitz was orislnany ‘

"planned to: make 250,000 tons/yre of motor: ‘gagoline from Upper = -
Silesian coal, and & further 200,000 tons/yr. from cracked petroleum
residues imported from Veneguele, It was planned -to insta.ll six
700 atmospheres 1iquid phase hydrogenation stalls, two_being de dej_:[.gnad
purely as coal stalls, two as “1iquid phase stalls for petroleum
‘eracked residne or tar. and £inally two ea;pable of operation on, ed.theu:
eoal, tar or petrolenm residnes. e ] _ o

o R .l tnbe and tank ;petroleu.m otl cra.ck:lns plant ha.s

been buj.lt at Rlits dm'ing the wer, but its capacity 4s .only:

250,000 ‘tons/yre of crude oil, = The original plen for PSlits e
_operation therefore: had_,.to ‘be modiﬁ.ed, and daring the war, 4-5 ata.l‘.l.a :
‘were nomlly in: service for hydrogmtion of Upper. Bileai.an s
‘bitumimmous ‘coal, one treated heavy petrolemm residnes (mainly - i
uncracked) end another- operated on bituminous’ ‘coal tar or pﬂ.tch. Pre- :
‘saturation: of- middle-oils-in. ‘the- va ;phaae haa_been earried-ont e

1n threo to ranr 300 ata. stans, ' the vapo\u- Me apli'bting :
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49.
hydrogenation of paturated middle 011§ hes been condncted in 4—5 stalll
algo. operating at 300 atmosphareu preasu.re. . e .

’ ’ . The peak- gaaoline output mached at P8lits dm-ing the
‘war was roughiy 600,000 tons/yr, the greater part gf this being «
aviation base stock, - This output included soms 250,000 tons/yr. of"
DoHoDo gasoline made mainly from nzphthas distilled from the crude
vapour phase saturation product end from imported petroleum oil
" (Rumenian and Hungarien), The.flowsheets (figures XX to xXv) oo
prepared by Dr. Pler's staff illustrate-the operation of the P81litz
“plent. .~ It should be borne in mind, however, that under war conditions.
there were considerable veriations in the rela*ivo amoru.nta of the
various raw mater:lall tre&tedo .

The.. intcresting_atatement was. made in conmction wi.th :
the 700 atmospheres 1liquid phase hydrcgenation of pf.l.tch that it ig
beneficial to saturate- the fccd. 01l with H2 (.3 to .4 by weigh'b on

the feed o:tl) o

- Hydrogen was me.de at PBlits partly from coke water gaa
and partly from hydrogenation plant.lean gases using the methene steam
- process., This process was. substantially the same as that operated
‘at Baton Rouge and at Billingham end appears to be the only large. -
‘gcale methane steam plant which has been installed in’ Gcrman.y :
P&litz did znot. employ the ' p*ess'ure water. gas shift preceas.

: B . Plant for dehydrogeﬁnt:lon ‘0f butene and for prodnction
of Alkyiate was installed at P8litz end &lkylate production was

' stated to be about 5,ooo tons/n;ontho s

’ . _ Refined wax was cracked t0 olbfines of G C} molccular
weight range’ and '.these were polymarisod to 1ubricat1ng ?uaing
" Alupdnivm chloride as catalysto The output of ‘these- synthetic lu'be
voils ot r&utz g a.pproximately 20,000 t/year. S :
il .

LR ?alﬁz had a catalyst factory making 5058, 64.34, 8376

and D.H.D. cata,lyst.. _ ‘I‘his particular pla.nt = very baoly damaged
by air raida. : G s ‘ e L

Ca 'l’ne rirat raid on PBli‘tz was - in. .A.uguﬂt 194.0 whsn the 002<
removal plant was hit-and the whole factory put out of. act:lon for .
"2} dayS. - There waé a second raid in October 1940 in‘which 30 'hanks
“were deatroyed end. production a8 stopped for weelcs. . No- more B
-raids occurred until May 1944 after which 1t rapidly became o :

~i.m_poaeai.ble ‘to’ operete the hydrogen plant: with eany” appreciable outpu.t.'
~-In the ee.rly montha of 1945 the only production of gasoline at Pilite
‘resulted from' opcration 'of the-cracking plant. and- the- use of the,
DoH.D. unite and -the coal hydrogenation sludgo ovens arimproviaed’—
cracld.ng uxﬂ.ts for. cmdc petroleumo
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1 - 2 ‘28 -3
, 00,0015  ]100,000 0 [128,000 W100,000 13
75,000 t.{= 73,000 t. |= 93,000 t| = 73,000 t.
v.Petrol JAv,Petrolby |Av.Petrol Av,Petrol
- - direct |combined from coal | from ter
e . : Coal Hydrogjcoal & tar |and tar. . | only. ‘
- derogenatictl . - !
‘Rew Materials T SRR I N IR _
|Coal (5% Ash,Zwix) 165,000 - *85 000 110,000 o
{L.7, -Coal Ter e - Sk, 000 - 68,000 | 107,
Coal ar coke for. e SE |
gas ma.nufacture - | 180,000 120,000 - }160,000" |- 85,000
(qu /hr) | (28,000) (22 ooo) (28,000) '(15 500)
: _'Ener :iremen'i:s R o B
Electricity XW. - 28,000 . 21,000 7 |-28,000 - 16 000
Steam T/hr. , 50 4. k2 L} 53 3.
| water 5/, | 10,500 9,000 - | 11,500 6,500
of wh:.ch fresh s : ' o .
| water is W/ | 1,600 |- 4,300 1,600 _1 ,000 '
§ Approx, cdal or coke' SR Do S ) '
for energy prod.n g 1'55‘,000 - 120,000 - .|155,000 90 000
COnvecrtecrs _ ) Rt _ B
"Liquid Phase’ . 5}1 4,200 mmg 4é.1,2o’0“ mn;. -5{1,200::;:.3 2 5(1 ,ooo
Vapour'Phase - 1 OOO mm} § 4(1,000 mm) §6(1,000mm
Ca.rbonisation.(L.T) X B g
Coal t 0 390,000 . ..1500,000 7780 000
1 Ter - t/ A . 0. 51,», ' 68,000 | 107,000 -
“Coke . tfyr. - 0~ 250 ooo *|320,000 . | 500,000
Coke_ in excess of- : _ R
‘that for :comb, L,T. - i 3 .
carbonationend I . .V 4 o) j ca .
hydrogenation.t/yry 0 | eca0 Jeca0 - | 325000
+Total Coal, T/¥1 500,000 | &75,000 610,000 - | 780,000 [
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List of Drgm _handed to the Jepapgse Army

