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PERSONNEL OF VISITING TEAMS

1st Visit Aprll 20st - 26th l9b,5 .

Lt. Col, H. I{oll:.ngs D

Major J, F. Ellis -~ ) British-

Capt. H, G, Simpson .).  Ministry of Fuel and

Capt. G. U, Hop‘bon ) VPower. S ‘

Mr, E, B.: Peck DR U. S. Petroleum

‘Mr,” P, X, Kuhne ) Admnlstratlon for War
Mr, H, M, Weir B ) -

Mr, E, Cotton , | Yo
© Mr, L, L. Hirst. A ) U. Se Bureau oi’ M:Lnes
_;Mr W, W.. Odell o _' T ) M:Lnes ,

e e

2n vlsft Ma'sr'"*sﬂr“'zz,t "191;5. T f;}. _
‘ - Br:.t:.sh

'Lt Col. ,R. Holroyd T \
. " Major M. A, G. BanKs-. M_uustry of Fuel and
! MajorD. Al Howes Power S

RN . '_MaJor Ac ) ‘JQ V. Undembod
' - Major R, Al Taylor PR
© . Major R, J. Morley

U. S. Pebroleum

Mr,"W, F, Paragher - ,
: Adm:.mstratlon for War

Mz, . G. Allen
- Mr H Schlndler

T P

B ,

"Amongst those v:.s:.tlng the plant later, the follcw:n.ng submltted notes
-for n.nclus::.on in the presen’c. reporb- SO e ; S
: Mr L..L. Newman g _:-_-) U. S. EBureau of m.nes
“Mr, We'A, Horne© - 0 ). U,.S, Petroleum
Mr, J, P, dones . -7 - ~Adm1nlstra.t10n for War

;-j-fAlthouOh not a member of any.va. ting ea.m,_Dr H ,Clough (Br:\.t:.sh) -
“has ade a. valuable: contribution:to.t port by..studying ... “.:
evacuated documents ‘and’ by his ass:.sténce :m ed:ubmg;the final document :




:mfmuc'rxow

The Leuna Factory of the I. G Farben::.ndustrle As G,
situated near Merseburg, is the biggest: heavy ohemoal
plant in Germany. and prodices a very wide range of -pro-
ducts, - -mainly based ot hydrogen or hydrogen‘and carben
monoxide, . ‘Its pz‘lnclpal products are ammonia, ‘synthetic
‘petrol 'derived from'the hydrogenation of brown coal, and
syntheba.c alcoho”ls made from hydrogen anc} carbon -monoxlde.

. .The plant was flrst v:.s:.ted on' the let Aprll l9h5
by a team including E, Cotton, V. Haensel,’ B.nPeck P,
K, Kuhne, H, M. Veir, L. L, Hirst, W. W, Odell CA
Hopton, H, Holllngs, J 'Fo . Ellis, and A_LL Smpson‘It
was again visited on the 8th -~ 24th May 1945, -by.a eom-
‘biredBritishand AmSTICan “team consisting of R, Holroyd
M, A. G. Banks, D. A, Howes, A, J.*V: Underwobd; R. A. -
Taylor, W. F. Faragher, H. Schindler, and J. G, Al_len.‘
Thls tea.m was 1ater ,]omed by J F Ellls and RS J MOrley.
", A th:er v:Ls:Lt Sith partlcular reference to c‘atalyst
manufacture was made by W, F. Faragher and W. 4. Horhe~and
the notes of: these -latest- mvestlgators hav'e been taken
:mto account 1n prepar:mg the report

ii
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: jsepa.rate mvestlgators. :Although in these cases. the names: of the Lo



T GAS PRODUCTION

. - The .mterrogatlon oi‘ Dr..Sabel (Engmeer in, charge of gas' production)

.and Dr. Jeltsch (Chemist 4in charge of HeS removal):was ‘carried out by
Hollmgs 3 Wen.r, Odell and Hopton on April 22hd and 23rd, 1945, Addltlona.l
information was obtalned by Ce ‘Ae :Fi Te about ‘the same:.time and by Ellis
"and Morley:.on May 16th, ‘Newman: mterrogated Oberingenieur: Ohler Dry .
Schroeter, Dipl, :Ing Stingl and Obermeister Heuer on:May Lith: and ‘15th,
1945, in regard to;the:detailed operat:.on of the slagg:.ng gas. producers :
(abstlch—generatoren) . , »

.Gas Productlon . o B

. ‘ Water gas i‘or NH and- metha.nol synthes:Ls and i‘or Hg product:l.on was
made in three: d:.st:.nc ‘wayss “The bulk was still made on water-gas gener—
ators, ‘of the Usual- -désign; wqrking @ ‘cycle and’ using oven coke, a.nd the
_rest-wag ‘divided’ ‘between Winklér ‘generators,  using Og-and grude coke, and
—e}aggmgvpmducemmsnzg-ezanmmmmackr&'efmﬂw
theﬁrassert generators) A rough sunnnary of ‘the: plant can be seen int
the followr : table- T LI R S

No of '-‘}Umt ! ;Normal OutEut

B Un:x.t's "-Ca.pa.c:i.ty o from: Plant T
55000 ) - .

0-]2,000‘?)

.' "P:Lntsch—Drehrost" o

roducers -




All generators ‘had concentrlc . \ring: rotary grates, but whilst some
" were brick-lined others had jacket™ boilers, "~ They had an I. D. of 3 m,.
.80 that: the, stated: output of- 10,000, to 124000 M /hour must:-be considered
very. hlgh and possibly in error. They. were ena.bled to: achleve high oute
puts withoup clinker: troubles by, extracting:ash with:a hlgh coke content
‘(50%C), the thepry being that. trouplescme clinker could not form if ash -
were not allowed:to accumulate in-high concentration; the carbon.in: ashes
was not lost, as it was.used -on:the.slagging producers. At least some::
of the generators actu,ally ‘.m . Usg. were. hand-pperated.-r-' = Dok

' The fuel used was oven , coke 3 made from b:.tum:nous coal, and brought
by rail-fram the Ruhr, a d:.stance of 275 miles, The da::.ly conswnpblon

~of coke was 3,ooo T/D.v _

— . .Vle,were told tha.t untll very recently"t e W:Lnkler generators, usmg

' oxygen and local. brownigoalk:or. gmde coke, were ‘more expensive; to run
than the coke water gas generators 5t d,esplte the,hlgh ‘cost—of-coke a.i‘ter ,
~1te-&ong«haul~and~thlsmhad ~been~the-reason-fo “the-veontrmuedwemstence-—-w
of the.old method of: gas-. manui‘acture.. Only.in'the last years: of, the war,
apparent,ly, had the cost of Ruhr coke became h:.gh ‘enough £0. 1 make the: ,
.Winkler generator ¢ cheaper. to run. We do- not ‘know how far theseé. arguments
include considerations .of the. hlgh capltal cogt’ needed fora new plant
remember:mg the old generators .werex:m ex:.st.ence. B P .

Wlnkler Generabors: (S:Lte 279,on‘ Works plan)

These generators were bu:LELt :Lh 1929—3{1. a.nd s:mce then ha.ve been BRPOLS
' subjected only to minor modli‘:.ca.tlons. Since Thore modern mstallatlons
Were seen .elsewhere (e.g. Zéitz) the.plant was not covered in much:détail,.
They have been used to gasify both:dried brown:coal" and - figrudet ‘coke"
“(brown coal low, temperature coke) ’ “and have been:used for the’ manufacture
of power 83sy. producer gas. for 'NH synt.he51s and ‘water. gas. “In Tecent .
~years the fuel has,been almost entirely grude coke; s with one Wlnkler run
“to.make;’ power gas and .one run-to make water: BaSs Short.age of oxygen '
llmlted the pla.rrb out.put of wa.ter ga.s to one W:Lnkler. :

The pr:mo:.ple of the W:mkl\e generator 1s well known* part.lculate T
fuel was _used, the mosty suitab ize ‘being 3 mil dlameter, w1th less than
10% above_ 5.mi: and the blast of adr alone (when making p .
va m:xture of oxygen and- steam (when maklng wa.ter )




e

éoal, “thus caus:.ng a l:m:;batlon ‘of dry:mg capacity, ‘and also because :
“of the availability of grude coke from various. ne:xghbourlng ‘brown coal
L. T, carbonization plants, set up prmanly ‘o recover tar fram the icoals
Both fuels were quite satisfactorllf gasifled, although dry brown coal
gave'a higher “CH), content ‘of symhes:Ls gas, The-fuel. was fed :Lnto thc
Slde of: the cOn:Lcal base 'by i‘our screw conveyors. ST ey

) . ey ‘,.‘.. R
: All the generators or:.g:.nally had statlonam' grates, -over wluch
swept a rotating water-cooled ‘arm, to ‘remove ash through an -opefiing on
one side, The blast passed through ‘this grate,. In recent years however
the small: generator (1943) and ‘éne large generator (1944) were modified
and the grate. -and-rotating arm elmn.nated«the oxygen and steam: mixture
then be:.ng added through. tuyeres entemng\ the side of the conical base;
this- successi‘ully climinated all shut-downs for repairs of the rotating
arm, although by then the earlicr rather serious:troubles due to leaks,
from-the arm, had been much-reduced; more a_mporbant however, -itiwas .
clamled""that“bhe"modzﬁcat:wn“hadwrcdum&the*consuﬂtpbami‘%ebmd—-m
oxygen by abbut - 10%, although no reason was given, . The grateless .generator
was fitted with two screw conveyors at"the” base, which could be run inter-
.mittenly to remove that ash,: i‘ore:r.gn material, etc,, which’ was: ot blown
“over ‘and had. collected at: 13 base - A grateless generator has been :Ln—
stallea at Brﬂxr'_;;» o , , SRRy

In operat:.on oi‘ generators w:.th grates only about. ‘10%_ of the ash was
*w:.thdrawn at-the bas”e through screw:conveyors: the remaa.nder passed over—
head, ‘It was. poss:Lble o run for l:to 2 weeks 'w1thout’these screw con~ . -
Veyors, large mater:.al merely collect “slowly on the grate, ' The over=

hic vined 50.t0 55% ¢ ama:mnumsa.zeofOB'toOA

"It could either be Teturned” ‘generator or burnt on boilers:
: 1t had also’ been used as an act::.ve c rbo! i‘or the dephenolat:.on of ei‘—
i‘luents. - : s ,' - R - T

, ;,:-Iwhen mak:mg wa‘oer ga
~607to 504 steam,  <Ab
¢ bed :and one-thire

: blown throug
plos:n.ons An
}abow “3to oh




The thle generator was br:.ck-llned ,and no “trouble, was: obta:\.ned
with clinker,. The fuel bed temperature was; about 900°. G, ‘but this, .
depended on the nature of :bhe fuel, - The bed depth was;{ about 1lm, and :
" had 8 ‘back pressure of about 0.5 m, wa.ter gauge. X s .

WJ.th less react:we i‘ue]s > such as bltum::.nous coal demvatlves, the -
Winkler generator was sa:Ld 'Eo be muoh less sd.tlsfactozy. Much h:.gher bed
temperatures had to be ‘used ‘and the 002 in wa.ter gas was h::.gh.

Typ:z.cal performance flgures were g:.ven as follows-

’ Water Gas s ‘Power Gas g

Dg\ Brown. - ©- » ¢ Dry Brown - L
L " Ceal .. ‘Grude i~ Coal + - . Grude
Gas Analys:LS T 9cog -~ 19 . w20 0 7T 010 S 1
(st i‘ree) - gco 038 .38 . o2e . 2T
T T K e

%Ng N - \a” iy 0.5 o 55y Tl

Net CuV,T ca.ls/M A L. 9507 .. 956,
.Fuel kg/}.uB RO o 625 ,o.so 04335 2
Oxygen wM3/M3. ' o 25-0 26" 0.25—0.26 Conpdloce il
Stea.m MB/MB 0,39 1 0,375 . mile e nil”

Typn.cal a.nalyses of the i‘uels "_*'lot necessarlly correspondmg w:.th
the above flgures, Were ST e T R

oymemcel | gmtegie
(dry bas:.s) .-'., R~ m)




Slagg:mg Producers ("Abst:.chgeneratoren")

The ornglna.l slagg;ng producers at Leuna were three Wurth producers >
us:.ng coke breeze, tashes from the water 'gas generatorg or s:unply coke, .
blown with air only to make producer gas for NH3- synthesis the producers
were completely brick~lined and ash.was removed as molten slag._ S'C“eam or.
cuqrgen could be added as condltlons perm:Ltted. " , T

Ow:.ng presumably te’ bri‘ckwork fa:Llures the Wurbh type was replaced
by ano’eher, in ‘which tl.e whole of" the lower part of the producer was -
- watgr-cooled, :There were six of these producers, f:Lve of I. G. des:ugn .
and.one. by P:Lntech. ‘One had been built durlng the war,  The producers .
w/er‘e blowvn with oxygen and steam and the capac:Lty of each unit was 15 ,OOO
M /hour of. substant:.ally nltrogen-free producer gas, -
L The producer was built of 1/2" to 5/8"" iron plate, hav:mg a dlameter

.5 rmetres at.the tuyerés and 3.8 metres higher up, with the: lns:.de

d:.amet,erw-o&theebr:.clmork..lf’z.met.ms_ab.the.i.uyeres_an&3.3,metres at_the
‘ tope. -The: total: hmght was 7 m, abové the tuyeres and the fuel bed was L
m,’ deep ‘above the tuyeres, Oflyrthe top part, above the i‘uel bed, and the
lower 'part, below-the tuyeres_were br:x.ck—-l_u'xed the rest’ was bare metal.
In five generators the producer was water Jacketed but "in the last one:
'bu:LJ.t the jacket had beer omitted. and the metal was cooled merely by oo
trmkl;mg ‘watelb,: down over the, out side,: Thn.s modli‘a.catr:.on had ‘been ca.rned‘
- oute.as’the reswlt-of a serious: accident. on one of the old type, a p:Lece .
of cl:.nker became Jodged._just above a tuyere and as a result. the mconnng
_exygen’ caused z-very high local: temperature, Whlch ‘burnt 2 hole in the —
- Jacket; the:producer;bepame. .flooded ‘and quenched and. before it was. notlced'_b
. exygen had broken through, ‘causing’ a ‘serious explos:Lon in the gds malns
“and- .gas coolere. ;"This "could'not happen with“the latest- cfes:.gn, At was
‘“said thatithere’ was-Ho! trouble mth evolut:l.on -of am -as- the water merely-'
(became warm. T , G DR :

' the d:.fi’lculty was. prcsumably mufflciently‘h_ig / p A
'to permt' slegga.ng, ‘owing’ tQ: heat: a,bst,rected through( ‘the.. genera’c.or walls 5>
_';since thé ol brick-lined Wi rth‘= ‘




using metallurgical coke :Lt was. connnon ‘practice to add 3% of ‘limestone
and 20% of solid’ slag from prev:.ous working to assist in the formation
of -slag, When using coke the blast mixtire was 35% Op and 65% steam:.

when using Brassert Rohschlacke the mlxture contaa.ned 50 to. 58% 02 and
50 to 1;2% stem. e _ ) o

Typn.cal opera.tlng f:.gures were-

‘ Brassert e Grude from -7 'Met, .~ Met. Coke
. " Refuse -~ ----Deuben--: - - Coke . with.COp -
00y iR 09N e B - 68 =l 3.0
CO B 6645 w62 - Bllh 9205
Ha Vg w29 0 w32 T 3L00 - 3.0
CHLL o b T 0 '.;;»>0.0‘ 0407 j‘ ,_«o.ol‘, \
No, . %0 009 .. 1,0 o 0.8 T L]
HoS ' . » gld - 2T : ~'_13** Ll Lo3 2.2
-02»‘-; M3/'3'H2"‘_+ Co- L 0,347 20,2767 - *-~o.~262 0.310—

"'0‘"3!;6‘“"'""'"“'111']?-"-'*
g opil 04258
0,490 e 04330
O.1+21+ ‘. ~Oq 460 :

86 8. 87.

667

i‘lgur ~in™ he.last column ;
’ 2d ‘ e'ult:mg‘-‘ln v'a very- h::gh~conbent oi‘ CG.:Ln the




quantity of nit rogen : wa.s also recovered and uaed bef.ore the war ap-
pro:qmately equally- for purging and for. NH3 ‘synthesis: during the war
a drop in .-NH outprut ‘caused less N2 +to be used for the latter purpose;
the maximum Eapdcity of - pure N2 was - 32 1o 36, OOO H3/hour, J.lm:i.ted to -
that obtalnable i‘rom fou.r unitse” o 3
The energy consumptlon va.r;ed £rom 0.5 to 0.6 KWH/'M3 oxygen, averag—'
,1ng about 055 KWH/M3 100% oXygens, . With the cost of power at slel to 1e2
pfg/KWH;- the cost of- oxygen was. said to be 1.6 to 2,0 pfg/M3; a separate
set of figures ‘were g:wen, stat:mg this cost to be made up. of 60% ‘power
(the above flgures g:.ve‘ only hl% at, most) R 30% amortlsa.t:.on a.nd 10% lzbour
repaa.rs, etc. BRI S v S .

A snall quantlty of krypton was also made ‘ag a. by—product. The ca.pa-
c:Lty was about,’. 30 M3/month, conta:m:.ng about 75% laypton, w:Lth the :_mpur:.-
t:L"s ma:mly oxygen. : R SR

~Déei m';'s im Gonnect,lon'w:mh Ga55 Pi'oductloh T T T
The follcw:.ng doeumerrts glve ,addn.tlonal :Lni‘omat:.on- -

t 1 .
i‘rom engmeer‘Sauer's oi‘f:.ce ‘and pl;:.ced* w:.ﬁh the ofi‘ic:.al documents.

.(3) Leuna. report 837, ent:.tled u10. Jahre Sauerstoff—Vergasung 1n Leuna"
by Sabel,. dated 15.9. ; ‘




The—hquor—normaa.ly—used—was-a—solut1on~o£—sod1um glycocoll ~NHp.-
CH2.COONa, of S. G. 1,17, containing 200 g/1; calculated.as Na2003 or

'45 g/l caleulated as n:\.trogen (these two figures. mdlcate the presence

of some Nay CO3 as such), " It was a selgctive solvent for HpS,-so that

for example with a gas. cont,a:.ning 20% COy and 2% HoS it would remove -

ncarly all the HoS  but oniy about 2% CQ ot The' absorbers of the coarse
purification each had a diameter of 3 m for a gas rate of 20,000 MB/hour,

.and. ¢ ntained: 7. to0.9 bubble-gap trays. . The.gas/- clrculatlng liquor ratio -

,b‘eg.r}g 80 kgs/M lz.quor in'the coarse pumflcat:.on and 150 kg/M

,was:500.in hot weather, rising to 1,500 in cold weather,. .In the regenera-
tors,.dlrc.ct st,eam and :Lnd.}rcct steam were_ﬂboth used, the. steam, consumptlon
3 liguor in

,uthe»gq.nc pur:.i’lcation. The m;_xt.uz:e of" HZS, 002 and steam leaving the re-

generator was condensed at 565 to 60° C, to reduce ‘the HZS content of the

. condensate, and thé HpS was finally burnt in a Claus. k11n the recbvered

,\qulphur was. cvenbually used to make HZSOA, TN

\

Iron was used for the cold parts oi‘ the Alkac:.d plant br;.ck—hned o
iron i‘or the regenerator,’ alumlnlum for the 1nd.1rect heater and hot .pipes,
_and an alum:.nlurn-—5111con a.lloyﬂ1 ca.lled S:Llum:Ln or Alpa.x, i‘or the pumps. o

No appreclable corrosmn was: experh.enced at Leuna. R SN

. An alternat:we solvent was soditm alam.ne, CH3.CH(NH2) COONa— But
this also .dissolved" 002, it v.as—used at Leuna only for: purification of
tail'gases ‘from’ hydrogenat:.on. : 1s "Iiquor.could be used for €05 removal, -
when its capacity (in. thé same concentration as used for glycocoll) Was.