A Lxgl_m) PHASE -

1. Coal 81:9.11 lino dd.ag.‘am S : N 3194-2
2. Arrangement ‘of Iiquid Phase ocnvm 1200 mn T K
L dia.x 18 M.long. - N. 9541
Se Convertar body 4000m dia.x 18 M long. N 892-1
4, Convertar body. 1200mn dia.x 18 l( long. .+ N -890b-1
5. Arrangement of Interchanger. N 1834~1
6. Interchanger Body. 600mm dia,x 18 M long. o . N 21120-2
7. nt of Hot Catohpot. : N 939-1
8. Hot Catob,pot and Neutraliaation vessel Body
1200 mm dia.x 9 M 1ong N 1572&-1
9, An'angementofouwm SRR . N 1520-2
10.-Washer Body. —--1300mmn . dia.x 153 lom& ot N.1036=2_
11, Cold Catobpot without fittings. ‘ oo
o  1000m die.x 6 M long N 2105-2.
12. Cold Gatohpot with- ﬁttings 1000mn dia x 6 M long. N 2241-2 -
3. Var:.ous vessols. , N 475982
: N 47604~2
‘44,7 Gas Cooler . ‘ N 2368-2..
15, .Gas=fired- Prelw&%er. L 2724~
16, Paste. Injecter. . . N 1013-1
_ 17. Let-Down Engine. N '598-1 "
B.VAPOIIRPHASE o »
”18. 6434 Stall 1line dimam. "N 541682
19, 5058 Stall line diagram. . . 3106'@-;
,-2_0. Arrangemnt of Vaponr Phase Convertor. - ~
4000 dia,x 18 M long. N N 9724
21, Convertor 'body (mentical with item No,3) - .. N 892-1 "
22, ‘Arrangement of Interchanger. (Identical with item 5 N 1834~1
23, Interchanger body. (Identical with item no.6) -~ N 211202
2. Oozl.a Gatchpot 'body without fittings, (Idzntioa.'!. : ~
- . with item no .11) o ,,n 2195-2 .
5. ;cold Oatcbp?t 'with #ittings (: “with .
St item no,12) ' N 224-2 s
26_._‘”- Vu-:lous 'nssels. (Identioa.’l. with: item no.13) N #5799-2.;
27.;caa-ﬁzad Prehoatqr.(Identioal with 1tem no.15) L 274-1
- 28, Electris. Preheaten . LR A N 2341=2
29, Injectar line mam. LTI SR I 8 1546-16
C. : 0 PUR]I‘IGA‘EIQ T BT e -
3 Scru‘b‘ber Body N veoo nln dia.x 15 M ltmg N 211I7-2
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'x, I.G./JAPANESE ARHY NEGOTIATIONS

Bsfoxrs uh~ var the Japanese had several prel:iminary discussions
with Internmational Hydrogenation Patents on: the question of acquiring
rights of the hydrogenation process. Simjilar discussions have appar-
ently teken place frém time to ,tme with the I.G, doring the war years,
but it wes not until late in 1944 that the I.G, were instructed by the
German Govermment that it was essent:.al that they shmﬂ.d conclude an
agreement with the Jananese Axmy,o .

. Serious discussions began in Novenﬂ)er 1942;. centring round. th.e
erection of a plant ‘at Kinsei in Manchukuo for the production of
70-100,000 tons/year of aviatiom. gasoline from Fupin coel, A document
was found which gave an extremely rough sketoh showing the proposed wite
“for- this-plant, —This-is reprodnced as-Fig, XKVI.. The same dooument

mentioned, incidentally, that a new port which can be b.secl by 10,000—tan
ships has 'bcen built on' the igland ‘of Karoe*

“Phe Fupin coal after washing contains | of we.terr and 3% of ash
and the a,mefs coal has a carbon content of 7 _

—1In m&:—Jarmary 1945 the Japaness ch&nged theu' plan regsrding
the location of 'the first" byﬂrogemtion plant and. decided on a site i.n
South Sakhalin using Utibuti coal, ~ This coal has a lower carbon .
content, 72=73% on the.acm.f, coal, - The L.Cs provided detailed flcm—
sheets for the production of 73,000 tms/yea.r aviation pe.rol by (a)
direct coal hydrogenation, (b) by ccm'bmsd coal ‘and tar hydrogenation -
ard (c) by hydrogenation of tar-alone, - It was-assumed that . the tar
would be obtained by low temperature. carbonization of the Uti‘mrbi coal.
(Yield. 17-18% by wt. on cosl car'bom.zed) -

: Informatn.on suppl:.ed by . the I.G. was limited to. 300 ats. coal
hydrogenat:.on techn:.q_ue and: no data were azpplied. conoeo:nmg naphtha x
dchyﬂrogenation ar alkylate. synthaais processes, “Details of the f.'!.ow—
sheet infomat:.on supplied by the I.G, are given. :i.n ‘Figures XXVII & XXVZIZII
and in Table V' .o The drawirgs shown in the a.ttached lz.st
(Tablev1 ) were also hana.ed to the Japenese. . .. o

A general byﬂrogenatzon lic e_agreement_betweenjhe I.G._and.
thz Japanese Army wes signed on the 1. b Jammary 19&-5. _'This agreement- —
provided. for the.use- of.the. hgﬂrogenatn.on process - in " Jepan, Manchulaio ™ -

"and China forthe production of gasoline of all’ typea, Ivd.roca:c'bon gases,
burning oil, 8B '0il, fuel. oil, lubricating. 0il and’ paraffinwax fram: -
-arude. petroleum, ‘bituminous cosl, brown' ooal, peat, wood; shale ar- “from
products derived from these raw. materials; ' The I,G, agreed to hapd
over their knowhow and patent rights as feir as they were able o do #o in
view of the I.H.P. agreemen There ! is -3 speo:i.al ‘clause ‘in ‘the agcee-
. "to the effect‘that the Japansse wers solely respcnsi'hle for the
Alegality ‘of any. canpulsm.',y limns:hug of I.H.P. ‘patents, - The: Ja.pam
Army agreerl to pay the I.Gq- a Jump. sum”of 18,000,000 maz-ks, ‘there’ ‘peing
dit u 20% of this lump sun was to be paid on:
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necessary information for erection of the first industrial sizo5
Japanese plant and 50% spread over the next five years, The I,Ge
agreed to send specialised technical persomel to Japan for the
‘arection and start up of the new plant and to afford facilities far
training 'of Japanese technicians in German plants. It was agreed

that the Japanese and the I,G. should contimie to exchange technical’
information, The agreement was for a period of 10 years after = . .
which time the.Japamese should contimue to have free use of patents,
-irrespective of whether the agreemsnt was renewed or note o
S It wes intended that there should be separate miilding - -
agreements for each plant, A draft building agreement for the first
hydrogenation plent is amongst the evacuated doouments and this pro--
vides for a lump sum of 800,000 marks to be paid to the I,G. to com- i
pensate them for their costs in designing ‘the plant, It is un-
-c:eu-tau'.rr*uhei:ht!{r:-~1:h:i,tss-—’buila:l'.ng«ag;re‘e;nent-wa&evvqr;,sigxz'ed.,z’w.lthoug}g,aw
special Design Department was actually set up by the I.G. and this
operated for a time in Heidelberg and was later ‘transferred to ‘
Unterlockwitze = ' O
.. From the start of the discussion§ the Japanese were anxious-
to obtain a full description of ‘the: German hydrogenation plants and
processes in advance of flowsheet and design data on-the new . -
Jepanese project, - They were also anxious to get the German tech-
nicians out to Jepan immedigtely. . From letters written at the end -
‘of February and beginning of March 1945, it seemns’ doubtful -whether
_the 'Japanese: sericusly intended building a new plent and that tue
main object in concluding a general hydrogenation agreement with -
the I.G, was to Secure-the necessary information to operate existing
Japanese plantse = - R g I L T

-

. " Extremely little information concerning these Japanese
 plants, was available either from:documents or from interrogation of
“the I.Ge. staff, It is underatood that there are three plants for

the hydrogenation-of tar, = These are located in Kinsei, Mulkden and
w77 .. There is- some confusion as to whether these plants haye a
‘rated capacity for gasoline production of 50,000 tons/year | th-
_er their combined capacity is this figure,. The plants are built far
300, atse pressure operation and comprise liquid phace and vapouwr . - -
~‘phage stalls, . The ‘converters are 10 m, long and 600 mm, -internal .

- dismeter, . -Chlerine is,used as a catalyst in both 1liquid and: vapour

_phase: and considersble difficulty.has ‘been experienced due to .

corrosion, - There is alsc a hir t-that other substances were uged: as’

" catalyst in one or both of the ‘hydrogenation steps and.t t aiffi-
© 71" In a osble from the L.G, agent:in Jepan (Herr Ruhl): there .
’is - en indi _cafti:bn"‘tlfiat.~ tt;'e"?@c‘h;[eﬁed.’prb@;‘icti.on 6f these plant: wag i
" of!'the order- ,000- tons/year of gasoline eaoh,’ .
- The kod for mare-specific-details of the

in maintaining their activitys -
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A-questionnaire-was-sent to Japacrmt—thwe—iﬂ-nrevidmodn “the—
captured doouments that any reply was reoceived,

Interrogation of Dr Pier and Dr Donath at: Heidal‘berg pro-
.duced only: vague information on Jepan's genexral fuel pro&notion
position, - It was stated that the Japanese hed 'a 1icence for ‘the
‘Fircher process some years befare the war and that they have a ~
plant-somewhere in Manchuria, The Japanese have also a carbone
isation plant of their own comstruction for Fushun shale and it is
thought that they have a cracking plant, probebly of U,0,P, design,
which has been very much enlarged dwuring the m. - At 1eaat -
300,000 tons of shale oil is treated,:

" The Japanese have seéveral oar'bonisation plantu using Inrs!.
‘ovens and it was suggested that the members of the Lirgli crganise-
tion in Germany might be able to: g!.va mare infcrmation on the
»Japanese oil position,

‘ Dr Donath stated that he had heaa.-d that the Japanese mﬂa
taviation _petrol .trcm rubbex; but he “did_not_lmow. any.. details of 1 the
Trocess, looation or-the extent of this activity, Dr Donath _had

also heard that the J’apaneae had somd prodamtion of ;l.ao-ootana @,

alkylate.
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- The following account of this develogment was obtained from
Dr,Schierenbeck, the inventor of the process for productng high pressure
- vessels by winding tape on to & thin walled tube, The need for a
-large mumber of vessels for the Four Year Blan was first felt in 1937 -
and the I.G. were not satisfied that the Forgemmsters could deal with
' the demand in the time set by the State, .- ‘They therefore set out to see
whether they could produce vessels suitable for use at high temperatares
and pressures using the old process for wire-winding of guns or some
modification of this method, The initial intention was to speed up the
~delivery of vessdie rather than make any great technical advence in
‘vessel design such as saving weight, oo
oAb firat---tha-experimmts—mr&ma'.de*ﬂ'th’mll"vul‘el‘n’“‘df"l'oe