25 W3 liquor, the steam, consumatlon be:u.ng 120 kg/ii3- l:.quor, over. 95%
removal oi‘ COg wa.s possz.ble. R 5 ‘ o

4

Act:.ve Carbon Prog , :
The whoie q'f thé tschmBr : : conta:.n;mg 3 to h
/M 'S, together’ with & va.ry:.ng i‘ract:.on ‘of; W:Lnkler _gas, was, purlf:.ed
down-to'-- to 2 mg/HzS/M “in the: act:we‘carbonf' process, which had beeny’,
id Raw. WinkZe £ be lsed in, tH o

: e carbon was prepa.red i‘rom‘ own ‘coa carb"m.sed at 900° C ‘a.nd then:
stea.med. X An.r or oxygen was added tothe d.nlet”gas{, 50 , -
lga

The polysulphld -vsolutlon was then d:.stllle‘d. 3
’ : peurs Wwere.condensed.and used i



Orgax’;ic ‘Suljhur .

Gas after H S remova.l contained 250-mg. organic stL'Lphur/M3 Thls
vas converted t HQE in the CO conversion plemt and this st was a.lmost
completely removed durlng the removal of 002 and CO. LW
- CO Convers:mn b . ‘

'5—.

The plant in which the water gas sh:.i"c. react:.on was carned ou’c, was'
seen’ but not inspected in detail, : :

R NI SR

$H0 — co2 +

It was a.n old plant work:mg at atmospher:.c pressure. The'- develop-
menb work on thls -process ‘has- been done at Oppau and an account is given.
in the report on that: target. " Convertéd gas. for NH3 and Hp ‘¢éonteined .
3.0 h% CO, whilst converteéd gas for met.hanol cont,a:Lned “30% CO ..The ‘cata~
'.'Lvst was Fe203 Wl'f.',h 6 to 7% Cr203. -




II. -ALBONIA SYNTHESIS:

s ' this section was not discussed in much detail, "as ‘the: plant “was old
and largely qpt.—éf-fda_t;e".z <A much better knowledge- of I. G.'s latest igeas
could be obtsined from a vi%¥it to the NH3 synthesis plant of the Ostmar-
kische Stickstoff Werke at Linz, Austria, orat ldast from a-study of the
designs and drawings,-which were carried out by Oppau; the plant at Linz
conimenced operation in 1940, g C SR R o :

General -
"~ The gases received were catalysed gas i.es water gas, which had been
subjected to CO conversion with steam over brown oxide; part ‘of the gas,
¢x Winkler and water gas generators, had low N, and CO, and eventually -
went -as Hp mostly.to ‘hydrogenation; another part had low Ny but higher CO
‘and eventually went to synthesis of methanol and iso-butanel; a third part,
‘ex Water gas generators, had high No.and low.CO, and - eventually went to '
NH3 synthesis,.. It was possible to compress and purify these, three gases
in three parallel streams, but it was also possible iunder ‘certain .conditions
~torunitethe-gasesfor-Ni "and-ﬂgmintgo%ne*sbréanfsofwlm;ng;;th%n&essmw
N5 being added to NH, syn Hesis gas after compression and purification had.
been completed; such”Ny came from the Linde-Frankl: oxygen plant, = = -

Staff Interviewed . - . .

* " Dr. ‘Paul Koppe; chemist in charge of H.P. Division, and Dipl. Ing .
Martin Rabes, NH, synthesis .and 05" plant ‘engineer, were.interviewed on
M;ia:y‘l%h and Dr, Koppe alone on May 26bhe o e

ComEression’_ e T T
U IHE compriessors were contained in at least’ five buildings.-They were:
‘5-stage _horizonﬁ;alj_m_‘_c‘h(;lne,s , ‘some.of old design; they were driven by isteam
‘gas. engines' and"elegtricity and had capacities respectively .of 3,300, .
10,000 and’ 15,000 M”/hour - catalysed gas and ‘the total installed capacit§_=fi;
was 660,000 M2/hour;" although the maximum rate used was ‘about. 550,000. M3/«

hour, A ‘complete list of ‘machines was ‘obtained by U,-S: S, B.:S... The '
first three stages 6f compression brought the gas up-to-25 ‘ats, .at which -
‘pressure 002 was |removed by water: washing, The last two stages brought
‘the ‘gas to the findl pressure of 250.ats: -the original plant desigh pres—
sure of 200 ats: had been raised as the result of revision of ratio o :
essure/working pressure, Additional.compressors.were used to com-




ext.racted i‘rom‘t,he steam before it reaches the condensers a.nd is heated
to 90°C and cleaned and deuatered in a centrlfuge. . The clemed oil is -
mixed with.a. mach:.ne oil of 3% Engler vn.scosity at 50°C. and is used as
make<up oil to the compressorss It has a flash point of 230°C, a 50°C-
_Engler v:Lscos:Lty of 22-30° arrd a lOO°C Engler v:.scos:.ty of 3=he.. Th:_s
latter. property 1s consldered to be part:.cularly :meortant '

- A compressor oi‘ 16 OOO M3/hour capac:.ty uses about 2 2 kgs/hour of
Lube o:Ll. S : R :
There is'a catchpot cf 500 mm d::.ameter and i; M long n,rmnedia.tely after
. each compressor and this is blown every two hours., At the inlet to the -
CO Removal Plant there 1s a further tatchpot 600.mm diameter’ and 10 M-
long i‘or each lOO OOO M /hour of: gas i‘or collectlon of Oll and condensate.

In order to a.vo:Ld condensa‘blon gases a:r!e never. allowed to, cool below
30°C - In the third _stage of: compression, gas temperature may be as high'._
as 48—50"0. _Piston. r:.ngs are made of material in the. pearlitic state v

wrrth-&ong-graphxtlcﬁlnclus:mnswtov—ho}.d thew o:.lwtomt.he surfaceﬂoﬁ tne..r:mg
T The Leu.na englneers gave the i‘ollow:mg general data on lube Oll con-4
sumptﬂ.on 1n compressorsy Lot LT BRI R '

e TABLE “1A ST
Pressure LT : e S Lube Oil Consumptlon ‘
L L ] e et grms/lOOO M2 swept surface of
abs, o BEALRNES s ey 21 P 1ston»r_od




"The let—down water was used. for gas-gooling at the.CO conversion.
plant before being sent for regenerat:.on. -This was -dome to el:.m:mate :
Oz from catalysed gas, whith-in: ‘the presence of HpS and-Hz0'was said
to” cause corrosion in the gds’ compressor:s. Th:Ls system had been. used‘~
for 15 yedrs, w:Lth no corroslon. o . :

CORemoval._“,';‘ - (j' S

- This’ plant: used copper l:.quor at 250 ats. " The liquor comtained only
carbonate, with no formate (last used 1925), It was regeneraﬁed at-a.
maximim temperature of 40°C » using a vactum in two stages 5. end:.ng at 160~
‘to 200 mms. Hg. absolute pressure.-~ SR , T T ,

" They had not used refrlgeratlon of the l:\.quor, as coollng below 5C
caused depos:x.tn.on of ammom.um carbonate,' No vapour pressure curves were:
avallable. R . T A S L

e ER R S

i here was ‘no- dlff:.culty in controll:mg the: cuprous/ cupm.c«ratlo.
An aﬁtomat:.c measurement of cupr:.c 2 depend::.ng on the colour, s used. :

' There was sa:Ld to- be no- dli‘i‘lculty with. sludge depos:.t:.on of a.ny
sort. Dr. Koppe-aseribed this to the low temperature of- regeneratlon..
The oil separators on the 5th stage delivery of-the compressors: were
very. s:.mple ‘but were sa:Ld to be very effective; they consisted merely
of a plpe dlpp:mg into’ ‘a i‘orglng, uw:.th the gas outlet at the tope .-

: Let-down englneswfor power recovery i‘rom copper llquor *were used
but only old—tyne mach:mes were seen. o L L
I R

Flnal NHQ Make—Up Gas Purlfn.catn.on !

i o

-

IR Ga.s leav:.ng the CO removal plant was washed with NH llquor, to»b
reduce ‘the CO; - content from 0,04% to<l mg/M3, ' Active cgarcoal (to
: remove organ:.c sulphur poil ons) had never been used. S S e




¢ The plant was arranged as a number of . separate gas’ c:.rcula,t:.ng 8ys="
tems. .. The. first’ system cons:Lstcd of’a ”’r&umbfer of units in" parallel""each
‘taking make-up gas containirg- 1%-Argon - H'h{' ‘bhe dlrcula’c,mg gas in Hhis-
gystem containcd % to 6% Argom + CH, and’ the'}\;ﬂ’ -cornitent” of the.gas ;‘e e f
from 3-4% to 8-10% durirg passage tﬁrough the convert‘:ers ;- Purge gas “fran "" e
this system was used as make-up t6. -another - system 'Working w:n:bh clrcula e
ges containing mozelmpunta.cs._ In turn, purge ggos i_‘z:om this sys ’ n
used:as meke-up for the nexty’ and this procedure ‘Wag' fepea’ced unt‘l.:.!l:" e A
‘tHe final, system, the! :Lnert conten‘b ‘of the c:x.rculating “‘Bas’ was"som’e 2 30% i

hR7 ,,'w\
YN

<A y o
) "VI . .,‘ «

Clrculator : -

drawmgs of which were obtalned.‘ It was stated that at the’ Ammonn.a. plant
‘at Linz-this type of circulator had been’ adopted throughout. It wWas re~.
. ported that this c:.rculator ran peri‘cctly satisfactorily w:Lth a rout:l.ne
dlsmantlmg evcry 3 months for examanat:.on of bear:.ngs. v \
Wmctmnewwdmmeleotnwdnmmﬁrxfug&lwtobaﬂﬁy
enclosed. in a high pressure vessel in a way’ similar to that used :.n\the“\
0il :.ndustry for deal::.ng ‘with hot-oil pumps, . The. d:Lfference is that.

the electric motor is also enclosed This means-that: there is no gland
‘problem but- there is :mstn,ad a bearlng lubrication problem which is sa:Ld
to be much easier to overcome,. . For 'capac:.ty_ of 80,000 Mé/hr. the. i‘orgmg

conta:m:mg the c¢irculator is- abomrb ll,. ‘feet’ long and’ about ‘2 feet internal -
‘dz.ameter., ‘The machine was built  so that, if the -pump ‘aid not ‘have-the re~
qu:.red peri‘ormance, the.number: of stages could be :mcreased "The. use oi‘
such™a‘pump i‘or ‘the! c:u‘oulatlon of: - gas on- hydrogenat:r.on plants was ‘not_

consldered pPrac :Lcable because ‘of’ the grea.t dlfflcul'blés wof:’ ensur:mg t,he

Fiek i

Thls ‘was the usual :.:c'on—type catalysti promoted w1th alum::.na. and




It was saia that this was the same rec:.pe as. for'the. so-called Mlttasche
catalyst except that the latter conta:med more 1:une, the M:rbtasche catalyst
was better for water—conta:mmg gases, but the. R ‘Ga. ca.talyst was to be
preferred for the dry gases used ‘at Leuna, The _same cata.lyst was used at
Leuna for the. SYNOL process, .. . - .;._~; ‘, ‘ . .

Ca‘balyst removed from the, converbers was re—fused in. an electr:.c “ur—
nace and: was said to .be. as, good as the new cabalyst. C .

* About 30 T/D N (2 36 T/D NH3) was, made per converter, conta:Ln:Lng 6
T catalyst. The normal. life. was about one year if purge gas from. methanol
and 1so—butanol entered the system, even. w:Lth a: gua.rd converter, thus _about
2000 T NH3 were. obtan.ned per T catalyst. Wa.th no methanol purge gas longer
hfewasobta:.ned.,‘r , T

The poisons in. metha.nol purge gas ‘were sa:.d to be o:qrgen-conta:.rmg
"su’ostanc esy-such—as-CH 0H~- dvRZQ, wThe«sulphur conbmuofwmake-upmgas.ms_,
saldtobe\OlmgS T AP S SRR R I

‘vConverters IR, L " ' b ‘ R

Ry Converter des:.gn ha&Lby no mea.ns reached f:_nahty, a.nd both Leuna
and. Oppau had tried out” a number_of des1gns. u'..‘_‘ _ P

"‘“\

The normal des:Lgn used .at. euna was as follows .__}_An internaljlﬁter—
changer was. i‘;:.tted under the catalyst, conta:l.ned in. tubes s touch:mg one -
another for.good lieat transi‘er, -and. narrowed down at ‘the. bottom, for. fite .

“ting J.nto a.tube plat.e. The mconn.ng gas passed up - over the oubs:Lde “of..

the :mbercha.nger “tubes and over the outside of the ‘cat&lyst tubés;® coo];mg?'
the catalyst- and ‘$o ‘maintaining ‘a more. ‘Favourable ‘temperature gradlerrb :
‘the gas.then passed down throggh the catalyst -and. then through the :Lntev :
-cha.nger tubes.{ RIS » R

: In anot r—type Whlch ha‘ \ N’ ,

being.: pmce tubes; -bub. by plac:mg t,ubes 41n‘fthe "_atalyst b '

; coollng gas. passed through ;t ese tubes, which ﬁ:.the,rf 'bh
catalyst) v ‘




III.- MEI‘HANOL AND HIGHBR ALCOHOL SYNTHESIS

. Dr. Halnnzt Han:.sch and Dr. Erlch Sackmann, respcctlvely head and
eng:.neer of the Organlc D1v:Lsion, were a.nterroga.ted on May lzth.

"
Methanol

The converter was of the cold—shot rtype, with external :.nterchanger.
"Each forging had an I, D, of 800 mm, - and was 12 m high; the internals
were ‘made. either of purc copper or. of: copper—covcred steel, The eatalyst
‘basket had:hn I, D, of 650 ‘mm, ‘and cont:n.ned 5:0r é equal beds, holding a
_total of 3 M3 catalyst, The circulating. ges rate-was- about 100,000 M3/hr,
giving an output of 120 T/D ¢rude methanol, containing 4 to 5% Ho0, depen-

dent-on. the COZ content of the gas. - The. compos:.tlons of make-up ...nd clrcu
lat:Lng gas were: k s

L alkeovip e Ciroulating zas -

1 bo 28 ) ;

, The maaomum catalyst temperature was gn.ven
:wands the end iof the comrerber. m

e

A sample of the catalyst was obtalned 1t ‘was in the i‘orm oi‘ 9 mms

_pellets and was: ‘based; on..zinc and: chromlum. ~No CHh_ format:n.on occurred
- to any measurable extent ' S ' ;
“~ \ . . 1

Pla:rb output was of the order of. 12 OOO T/month cr_ude,‘,‘ Rec:.pro-
,catlng clrculators were used not centrlfugal ones ‘as used for a.mmoma

Water—free methanol was used mstead of ethanol in: motor.fuels. ST
-Purlfled methanol ‘was used i‘or formaldelf‘yde manufacture and for solvents.

so-rEutanol" althoughthls*




- The coiposition of the. gases was::

R M_a_l_fj’_'_l_lﬁ_@ E -""Cir"cf.llat:i.'rig"g'as :
Cop 0 L1wesgl L 3tesg
co T Taog T 25 to 268
Hy ‘ 65t068%,)~"
- No 1 to 2% - L
--C.Hl;'. L, 05T l% Yoo 1,0 to,lS%

o Tbus hlgher a.lcohol c:.rculat:x.ng gas conta:med more co: and, 002 than .
' did methanol c:chulatlng gas; COx: preaumably was produced by reactlon be-.
‘tween co and water made in the reactlon. il e Sy _ s

.

, The ma:mnum cat.alyst t.emperature was g:.ven as 450°C. . About 2% meth~
-a.natlon occurred, - The catalyst was 'bhe same as methanol catalyst 'y but
with’ 2“' K20 added; a. sa.mple was obtained.

i Planb- oubputwwasvof”thev-ordérm-ofwlz;’OOOMT/nmonthNlede.,_;L..e.._about
“1,400 T/month ::.so-bubanol Co e R ,

vt
N

o Methanol made up half ‘the crude and ai‘ter separatlon it was anected
into the 1n1et of the ;mterchanger and re-passed through the converter,
_where it was' converted: into higher alcohols,, By using stocks of crude
higher alcohols the synthesis plant. could be run for some t:une v'lthoub
make<up gas, using only: this. crude methanol as.feed. Such methagol was
difficult to pur:i‘y on account of tne hydrocarbons 5 mostly olefins; -it:
»conta;med ) . . ) S

,‘.',‘:'The compos:.tlon of crude Was g:Lven e.s-“

: ,,50 to 55% methanol

22 to 25% water. .. i

LTt 3% dnmethyl ebher K

1 to 2% n-~propanol = -

‘ ll to 12% 1so—butanol A
g e 2% I o

: 2 5% CZ and- C7 FRREN
l to 2% Cs. a.nd C S
' -1 zo C ‘
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borbtom layer, rich in water, was. dlstllled at 1 at,.in a ring-packed..
colum to remove water, 'the overhéads being mixed with the top layer, "

. poor.in water,- ,Gasoline was added, to form'an azeotrope, and. the. mixture
fed to a bubble-plate column operating at 1 at.  The overheads from this-
stlll on coollng ‘formed’ two Jayers; the ‘aqueous one 'was discarded and the

o’cher ‘one was returned’ to the still, - ‘The bottams-~ from the still were fed

to, a ‘final- bubble-plate ‘colunyi operating.at 1 at., 3 ‘with “$'so-butanol ‘taken

’ofi‘ a8 the main product, propanol tal;en -off overhead, leav:mg Cﬁ and greater
",the' 'bpttoms. S e i _ o A ‘

S Dlmethzlether was redlst:.lled in a pressure column and’ the 98% pure ‘
‘ mater:.al used for. zralcmg d:.methylsulphate and d:.methvlanlhne. ‘ S
i i
The Eropanol i‘rac’c,:Lon was i\xrther purlfled and tbe purest ma.t.erlal
_vas used for cosmet:.c‘s and in solvents. Other material was conyerted to
-?-proplon:.c acid, but the greater.part- (lOO to 120 T/month) was. reacted with
formal ehyde i“co‘y:u.eld. tmmethylolethane.‘ .