to 300mm bore and 1-2 M long, the winding being done on @ small hande -
controlled machine, ... These vessels were tested to deatruction, measure-
ments being taken of the extension of vessels in several directions, o
On the bagis of the tests, the I.G, set up at Oppeu a plant for the -
production of wound vegsels up to 1200 mm bore and 18 M long and, from
‘the begihning of 1938, were able to make vessels on a ‘prddnct%on basis,
) - -The process requires a’ lathe capable.of taking the finished -
vessel and a large travelling bed to carry the tape spool and the other
-equipment for handling the tapé. | A length of tape sufficien iy long -
to wind one length of ‘the vessel 8 firast wound. on the tape spopl which
s roughly 7 ft, in diemeter. . (These long lemgths of tape are made by
welding together a mmber of lengths .as delivered to the plant-by the -
‘tape makers). The free end is then welded on to the end of the vessel
and winding begins, ~ The tape, on its passage from the drum, pesses .
between two. rollers which act as -one connection to a source of -low T
voltage electric current, Wien the tape reaches the vessel it is .
pressed on to it by another roller which acts as the other electric .
connection,.. ‘The current ‘passing through the tape is about 4—6’,000‘amp§.
8% .30~40 volts, - Immediately before winding the tepe is thus heated -
%o _about 850%C, . Immediately efter the tape hes been wound it 15 -
- cooled fairly rapidly by means of high ‘velocity eir jets and some ey
‘distence later, ‘about 5-6 turns of the ‘tape,:a series of water jets play
on the tape to .ensure that’ the vessel does not heat up.  The intensity
- of this- cooling depends on the rate of winding and the:-thickness of ‘the
“tube.  On completion of the winding of each layer of tape, the tape end
"is 'welded fo the inner vessel or.to the previous tape layer. The speed
-0f winding can 'be as high &8_415.,1’*‘5/"1111_-?-" I S S S SUTTE N

.. .. In1933 under I.G. licence and under I+C, patents, Krapps and
Deutsche-R8hren Werke at. Mhlheim Ruhr, started to make these vessels,
Since’ this.dlte they have made 50 vessels for tes ing purposes and about.
:200.for -gervice-in planta, . It is ‘estimated that-at: 1east 754 of these.

vessels have been in service. - They-have-been built for produnction-
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" plants for j ysures up vto 700 atn. and amall on.ee for reuu'ch ‘
.laboratorie p to 4,000 ata. L . v . 3 -

' The first vessel to go into service (1938) vas 8 500 mm
) 200 ate. CO scrubber on the Oppau plant, The first converter to be
' - used in & production plant was a 800 mm ammonie converter at Oppem.
-.in 1939, The largest vessel so.far bullt 1s & Tanol converter of
1,200 mm bore and 18 XM 1on(;, and ‘this was pu.t into operation at

- Oppem in 1940, - . A

- - fp——

» '.L'ae 1. G. feel that they mede ‘a mistake when they ge.ve a

11cence to Kruppa instead of to a competitor. 'mey have been .- °
charged the samé:price for the. Wickel bodies as for solid wall ‘
forginge,w}nle their own ex:per:lence hae shown them that e. w1cke1 body
o is cheaqer than a s0l1d wall forging by about zo%. _ \

o : B 'Ihe inner tu‘ne on ‘which the te.pe 13 wound is° me.de from the
o material mos't suited to the service for which the ‘'vessel 1s intended,:
" 1.0, material which is corrosion resistemt, hydrogen reaistant otc, e
So far, the thickness of this inner tube has been 20-mm, - Up “to- . A
.. 800 mn bore. the tube:is built. up of. seamless tubes welded together .
" to -get ‘the necessary lemgth.  For greater -diameters .the tube 18 TR
. built up. of rolled plate welded both circumferentielly and longltu~: S e
Cainally, - “Recently, in order to. save cosis where the tube has to oL
~ be_made of- high alloy material or where the al;l.oys required are in
" short supply, tests have been made with thin walled ‘tubes of 5=6 mm
: 'thicl:nees. o In order to obtain: the necesshry stiffness of the tube
. .for winding. purposes, the rthin walled tube is filled with concrete,
" This means ‘that internal water cooling canmot be used as in’ the case
“rof the 207 mm thick tubes and resort has been made to more intensive
ST external water. cooling. . Thé inmer tubes themaelves need not be
© traly round as. far ‘as the winding procese is concerned-as the te.pe -
JOR ¥ continuously pcressed on to-the tube by the roller. The degree of
: ,f.[-ro'undnesa depends on ‘the. servicp for, which 'the ‘vessel is intended, 1.9.
'--,.,whether ‘or not any 1.nterne.1 pe.rts have to 'be 1naerted. ; : L

I
|

S RS CRIE The Wickel tape uaed for large high-
*_;__80 m_yﬂde and 8 ‘mm. thick, It
,.figur ‘XXD( 'l"ne surface.of‘.i the 1nner tube A8 mch.i.ned with' a ep:lro.l
- ) ape sits closely and longitudinal movement is': s
;smller dimensions (5 x. 50 mms) is ueed for mller
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- “For cold. vessels F.T.2 52, A B5FEAL carbon ntur—ut“ S
-_0.20% Carbon hav:lng an elastic 1imlt of 23 Tonl/lq.in. .

For hot vessels F.K.15, an allo stoel of 1% Cr., 0.5$ lb., R
, _0.15%0. and having a creep limit at 3? 0 of 22 Tons/sq.dn, -The * :
* temperature of 350°C instead of 3009 {normal for solid well vessels) . -
is epecified because windings have & lower conductivity than s0lid -
- metal and therefore the wound vossel wall 15 hotter than that ot s
. uolid veasel under tho aamo eonditiona.

o . By apocial hoa.t treatmnt of tho tl.po d.ther bororo w.lnd:tns
' or during winding,the elastic limit of the metal 43 raised to 44 mu/
8d.in, = For cold vessels, it should therefore be poniblo 40 rednce ..
the first welght ‘below that of & corrupondinc forginge. - Alse when Tl
designing & normal solid wall vessel one has to take 1nto account tho L
fact thet the metal, because of its thickness, is not hmgmoul. -
- With a wound vessel one can be certain that the material is homogeneous
——and-1t should therefore be possible to reduce the ‘design factor of o '
. . satety. . So far, however, the I.Ge hln mdo M’ehori'e“nolrof”thc*-www-———
aue d.imonsi.ona [.1) forg.lnss. A _ _ oo

e As proviou.sly mentsomd, tho tapo is electrieally ;hoated on its"
my to the ‘tube to 800~900°C, As 1t passes upder the roller, which- -
_is grooved 4o the same profile as the tape,. dismeter of 150 mm, it -
'i's pressed on to the tube: with a 1oad of one Tomne, ~This smal}l load
. ensures that the tapes: ait a@inst .one mthor clouoly and thut the :
lands on one tape are- thorcu@ly preued into the grooves: of the ™
. ‘underlying tape. Bach - snccouivo tape is leid on 80. tha.t the gaps .. ..
%" 1 betwesn succeseive turm are staggered by & distance of one-third the . -
e length of the tape, the ta pe-having ‘three ‘grooves and three lands.. .
-This ensures that the ccou:lve turns are interlocked and thet- thu'e )
is not & straight pasuse from inside to outside of the ’mbe. Yo.ri.-
“tions in the proportions of the grooves. ‘and’ landa were being cxparimntod
S widh, o try to produce & veuel which hu a ananer 1ong£mdina1 extmion
,p.mthmthenomalwonndnuel.» S . , ,

o “In order to ensure that the tu.be doea not: diltort dnring wl.nding, L
' . owing to the pressure of the con'l;act rollor, a: mpporting roller 1- ﬂ.ttad» "
RET diametrically opposito o . : - _ o

N pu'allel wall bod.y has been completed, the -

| bnverto ‘be st:lffmeifho take tho covers, “This is achieved. oithor i

B sm:erwlne heevy: ‘solid sﬁ.ffen:lng rings on« ‘the ends of the :vessel or by o
building up- ‘the end with more. wi.nd:lng- ot ‘tape and ' ﬁmny screwing on e
thin ring to »ﬂs,ecnre ‘the windings, = In. both cases; tho oxﬂi,.ot the oﬁs!.mli;;_*:;z

hold the turns. “to

ygethers = The st
tape or into’ heavy aolid_ tiffand
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Dr.Schierenneck felt that the -‘11 ckel method ' should enable
mch lighter vessels to be ueed. for processes requiring very high
—pressures, “for enmple 700 ‘ats, and above, -He pointed out that with
golid wall vessels the stress distribution in.the wall of the vessel .
was such that the meximim stress was at ’che inner face and that,

as -the working pressure was. “increased,’ the wall thickness went up
mich faster than the pressure. Vith the wound veasels the stress
‘throughout the wall thickness was even,so that an increase in preasure
of 50% meanten increase in wall thickneas of’ 50%

Lo Dur:lne; thp va.nding of G\m-barrels Dr.Sch:.erenbeck se.id that
great care was taken to ensure thet the te.pe wag wound:on with the . .
correct 'bension, so that the final stress 'distribution was the.one -
desired. - No special. preee.utions of this nature had been taken in
_the.'case of pressure vessels. - No. tests had been made to prove that
the desired stress. distribution in the vessel wall hed ach:.ally been
-obtained, apart from: a-mmber, of tests made to0- compare the ‘strength’
of the-vessel in the condition it left the winding machine and also
after the vesael had been annealed at 700°C for one day to relieve:
all shrinkage stresses. Photographe of the test curves were seen
for these vessels and they showed that @ normal wound vegsel wes |
144 times as strong as the same dimensioned solid vall vessel a.nd tb.at
after annee.ling ‘bhe veaael was atill 1.2 timae a8 etrong. ; .

- PN R

e 'lhe method of prgud.ng tnbes which are resistant to higb. .
pressure. by w!.nning on e grooved tape has been tri.ed for the production
of  GUN=; »-where: 1t was: ae.:i.d-»that the better atreaa distribuﬂon
resulted 1n a lighter barrel. L , T T R

H The I.G. have a.llo experimented with the me.m:.facture of
covers for ‘the ends of high. preesure veesele, using the same tape as

- Por the memfa.cture of bodiee. , 'lhey had done teete but he.d not tried
»anyinservice. B e ‘ _ AT e e ,f~—‘

i ‘,“ : Beeeuse of troublea wi.th the peri:s of feed pumpe of 700 ats.
plante, 'bhey had tried the mamfacwre ‘of .pump: cylindere and smfﬁng
boxes for: their own: ‘design of ‘paste: :!.naectere ‘and. although."fthey had.

‘made. and ‘tested the parts. theylhad not hed any” 1n services -‘The -
' flanges. of the stuffing box werse. wound. air n to: the dyand :
drilled:toi_mt th 'hnin in the bod.yio“p‘ e _cylinder.
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XTI, DEVELORMENT OF HICH PRESSURE VESSEIS.

= ' ’ v

Since 1937, I.G. have made a muber of deyelopments in
the construction of high pressure vessels with the object of v
reducing their weight. Altogether, a 26% reduction in the weight
of & 1000 mm. bore vessel has been achieved in two steps. The first.
improvement, which accounted for 8 16% saving, was the introducticn
of double-cone Joints in place of single-cone joints anda.
reduction-in.the size of the bottom Joint and cover; the remaining.
10 saving resulted from the redesign of the end covers and -

stiffening rings. . ‘ .

.7 Originally, I.G. vessels were parallel throughout their .
length to facilitate lining with a thin tiube whose function was to
protect the wall of the vessel fram corrosion and hydrogen attack, -
Experience showed, however, that the lining was ummecessary and the
design of the 1000 mm. bore vessels far Bthlen and Scholven was ,
modified so thit the bottam Joint was only 600 mm, in diameter and
_the. end plate_correspondingly smaller, 'In this way, the weight of
‘the vessel was reduced by 14.3%. . . T ,-\ '

ST The double-cone joint was developed not only to sawve welight

. but also to increase ease of handling in the case of the larger -
‘yessels, particularly those designed for-operation at the higher

- pressures,: The -original’ double-cone joint saved only a further .