Y 'th h:Lgher ac1 i (_see below) gave B substltute i‘or
'f-small amount was:: a,lso used:in the mariufactire of’ glycerine,
’ dmoub to a;greater -extent at He debreck (Upp




IV, * HYDROGENATION
A. General . S o
.. ... Leuna was-the wofld's first c_emrﬁerc'iai 'ecale“’ﬁyﬂmgenatien>-'pl'a;h’c_. ‘
and also the first - to operate on coal (brown' coal),.-In its present form,
the Leuna-hydrogenation plant consist.s of .10 liquid- phase coal or heavy
0il: stalls, 5 vapour ‘phase -presaturation units .and 3.stalls for splitting -
»hydrogmatmon of middle oils to gasoline, ‘In 191;3 and ithe ‘first half of
l9l+l+, the a.verage rates of consumpt:.on of the vanous i‘eedstocks were- ‘

r,.' S - O

'+ Dry-Briown coali: - i oo, 1oo 000 Tons/year
- * Brown coal Tar - B 120 000 LI
Luinveden Bltuma.nous coal ﬂar o:.l s 1;0-50,000 4;. j-j_!l: EE

A1 -'iszoductlon of f:mal l:.qu:Ld products was sla.ghtly more than 600,000 '
T/JI‘. and, according to Dr; Buterfisch, these prociucts were made up oi‘ .

40 avia av:.at;a.on base gasollne, 20% motor gasollne and 40% Diesel ocil,
addlt:l.on, some 150 000 Tons/year of  by-product hydrocarbon gases. were -
“obtainied and these were used for synthesis of isooctane or alkylate (butane},
-for liquefied gas fuels ' (propapé or propane + butane) and i‘or ma.nui‘acture '
of synthetlc lube o:.ls (et',hELIZLmSl \ . ,‘ 5

In July l9LA, Leuna su.ffered a surpr:.se air attack and because oi‘
the a‘bsence ‘of -facilities: for safe’ emergency: dralning of:. the coal Hydro-
genatlon oonverters 5 the plant was: ‘coked up, . The’ coal-paste prepa‘ratlon )
-plant. was also badly damaged.: At: the same- pime;- damage:to'the nearby
Brabag hydrogenatlon ‘plants: prevented them: from: }mdrogenatlng a2kl the. -
avallable brown codl tar, It was therefore dec:.ded to change. over Leuna

i’rom brown coal to brown cg ar- and 5-coal stalls were modified.
L. mg the second ha]i‘ of

wh:Lch the tar’ i‘ugals ‘were: put' !oiit of. actlon.
:Lngle stall WOrk:mg a. modl.f;Led 'I‘:‘ T.H. v

opei‘at:.ons ha& to: ‘be h.m:Lte_
process '(see Ludwn.gshafen a.n‘
250-300 Tons/ day,"
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has-the-analysis — 71% carbon, 5% hydrogen, 5-6% ~sulphur, 17-18% oxygen
a.n_d:l% ‘nitrogen,: A high proportion of. the ash: constituents of the coal

is sand with. very e:;osive~propgrties. T

o The:hydx;bgvenaﬁionlpr'éc,eéé as .g.pplie‘dAto Dbrown ‘coal-is summarised in
the flowsheet shown in Fig. II.  The wet, coal together with. about . 4% of
its weight of catalyst (Bayermasse -obtained as a byproduct’in the manu- '’

‘facture of -aluminium) is dried..down to- 5% waber, The:product is immedia~
tely wetted with part of the reaycle pasting ‘oil in order to avoid:-dust
difficulties and,explosion risks.and is fed to the grinding and pasting =
mills where it ig mixed with the rest-of the ‘recycle ‘pasting.oil, ;The
_resulting Mpaste! containing seme 44% dry .coal (L9% total.solids) is
‘injected .into the hydrogenation stall; which _gperates at -a:pressure. of 230
atmospheres.’ It is heated-together with ¢irculating:gas (900 15000 M7 -
circulating gas/M3. paste): firstly by interchange:with out going iwvapour. pro-
qucts and' finally in a gas-fined tube preheater; -The:reactants:then enter
_the first of (usually) 4 comverters.at .a-temperature.of about 430°C, ~*This
“temperature is quickly raised by the heat of reaction. to 490°C and is then:
controlled at this figure, by introduction of -cold. circulgting.gas at suite
able points, until the reactants Teave the third-redctory—Under-the-latest—
operating conditions, this average reaction temperature in the last reactor.
is dropped to .475°C by introduction- of: more cold :circulating gas., The total
circulating gas used for temperature control is.about 1000 M3/M3 paste feds

. A small amount. (100 litres/hour) of reactant is continuously .drawn-off
at. the bottom of the:first reactor in.order to prevent the build up of sand
and the formation of i WCaviar “i,e. small spheres consisting of coke formed
round: &’ central: sand particle, This:drew off .is-automatically controlled,

;_,»-_,i‘.-gmul'l.}e.,@rqducbs‘Qlea,.‘virj_xg:rjtghje: last. converter.pass toa hot: catchpot where-
1iquids-end. vapours are separated.at a temperaturc of aboub 440°C. . Tne B
.1iquid products:are‘cooled-by. ‘passage through finned air coolers:and-are -
* let..down to. stmospherig pressure. - Approximately ‘two;thirds-of this Heavy:
" 0il'let down{Abschlamm)'is diluted with 75% of its weight of distillate -
‘heavy 0il ‘and the mixture.is. centrifuged, - The ufiltratet is-recycled as'
-pasting oil-and the "concentrate is:recycled.asipasting oil and the ..~

“iconcentrate mixed with the; bschlammtt is carbonised in . ..
| MSchneckerofen® etover

1S ; sible oil content, All the
_.ash.of the Al the new formed asphalt
:i’s’:,pu;fg‘ed;;

»1d: catchpot’ and he
d 1 at.)-in orde




_cycled either directly to coal pasting or. 1nd1rectly as, "Abschlamn" diluent
oil via the i‘ugals. ‘Gas .from the. colld catthpot. is boosted back to the in~
let of ‘the -plant via a’ gas washing plant in-which hydrocarbons and nltroge,n

‘are: dissolved-in’ 0il (heavy middle. oil ex cold catehpot Liquid product) in
erder to ma::.nbain the required hydrogen parbial pressure (170-180 ats.)

- Un\der these latest« operata.ng condltlons th:Ls paste throughput is _
51ightly -rider’ 3,2 M3/AB, of.reaction: space/hour corresponding to Q.46 Tons
ash”and ‘moisture. free coal/l>: reaction: volume/hour. Throughput and. re~
action tempera.ture are. adjusted s0.that there is:no.net make:of. heavy o:Ll.
.The ‘yield of:0-335°C light: product is h9-50% by we:Lghﬁ on the-ash and
-moisture- free coal fed, -Unconverted coal purged in the ‘Schneckenof en coke
" amourt’s to 1,5% on ‘thie- -original-ash and:moisture free: coali: . (Th::.s is not
' apparent from the flowsheet ‘in Fig.;II sin¢e, no distinétion is made between
organic and: morganle_sohds ‘ard:-no :.nd:.ca.t::.en is ‘given of the ghange in- -
‘welght'of the latter! due 0. chemical: re’%ctlon ;during the hydrogenatlon o
reaction), Gas:make in. the hydrogena.tl of. brown ,coa.l 1s 25.?’15% on the

amf coal Thls 1s ‘made 1/12 as’ ;f,‘pllows~ .

o ".Car/}/aon mono;ade
- Carbon- d:.o:ade
“Methane "’
Ethane . ...+
Propane
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.~ The process des¢ r1~bfeﬁ*abﬁv;eﬁ&lﬁﬁoghimmmthefqargefa}reéar;défyiélda;
as—that_operated before the-war;:shows a marked improvement :in-output- per—
stall; “Fig. III-ds a typical Leuna fléwsheet -for brown -coal hydrogenation
in’a single“stall in"1939-1940 and it shows that the .coal throughput rate
then obtainable Wwas only '0.'32:‘-’Tons“".amf;“Cda]:/M?,rréa;Ction'-,volume@our or.
70% of ‘that-achieved in more recent times,  -The improvement which has been’
made- is' actually greater than this; because in addition to a.throughput of
0.46 T, of amf, coal,: 0.047 T/hr. of tar heavy oil is now hydrogenated in .

each M3 of reaction sphce.

© ' With fixed pressure and catalyst conditions. the only methoed for
‘incredsing the rate of hydrogenstion: of 'a.given raw material.to a given .
extént 'is to increase reaction temperature, ‘The extent to which this car
' vever, ‘limited.because of the-following gonsiderations:

be done is, :howe . '

-(2). For a given extent of hydrogenation, (i.e, in this casey complete’
© - gonversion of ‘coal -to petrol and-middle-0il with only sufficient
' '~'n§w,fom‘ed%;heavy‘”?oil toreplace sludge carbonisation losses). in—
‘cTease in temperature increases ‘the yield of gas, asphalt .and | -
uneonverted oil at the expense’. of ‘Petrol:and middle-oils: The
“increase in asphalt make 1s part ICUTarTy: serious because;—in—
‘order t¢ keep the viscosity of the recycle pasting. oils down.to
‘a’workable figiire &ll rew formed asphalt: must be destroyed:in
" sludgé carbonisation and this results in. ari .appreciable loss:
-of carbon’from the hydrogenation systems Further, .the carboni-
~sation plart itself ‘gets into operating troubles when the . .
. .asphalt: content.of the feed is.too highe L e

are taken to:cool the products before.
increase in reaction temperature .-

‘amount, ‘and, ‘therefors; an-increase, -

chlamm, - ‘One of the mdst.serious

"in the.sblids. cortent of the.
practical difficulbies enc

£ een due to-coke. CI9n.: ori.the hot catehpot -

e in: "chroughputfof the:Leuna
a. number of: proces ‘deta
] m ' ;




o becondlyrthe Is- G. staff have i‘ound,that 3o when the hydro—
. genation process is operated. in the normal way using. a- gradual,
upward temperature 'gradlenb in the réactor system, much of:the:
,'asphalt make is produced:in the last. converter where ’c.emperature
is at a maximum.and hydrogen partial pressure is at its lowest.
_ Dropp:.ng the temperature in the last converﬁer mat,er:.ally re- -
- duces the asphalt make.and it alsc’ helps to reduce the, so'.L'Lds
content of Abschlamm and, therefore, “the hot catchpot coklng
danger. : -

) : At Leuna, this reduct:n.on of tenperature :Ln the last. con- e
, verter can be. practised only in cohjunction with hlgh feed rates.
" resulting in a high rate of heat evolution per stall, At lower
- throughputs, the loss -of- recovera.ble heat by c¢ooling the last.
- converter mtroduces a preheater capac:.ty l:.rmtatlon.

The Leuna. staff feel that st:Lll great,er throughputs would
‘be.. possn.ble 11‘ it- were not for two other lmit:.ng i‘actors ) 7_(1)
erosion of preheater tubes and (2) the: capac:.ty of the ex.J.st:mg
Schrieékenofen, With the present’ high- rates’ preheaters have.to
‘be shut down for eXAMinAtion every 120=150° udys”-”a‘rjf ~this shut‘"dovm"'
takes- 6 days.; Inca.dentally, ‘the general: mainteriance’ shut—down\oi‘
a brown coal stall. takes 25 days-and- occurs,‘pormally, every.15:. .
months, Kugel ovens;.are considered to be superior to. Schneckenofen
: and several were .on order for 1nsta.l]at__ be’ Leuna plant. R

I

| (111)Detalls of Plant Equ:.pment,

Paste Mills . These are. s:unply horn.zontal rotat:mg ball m:l.lls fed
from each end with the appropriate- quant:t;es of dried: coal and past:.ng
Toily ‘measuremnent. of both béing. ‘automatically contro_led. The .paste
. leaves, the mill via: 'slots cub. in the ‘side and passe '
'screen for re:yoval oi‘ m.bs -of, coal, tramp :Lron, etc

5

»:::Paste Ingectors.. These are ram pumps s thé} pow 2 for
‘and “suction strokes being hydrauhca.lly supplied:
_variéd by contro the rate :of: enbry o:f.‘ water :
\cycl:.nder.; e : T
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Paste Preheaters, Theqe are: gas—f;.red convect:.on type hea.ters of
the standard I. :G.- -rectangular design,  ‘The tube hairpins are” 15,5 M long,
120 mm, bére and 171 m, - extemal diametei'.\ They are. fitted with fins &
mm, thick-and 10 im, apart and which ‘give thé tubés.an inbernal/exbernal
arearatio of 1, : 204 6~7" ha:.rpins are used-in a normal preheater the f
average overall K value of which is 18041508 2With high fiéed rates " erosion
of the hairpin bends is appreq::Lable and the average life of a bend had
‘fallen to 18 months,. It was proposed to change to tubes of 160 mm,. bore -
and 229 mm, ext.emal diameter with ‘fins k mm;:thick and 320 mm, ‘square

“-spacded 16 mm, apart,  The ha:.rplns were to hate’ 'been made w:.th a p:.tching
of 500 mm, :mstead of the standard 400" mm, ,"fi"‘""' R ‘

-1 i

, Brcwn ‘toal stall Convérters. "Leuna used converber forgmgs of a -
‘variety of sizes varying from 8Q0 = .1200 sim, diam, - and:from”El-18-M, in
length. A stall‘had- four’ c0nverbers rand the’ size. was usually such that K
'bhe total stall reactlon volume was roughly 27 M3 o ‘ . .

Horb Catcggot Several des:.gns have been tr:t.ed in an attempt to _reduce

. -coking, '-The type. HoSt commonly adopted i's”shoWn 4An’ Figs IV AL It is fitted -
'bchpot. wall and the .

with gas coollng coils’ “beteer ‘the forging: ‘and-innérte

:Lnlet pipe for reactanﬁs 1§ ‘out side the’ riner -vesse [ The. :Ldea -of ‘the’ cool-
ing tubes at the. top of* the catchpot ‘i to ensure sufficiéint’ condensat:.en
.that the-walls never dry outs - Andther type- (Fig. IV-B) has no’‘cdoling coils.
’but cold gas is introduced at: the “botiem of the vessel v:.a 2 rlng dlstmbutor.'

It :Ls c‘la:uned that-the e‘tlrrlng‘ prov:n.ded by th:Ls -iiethod elps to reduce coke .

R Let, dccwn valves._ T‘hééé 'afe"fitté
“they h‘ave rarli fe""_Of’:éiﬂY‘ 200-»1;90 h‘ouzfe .

Sludge carbon:r.satlon k:Llns Leuna Yas 26 Schneckenoi‘en arranged
~‘Each k:.ln comprlses two hora.zontal steel ’cubes 2 i‘t. ]

scrape the
bars are at—.' ‘




o Gas i ,;Punf:x.cat:.en of -the c:chulata.ng gasﬂlaca.rrled -out.--in--
9 towers- each 1300 mm. diametér: - Wash oil “(a hebvy-cut-of -liquid phase ;
hydrogena’cion middle oil) is- mjected par'tly with thrée-throw- purmps: a,nd
> partly ‘by means: of three ‘machines - driven- by ‘let’ down® englnes operat:.ng
“on the. saturated wash’ oil, .. ‘The wash oil feed rate was.controlled auto—- ‘

) mat:.cally in order ’r.o ma:.ntain a constan‘b hydrogen 6ontent of c:.rculatmg
gas. Lo . . i .'« G -_-...‘- : k

R Automatlc Controls. Full detaa.ls of the var10us automatlc controls
were obtained but these aré. amongst the docum'errbs (an Leuna ns:xt) whlch
“have not yet ‘reached London. L R B

N

C Br;own Coal Tar Hydrogmatlon - S '_ R

, 'l‘he Leuna. flowsheet for hydrogenatlon of Central German brown coal '

“tar is shéwn in Flg. 'K The crude .tar, ‘which: c,onta.:ms g ‘water, 0O; 5% sollds '

and’ 1-3(0 ‘asphalts), i *fugalled to “refiove. sllghtly over 2% ‘of it's weight- oif
-sludge which is ‘sent” te carbomsatlon ‘for oil recovery.: ‘The cleaned tar

is mixed with "Leucht&l" g 85 e., “fecovered oil from brown ‘coal: ca.rbom.satn.on
gases(the cru’cre“t'ar-F“L'euchto‘lﬂmwusuaE:y~contams~t;5%wby~wezght-.ofmheavym
oil boiling above’ 325° —40% - distilling 80-and: og~and-15~20%—
-bo:L];Lng below: 180°C) and w:.th the’ crude ~produc’c, from the hquld phase hydro-
- genatlon of heavy OllS. Th.'.I.S m:.xture dlstllled to g:Lve a. O—325°C frac-

S hydmgenatlon “With the except.:.on that a special is. Ans ed: U
" recycle oi‘ llqu:.d i‘rom the hot catchpot to the lnlet of the prehea ey
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. : The ma.m purpose of the hot ]iqu:Ld recycle from the hot cat.chpot tol..
the preheater is 'to increase the veleclty of liquid in the former and so.