. 1.7% but this represented by no means the’full ‘saving that could be.
‘derived from the change to the double-cone Joint, At first same .
‘trauble was experienced with the joint when assembled according to
‘& procedure similar to that used for single-cone Joints, i.e. ‘merely:
limiting the intial load in the end-cower studs. Thus, in a number

“of ‘cases ‘the ring-was-distorted-as.a. result. of excessive: conpressive -
stresses, - This difficulty was overcome by arranging that when the

" ring was fittéd to the cover there »,was'a;‘spgc:;.f,i.»‘ed_rgdial T

- clearance between ring and cover .80 that tightening up the studs
‘could not lead to an excessive stress in the ring. This'clearance,

- according to a mumber of drawings, was 0,05 mm, per: 100 mm.: dia-’ .

- meter of vessel. .The original rings were found to be.stiffer .
than was required and were reduced in cross section by saue 25%;

' & greater reduction was inadvisable if distortion due to lack of"

~ rigidity ‘during machining was. to'bea.vo:_dha_. A e ler ring .

would also have suffered from too ‘high a compressive stress on its

' faces; experimental wark had shown that the initisl load required -
~in ‘the cover, studs was 120% of the working ‘stress, Use of the mare.
" flexible ring; together with modifications to the stiffening rings,
increased the saving in weight from 1.7% £0. 8o,

1th double-cone joints were installed-at
7 and Wesseling. - At.same plants where the .-
P , :

n instelled, the lighter
s wer ing ‘used by merely fi i1l 3 th

o that the carrect radial clearances: between: joimb =




G

{

=

" DEVELOPMENT OF END COVER OF SOLID WALL. FORGNG. -




- double-cons Joint was self-tightening. Trials had been carried . 58.
out on snother type of Jjoint veriously referred to as the . -
Breéttschneider or Uhde joint. As at Leuna, the. opinion was )
expressed that for. hydrogenation plant vesgels=the Joint was not
as suitable as the cone™ Joint. - - AR ~
o ‘Tt was soon realised that use of a double-cone joint .
avoided the very large outward radial forces at the vessel ends

_which arose from single-cone Joints.” As mert ioned above, ' - .

-modifications were made -to the stiffening rings in order to take
advantage of the reduced stresses. “-Thesé modifications, as always,

were principally directed towards reduction _of dismeter of “the stud

circle and at first took the farm of.a reduction in thickness of
the vessel wall where the stiffening rings screwed on. In the -
final design, however, ' there is. no. reduction-in wall thiclmess of
the vessel, but the: stifféning rings are much thinner radially.
The studs are screwed into both ring and vessel wall, the pitch
‘circle diameter of the studs being the ‘externsl diemeter of the
erssel;be:ﬂm:e;;th::e_a,dipgIto‘receiw—the-s%éilfeninghrings., In . »
order that the studs should always be evenly l¢aded bothin—the—
vessel wall and in thé stiffening ring it was decided to give the *
ring an initial load such that movement. relative to the vessel wall
" could not be trought sbout by any test or working load, = Steps = -
were therefore machined on the nose of ‘the vessel and on the ring
and the ring screwed up against the shoulder while heated to. =
'200-2509C. " On cooling, a tensile.stress is developed in the ring -
between: the shoulder and the first thread, which is ‘spaced 70 mm.,
awsy from the shoulder, Tests were first cérried out on a small -

160 mm. bore vessel. At 4.7 x design working pressure the vessel
body _showed signs of permanent set. At 2,6 x design warking presiure .
the stiffening ring: showed signs--of-permanent. set. . on two.. . .
occasions at 3 x design working pressure, the aluminium gaskets on
“the. Joint ring.blew cut-and on another- occasion the nuts on the
cover studs were found to have become slack after ‘the: vessel had
“been up to this pressure. Finally, the vessel. itself split at

k. x design working.pressure, - A mm'bgrﬁ‘:of,vessels_"ﬁof-%hié‘ last
design hed been in service and no failures had occured.’ T
. No doubt expériernce with "fickel" vessels, where the studs. =
-for, the covers had to be screwed intolthe wound layers provided the

' AL = the I : opment” in stiffening rings for solid=

6. oduply with Germen legsl Teguirements: the Test pressire .

\

.for all vessels is 1.3 x the maximm working press e. Cold vessels -
‘with a working stress of at least o= X the elastic Timit
£ tot=walled vessels, the warking stress is set at- - -
the steel at 300°C: for solid walls and ™
t350 Wiclkel" vessels. For both -
he process in which the
g, for well-established processes the factor.
Tut for processes still undergoing development .
1 mey beused.. T o

Lo R
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. The maximmm ingot which can be cast by Krupps. or obher -
Forgemasters has a weight of 270 Tonnes and the largest farge - B

is rated at 15,000 Tonnes, ' The largest solid well vessel .
obtainable from this equipment is the 1000 mm, bore, 18 X long,

700 ats, converter, which weighs 410 Tomnes, Very few vessels

had been lost on account of casting and forging faults; faults were:
ground out locally and extra metal left on the outside of the
vessel or, if necessary, stiffening rings shrunk on, S

" The gréstice of grinding out locel faults ‘had been applied.
to the removal of marks on forgings caused by bamb splinters.
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| XTTI. HYDROGEN-RESISTANT STEFLS, ETC. B
' Ob. .Ing.Koch and Dr.Class were interrogated on the 28th May

regarding the development of hydrogen-resistant steels and their
experience with them during the war, The steel in most widespread
use was known as N.10, and its analysis given as 3,0 = 3,6% Ox,-
{0,5% Mo, £ 0.3%W, £0.75% V, 0,18 - 0,229C; this is identical -
with the analysis quoted at Leuna. 520°C was given as the -
maximm metal temperature, and when this steel was used in .
preheaters at 700 ats, flue gas temperatures were restricted to

_560°C . maximum, N.10 tubing had an 0.D./L.D. Tatio of 1.7.to 1.8,
which at 700 ats, gives a stress of 11,3 tons/sq.in. or 8.2. tons/sq.
in, according as to whether the stress calculation.is based on

‘the elastic or plastic theary. T S

"' >0n account ‘of iva;wlm';_sofl*ldo in service, the method

”"of'test:i.rxg-stee]:é-;-for-Wdrogm;nesmtaﬁ@;ﬁdmg;qhﬁgge&——'
‘during the war. The original testing period of 200 hrs. had been
- found too ‘shart. and tensile ﬁestiné- of test pieces hed mnot: A
‘_gi_ven'éatisfactorx'reg\nts; "It was considered that the normal’
methods were not satisfactory Por the testing of material to
be used s0 near its limits and that. test conditions should . - -
approach more nearly the: actuel plant conditions. - The life-.
testing of tubes under warking ‘pressure and temperature hed ' - .

therefore been developed, the tubes. themselves being scalec-down

versions 6f plant tubes, In this way it was hoped to'obtain . -
results which would be of more direct applicability. @ -

- “Ni10 bubing was delivered in lengths of 3=l m. when in -

the rolled farm and 4-5 m. 1 ngths when in the form of bared-out
‘bars, ‘The latter type had been favoured because with such ‘thick~
walled tubes the cost was very little greater' than that for

rolled tubes and there was no risk of trouble from the amall . =~ -
Paults ‘that were always present ‘in the bares of rolled ‘tubes,  The.