_ reduce the coke ‘formation, - The rate of recycle necessary depends on the
ot catchpot designs. . With the: later types - hot recycle can: be el:.mna:aed
a.nd 1t. was: stated that Brux operated :Ln t,rh:.s way,,,_ L L v

. In order to purge spent caf ma non hydrogenableematerlal in the
‘tar, there is a small let down’ from the—hot catchpot.,_Pam_Of .this. product

ise recycled dlrect .and’ the: rema:mder treat.ed :m fugals toeglve,‘a’concentrate_
:wh:.ch is» ca.rbonlsed for Oll recovery

i H The y:Leld of pet“rol and mlddl Loil J:)btalned by l::.qu:.d phase hydro— CL
- genation! of brown: ‘coal tar heavy” oilTE "“jtist over-80% by weight - -Hydrogen:
’cOnsumpt:Lon is 3, 9 to 4,0% by we:\.ght.‘ It is :Lnterest:.qg to note: ‘that the. -
‘ »petrol + middle o0il production Mleistung" per M/ reaction volume’ “is lower .
‘from brown coal tar heavy oil than. from brown coal., The flgures are O 25—
”O"ZE;‘TQns-/M /hoﬁr-—n)' 431- hpnw 011 and 0 29-0 30 fOI‘ coa.l. :

Vapoi' Pﬂ"ﬁvdm*matzonwofvmddl&Oals

(:L) Process cond:Lt:Lons and v:.elds o ; ';. 1

: Leuna opera:bes “Hhe. twf"” 51 g' ‘proces ""stralg'ht'through presatura—-
tlomto convert nitrogen'e mpounds to amonia and-to- hydrogenate the greater
part of the oxygenated components followed by sphtt:mg hydrogenatlon m.th_ :

_ - 3 For ea. v he plant consists :.;uply of a preheater, t'vvo mter—-‘ o
“‘changers;. three or four converters, a Mgooler and 3 cold ca.‘ochpot. ) Reactlon
: 5 : Ui 25 3Ly -
common with most other German hydro nation: plant.s 3 have»r'r‘chan_ge

(tungsten sulph:x.de) in ‘the form:of " lO‘gmm.hvpelle‘os, to 8376

S 3% nlckel:sulphlde on alum:ma ) catalyst used




7)37;“@3:&&{',. Us:mg petrol + middle o1l from brown coal" hydrogenat:mn-as—e
feed, the yield of sa.tur ted: product is 97% and hydrogen consuInptlon 8 7—
-3-8%, . . U ~ . B

The saturated product ‘from both brown -coal- and brown coal tar conta:.ns -
-an appreciable amount. of material boiling in the petrol range. This-frac—--
tion has a comparatively poor: knock rating and it is desirdble to keep it
separate from the better quality product obtained by -splitting’ hydrogenatlon.
Tt is, therefore, usual to distil the saturation.product , taking: overhead a
0—150 or 160°C cut. if motor gasol:Lne is tHe desired-end product or:a: 0-120°C
fraction if aviation base petrol is being made. - ‘Tt ‘was stated that:0-120°C
;saturatlon stage ‘petrol ex brown coal hydrogenation has a motor method. octane
‘number-of 70-71 while the rating of the- correspond:.ng product’ from. brown coal
tar was only 68-70.- ‘Presaturat,:.on st.age petrol is i‘requently used -as, feed
for. t.he D. H D. process. ; ; . ; . E RS .

Co

1

gen per htre It can be used d:.rect as;a Diesel: fuel and has a-Cetane
“number of 4042 and a pour—point o= 3:5°C=‘"F‘I‘he‘pour~pomb~can~be-lowered~.
" to =40°C by cutting 15% from the hlgher bo:L]_'Lng end but= th:.s reduces. the'
rCeta.ne number to 38. D ‘ S TR R T :

L ' Splltt:l.ng hydrogenqlblon of saturated‘ma.ddle o::.l is: carr:.ed out over_
Lal tungsten sulph:.de on . Terra.na eart,h, catalysb ;(6 3L);. Other process con-
. d:Lt:Lons ame:r oLl et ) :

" Por Aviatiom ..

L For Notior. - - i
- “ el o Gasol:_ne- ... Base.Gasoline. .

O:Ll tHroughput L
. Kgs/litre 'catalvst/hour
‘Conversion/pass . . *
. C:chula.ta.ng—gas/ 011 fee
ratio. M3/Ton': . .
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. F:Lgs. VI and VIII show dlagra.mmatlcally the convers:xon to two™ grades*
of petrol + m::.ddle -0il from liquid-phase’ hydrogena.tlon of brown coal tar
(mclud:mg Leuchtol} and brown coal respect:wely They show .that the .
_’i‘ollow:Lng cv'era.ll y.x.elds are obta:med' F SR Co

. Motor Gasollne Aﬁaﬁion Base Peit'roi:-

Brown coal tar .
Zai wt.% on .crude tar’

N :anludlng LeuchtBl : 83 L : 72.5
(b) Wt % on l:.qu:.d phase T T £
pet.rol +! mJ.ddle_o:Ll . 93 81
. Brown coal - T . T
faiwb%on ash and .. o R C N
molsture i‘ree coal EEEEIETR R . I R
4h)_m%m_lmuLphase." - e T
o pebrol ¥ m:.ddle on..L.’. 5 '-‘)5 e o .-_,.‘;é_;&gwf

Overall hydrogen consumpb:.on f:Lgures are-‘,

(l) Brown coal tar (i ncium uchtgl) to Motor gascﬁrr

N 6 9 - 7 02 by welght on’taror 083— Qsz, Tons~
. L Hydrogen per Ton tor gasol:me

Same ‘i‘eed -to Amtlon pe‘brol_;—‘ N “; V,T o
e T3% o Tons Hs/Ton- petrol.

ol Basc
9. 0% wti on
siot .203 Tons Hg/Ton motor gasol:.ne‘
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" Intorchangers were similar to those in use in.Iiguid phass stalls’ -

‘except that those in use in saturation stalls: had.24l-tubes. K ivalue. . .
for both.was-300-200. . .- il .

g_:_'_e_{i_eater;s_.' “On the gaturation stalls the préﬁea’r;e'z;v jégnéisted_ of. L : _
of 5 elements:of 90 mm, bore,. 127 mm, ‘external. diameter tube heated elec- -

trically, Notmal gas-fired preheaters weré used in splittidg stalls < cach

_contained about 25 elements of 90 mm. bore tube and had’ 2 X value of:200- -
. 180, S R A G il (U

* Reactors.. The main feature of vapour ’pha\sauhydr‘o}gena,tiofi.-zj‘eaétbi*‘s'f: is

‘the arrangement of the catalyst in bedswith intermediate-mixing ohambers.

" into .which cold circulating gas is introduced in' order to give the necessary
temperature control,  The Leuna ‘engineers do not.appear to ‘have been very.
progressive 'as regards.improvements in design of thege-bed ‘converters.and
‘the operating staff seemed sa{tisfied*\‘with‘ the present. reattors although

they are capable of much smaller throughputs than tHose in ‘use, for example,
at-vB‘illingham;—'- B am L e R T T B

3 The 'fdrginé ‘bddyﬁwas' formerly-lined with stamped cement asbestos.
During the war, Leuna has used fired -bricks:of #Schammote- stein' with- -

apparent success.

t

7 goolers. The K Vaive of va
_was ‘stated toibe 400~500.kg.

!

: E.HVa;;Bur Phase ,éphtfiﬁg.'\ﬁyd’i:é\éenéﬁibn at 700 atmos‘phei'\é‘s"--'l’r‘e"séure.,' L :

cuns but -the Tesearchfor the Dubzkendort
as done in the Leuna laboratories, - Dr.:

- This was not.practised:at:
“plant of the Wintershalle A..G.. :
“Becker supplied comparative data fors300-dbsyitwosstage (presaburation ...
-~ followed by splitting hydrogenation) and.70 direct treatment over. ..
- usi ‘ osote middle oil).as
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‘higher than is the case in the normal two stage 300 ats. process. ,If it is
essential to produce petrol of high aromatic content and an octane number
of 75-79, there is-clearly an advantage in using:the 700 ats, method. (pos—- .
~gibly with a, less: saturating-catalyst. than 643L) instead of thel conventional
two-stage method followed by D. H, D. treatment of the éa.tu;('ation stage
maphtha, ‘ R R S T .

'F,~_ _b Hy&rbéenation Costs -

_ On the instructions of the Ministry of Fuel & Power a special effort b
. was made to get detailed: information on the economics of ‘the hydrogenation
activities at Leuna. “During. our visit, Dr. Pichler went through ‘the ‘whole
of the available records -and-made the following summary of brown coal hydro=
_genation costs.” R T Sel T ek ST

Sl Flgsf—VIII_tDJI_pr_es,ent tHe basic. -'i"iow‘s‘hee’t-" data i‘ of -hydrogenation of .

*’Br‘oWn'r'ccmcm&aﬁatign@mmmLﬁﬁé;ﬁiﬁm 5t Leuns_high=through-
i put. conditions, | They are typical of the Leuna- operations during 1943 and ™7

‘Pable I gives an.dnalysis. of the cost of production of motor and” -

ayiation petrols according to these flowsheets in terms of raw material:
_costs, operating ‘costs.and capital charges, -credits £or hydrocarbon gases
.2 Table II shows a breakdown of the operating ‘cost s “in terms -ofoperating:
‘1aboury. labour and materials for' repairs, electric power; fuel gas, ‘steam;——-
etes "’Qfxrerheadﬁ?‘oharg’_e‘zé!'_ and- obsolescence: aic'e_'s_hcwn','a‘sv._parb‘-of‘th_e,rop‘erating
-cost.

. Labour ‘é";‘j‘giﬁreﬁf"in":mah/h;juf's=5"a'.nd:‘~c'cv>_r_is~ump‘t}iéns\ of. the various utilities.
‘ome 4150 quoted do that it is an easy matter bo translate bhese costs €0
‘apply ‘to- Brifish or American gonditions; T o Sl S
e Y B " R T A PR ANE TS

" pabio TII gives & still more detallod breakom of operating costs
~for production of metor petrol by providi detailed analysis of the costs
he plamt, ©.gs coal drying, coal pasting, liquid phase
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BUILD UP OF RUN'\IING COST-S

S ..p-\ b‘;,-’,,‘_'_'.",., iy

: Motor Petrol Productlon
' -per- hour .

Aviatlon Petrol Prodn

per hour .

A gnggmztv M 7*“qug§1tv “RM
Labour Costs S _ q 67762 e 695,75
- Wages . - nrs, : 4&7;51 d. 524465 459,01 - | 538041

Salaries o cot oo 111,98 S - 115,07

Social-Insurance - R 40,99 . A2 21.

_Energy Costs | O . R NE 2,513 7&]

Water . .. M. |'10,253.2 11,342.73 | 163.87

""H, P, Steam - Tne. . 280,15, . 303,20 - 919.57

I, P, Steam - Tne. | 112,93 | L/ © 125.66- __/251 28

“{. P. Steam . Tne. 150,54 | o 152,591 | - 341.76
_WH.I.Electr1c1ty Ki/hr. | 15,460.47 | | 16;451.88 - 332,85
“L.T.Electricity Kw/hr.” 3,761 1277 13, %&1.78‘*““-"-81"33:-—

‘Fuel Gas 102 Tne-Cals. | 83,747 51 : 87,991 65 781,62 -

Brown Coal - Tne; ' 5 O 3’..-, o139, Aé

Other—Forms (Gas) S :

_Repalr Costs ’
,Wages - i
'Material

hi‘s.

L'Workshop & Méterlal oncogﬁj‘fur‘m’"w"Jl5

a9t |

Worklng Materlal
L Praffic.-Charges:

Works, General'ChafgeSiﬁl

jCapItal Charges

b 581

| &5 43'6%' "6;71:

e

0 RN

o TThG63.

T




TABIZ: III. BU'ILD-UP or KYDWA'I'ION COSTS .
(Bued. an“vuluaa of Nov \1916} and. [ Motor }mel _Production ot_la'._!w Tnas/hr ) - -

X ., - Puw - Goal
o ! tion ~o ‘Ih,lueuon- = %1
P mléé m .
01, Wages' . 21.31- 1 3h. T 187
Wagoeo to 16~ wox'kera. 'k 33.52 | 22.92) 27.32 51.33
P foreign M- . " - 6,13 0.24| 0.20 0.02] -
Salaries - . : 881 | ‘ 4,98
Social Ixzm.u;ah o R 2.93 2,34 -
' e et ' .
.02, Energy Costet A 18.41 97.86
- -:..;'.$TukoM5 v : - T
L.P. Water'. -, (cp, | M . N B
“BsP. Water o ) 0,10 238,93} 3.53 | 1895.48
Drinking Wator ¢ " ‘ - ] : ! O =
S e L (Take " R R . . . C
. Cooldng Water '~ fa. w R | ) R o Yoo 64 l‘éo N
' c«:ndensa.t_a',"bil,fr(oo w |- Vss.g0|Lhiog | Yo.sk | Lh.og ;y} ool vl ‘-él S - VR I
. L et L h.zl 0.61 0.53 .-6;07 : -/1.29 'l/é.gl -4.51 6.8
H.P. Steam © . Tne 3,350 10,15 V5T 3.3 | 12.65° 38.31 BE 12.83| .38.85'|,6.31l19.11
- Back ‘Preseurs Steam " " . Yo.35 2}0’29 - 1/3.89 12.78 ooy .1./‘331 ees
—LoPo.Stean . L ' 37,68/ 85.24 0.93 | .2.08 2.9 { "4,93 ] ;-1.e9f 2,90 5.39) "2 .. o | ]
E.T. moctrioity KWE 20.20]7"07307[2760:697 81710 1202419118, kG- 5971.411.90.20.{.1112.28}.16,80_] 1 5,651 2.85
) I..'l‘. "~. r. Power " - 137,257 2.8k |- ¥71.76 9.76 | 43,90 | 9.19 | -56.56| 1.17 42,28]7 - 0,87 | 68,89 TL.L3T
. \o» nght "o .8.81] v 0,18 32,28'] 0.67 | 11,20 |+".0.23" 5.87| 0.12 2,04 . 0.0k | 2.33} 0.05
fPuolcas AR S . 3385.25,] 30.06 | . : ’ 19283.33] 170,528 7 | T o
Wotkshops Gas it ] B " SRR It i ] o3| oo
" Ritrogen 90 1bs/1n2 " 263.89| 4.30°|- Ls.25s  0.7h | 866.53 0 £ L B ! . o A :
cop 1 lhs/in e 5020.06] 2.60 | 5686.36 ] . 4.90 [1754.30 | 2.5L.| - . Lo 55.34[.. 0.06|191.89'} 0,17 .
Towns Gas - -~ e . R D " SO A ' BRI R -
-Acetylens . . ! o 1 . R
c:mpressed Ar " =l .- - 10.18f . -0.0% | o
Bit.. Coal’ anil cake LT L ' : . ) T B
03. Regair 00515 ' . ' T~ ’ e [ A23.99 T B e Loonoshe8rlc o 138.22
oreign“rm wagea. “pre. | .63 1. 063884 7 1 , ¢ | 0.0ty 70, C0.92| T
) 0 Material - . RS R : : L i : R IR
o & onoosts, hrs.-. TR LR,72 ¢
Stores Material ' 3.02
§ " euyplement o.ko.
'Harkehopa Wages. Hrs, 11,63 --
‘Workehops' Cost ent. 14,69 118,26
: ‘Repa:!.ra-m.n r - 0,07 | .. 0.27. «
“ob. mnni_'gs)(a als - 0.65 [ o
. Materials.: . c 0.59 | 2%
: B'corea supplmnt 0.06 |- A6 -

05. M&M
ch'ks Genorel Charﬁg

i R

wa.go & Sexary s'nont. . T.02. o] 6T
Fire ‘Brigade. " S 1,50
o8t ofﬁco COsts |- 70.76.- 5o :
.07, cagita.l-cm.tggs " {-20.60 |-
. Writing off . - 15.33 1 10,94
" Interest ChaTh bz
" 08, Taxes . ‘ .76
09, Verious Coste 750" -
- Taboratory . T.17
+" Othex-Cogts. 042

‘navmtenelsu}res : C , : o o
.":Partcoat?ipemdgaa : : do e




ID-UP OF HYDROGENATION COSTS Cont'd)

(Ba.sed on values ‘of Nov.. 19 3 and

s Motor Fuel Prod.uouon or 72.

: H.Q.L.D. 'l‘a.r o Liquid Phase Ga.a wgsh:lng .
' Xilns - Fugals. Distillation © Plant Circulation
Giy/or | Rm/hr | Qty/nr | RM/br [Qty/hr RM/hg Gty/nx. | R/ | Qty/hr [RM/he
‘01, Wages . 1. . 24.3 21, .- 2%,31 20,09
Weges to.IG workera. hrs. 43,75 | 51.55 | 13.3%]15.9% | - 12.35 15,83 | . 12.60 | 1k, 11.69 | .13.93
n. ngoreign ™ . " “1h.83°] 15,31 3,19 3.28 0.80{- 0.92 1,03 | 0.99 1, 92 1,83
- Salaries ol e - 3,75 4.55 0,007 6,02 0.002| '3.87
Social Insurance, otc. L3y 1. 1.35 1.h2 1,26 .
02. Energy -Costs 5 " 1388:75 23,24 230,08 - 25,84 | I AR
‘L.P, Water (Cr. " : : . ’ — ’ L
H.P. Water S | 566.20 8,36 | ex.79| 0.35 | . sk0.62) 7.98. 13.67 | 0.20 11.9% 0.18
* Drinking Water " 0,32 0.0% P 0.96] ©0.0% ] - :
Cooling Water(g:!fe " ’ A - S .
Condensate = 01l free " . " ; Coe |
e O oily - ". ¢ . -1/11+.26 14 9% -1/2.92 %.ho 14.81 %.25 4, 17 L0.02 _1/12 17 3/1.6&' N
E.P, Steam - Tna 8.86 | 26.82 |. 3.537'10.68 1.12] 3.b0 _/2.18 . 6,611 ©8.46 |.86.17
Back-Pressure Steam. " : o I l 1/5.92 .
I,P. Steam = - " 25,79, 58.03 3.59|..8.08 8.647 1944 0.k5 ¢ 1.05 2.37
H.T. Electricity ’KWH 180.34'|. 2,72 | - 3.21| 0.07 1116.73| 16.87 1350.07 20,08 | 2957.63 | 44.68 .
LT " _ Power " T67.61°] a.b0 |19B.20 k.10 | T 118,69 2.46 | "10.87. 0.23| "k5.65 | 0.9% -
LS " Iight " _ © 0,71 0.01 Co ; o.4k7[ ©.0L 2,027| 0.0k | . 2.63 7.05
-~Fuel.Gas’ o _ | e3431.90 | 208.1¢ ' [29721.b2| 274,96 1 . J
Workships Cas -~ ™ N I | - 163901 0s 16|~ rrimumg i
Nitrogen 90lbs/inS ' " . - o : : zoh,20| 4.96 | 10.52| 0.17 -
L | 1bs/1n2- LI 205.61{ 0.18 [410.69| 0.36 - : : e
Tovns Gas . " . . : : R :
Acetylene B N R ]
Compréssed Alr - L 9.25 0.03 - N
“Raw Brown Coal Kg. : . x L . - |
Bit. Coal & Calce - " . ) -1
03, Reruair Costs . : S| kB.2300 21,60 o] 62.80:] ¢ ‘| 50.9% o he5.90
Foreign workers wages, hrs. . 0.73 1.35 . 2,32 7580 0.20| 0.37|_ - 0.0% 0,01"
Lo material : 1R : R PR D L s
T & oncosts. " 6.80 0.56 6.00 dosh | 5,02
¢ Stores Material . | a2 1.7 1Lk . "~ 5,32 63
‘ gupplement B L2430 | 0.27 s 0.17 . 0.85. ; 1306
WOrkshopB ‘weges. hrs... . - 38,36 { 45,51 5.76|  7.08 16.50 19.68 | 13.08|15.91 | 13,56 | 16.62
" _.coste, supplement; - [+ " - T1.22 K 13,628 Co] 30,94 25,90 ¢ ~ | 26.58
Rapnirs - Tra.nsport Cha.rgea : : 1,93 10,36 - 0,77 0,15 .10,18 ¢
o!.» Materials b 4,46 0.8 .17 -0.851" 3.45
‘Materials . - %98 0.7 1..7.05 .75 | . 12,97
S horso supplement .0.50 T 0.09 | - 0.12 0,11 0,48
. E . . - f 1. o R
05. Traffic Costs . g 292,507 0,38 b..o.08 ] Sp.0h 0,08
" 064 Works General Gha.rggs E .36.01 | 0,08 -10.16. 10,02 | - 29U
Wege & Salary S'ment ‘ | e2.91° ¢ - T T.21 6.25.|" 6.0 . - -7, 6,10
‘Fire Brigade - .. A 2,65 | - 01k 1,64} 2.09 | P B 1 13 B
- Post Office costs . S e N 10.45 P S S 35 IR 2.27 | 1.23 V2,03
07. Capitel’ ggs"_ L c JJ.E.% e 11'.22 48.21- 1 57.781 s bl
-+ Writing off KRR I ' 94,12 |- 2, )| 52,10 50,15 | . 55-51
Interest i R A 21.87 :0.88 {7 S6.11 '7.651. 12,77
08 Taxes | 16,84 55 | . Mj‘_ e S.46 1 k 1" 2.93
09 Various Costs. .. ¢ R S 20,8k 26.10 ©9.02 133 17 0s28 .
. Laboratory - T R BN~ 5 1 3.29 - .0l ' 1.31 '
“Other: Costs o ST1:15] -0.67-. 0.10° 0.02 0.28 -
RawMateria.‘l. Stores s R Y oL S
Pa.rt. Cost Pipe Bridges . : . AP
woom Factory Wtr. Sthem : P : T
ﬁu‘Précluct;'op Totals ..o oA pse s 801 51 e 115070 388,10 Jugzest | Lo 27hi66

1/ Desigmtes credit against onerating costs. o

T Blté T




TABIE m BUILD-UP or B’!DROGENA'I’ION CoSTS” SCOnt'dE -
{Based on n.lues of Nov. 19 3 and. a Motqr I‘\.\e,l Production of. 72. 0 'mea/hr)

Vapour Phase VApmu- Phage Vapou.r mso . t Depropanieing -

v Injection Stalls Distillation | Potrol Wash ' Plant
. AR —Qey/nr | RM/Br | Qty/hr. |RM/Ar . |Qty/hr | RM/hr [Qty/hr [®M/hr | Gty/hr [ RM/br
, 01, Yagos 1 21,70 j W(z}z . 27.96 i 2.61 -Z.lz'
Wages to IG vorkers, hra. _ 13,82 | 16.52 30,70 | 37, 16,22 | 19,75 1.69 | L.98| - 7.05 R'Y{
" "forelgn " ! . 0.k | 0.12 ©0,01 ] 0,01 0,45 1. 0.4k : . N R
" salartes | 0.00% 3.63 0.004| 8.k0 0.0 5.58 ERT o
Social Inaux-u.nce, oto. : : 1.43 N - 220 1.79 0.17 ' 0,66
02, Enérgy Costa 3 33.50 > . 83.87 176.00 {1142 2k.k%o
" L.P. Wator  (ge.. w ) I dy |- \ :
* H.P. Water : " 1817.18 | 26.83 529.k0 | 7.82 |126.75 | 1.87{ 32.3%4| 0.18"
Drlxﬂ:in@"utcr . " A 3.93 0.37 1. - | . [
. - (Take " i : e
Cooling Water (py, o . _495.-{7 _,é g5 |7 . ; . . . ) -
Condonsato, 011 free " 17 1L _J;/ 5 1 : '-1‘ Ry iy LA .
o= oty " oy | Yourz | Yo.or | Ybios | M.go|b.zy | 2h.midb.e3 | Lhoz | Mo
H.P. Steam - .. 'Tne’ 21,20 | 64,19 [ 0.51| 1.55 2,851 8.62 | - . T T.36] 22.29
. Back Pressure Steam " _/19 o7 1A8.13 | . . - ) RN DR
L.P, Steam . . " ) .. 1 7.31°] 16.45.1 B,15( 9.34 -
H.T. Elootricity - . EWH - 1&88 27 7.38 | 1784,68 | 26,96 570,90 1 .8.62 | N L ’
L.T, " Power . R I i 40,83 | 0.84 | '390.26.| 10.15.} 17.64 | 0.3677.98.00( 2.03
" . mant,w;» LI I 555 0,11 | . 1.96| 0.04 5.68|-.0.12 | . 3.92| 0.08] '0.39| 0.01.
Fuel Gas RS T- 2 I T REE T3 TBTI39 T 13598 W1120TT T 5 Ravs —
- Workehops Gas . " R 3.76 | - 0.09 54,03 1.28
Nitrogen 90 1ba/:.n2 : " : SN : 12,23 |. -0.20°
€0 7 1bs/in? Wb 80,581 0.07 21,85 | 0.02 : o
Towns Gas™ | : =~ - e g IR ’ e .
‘Acetylene = v e ! : AR : ) :
. Compressed Alr - LI R O | 9.7 0.03. 554.29 | 1.8k
" ‘Raw Brown Coal .- .. Kg . i A R sl o
'Bit, Coal & Coke ~ ~ L B T R § ol PR
:03.” Repair Costs - | ] 3698 _ 21!».9% o 28.24 6.97 20.53
Foreign vorkers wagea. hre. .o10.22 1 0,297 0.25 0.2 0.21 .2 el 021 0,22
"'material : R S A . AR I : H -
& oncosts.- 36k | 12,16 o] 0.38 3.681 - 0.03%
.:torea meterial - 4,95 | - 64.97 1.29 . 0.17 - L2 -
) : " supplemsnt = : T 0483 o] 20,88 | o022 -] 0,03 . . o.gi
_Workahops wages hra,,_. - ' 8.55 | 10.hk | - 36.19 ] b3.21 8.48 [ 20,26 | '1.07-|" 1.26 5.59|  6.83
: . “coats supplement - o] 16,61 [ o 8RAge y f 35.0T - 1,83 ] 1006k
‘ Repeirs - Tra.nsnof*t charges ; 0.22 | 132 ¢ "0.76 _ 1.18 .
ok, Running Materids 2.93. Yol 376 - 0.64
““Materiels [ 2,52 ool 3339 0.55 |-
Storea supplement ’ 0.k |- R 0.37 |+, 0409 | ~
05, 'l‘ra.ffic Costs 0,05’ F I P A R . 0.3, 0.0h
i Ll 1 i N
. 06 Worka General Charges . ) 110,79 4281 1 | 13 . 0.99 2.90
" Vage -and salary a'ment. o ’ Ul m6.3T 1,03 . 4 - 8.0% 7 o 0,75 2,
Fire Brigade " ° T L0096 - 8.50° 2,15, -0,09 0,22
" Post, Office’ ‘cogts : 3.46 - 6.2k & 1 2.88 .0.15 .
' 07. Capital charggs‘, e s 1&;1« 179.66" | 27.98: 2i62 8.4g -
Writing OIT .. .. oo .52 150,58-1 - 22& - 1.8 | 57
" Interogt U S3.02] 29.18 |- -2 L A 0. Thy - 0.92°
08 Taxes : - 18,33 5.99 0:65 1.69
. ot T g I e v -
: 09. V‘arious Costs. 0,28 [: - I 881 0,22
* Laboratory = <002 2421 .38
I .Other Cogter L T 026 0.37-|: -
. Raw Material Stores ) o ek
: Parb Cost. Pipe-Bridses AR LT
A Wit Factory.: Wtr. System i




" TABIE III. m:n.n-m’ OF HYDROGENATION-COSTS (Canttd).-
(Bued. on va.lnes of Nov. 1943 a.nd. a Motor ruel Production 05}2’ 0. 'msu/hr)
Liquid: Phue - [fiquid Fhase |vapour FPhaso h
Rich Gas Rich Gs . : Tritermediate . |Intermedinte
Purification’ |Fractionation Potrol Testing Stora, _ Stors,
: Qty, RM gty R, oty R Oty/nr | Rijnr_lQty/hr | Ri/hr
oW ages - . 20.%1 ; EO0 11 |- 1 0.76 | . 16.0 7
Wages to IG vorkers, m-s. 8.80 | 9.62 | 2h.AT] 29 | .10,15 { 12.01 2,18} 2.49
. tforeign ™ 5.5% | 4,08 -o.‘53h 0. . -
sua.r\ms . 0.00°| 6,28 0.00% 17.70 | 0.72 | o0.00Y 2,93 0.69
Social Insurance, etc. , 0.99 2,65 0,04 1,06 0.21
02, Energy Costs : . - |1s2.71. 294.30 | - 0.1 N 13.26: 19.74
(Tako W | 135000 35 | ) ‘ ]
.Iow Pressure Water (cr. ™ 119,76 13.09. ) . . . . .
 Eigh Pressyre! ‘" " T 67,21 | 0.9 |3623.55 | 53.50 $:49 1. 0,08 | 14,351 0.21 1.2 | 0,02 -
, Drinking Water o .26 n,02°| . . Lo D
s . (Taxe ™. cfeee L -
COOling Water - {or. C : ,
Cond.enuate - 011 free " 1 o) _— : Ay . 1:
- olly " 1 a3 ,lé;gh yr{.hg Y536 | 6.0 _/g ll:é i/la’{ l/e.ii Ug.ﬁs
High Prossure Steam " 2.7 0.87 9.78 | 302.17 | 1 35,79 | 5. 16,47
Back " n o | Ma6.54 ¥ 5.87 | L/i7.04 [LAk,08 o _/o 57 Y113 |, .
CLow - ¥ " o . 36,681 82.16 548 [ 10,05 [ 0,031 0.06 ;. S.92 20,06 | 0.89 b 1.99
H.T. r.lectricity RS <): S R . | 857.44[. 16,20 B 210,20 |- 3.31
L.T. " TPower - - 357077 | L T.BL ) 819415, 8,67-| - 0,30 | [0.01 |335.51. 6.94 1 57.05| 1.19:
B e Mo SO w 1.16 0.02| .21]. 0.09- 0,04 |~ ‘1"o,351 0,01 -
Fuel Gas Y - T S : -
Workshops Gas’ ° o . :
Nitrogen 90 1bs/in2 n 5,081 0.08 82,42 | 1,34
COy T Lbsfint " 547 | 0.05 : " ‘ .
Towns Ges R . Co L .
Acstylene- L . . - - D
" Compressed Air L 6.oh| o0z | 62,39 b.20- S 6.07| 0.02
‘Raw Brown Coal’ kg L - ) o R ’
- Bit. Coe.l& Coke " ) . ; R L
05. Repair Costs - - 5 42131 3317 | 2340 6.6
Foreign Workers. wages, h:cs. ~0.30 [ ~6.k2} 031} 0.31 ~ | -0.26.70.26 | R ;
" material . : 1 . . . . 0 e
& ancosts ',0.76 c 0.35 0.01 | — | 2.8 1" )
Stores Material . LB NG 2.87 | So.0L| é.'/o.he 0.28
B oo sunplement o L 0JTh T 20,76 |+ . oo 1/0.08 -] 0405
. WorLshops Viages.  hrs. 10.53 | 12.47 | 12.0% ihho | 1,03 .27 6.91| 8,19 | ..2.00]. 2:49
Costs supplement Lo 1976 = | 23,26 2,02 S p 12,54 . 3.81 .
Repa.ira - Transport charges 0,02 0.36 | -, 1o 0,01 .
. e . . i
oh Running Haterials R M - 1.04 1,46 ~1.00 - 0.3 0,01
. Materials L 1,03 i R -1 300 , 5.33 0.01
* Stores suppleansnt L 0.0L | ] 0a0L N 1 0.06 B
05. Traffic Costa ‘0,611 - 2981 0.04 1. . 0,12° .
06. Works General Char@s : -8.62| . ‘16.2% ) 0.23 | 6.66 1,46
- Vage & Salery s'ment, R AR RN L EBak) ] 0.20 %80 0.8
. Fire Brigade R . 1.00] - Wlesh i 0,027 7 0.87.| 0,48
Post office Costa 0421 o S L1 100,01 | 1.19 T
o-{.‘ p‘talcha.rggs S T k2, 3k — 101,92 10,63 ‘| 20.88, 4.67
Viriting off . SR 32,59 1 78,30 :0.49 Ty1TSL 3.92 -
Interest ‘ 9,75 boesiez ) 0.1 o7 3037 05
08. 'I‘axes STl Cr9.88 1 0P 4 4336 |0 - 0.73
09 Various Costs _ e B2l Sagl o lblee ] Lgo| - ] Te.Bs
SImetory o Tast 7 B Y. v R A
“Other Coste . .. .. . e o 016 - L0.79 | | H0.02 0.35 |- | T
“Raw Material Stores 0L 0,09: . : Lo
~Part cosc “Pipe-Bridges - .7 L 5.891. Lo 6.46: 431
oM. ot Factory” wta. Sjsteun L 3.82 o, P :
e Tip chm-ges S : Transferred to [ )
o - IRE 5058 Catalyst Plont 1
.10 Credits S -,“H.S._gas saction 2, : ; S
producuon »:Tota.l 1286 22| 3 se18 | L) 6T K1ib3




_ TABI® III, - BUILD-UP OF BYDROGH!M'ION 008TS (Conttd)
(Based on_velues of Nov. 91&) and a Motor Fuel Préductian of 72,40 'l‘nes/hr)
. . -

. Hyd.rogena.t.ion Hydrogenation - )nd.rogenation .
) Drain Wir. Treatment Phenol Separation ' Phonol Wad Total -
: L Qty/hr RM?E Qty/hr R, Qt _. RM Qty/hr M
01, Wages ' -1 i . . - 5.05 1 | 12.28 i 62 -
Vagos to m worlkors, hrs. - 0.2) . 0.2 1.1 | L5 6,00 - 1325 |- 391.21 0,5
v "forelgn " o 1.61 - 1.55 | ] . R R -
Solnries - ' 1.47 0.7Th 3.33 1 111,98
Social Insurance, eto,’ ) 0.09 . 0.13 . 0.70 | 40,99 -
! : . N . : - - . - '
02, Energy Costs - 3 6.15 o 12.%% 2:2’1;.0% :
" Low Proguuf Vater (o w R I ‘ _256.& 72,60 | 1093.11| . 1.9
ssufo Water (cr, " Lo - | fssuss |- V.60 (5TL09 1069 -
High Pressuro Water . " Yol : : . ) 9522,11|. 140.59-
Drinking Weter . LI - . i w 0,257 e.0L 1T 9.07 0.85
. 1t © . (Take ¥ - | — s 2,66 { ‘0,10 o - 2,66| .-, 0,10
qu Ing Water < (ere " RS o . L : l/596.1&1 y19;99“
Condonsute - 011 free " Y R IRV T [ %.82 1-/1.11 1/39.98 1/10.k9
Sy - om p Voues . 10,03 T S v % YL )
High Pressuro Steam Tne |~ 0.37. . R . . .. 5.58 16.90 | 280.15| 849,77
_Dack - L e I N R . B 1A12.03 | 2£25.83
"Low " L L P (125 S -0.09.|._.0.58 1,30 0.1k | 0,03 | 150.5%1 33719
E.T. Elootricity xwE | . R 53,11 0.80 |7 T o B 115460 47| +-317 . £6.~-
e, © " Power " 113,67 - 235 0.6 |, 001t 7500 -k 155 ’3667.55 75.90-
" voo gt o 0 " | S “1.17. |, o.02| 0.95 - 0.02 95, Th| - 1:92
" Fuel Ges & .M S R T o ' 85665,04 | 741,80, .
Workshops Gag: " m . ; I R : N ’ [ 5,72 1.5
‘mitrogon 90 Tbsfin® "o : . N N 43,50 U .0.71 | 2633.62 26.63 -
€0 . 7 rba/m? o : . © | 3ek0.38 2,79 20,55 ‘0,01 k725,061 12,72
 Tovma Ges’ o R R 16,48 Ry "0, 27 0.01 |- 18.715| - 0.48
Acotylene °° } oM . N I PR P e C
" Comvressed Alr L NP et 196.89 0.66| . aa.a . 0.07 | 28810k 9.61
Raw. Brown Coal piv: . R S R - fus062.9 1 139.46 -
“Bit. Coal &-Coke: ™ - W " R Rk ' 3 R
05, Repair Costs ‘ A8 p Toait—— o] 106,85
. I«breigx Workers Wegesy hrs. 0.17 0.1S, S R i R :..1k,73) T 20.82
o " .meriul ‘_- = 1o EEE :
it oncosts e . { 0,86 ~0.081, L '0.53 116.26
. Storea material - 0.95 . 10,06 10,98 oo | 1889
B L aupplemant o 0.15 0,01 a0 S 0,157 T} 30.60- -
‘-Vorhshops Viages. s, 1.62 2,00 0.41 o.k91 ¢+ 352 ] o 13T 357.245] - 430,79
- gosts, suoplement - " 3,04 = 0.67 - - D g.s0 | T 69823]
Ropair; o Tranoport CHAYges - R o . © 0,09 L 116,88
ok, Bunning Materiale . - = P : 0.25 ] -+ |.10.70]" . 1600} H;zﬁ.sz
tntorials ;. B D T 0,22 7. o 1 13596 .. Sk,1G .
: Stéres su;pplemen‘b : : 0.to3 - S -1 i ~.0,08 1 S3.44
(05, 'I‘rai‘fic Costs . T I 0,24 | 154,55
- ] R
‘06f—\ orks Genere.l Charggs 1.3k 0.77 1| ! 2 3.h2 .93
Vage &-Salary auppleanent 1,05 0771 . 3.20 200,62
Fire Brigads . - 0.27 0,20 0,19 , 423,97
‘Post Dfffoe Costs L 0.0% [,0.03 sk
07.- Cagital ggs LT q o ees s L 4,631 .ol 520 L 1139.34
‘Writing orf PRERRET G TR | e 0 T »: - IR R i To21,10..
‘ : SR (I (-7 1 0.801- f 1,12 | e18.2k
ol |: : -7 221 ' 1251;:'01;
vo9. Various Costs - .- ; | 228.86
Ia.'boru.tor., o vi— < CEkek
":0ther Coats:: : . "14,87.
~‘Raw Materdel: Stores,-' 295
Part‘. cost Pipe-Bridges 16,66
: Factory Wtr. System 1. i .
Fo!
, TnEQ(s:al _/'{ oh
I 9 02|




‘I'AKIE IV. m'RA CHARGES I’OR A!mION PL'I‘RO_L .