“tubing was heat-treated according to a method developed at Leuna.

-After heating. to 4050°C._the steel has a Brinell hardness of at
; 'Ie“alst,'-}so-,vgh;chuffa:l.‘lsi o 250-280 @fan@aling. A SN

<y Great diffioulty. had been experienced in heat-treating
fariged pieces of the alloy and the use of N.10 for forgings —
had been abandoned, . . . ¢ . Chew i e R L
" Tt was disclosed that V2A was in use st Welheim for 700 ats
“‘preheaters and that 70 rurming @fficulties 'hed been experienced. -
" Tt was stated that-I,G, would “have used V24 for 700 ats; preheaters.
L T ot kad been available, since the creep strength of V24 was -
seriar to-that of N,10 at high temperatur et ot

“’superior

1y, 24 shiets Had been used for Liming catelyst .
arder to guard ageinst H attack end sulplur attack.

i‘p_askqtsj"-;:l.{li
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When supplies became difficult, 15 mm. thick ordinery steel
shells were used with an internal plating of V2A only 1 mm. .
_thick; at the same time this gave a stronger basket which was
not so likely to fail -during a rapid blow-dowmn., - -
e Begause of the shortage of chromitm and molybdemm, .
manganese had been used instead in the case of flange steelsy
and there had been considerable difficulty in achieving the -
required tensile prdperties without getting a _steel which was too
trittle and susceptible to aracking, Because of its reduced
ductility, the substitute steel was used only wp to 350°C.
The steel had the following anelysisi- _1.17%-1 A Mn.,
4,1-1,4% Si., and 0.4% C; after water quenching, the tensile
_strength was 50-60 tons/sg.in. o T B

%+ In comnection with the failure of injector pump blocks,,
it was oongidered that the trouble was due to .the presence =
of occluded hydrogen and other impurities left in the steel . -
during casting which did not manifest. themselves at préssures..

“of 300. ats. but which became -important at 700 ats., The reason
for the more mmerous failures on the three-throw pumps arose
“from the fact that they underwent mich-more frequent stress.
‘reversals than the I.G, paste pumpse .
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Galoulations on iW Plant, ‘Ieydebreck '

. © Tor 3,500 1/hour of CH4, for preheat “of ga es to :650°C'é.'nai

reactor outlet of 850°C

;Analy51s _'
1 D NS . After : ‘b(afer Gasg ! ‘Cracked Gas
IR Input{ . ‘Reactz.on ' Bquilib.2) Tarts T %
p ) . . | .
CO2 - - Jo- -'+o 225 O g25 T4 7.0
) - } O-'l§87\02 “ RO . l ?-‘_.‘ o
100 o= - j%0o99l+~- 1—0225. 10.769' ‘g-'2 8
Hy | =—df. = .1 2,008~ 4 0,225 - .2.233 1 400 -
CHe . - 1,000 = 0.006 e *0.006 T 062
BHO . [1.0001=04020- i 0.980 | i= 0225 0.755 L
r—gm&Haﬂ.' 735.- e f- ( 586 | T
(1) Uater gas. eqtul:.br:.um constant a'l: 850°C = 1. 16

For the above cond:.tlonv the hcg.t 'balance in the reactor :.s'.‘

est:unated as ;ollmvs.

(a) Oxygen requ:.rements ner cu.m. [o::78 are O.I;.B’I cu.m.

“(p) Heat: ‘balence
' ' Heat generated

1) Cig + 1/2 0z
AH at 6500

"2} o +Hﬁo_;.'
S AH at. 650°

Heat oonsumea.

"‘3)_"51{4 +\ 70

3

00 + 2Ha-

AH at 650° = -2689 vm/mP

= 069 VE/ME
269 x o.97l+ = 262

003 + Ha S o

331 ‘*fL/N‘P o L

337::0 225 = T
S 338
—'—_:m +‘~5 Hg = _ .i\.'.ﬁ-A4,_._;‘__,i,
- 2689 % 0,02 _=; 54

l;.) Hea:b thev craclced vrases from 650-850° s




"“E";;ugl’: :"i' e
?S’ensi‘ble_heat_gtgm0he&-gwe-850—in“ NE/P-CE
- 850 x 1.257 \<)
Latent heat of water in gas 0.556 x 595

«Ou‘l_:gut : .
Sensi‘ble heat of. feea. gsses (0-650")(5 ) -
650 x 1.098 e ; ~11m
_ La.tent hea.t of water in gas
_ o - 0. 735 x 595 ‘
’ Less hea.t in 09 gt 15°C. - A
0,487 x 15 x 0.917x 0.311 L2
‘-Less heat in’, steam added
206 gus H,o from sa.tura.tor 156 WE

- =156
SN 529 gn& steam.ati.iwats (111.),“_,_,,%
S ‘ - Xt 61..3 8. .