- L Cs Va.poux' Phauo Vapou.r Phau' Vapour! Fhase Rich Gas .
= A roulation | - Injectioa Stalls Distillation | | Fractionation Total T
- : §§%E M, Gty /hr. Qty RM Qty/hr (] RM Gy /hr]_RM/hr | Gty/fhr | RM/hr
o1, Hggg : 1 .. E E.:g E 112, — 1 .- - T 1813
Wages to 16 varkers. " bre. E R oo w6l B85 [T 70900 9,54 ] R 1.46] 13.79
e forelgn * % o 4 2 0.05 |« : SR 8 To.0k| 0,03,
" Salaries | A I loses | . 2.16 T 3,09 -
Sociu.l ![nsnranoe, eto. o B c 0,380 | oo.8w o 1,22
02. Energy Coats . B 10.2% 8.62 |2t. ko.62 | 1| 37.68 118.75
L., Vater "0 ﬁ:&;‘“ . 1o ' Lo .
H.P. Water = . "l 6.92 0.01 k67.70 | 6.917| 122017 | -1.807(19T.79] - T.35 1088.621 .16.07
Drinking Watexr T - . } 0.91] 0.09 (- .| ¢.9x 0.05
. . (Take " o 1 . e - . .
Cooling Weter . (gr, ® : T 1 | vsee|dess | ‘ 1s.62| Yo.53
Ccma.ensa.te 01L :ree " : N B R ¥/ : ) . e i YRR
: Yoty . " . .94 |16.13 | Yo 22 .05 | Yb.os|Ho.0n | Moukz |26.06 Ys,01]. 2650 | . Mh.su| Yo.62
E.P. Steem 1 e S 2,19 6.65 3 16.51] -0.13| 0.k0 0.66 1.99 | 61| $h.25| ~p23.05] 69,80
Back Pressure Steam nh o R Y J9 8L B T 17.82 LAs.6k | La2.73[1R5.45
L.P. Steam -, o7 0.081 0.18 R N 1,69 | 3.80| 7 0.28) 0.591  2.05 4,57
H.T. Elodtricity WE .| 227.82] 3.45 125_.68 1.90 | 459.38] 6.k |7131.75] 2.99 | ¥6.78| 0.7L 991,41 [ 14,99
P 7 A s e 3.524..0.07.} "7 30,51 0.22 | 113.1h.172.34 | 37.55 0.781 16472 .81
) LM Laght " C ‘ RS | T6U0s 050 [0 0r | T I B 0% 030470 30 s QL3 o Pl e
‘Fuel Gas.. - W . i 092,59 | "9.-62 |{3138.11 27.86 | u250.7o 5748
Workshops Gas L ] 0.97] 0.02'| 12,47 0.30 15.’4 0,32
Nitrogen . 9o ibefin " ‘ 1. s | : ] el 0.05 ) 2.82| 0.05
Co2, 1bs/1n2‘~ woooohew T ] ee0a7h | 0002 N L R ) |- 20.8] 0.02.
,,Anetylene ‘.._ " Rt B ' . .- UL oo
Compresged Air " . “2,51] 0.01 127.89 1 0.43 | 10,34 0.03 | 1ko.7h 0.47
1 - : .

B1t, Cosl & Coke :_f, -

03. Rggair Costs L AN IR 9.521 . - .
' Foreign Workers Ha,ges. Cnrs. -l S R 0,06] 0.0T
' .. Material: BT dod s

s cncosts" hrs. 09k T
Mstores ma'l;erial 1.28¢

: R : 10320
""Wcrkahops Weges.  Brai . - o B .2,20] 2.69:
Workehops  Costs Supplemmt SN RGN DRI & el 4,28 |

Repa.irs-'rrmpm charges. . - |1, " ST 0406
" ol. Runiing ¥a ter:lals‘ S 5 ' 078

ke Wages & Splar.y aupplement v
Fire Brigade . ’
. Post; Office Costs
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V. D 3:%: (DEHYDRIERUNG-HOCH-DRUCK) PROCESS'

(.L) Description of Process and Leuna operating results,

_ The: "DHD process wasg. developed inAGemany by the I. G, Farbenindustrie
“A.G. for the catalytic ‘dehydrogenation of raphthenes to ‘aromatics and was in-
tended primarily for the .use on’ hydrogasolines, - Theé catalyst employed 1is 10%
molybdic oxide on alumina and the" reaction is carried out with recycle hydro-,
gen under g pressure of - 3Q-1+O ats at & temperature sl...ghtly above 500° c.

Two DHD units had been completed at Leuna and one of them had operated
for 3 months. Two i‘urther units were in course of erection. R

I 'I‘he method of operating the process is shewn in the simplified flow dia-
gram in Tig. }C[I. & XIII, , A .

CFull 'boiling range (IBP 185°G) hydrogasoline is first fractionated to
remove5~as ~en—overhead-cut-the- vlowerwboiling«materialw,boiling_up_,to 859C. .
The-bottoms from this prefractionator are mixed with recycle gas containing
55-657; hydrogen. 1 cuym,. of recycle gas. is “Wsed per kg. of liquid feed.

\‘ i

. The miyture of gasoline and rec,;cle gas is. Iirst preheated by heat ex-
change” with the product from the end reactor; then by heat’ _exchange with mater-
ia} from the fourth. reactor ) “and. finally by convection heating to-a four-
‘chamber convection neater. The ‘pressure--&t the inlet: of the first exchanger
is 1#2 ats and at the 1nlet 01 the first reactor it is 37.. ats.’ : .

‘I'he i‘eed enters the first reactor at 500°C and passes downward through
the catalyst bed and leaves ‘et l+5O C The mixture ig then’ reheated. in one
~section of the heater: to- 510°C. ‘and- enters the gec¢ond ‘reactor: under 34 ats, -
pressure. - The material leaves ‘the oottom of the second. reactor at . ’+90°C is
_xroheated. in - third section of the heater and enters ~the third reactor at a, -
temperature of. 520°C and wnder.a pressure of" 51 ats.‘ The outlet from this
reactor at 510°C is again reheated in the fourth section of the ‘heater and’
enters the “fourth™ reactor at: ‘350°C undeyr 4 pressure of 30 atsy " Each section
- of, the preheater has its. own Burner and. independent fuel aa8, air and \recycle ‘
gas ‘supply, - At: the outlet of the fourth reactor) the dehydrogenation reaction
“is completed. The ef:t‘luent"‘from ‘this reactor ‘at- 53000 s cooled:to 500°C by
‘heat’ exchange with: the fresh,*‘eed—and passges to the: fi.l.th reactor for ‘hydro=- -
genation of the olefins‘ .The :effluent. from ‘this fifth reactor (exchanges heat \
with the fresh feed and’ passes through'a’ cooler to a’ receiver for-the = .+
separation ofthe'gas from the liquid. The 288, 18" principally methane ‘an
hydrogen Witk ‘some: ‘ethane 'and very little 03-04. At the beginning ‘of the
‘the .gas: contains aboutf 65% hydrogen,‘ and ‘at”the’ end. Ofg the ‘c yole a'bout 5% -
hydrogen, v ity-of: A 459 : 0.2 :
per cu'bic metr

ycl‘ e
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~—=The" ~total- h,fdrocarbonv-gas made«is-purged.»fronrthe -circulating- garandf*—
“evolved on let down-of “the- liquid. product and on its subsequent . stabilization
emounts. to 19-20% by weight of the original hydropetrol i.e. about 25
welght~of the naphtha’ Ted to the process. . ‘The '‘gas is compriged of. roughly
equal proportions b,,r “weight ‘of methane ; ethane, propa.ne and. batanes .

”he catalyst used in all five reactors is active alumina on which has
-been deposited 8-10% MoO Ttis prepared. by the impregnation of. activated
‘aluming with ammorrivut” molybdate ‘golution: The catalyst 'is used’ in “the form:
cof" 8-12 mn. -cubes and is placed in the reactors in a single ‘bed. It was
originally pla.nnecl to- operate the DHD unit ‘with a liqu Ld space velocity of
0,38 kgé of liquid pe¥ litre of catalyst,. In actudl o eraticn, ‘space velo-
cities of 0. 25-0, 32 were the highest obtainable.- The. length of the on-strean
cycle on. the catalyst depends upon . the cha.rge stock a&nd varies :f‘rom i20- 21&0
hours., The regeneration period with the necessa.ry purging operation requires
about 21+hours.~-_ S _ ATI : o

. At the en& of -the . on-stream c,;cle, the reactors are first de'oressured.
and filled with' r'itrogen~to—}:0—atmespheres pressure, . depressured again and.
"i’merwith nitr’o'ge‘ff’to 70 et preasure. - The” recycles qogmressor“is"th T
started and air is zdmitted to the recycle gas. stream until the oxygen conten
at. the inlet—of each reactor reaches 1%, 20 -000 cu.m. -of .gas are- recycled.
per hour through each reactor.. The normal time of regenera.tion is about 12°
hours. Oxygen- concentration in the recycle gas" 1s controlled to hokd the re-
5eneration temperature to slightly less -than 540 C. -During regeneration, 1
' ou.n. OF “water is added por hour; ‘either &t the- sccond heat” ekcha.nger or.at
_ the- cooler, for removal of aciclic compounds procluced. during rogeneration. In
~'some - cases; it has been- ‘necesdary’ toluse dilute: caustic-at: this point. - It
1§, necessaryetofremoxﬂe-soéﬁsulohuredicxid@completely ‘from ‘the’ recyele gas
“but the carbon didxide c0ncentration can- go up- t¢-8- 13%~without harmful
gffectss At the end of the régeneration cycle, thoe inert: gas is stored in
cylimiers for re+usc on-the next regeneration.- The catalyst ‘chambers are i
d.epressured dnd: then- filled vith the regular recycle gas frcm storage for the
su’bsequent on-stream cyclc. T v

e The reactors are the usual high pressure reaction vessels hav1ng a B
flanged. top head ".The inside diemeter. of the: reactor ig 1320 mm. . The i‘irst
reactor is 11 metres in- lehgth and- the remaining four reactors are: 13 metres

Lins length. The reactors ‘are-. lined.nwith_firebrick 1n order “that the outer, 7

'reactor-wa“]j.“tempera ure does—not~exceed—200°0 The exchangers are conven- '

’.I‘he :E‘inished. debutani zed DBD'gasoline 5 which includo front ends from B
<52% by welght of aromatics.‘ ‘The  octane num-
Tt appears, ‘that ‘gome: paraffins are: converted.w E
ther properties of DHZD Plant i‘eod materials

e.nd. product___are given 1n Table WVt o

842 =739,



“TABLE V. = LEUNA D.H.D. PLANT PROPERTTES OF; FEED AND PRODUCTS

- 0-85°C + |- 85°-180°C | Stabilised:| Final DHD
‘ ... . 11ight Potrol | Naphtha fedd | - D.H.D., . | Petrol .
bt e e T %0 DaHWDe | Product | “Blend
e : S R Process R i -
Aniline Point-. . - 52 ks o L Tx6 6‘9
Aniline Point after .~ | - Lo - .
treatmont Mith sulphuric' o o S
-aecid . \ .55 - 63,2 61.0
LWE.9 aromatics RS L5 " 9.5 66.0 52,0
Wt.% Naphthenes © 1 k6.2 51,2 7.9 | Akh
“Wt.% Paraffins R 1< P4 -38.1 1 25,9 . 33,0
. Wt.% Olofinos. - . - © 0.6 . 1l.2 0,6 0.6 -
: Motor Method Octane No., 735 .. 52,0 82,5 ¢ 80.5
MomnMei:h%Octane No. | o i o :
‘with:-0, 12 by vol. TEL. | . = b - , - _9_;,.___5
(11) Costs L a o o

\.,

vDr.

Pichlor provided. the folloving cost data for the DBZD process.v- i

v The basic flowsheet assumed for the cost calculation is shcwn in’ Fig.‘

, _IEa.'bla_VI analyses_'bhe—cost—of-manufaotuer—DED—gasolinmiMems—of raw
.material chargcs and oporatmg costs and. “shews the credi*' for 'hydrocarbon gas.~

; Ta.'ble VII gives o breakd.own of tho oporatlng costs and. pnovid.es the d.ata
. on labour requiv'ements s utilities consumptlon, etc. 4 for ca,lculation of the
4 costs of the process if operated in U. .A. or Britain.




TABLE Vi, - CALCULATED COSTS FOR D.H.D. PETROL
. (Bascd ‘on Works Costs for lst-Qri;~1944)

o :, ~Cost f: _Por Hour or Tne DHD Potro]
Unit | BM/Unit - lQuentify | -~ RM | Quantity] - RM

‘A, Materials
. 1) Petrol
- 2) Cotalysts & . R . ‘ D
Chomicals | R - o 29, oul| L 3,00
3) By-Products N I
Circ.Gas Purge 106 Ine 7.00° | 14,2 - LL/99 so| 1.467 |%10.27
Rich'Gas. —/11 .35 |"20.5 "E 232.68 2,118 [4/24, 04
Redistilln -, L - LRI IR
; Residuo o ‘Tonno; - 1oo oo ©0.47. LL/1+7 0ol 0,049 ;E/y.56

_ | Tonno _/170.1h> 15,35 |2,270.37| 1.379 | 234.65

B Running Contad/ EERE SR . S S P
(See Teble vI) | . | ~ .. . O j;594.26 N
Prcauction Cost " | - {7 ] :9.68 {2,515.59 | 1.000 | 259,87

c. Loading & o e b _ R RS I
Evaporatlon ~ .|Tomne | & 3,00 }  9.68 | 29,0k - 1,000 | 3,00

D. Oncosts’ e e ] 262,62 | 27.13

 Works Cost vt Le—f 'l 9.68° 12,807.25. . 1.000 | 290.00

~ (without conver-‘f=_" " | . R EE Sl e
_..sion and ofili=—|=—rle AT N o

‘“taxes and.other PR L 3 S ; o

f\”.special cosgg) ,‘f[ DU TR

1/ This cost has been taken from Table 1 S : v :

2/ .Butane and Propane in Rich Gas valucd at ‘Motor- Splrit valuation less
- eost of separation.» o

3} It is estimated that for. h DHD Stalls, the running costs would be‘@ -
42 RM/Tne DED Pétrol:-and the Works cost, 270 RM/Tno DHD Potrol,

E/ﬁ:Designates credlt against operatlng costs.;{"'

é;a#éi R




- BUILD- 1 OF RUNNING COSTS HOR DED PRTROL

" Cost. pcr_’ hour

For Tho DED Potrol

Labour Cogts x T
Wages. S hrs,
-Salarics - - i R

oc:.al Insuv‘ancc '

Encrgz Costs ; o -
Wator - C T e T MD
H.P, Stoam ' »Tne
I.P. Steem
L.P. Steam =

-H.T, Electr 1c1tv
L, T.._Elcctri city

KWH
KVE

' 'Qua.ntity .

',Tr_;o_“

.Fuél Geg. 103, .

“Other forms - :

ch’a_Lr Cogts. B
Vages P hrs.
Material: -

' Ir!orlushop cmd. Matcrial on cost

t

W orltlng Matcr.Lals .

¥

Ll 'T‘ﬂe-ee,ls.

Tré.fx Y_Lc Charges

Work&Genewal Chargos et

Caplta‘l. Charges? Co
Writing off -~ " 7oL

) Obso;l.(_e'sc'cnce S e vf-‘;"-_ '
Taxes .

Various Costg™

. 21,76

21.43%

. 5.63
1,861.31

-"'.———26_ 52 ‘
6?,,)‘!’:_61' a.o%'"— e n

‘805.5’8 '
9.76|1/20.10

: Quantitj{

o~ ZVL: .
BEG

O 0o il
) —~1
F, Fl

M. O
O \OAN

-5
H

SOOI =T\
TN LI 00 6o

Credite——

TOTAL e

l/ Dusignates credit. agalnst oporating costs.

8h2
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_VI, ; mmmnwrrm PROCESS

Thc hyd.roforming ‘oroccss wes invcnted in Gcrxm:-.ny by “tho I.G. Far‘ben—
industrie A.G. before the var ‘and the basic ‘patents woro hold by.tho Gormans.
The procoss was d.evolopcd 1n Amorica for tho production of arcmatics from |
straight run gasoline. . No commorcial units had been built’ in Germany prior.
to thc warj; -and the Louna pilot unit was the forerunner of the.only large- -
‘gcale hydroforming pla,nt now opara.ting in Germany,. namcly that dosignod and
built by .the I.G. at Moosbiorbaum Tho' cepaclty of tho plg;t is 7,000-7, 500
.t&hs of finished product 'oor month this wes to be oxpandqd tokh, OOO tons .:
~ per month, but the project did not materielize.  ‘The unit'at. Lounn. is similar
in some rcs*oocts to the units in tho United: State, but in-othors, ‘quito- '
“different. A simplificd. flow dic.gram of thc Louna un:n.t is attachod. as Fig.
XIV- BN : \_,. A A : . - .

Charg* ng stocks wore primrllj etre.ight run gasolinos and thc ca.talyst
uscd wos a moly‘bdena on alumine. ca‘ta.lyst conto.ining 5 10% MoO; C

: Tho Louna unit consists of 'two rcactor systems of throo reactors oach
Ono systcm 1s on strca.m wn:L.Le Tt other™ 1s"orrrcgenoration. - :

S It wa.s uhought necessary ‘by thc Gomans to vary the. activitios of the --\
catalyst: in, thc differcnt reactors by varying the- M003 contont and thc pa.rticlo
size in ordcr to obtain a uniform coke_ 1aydovn. Tho catalys-b in‘tho first = -
reactor ig div1dcd 1r~to throe zonos 5 l.e tho top zono cont'xining a. ca‘balyst
o p..rt:.clc*s:xzc of 16-15 mm. 5 contalnlng lO/o MoO5 R L.nd. a bottom zone conﬁéin—
:ing lO,a, MoOz but: wi'th a particlo-size.of 6- lOmm Thc sccond reactor, has two :
- zoncs of-ca c.'l.yst hoth with o MoO5 contont of* _JO %, but with'a 10-15 mm.
“size in tho uppor.zonc; and a 6-10 mm.- size in the bottom zone, . Tho’ third.
rcactor conta.inu onc bod of - 5 lO mm. .ca.talyst with 1073 M003. P

. The chargc flrst oxchmgcs hcwt with thc cfflucnt from the third rcac»or
“and 'is thon mixed with 600-1000-cu.m. of rocycle“gas peam.cu.m. of charge con- -
" taining 50-60% hydrogen prehcatod to 520°C.  under 15 atmg.. prossuro. Tho!
;_materlal lcaves the ‘bottom of .the first roactor 4t 48O0C.: »-18 rehoatod to,

530 Coy ‘pa.sscs down’ ‘through thc sccond. roo.ctor ‘ond, J.cavos at 1&9500. I’cyls .
-“then’ rehcatccl to 55000., _passcs throvgh “the. third ‘reacton con'bainlng thc morc
‘-:;active catalys . The offluent: from the: thmrd\\rcac tor: 2t 5109, oxchc.ngos
‘heat with the-charge: a;nd. passes “to i rcccivor -wherc. the rccycle gag s :
g scyarated_ ancl tho - -€asg mad.e is. rcmovcd. ;The: liqu:.d 1s thcn charged . to a stabi-
';,lﬂ:,*zerwh,c ethano 3 propa.nc ‘and butanc are romovcd ‘a8 an ovo*'head prod.uct u.nd.

N

: < The throughput 1s 600 By of liguid: charac pcr ln.t . SRS X
: ‘.;_The threo, ‘réactors are’ on-gtream 6-12 Nirs, and- on ‘rogenoration for: 6 12 hours -
‘ . Te 5) s. .. It was roportod, ‘bh..t E g
yoan on-strcam +imo, of 100. " -
i With such" an.
L _d.iffcrcntj




--Tho ca '*Iyst is 'rogcncmtod in sit.u_hy recirculation of ingr‘gwgq._s_ ‘and the
“imtroduction oi controiircd_mxfounts*bf—m—mm—bcgirming—oi—the—reééﬁera-—
tion cyc'Ib ‘tho gas contzains: l~}. % air, and at the :cnd® 10- -15% air.  The:
:rogoncration alr is c¢ontrolled so .ag not tdé exceed: 55090, during any -part of.
the cycle. It was ‘belicved by the Gcrmans that this is highly “dmvortant-in -
.order to. o‘btain 2 long catalyst lifu, although the. catalyst lﬁ‘e obtainod

wag onl,/ in the ordcr m 6 mont.hs.,

’ ’I‘hc catulys‘a wag proparch by imp ogn,..tion o:f’ activc.tecl alumim. with .
ammonium molybdato solution. ' It wad ‘roportcd-that--the. catalyst was: rclativcly.
inactive during tho first-on-stroafi. cyélo until tho last tracc° of mnmonia '
‘wore romovedxb 4 ‘thu first regcnomtion. SN .

. v . . oy
Tho fcc,d stock wa.s prenarod by first distilling ovorho d 10~15% of a .
m...tcria.l boiling below 90° C., the rcmaindcr was then hydrof omcd the hydro
,i‘orm._.to was blcndod. with' thc overhcad cut from.the ‘Primary dlstilLtion. A
yicld ‘of 76%: hyd.roformuto bascd off the total straight-run gasolmc Gherge.
was obtained wlth‘ﬂ yield of 72-73% baged. on o casc ‘cherge.i The length of
“the cycle was con'brollod. to mAintain a minimum of  50% .coneentration of - -
aromatics “in the Tinad: product’ - Typica.l Inspcction of the chargc and. product
obtuincd. from 2 mlxod. baso charge is as :E‘ol1 ows~-',_~'

- Charging Stock Procla.ct. -

.'_';pp Gr.@ 2o°c. ERR 70,750

4 ovor ﬂt Ioo°c. L CORE R < R
% over-at 160°C." B R - A
RYP" atmsi’ A T Rt
‘Bromine. Numbor R S AR 0 I

‘Olefins | . ST

“Aromatics’ x

Naphthoncs .

Paraff:.ns

R ];nfomatlon wa.s obtuinod. on': the results from tho hyd.roforming o:t‘ po.ro.ffin'
~basc, mixed bnsc o.nd. brown coal hydroga.;olino ‘intthe: pilot unlt“-‘ ‘-Thcse aro.
as" follovs: -Q » i A s -

_Browncoa 1

»Y'Charging S'bock. ' :
APT ‘gravity of: chargc
'YProducts % by weliht:,




—-It-was’ pronoscd to- sub;)oct_uhoﬁhcavy“hydro;ormn.tcpboiling cbove 165°Cﬁto—
a hydrocracklng operat* on- d.cscri‘bed in soction-VII- -~-Aronin Proccss o

It should. be noted t’iat the, Eeuna. people were. not too well satiai‘ied with
thelr nresent: hydroformer. cesig;n and have made’ experiments’'on hydroforming in-
‘a tubular reactor. . The experimental unit employed consisted of five tubes -
cwith a 6C mm. d.iamet.er, ‘each tube containing some 25 litres of cata,lyst The
tubes were heated by flu,e geg from an auxiliary burner, and = temperature of '

510 ¢, was maintained’ ‘throughout the length of the 'Eube. In actual operation,
»of course, the: temperature was veried with the charging stock used to give a
desired aromatice’ concentra‘bion in the product. _ The space velocity used in

~the tubular reactor was 0.8 kg. of feed per Titre of catalyst, as corparad to
0.6 kg. of fecd per litre of catalyst uged in the. oresent unit : The aame re-
cycle: gas to feed ratio was meintained., It is claimed that the use of. "the
~tu.bv.lar reactor resulted in. a5 percent increas€ in yield Tor the same aroma=
tic concentration.in tbe product. Furthermore, it was -vosgible’ to increose '
the on stream time uging straight run to 20-50 hours, the ratio of on stream
to regeneratlon ‘times being 4-5 0.2, It should be emphasized that the above
results are those of a'relatively- small pilot plant, but it is significant ,
that‘"’che*I‘“G‘“hadf’decid.ed:*on“aﬁla:rt' of*this type-i‘or -thé- pro,jectedeoosbier-—«
baum extensions.

e s



’The Arobin process is a method of ‘manufacture of aromatics from the,high"

VII. AROBIN PROCESS

‘boiling residues of the DED (dehydrogenation of raphthenes) and the HF (hydro--
forming) processes. The available charge stock consisted of about 5% yesidues
" from the distillationii_The process was developed to the pilot. plent stags -

~only, with ¢
—hour. . - -«

. Charge to Arobin Plant

o catalyst volume of 25 oubic ft.,- end a charge rate of 120 gallons

Tne following dctails “of the procees asg applied to HF plant residues wers
socured from Dr.. Herold of Leuna, who is in charge-of - development work on_fux-
ther utilization of products From exieting processes. B - o

Vol i

B

Bottoms from HT process charging mixed Rumaniag and Hungarian straight
run gasoline'_ . .

4

Oneratina Conditions

APT Gravity PRI T ,_121'.‘2:1 -
_Engler Distillation = S
IBP - - T3I6TT
S 50%. o . 383
E.P. T 676
“Bromine No. ., EA lh b
- Arpmotics &-Olefins ~ - 9 g%
"Pour Point - - - : ';f66_F.'V
lementary Anolysis-“"_ RN
gCarbon B - 90.59%
. “Hydrogen <. 9.k
. Sulphwr - - . . 0.08
Cetalvst Temperature S , ”“? 85°°T.‘w
(According to Cotalyst activity) PR
Space veloczty (2 1quid) S 0.65. vol. oil/vol.
ORI on'_oatalet/hr.,-'». :
vGaeoline concentr&tion at
- stripper .. . T 508 @y volume)
Pressure.: "?vﬁ,[: ‘fi.'.2 9ho’ psi” L
Circula‘ting ga.s O I 1'1000-5000 volumes/

A Sl yolume! gasoline/hour, to T
Loy PR ' : :*;»;?control the ‘heat of ‘reaction
(a.bout o 360 B’I’U/lb charge)

5 hs =6. 20 cublc £t /lb of -
finished gasoline.w;i“

hydrogenamio cataly:

ormation of_polymevs.which.



Yield and Qualitv of the: Prod.uct
Average Net lield

“Méthane -
.Ilthane e
Propane -
Isobutane -
N-Butehe-
Gasoline

ouelity of the " finished. product (Arobin)

(API Gravity )+3.2 .
.Octene No. (Motor Method.) S 86 ]
+ 4,55 cc/gal TEL - Lo ' 193,51
Bromine No. = L T s 0.8k
:Reid Vapour Pressuxe B TL59
Gorrosion . e Negl
Freezing Point i : o Below =76°F.-.
Gum (Gless dish) . R Y ¢ mg/lOO ce
AAI1iHE Point T T T T T Be Low LR UCE
Aromatics & Olefins. *~ ~ ..\ ;65,0 Val, %
Naphthenes - : R -1 O. R
~Paraffing L S T 800
Elementary Analjsis S Lo .L o ST
(Carbon it g e T 88.50%
v . o ;
Engler Dist:.llat:r.on T RS e oE :
IBP - . _ - R ll7°F. .
70%3.1; B R e
gRw o T N 218 :
TR0 e
9540 T e 320 i
99 0. e 333
es*due :-. : ' ; "" L ;_-), O 8%

y Prepara.tion of th\, Arobin Catalyst S

,_.;,l,.. Preparation of alum:.na.. . Commercial alumna 1s d.issolved in hot 25%
'caustlc solution, to give abdut, 1.66 1bs. . AL0: / éllon, This solution is
‘added-to 5% Hitric acid to give a pH of: 6. Precipitation temperdture-not '
*over 122°F. /After precipltation;-tho\solution ig Filtered or decanted. ther

'precipltate 18 washed with pure wa,ter until 'bhe effluent shows no nitrate > -
‘and dried at. 2h8°F 5




coded in o kneading machine “with ‘enough wntcr To make o plastic mass. A
nitric acid solution. is—ad&ed the quontity. being,10$ of that theoretically ,
nceded to form aluminium nitrate. Thon the: powdered silica gel is added with
.continuous kneading to'give a retio. Al50z: ' S10p = 1:9. Tho moss if further
‘kneodod for 6 to |10 hourS. Tho mass is then extrudod for Teed to an adjoin- -’
ing candy munufocturing machino (Franconla), wherc it is formed irito ‘spheres.

T Pronaration of thc Arobin Cotalyst. The abovo snheroa .are soaked
‘with dmmonium molybdate: solution nmedo up in Buch proportions that ‘one woight
por cont, MoO5 is.absorbed. . The. spheres absorb practicallv all the liquid._
'Thoy oré then d.raimed. o.nd dricd-at 556 F. L R

5-pound sample of th 8 Arobinlcatalyst vas secured for further testing._
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- GATALYST VALVE:- CATALYTIC CRACKING UNIT -




'Rcé.cti:on Conditions

VITT. CATALYTIC CRACKING.

Int_roduction o o B _ - .

Cbtalytic cra cl'in wes not beine, cmployecl on o.ny apnreciable sc"lo in
Germeny. Experimentel work was. being carried out at Leunc on-af icatelyblic pro-

'coss similar to the TCC procvues, using e silice clumina ceatalyst, and’there-

wb a pilot unit of 20 litres catelyst capecity which could wroccss 12 litros

"of oil per hour. A largcr unit, (at Deuben neor Zeltz ) was essentiull com=’

vlete, and was designed to-process’'l, 000 litros of oil per. ‘hour, * The Dcubcn'
plant has ‘not been in. onemtion, howcver. _ It wos also planned to build-a
comercizl unit as part of an underground aviotioh gasoline plant noar Nord-:

,hausen.. A skewlr of t’hc pf-oposul reactor-rogoneru‘bor so’c. up is ctteched us ‘

Fig. XV.

The rcgcsneratorJ is mountcd (..bove thc roactor 8o tho:b thc rogenerotod.

___,uatﬂ.lyst' is. fed to” the reatctor by. gre.vit,/. Spent ca.to.lyst ‘from the bottom: of

the! reactor ig’ elevatcd. to- the-top by means of an- opcn buckob: elovator. The

mnin regeneration cone congists ofl an air-catalyst SXChahger: dovice Whore the
air for rcgenbru'bion pa.ss"s through' the “insidoc of. reb.ctengulot* plate-sectlions |

.-'and. is’ preheatcd. by the ca ,al,/st passing on tho outside, ~The, p.reheatod oir
'from th:.s section then ‘passes iup to ‘the' top of the regcnorato Jin an. outsid.o K
~duct ‘and “then Dasses down’ through thc cata 1yst and looves tho regoncrotor.
.through a'collecting: device ‘below: 'bhe olir. prchc‘..tcr scfction. : T‘zc ob,joct of
“the. air prehentor soction, in" ﬂddrbion tothat. of  heat oconomy, is to. control
- the tomneraturc of ‘regeneration $0 Qs not to excéed 550°C.- Bolow_thc regeror-

"ating Zong,’ “the éatalyst-is cooled wit th rccirculatcd. iner’c g’ws ond- then -passes:
: through a Teeder into ‘the ‘rocction zono.. - O0ik- enters thc' ‘reactor-about ‘tho:

" middle’of " the reactor through 8 dlstrn.butor and pnsscs upwe.rd through thc “top.
~half of the catalyst Bod and lecaves *Lhrough & collocting dévico. In: vho bot-
“tom helf of the '”cac‘tor, the ca talyst is gtripped w:r.th inert: gas and. thcn

; dlscho.rgccl through » gccond - feeder n.ml ar to tho. .one- locatod: bctwbon +the

' regener: tor and “the ‘recctor: - ‘No . stean, strlpning,:.s usod anywhorc in ‘bhc
.systom ‘,s :Lt vas t, ought to be dctrimcntul to c taljst

: ﬂ'c'hiv* ty

Thc cato.l’r f dcr mcch'mlsm or v~lvo consists of 'concentric c,;lindors,

" the inner ' cylindcr being rotated so: thaton doch rovolution, “the cylindor-is -

filled with- cata.lyst; 4n an lupw'\rd posrtlon,- ‘end - the cetﬂlyst d.ischo.rgecl in: a

‘downward position... IAppurcntly, thig feoedor “hod. not - been ‘used’ on- any’. commer=" °,
-_‘_,0191 unl’bv ‘and 11:. yqs notv known who.t troublc would 'bc cncountcrod with or051on\‘




to-1.5 mols of’Naeo The solution contains 300 gr. of A1205 per litre. Water
“1s added to the solution equivalent to one-third of the final total.yolume..
To this solution is added ¥5% nitric acid while meintaining a pH of 6-7 anti-
mony electrode. ~The “temperature during “the. precioita.tion is allowed to rise-
about 50°C. "The precipitate 1s filtered and the cake is washed either in a
filter press or by decantation until the wash water is clear of nitra.ts ton.
The alumina is then dried to a 90% water content 'by hes.ting a% 120 C.”’

SiIica gel is prepa.red by mixing 8. water glass solution containing 27%
-8102 with a specific weight of 1, 3}9 with 2N sulphuric acid at a ‘ﬁ o:f‘ 3-4
-and a 'oempe.rature of. lO -159, Do . o . 1-»-

The silica gel is then produced. b,/ heating to 70~ E)OOC The gel is then
brol’en into pleces of 3-5 cm. ‘gize and washed with weter: by decantation until
the ws.sh water 1s free of sulphate ion. The wash .water is either Adistilled...
water or steam condensate with 2-3 degrees hardness: :100 kg. of gel require
approximately 40 cuim. of wash water. .The gel is then diried’ “at 1209¢. 1o 30%
water content, powdsred in-a vibrs.‘bing ntll to e pa.r'ticle size of 90 th.rough

‘e. sieve havlng, lO OOO openings per squs:re €.

B \ .

\The aluminum hydroxide is kneaded with sufficient water to produce a
plastic; mass conteining 50 -60% solids, end then peptized with sufficient b4,
nitric: acid to convert, lIO ot of: the material “to aluminum. ni’c.rate. 3 The silica
.gel is, then ‘added: :to: this; peptized alunimin -hydroxide. and. the- mass knea.ded.
-for. 6-10 hcurs‘ The catalyst 1s.:then-pressed: and transferred ‘to'a candy-- :
malcing machine (Frs.nkoma.) ‘and- formed into spheres’ of.about l- L4 inch: d::.emete:
The spheres are. dried at 12000 s.nd then calc:.ned at 1+5O°C. for 1+—1=1ours. '

An alterne.’cive metho;l of ce.te.lyst preparation consists of mixing the
gels both. containing about 3070 water, in &. mixer and then. kneading them with -
ywater for l t0. % hours. . No nitric ac1d is used in th:.s prepara'bion to peptize .
:the a.luminum oiide‘ TR TS S o . :

. ..\‘... ‘.i.‘ . . 1
. : The catalyst is said *%o.be, amornhous since X*ray pictures show ‘a genera]
'dark field with B fow weak and unclear. lines ‘principally: from crystulline -
aluminum oxide.  If the cata,lyst is calcined for a longer period of time-at
_/__350°C., ‘the' X-—ray pictu_res show definite evidence of Tecrystallization of :
"..'tho aluminul_ ) R S ,.", RETI RO :

: ‘Products

g w'typical pilot plant operation cre.cking a light Hannover gs.s oil of 165-
‘350 C.*boiling ronge.ot a space: velocity of O, 6 volumes of oiliper volume of-
’_cntalyst per hour, s.nd a. residence 'time oi‘ one hour gave the following" esults,"




aroma.tics and 67-”0 pa.raffins and. naphthones.erh&octane number_of this
fraction with O 412 by volume of TEL was 90 92 M]‘.I.

[

Ca.talzst Life T

. . . Catalyst lifec 'tests in o 1‘2 litre- cate.lyst tésting apraratus indicated
.that.the catelyst life- dec“eased from e yleld of 30% C5-165 'C." fraction to a-
25% yield in 6-9 months. The oil used. for theso catalyst lifo tos‘cs was o.
200~ lLOOC’C. mixed ‘base gc.s oil: :f.’rom tho Vienna. disurict. .

ot
/

_ " Pilot 'ola.nt tests wero a2lso’ mnd.o on- crﬂclxing a brown CC)al middle oil and
a’ hard. -coal’ middle oil. Thé“\highes’o rich-rating gasoline vas mad.o from hord.
cogl middle oil. - The lowest rating was obtained from craching gas oil and
the brown coal middle oil gove on intermed.ic*te result. :

Hydrogenation of Product .

Exporimen‘bs wore' cond.uctod. in tho Libors.tory on. hydrogena‘bing, the resi~
due from the catelytic cracking un:.t using o. catalyst containing oqual mole=~.
cular propov'tions of nickel. okxide and tungstic acid at o temporature of: hOD C.
-under-200-atms. mpressure»mthneOOO, lit:cesiofﬂhad.mgenipor litro of chdrge. A
sccond. cats.lyst was also tried which. contained 10% .tungstic acid on cctivated
olumina at 450°C.y but ‘this: c‘..falvs\, produced. congiderable cracking, - 5-8%
-gesoline with a low octene number was obtained.: ‘With the nickel oxid.e- o
tungstic: oxide catalyst; no cracking’ wasg ootained.. -+ The catulftic cracking. of
this hydrogenated. residuz, which wes more: nsraifinic ‘than the’ origino.l charge
produccd. results 31milor to ‘c,hose obtaincd on 'che fresh cha.rge. R —
. Some work h;.s boen dono cn “che cracking of pure nonna.l d.cc's.nQ, normul
decene and | ‘decalin. - It was ‘Found 'bho.‘c. decalin-was tho easiost to tro T
normel’ decane’ being ‘tho most difficult and normal: dpccnc intormcdiate. Thero g
was little differenco in the rofrsctlvit of the normel -decene - and ithe, dooe.lin,
howevor. T .