' ' 652, '

Heat left in cracked. gas after. heat exchanger
' 1399652 BIVEAP GHe ‘
_'anﬁ the indicated: outlet tempera.ture ‘1;8 ‘

e (747—331) s =45, = 5050

W

(2) Gracked Gases mols ' Sp.heat (0-850)

e T 0.225 x 0.503. ;o.m
Gl T “10006 x 0746 = 0,005
CHRO " 04755 % 0.390 - =, 0.2%%

y=' 0.958

D:.atom:.c ga.ses 3.002 % 0.319 sl

* 1.371—:: 0.917 == —.257
Note (3) ;

652 B/ G



‘ _ In our. latter to I.ﬂlitary Government, dated April 15th,
e gave a survey of the minimm -production capacities for synthetic
fertilizers at: our Oppau plent ‘and described in particular the ’
reqnirements of coke and coel for this 1imi ted production volume,
On special request we have now made an investigation of conditions
for maximum output of f£inal products, and we ‘give the results of this-
inveetlgation in the table: attached to thia report _ . :

. T The output of fartilxzers de,,enda on" the repair-work
at those installati.ons that have suffered most damage.by bombing.
Vhile the gas and ammonia plants are in good. -working conditions, T
there is some damage at the coal transport system for the hoiler

- houses,’ ancl this repair will require about 6 months, Al"thmxgh the
‘production of the ammonia plant might beas large as 500 tono/day
per September lst, it-is limited_to_l70_tona/day for this decreased-
‘efficiency of the coal conveyance, _After December 1st, the state
of the different mam:.factunng plants governa the real output of .
final products.-as given in ‘the columns 9~16 'of the table. From’
.¢olumn 16 and the.-note to it- results & maxirmm capacity of about
500 tons/clay of. nitrogen.or & production.of about 180 000. tons/year
“of -nitrogen, out of which’ more than 900 000 tons of. marketable '

' ferti.l).zers can be nmmfactured‘ _ ;~: o .

;.,p :

I Ae vie, had already occasion to: point out we alwaJa had
A surplus production -of ‘apmonid whichl we déespatched for mamfactu.rim_
into fertilizers to our plants at. Hoechst,  VWolfen-and ‘B;Ltterfeld. -
‘The quantxt,{ available for deepatch ig given in, column 17 of “the .
gable. " ThHe mami‘acturing ‘capacity” at Hoechst being” ot the order -of
’ 200-tons /day, there will be no demands’ for- tre.nsportat:lon 6 the B
plants at VWolfen: and Bitterfeld before Jarmery’ 1046, the only =
“condition being & regu.lar conmn:mi oation between Imlw;.gahafen and

_Mankfurtﬂa - Hoechst, .- .o o

R The requirementa for%coke and Fernaas for. the aynthesia,..
i and coal a.nd ligm.te —for- the power plante |are given. in the colum: =
5-8, . Vie are prepared to receive Ferngas up to 400 000+ cbm/day
—j_vlth—a—cor;'g dj;ng—decre&se—in—the demend of -cokes.

T ' ,_'1umn 3 W, have mentioned a production of

50 tona/day of methanol as it was suggested to ifilitary Governmem
,-;a.t Imdwlgshafen‘ in"our | memora.ndum ‘dated April. 20th, 1949. = This: -

: -of -methanol erd-an. additional one. of butyl may. be_raised

*0 ee_ of. repe,ir—work ‘at-the. coal conveyance -of our: plant;
nid ie not e.fflicted by tho snmlte.neous production
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- %—mefmnm-&iimy6fthepﬂm;p1mm;the |
four main prodnCtl"ﬂn‘bn--xf e .
| TETT T W = 50-tons /a8y
o methamol < 120 * "
R S
o - ' nydrogen . ~ 192,000 cbg/day -
and will-be obtained during the eirat months of 194be.

Beyond the demand for coke, Féméai, coal end lignite,

we shall redulre 1imestone for the'prodnction of ~Ka:\.klannnon;.m;l.pete:r!
and gypsum for the production of ammonduni. sulphate.
qualities for our. purposes can be got at Gundershel eckars .
Gypsun wes supplied till now: from Tiedersachawerfe 'z, 88

long as there are _trammrt_difficultie_a we might use 8 gypown
thet can be ‘taken from 8 quarry et obrigheim/Neckar and belongs to
the Portland Zementwerke at Eeidelb_erg.‘. “Tme quarries at Gundexr-
sheim and Obrigheim are not fex from each other and the distence:
“from Indwigshafen is app_roﬁ.mp.tely'jO milese - . s

RS fnéﬁﬁmipontwvolum,e" for ‘these a'axiiiary‘raw'
materi_als‘will‘b\e'z_--, SR Pl T e

per | eypsm Ume otal '

T 1e5ed0 420 7. -2 RN . EEE

v

There 1s &n emple 8t0ck of 1iis eveilable at. oppén o Tum producticn
‘of‘;Kg;xamnibngal,peter for ‘at least 2 months ‘before 3 ow supply frbin T
- Gunde prehein will be necessarys o A :
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l . Production capacities § = - = — o
- "of i : Fuel .reqtﬂ:;eqxents

lants

_Date

toris/day
r: N . B

at once| 50 | 50

|-1.6,45. 170(1_)' 50

nitrogen| methanol| hydrogenj coke Ferngas’ coal

1120,000{ 500 | - 100,000{ 800.| 100

8

| 1.9.45. | 170
[1.1250 500 | 50
: 15&6 750 1 50

1507750 | 50

192,000 1,400 | 100,000/1,500 | * 200
om0 10| semcoofrsio0 | 200

_:1‘92,000 #'1‘,600“ 100,000 1,‘890 200

120,000 500 | 100,000| 800 | 400

(1) output limited by dsmage at internal

i N

coal transpdrt é}istéin.r »

~Repair work requires- 5-6 months,



Ree.l output of ma.rketable products
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asy N
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3t |

&5

: 68" 

day,N

.dayN‘

50
T3

6

" Spare |
mirog

a'ay'Nf

97

o

1750

SR o R S S

s

1327

16

168
10|

180

12|

16 -

29,

. .7‘6

',3]6'

| =] -

- -,270(2)'1. 230.‘: T

3T

;323‘, |

'

'J{ .

‘ (2) ‘after repair. of coal 'tz'ansport system bottle-neck at the f:Lnal
Lo product:.on plants. T .

(3) after full . repair of &11 damage and further ocmpletion of -
Kalkamnonsalpeter pla.nt the whole capacity may be raised. to
500 tons/day N