Conclusions

Appsrent'ly the Gemans had not boen aoing any work, on:'a fluid: type
catalytd.c cr.:\.c_:in,g proccss ; end‘are: not a.’c the: T\roscn't “time yvory fnmilisr
wi'ch ha.nd_'l.ing any- sort "ofi catslytic nrocc s .inwhich -the. catalet is used
for ‘short- pericds ond: thon: regenoratcd..h The prenosed. cata,lytic cracking. unit
for Nord.hauson ds: appﬂ.rently sthe® fix‘st ‘attompt by them tq- ‘employ o catalytic g
process ‘of: thls type. Tt s d.ou'btful 3L anfbhlng newis to be lcarnt from. . -
Aheé: Gormans .on: catalytic- cro.cking of.. gog oil, with the nrcsumablc e,cception ':
of their low-tcmpcrc:buro regdneration of: catalysts.~ Tho low. tempemturo Ve
regeneration apparontly givcs‘ considersably- ‘longor: cs,tal,y'st lii‘o 3, fbut ‘this. of
reourse; ‘has: not ‘been: proven ,by .commercicl : operation.,,‘. ‘

Pt



. IX. DEHYDROGENATION OF BUTANE - ALKYTATTON.

. oy
|

'fntfoduction-

oo =In thc ccursc of ‘the visit to Lcuna, information on catalytic but_nc dchy—
drogonation and alkylation of the: resulﬁing ‘butylenes was obtained from Dr.
Gicgon, Dr. Honisch cnd Dr, Stratz._ Dr.Glesen is in overall -charge of thd «
manufacture of ‘organic, chemiculs alcohols nnd lubricating oils; Dr. Hanisch:
supcrviscs tho manufﬁcture of mothanol isobutyl aXedhol, amines, ester o*ls,
‘synthoetic lubricating oils” and ulhyla'be, as well as the: manulacturc of cata-
lysts. Dr.AStrltz is- in chlrge of tne butcnc dehydrogen“tlon end ulkylltion
nl}nts.4 R : R : .
'Summwrv of‘Opcrotion LR L : Lo . o " . 1':
Ta Wi o .
| The alkylatlon plant: nroduced an ﬂverage of 888 bols. of flnishcd alky-
Aate pér day together With 20" ‘bbls. of hcavy alkylote ond 72 bb 15, of pro-
pene. “-The noccss vy omount 6F ‘n-butylenes wds thained by .chirging’2, 640
bbls, /le of. n-butane (96%) to' tho dehydrogenation reactor yielding, aftel
“rropor~scparotion z 510 5515, of o butnne/butylenc maxturc {535 bbls, n<. -
butylenes, 1 905 bbls. n~buteno,- 72 ‘bbls,. prepanc) as; lkjlatlon feed stpck.
" The" total: amounu of* 1so-butzne (85%) chnrged. to the: alkylation step was - |
55797 -bbls, /d . The’ deily rcqu*remonts of fresh gas to supplcment “the. recy-
'clo gas wero: 558 bbls; - of: n-outanc and 760 bble, of isobitane:=" The 1sobutanc-
olefin ratio, was about 6 l “the hydrccarbon-acid ratio'was 1l:1, and ‘the acld ™
consumption’ ﬁmountod to. 1, 2 lbs‘uof 965 HgSOh por gallon of finlshed ulkylato
'(h5,.OO ibs. of acld/dmj) The alkylation acid wds -discarded when the con-
icontration h“d decrcqééd to QOa HnSOh. A summary flowshect of thcse oncratlons
_is givcn in Flg. XVII g . e :

'

N
I

-Dohvdrogonation~‘f'

Thc catylytlc butano dchydrogonotion was cqrried out. at Lcuna in 7 ro-
actors of which 5 ‘werc operagted simultaneously‘whllc one - wa.s 1nsbectcd Tond:
repaired: and onc Was held in: reserve. The catolyst wos regeneratcd in h
regéneratorss,  The ‘reactor- consists of o vertical: flrebrick -lined - circular
“furnaco ~comtaining 8. catalyst tubo.bundlcs with:16 tubes” cuch._ The tube
bundlcs- are arrangcd around an_unnular central hcatlng space vhich.is: orlck-
lincd in: suchsu WAYTES. to'form Vénturl tube which' pagscs thei heatlng aas
-into; tho upncr partcof the furnacc_from whlch 1t Ilows downward around‘each of

3 ‘ “par . The con] ustlon‘gases
arce collccted in a flrebrick ring'and thcnca lcave thev eactlon chamber., Bc-‘
, ‘ ! N

fn-but_no fecd
rent, as illug

D) which reprcscnt the Yeact;on space proper,”' Cof
8‘tubcsf(about'8%101“ - 2%+ 51) ‘each of which has o diometer S5

W26
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"FIGURE XXI*



dowpwardly through the tubes end the flow.1ls controlled by means of lé\hopizon-
tal cylindrical pocket valves connected with bevel gears and driven simultan- -
edusly by an electric motor. A vertically-slotted tube (about 18" long) is
nlaced between the reactor tubes end the pocket valves to permit separation -

of the reaction products frym the catalysﬂ;"'ln the beginning catalyst flow

was checked audibly by letting the catalyst drop on tuning forks .and.listening
to the sound so produced by means or"a stethoscope held to the outside of the.
reactor. This practice appedfs tc-Have been found unnecessary and has been
abandoned. The cylinders are filled with catalyst in the top position and are
emptied by rotation to the bottom position. 'The catalyst 1s discharged into .
a catalyst- recelver eguipped’hith motor-driven slide‘valves at the inlet and
ovtlet. The catalyst tubes are kept completely filled with catalyst by con-
tinuously replacing from the top hoppe?‘thefqatalyst:discharged-into the
catalyst receiver. When the receiver is filled, the top slide valve connect-.
ing it with the reactor is cloded and simultaneously the conpection between - .
the top catalyst Lopper and the reactor is cloged. The flow of catalyst
through the tubes is thereby stopped but®gas continues to flow through the:
reactor tubes which, of course, are fpll with catalyst. The catalyst in the

_receiver is. stripped from hydrocarbons- with-nitrogen-and transferred-to.the
gregencfator by means of a bucket conveyor and the tbpipatalySﬁ”hbpper“Is
refilled in the same way with regenerated catelyst, The operation of the
_slide.valves on the catalyst-recelver and hopper are controlled by means of &’
jphotbcéll ;ndicating\when‘the catalyst receiver has been filled. The resi--
dence~time'0f ‘the catalyst ;n the reactor 18 L hours,gduriﬁg”whichvtime the
catalyst moves for 3.5 hours and remains'sﬁatidnary.for'Q.5ﬂhours;:the.time
to transfer spent catalyst to the regenerator ahd,  gimbltancously refill thé.
fresh catalyst hopper consequently is 0.5 hours, Three“gapalystFChargeé of
-a total of 243 cu.ft. per reactor are kept in the dehydrogenation-regeneration
~gystem during operation and a catalyst makc-up of 367 1bs. /sy /reactor is_
required. ” e R ‘-u}' ST e R

‘ j'»In Fig;.XX'is shévﬁfa:phdfbg?aph:df ﬂhe‘top$ 6f fﬁbadéﬁydrqgeﬁdtiQh"Tl
‘reactors. The side arm, through which the catalyst. enters & tube bundle, can
be cleerly secn, in the foreground. . In the background. can be seen the inlet

“1lines for the hot butane -vapours. L » , L .

Ligiid n-butene (96 by whi m-bitano, 34 iscbutane, 1% ventanes) is.
" vaporised with indircpt‘steam'at;leQF and brought to a ‘temperature 'of 932 -

1,0229F by heat exchange with the product gas from the ‘reactor and with com-

bustion geses leaving the reactor. The preheated gas enters the reactor tube .
bt ‘the top and is héated to 1,040-1;076°F by combustioh goses-atiabout 147D F,
. The rate of gas. flow is. 680 Su.Tt. of gas/cu.Tt: of catalyst/houry= The con=—
" yorsion of n-bubanc amowrts to 20-25% by.why 'of which 85% .18 n-butylenc (60% -
'afbutylgne,'&O%7pfbﬁtyléﬁcj;L‘The}cémpdsiﬁion’bf'thbféffluent;gas‘is}given.;
as followsi- - RIS Rt S LS. ELVeL

% by vt. nsbutane’.

N

Th.2%

L 21,2 - % n-butylene ©. T
10.8%
0.9%° "
2.2% "

IR



“The volumo of thc roacted. gas has- increased by 1. 25 8- compe.rcﬁ‘ tothe n=butane
fcod, Tho dehydrogenoted ‘gas is cooled to 266 ta 300°F by hoot exchange and
to about 100°F by indirect water:cooling. It is +then-passed.: through a coke -
.filter to remove high boiling h;ydrocarbons , mainly" aromatics , as well as

dust. The filter contains 231 cu.ft. coke and cofitbe operated for 3- 6 months.
The gos is finally cooled indirectly to about '(7°F -and passed 1nto a gas
(holdor or Intermedlate storage.

‘Cat_lvst Regenoration. o !T '

- 'I'hu spent cato.lg,st contains about 3 ...).,. carbon and is regenera,ted at

L, OhO 1 O76°F to give o regenerated catalyst containing 1 - 2% carbon. The -
-rcgenerntor consists of a circular firebrick-lined vertical shcll of 'gbout 9!
diamotex end 12! length. The cetalyst is fed from & hopper .ovér a conical. .
dis‘bributor to the.annular.spoce formed by metal scrcens around & hollow.
cont'"o duct. The catalyst space. ends in 8 tubes which arc provided with the"
sc.m.c 4ype of :pocket valves foi flow control as used in the reacior: The flue
‘ges_ontors with a temperature of 95°°F passes through the’ ca.talyst where  the
wheabrofm-reuctionwraisos~»the~temperature~tai ,040=1,076%F.; flows. into. the cen-
" tre duct which acts as dust separator gnd; by means of. vertical slotsgjy antcrs
‘a.collecting mng from vhore it leaves the reactor.. The flue .gas 18" cireu= -
laeted by meons -of a blower. at & rate of 1, 1#00 000 = -1, 700 000.c¢.ft. /hr.‘ The
catalyst rccoivcr and. top hopper -of the regenerator are equipped w:Lth motor- N
driven slide velves of . the samc design as the corresnond:.ng ‘valves on the =
Achydrogenatiol furnaces. . The catalyst hopper on" top of the reactor: is: pro-’
vided with: vi'brcting gcreens for the removal  of fines. " The cata.lyst recciver
is equipped. lhcew:n.se. wA--photograph of *bho control pancl for ome-of 'bhe o
ngggggrators is shown in Fig. XXI. A dotailed flowshoot: of the” dohydro- L
_gonation process is.given in Fig, XVIII. It shoulfkbc%notcd that this :tJ.ow-
"sheot has béen prepared with the: aid of ‘design. drawings’ for the d.eh;ydro-
gcnn.tion of" isobutane: since these’ ‘wero the - -only-onos- availlable. - The dimen- .
sions:of  the- oquipment used. in: actual plant oporc.tion .aro. somowhat dif‘fercrrb
The data and dimensions. glyen' 1n the” descrintivc part of - thc rcport are -
wctual f:..gurcs for 'bhc plan'b 28 opcratod at. Lcunc.

: ]

Catalyst Manuf&cturo s

Thc cataly.;t which consists of c.ctlva‘bod,__,_ lumino. imprc@atcd mth 8%
Cr05 o.nd l - 2 I\EO is prcp‘_rod as follows--_, S A : : t

:_.",with Ei\IO;-_. Thc pr '”'_i'o:rbﬂ
aeo°1r Tt'is ne

_fsuch an a.mount of KECrOh th;t hi m.:thurc
J 't : \'O.Stl



Preparatxomoi!——AvaL.tion_Feed Stock. .

The: exit gas f*'-om the dehyd.:ogenstion is picked up i‘rom intermedi.,te
storage and’ compressed: to 118 psi, It-is then’ cooled .Lnd.irectly with water .
to about 77°F ond subsequently cooled with brine to. 41°F. The material
‘liguefied under these conditions is stored and represents. the olefin feed stock
for the allee.tion. The comDosi‘bion of tnis but ane-butylene mixture ig o8
follows' : -

% by wt. buté(_lerres o

4 75 5‘5 bJ wt. n-butene.
. - 5(’ oo propo.ne

The L_ncondensed TJOI'th"l oi‘ the ges is nwssed :mto en 'Lbsov'ber and. wc.shed. with
oil ot 118 pei. nd. 50 F. The compos*tion of the. non-absorbed gas is a8 -
\follows: - .

' ‘.‘_”-Apf;fsx. .80 - 859o by vol. He .
— - ...- '.L2 - 15{743 o v CHy, oo
R _. B 50' " n Lg”hy@rocar‘bons -

The absorber ;Ls ,jacketed. md. 1s cooled. by circul\.a'bing brine of lLZLOI‘ through
th&. jocket.,. The-gas strip’oed from the fab t absorption oll is returned to the
Lcomnressor end recvcled.. ‘Bigh pressure steo.m (175 220 psi) is used.-:t‘orheat-
‘ing the- absorntion oil regener ator. .

The mlxture of butanes s whlt:h s the star tlng po:.nt for alk,,flate manu-—
focture, is furnished. by the high pressure hydrogenation plant. _This mixture
“containg an excese: ~of- normal butene cndn portion ‘of “this- excess,, separated
“from the e.l}'ylatlon effluent is. isamerised to isobutane in “the isomerisatlion
‘plant: discussed in’ -another section. Tne mterial balance of - -Figy MI does
not. take Anto: cons1dera‘tion the’ onera'blon of an ‘isomeri sation un.Lt slnce it
‘is a sms.ll proporti,on of the circulau:.ng noml bu’bane. R

The a:l_lfylation reactors are- 1nsulateu vertical cyllndrical vessels g !
“111 6" high, with a capacity-of- ‘157 ‘bbls. ’I‘lnere was & total of, 12, reactors 5 in
- two ‘groups of six each housed | in- ad,Jo:Lnlng buildings 9. protect ’ohem from -
bomb damage., One’ group hels ' been d.estroyed by bombing: but- the other- group is
_md.amaged..__mhu&ﬁ of ‘a: reactor A41ip to the emuleion outlet 18 61.5 hbla. .

and-the reactor is equ:.pped withia metor-driverr“s‘birrer—vnn o blade 92“ long>

rotatlng at 120 roPolls, ;' The rate of feed is 50 bbls, of hydrocurbon,_and 507
"bbls.-of-acid per hour... The feed is cooléd by heat oxchange” to 46OF andthe:
Qtemperature of 'bhe react::on ‘mixture is maintalned at’ 52°F bx eva.pora:bion of -

butane and: maln‘taining the. pressure in the reactar At 7opsig. About: 230, 000-
50 OOO ru.ft./hr. of. butme are: ci}c‘culateé. for. rcfrigeration. ; Sulphﬁric acid.

:;corrtfrrning 96% HQSO ig-used and tHe - conccntratlon ‘of . the; spent acid. is’ maln-'
L tained at; 90% stoh- 'by period.ic wi‘cho.rawal (every 5 hours) of: spcnt acid. L
: [The acid consmptlon amounts.to. 1.2:1bss 6%, acid:- per- gallon of. a]kylate. e

“The: 1sobutane-olef1n ra.’clo s main'balned. a,t abou'b 6 &
‘ ,;?+0 m:.nutesr ST e -




The compos:Ltion of tho *cc.ctor efflucnt is. o8- follows-'

can et vasretima . — L wea YA

u2. 8% -b:f"r_l‘t‘. 1so-butane

L1,0% " " - n-butene., -
- 15,0% " ™ alkylate: ©
1. 23" " n_ propa.ne

\

. The acld hyd.rocarbon emulsion is allowed. to settle for 2 hours ina .

settler of a total capacity of 188 bbls. and a capacity up to the overflow of
-about 157-bbls. . The hydrocarbon effluent then passes through a heat exchanger
where its temperature is raised-to- 59°F by exchange-where the alkylation feed
enters. a final settler (capacity 650 bbls). - Subsequently, the hydrocarbon
mixture is washed. with caustic (10% NaOH solution) and fractionated. in the
usual mannen. The d.ebutanizer consists of a tower of ‘ebout 91 ‘diameter packed
‘with Raschig. rings to a height of about 65!, The tower is operated at a o
pressure of 59-99psi and a bottom. temperature of, 956°F o'btalned with indirect
steam. The reflux ratio ‘is maintained.at O. 4:1, . “The separation of n-butane '
and igo-butane tekes place in an 80 plate . tover of 9" diameter and 130! height.
—Thevdxstance"between-’che*nla’cev ismbmrhee‘"mmoweﬂmpemte&— under-a—
pressure of 118 psi and. a reflux ratioc of 4.5:1 ;1. The bottom product repre- °
-sents 96% n-buta.ne. " The overhead. is pa8sed. into the dep'r'opanlzer which is
. packed tower of bt dismeter and 20' of packed height. The packing conslsts
*—1n—the'u*oper sectiomf‘Raschlgl*ings*of*i/e"—d'i‘ame‘be?*and ‘inthe” Xovwer sec<
~tion..of ‘rings of' 1"-diameter, The operating pressure is 265 ps::.. . 'I‘he. bottom
‘prod.nct has thc following comjpositlon'— i

85 ,,( vol :Lso-'butane
_ 12,7' weom - n-butane
3% LR prona.ne '

The a.lk.ylate is distllled. und.cr va.cuum Ain ord.er +o' malce i possible to
“use’ 'steam (175-220-psig) as heating medlum.. The distillation-is-carried out:
at a pressure of 11.6- psia. and bottom tempera’burc ‘about 550°F in-a: tower of
. a.bout 5161 diameter and a holght of abO\..t 65'- the towcr is. packed mth ’
- Raschlg r:.ngs._ ' , o » T ; .l_ _ . .
A flowsheet of uhe a.ll’ylation process is shown An F:Lg. XIX.. A' ;photog,raph :
"of a.n alkylatlon reactor 1s:-prescnted. in Fig. XXII.. S ' '

. Alkzla.te guality: o
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FIGURE. XXII



“50=60;000=tons~(1#5;008-t0-535;000-bbls) but;;ha'actuaiﬂpféaﬁCticﬁ'averaged
_only- 36,000 tons per year (320,000 bbls.) ST = s

The only other German alkylation plant which was completed and in opcra-
tion was at Scholven. This unit operated only for 6 months in 194k and during
this time its rate of production was the same as: the actual rate of production
at Leuna (2-3,000 tons/month, 17,800 - 26,800 bbls./month). ' ‘ .

| The Leuna plent started operations in Spring, 1942, and ceased operation

in Deccmber 194L. . The' butane dehydrogenation equipment has not been exten-

sively damaged. -Helf of the alkylation reactors, and auxiliary equipment,

has been. completely destroyed together-with-most of the tankage serving the
- éntire unit. The fractionation section appears to be intact. . .

i : . co 1

. ¢ . -
Fconomics -of Leuna oporation: ' =

: Data on enérgy and labour\requiréments- 'foxj' buia.he "d.ehyd.ro\geriation and
alkylation were provided by the foreman of the plant, Dr. Strdtz, and are
glven in Table V’III. ~ The photographs were‘”ta_.ken by J. F. Jones. :

8h2 - 57.-
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" FIGURE XXIV -



. 'X.. ISOMERIZATION OF NORHAE-BUTANE

_The_isomerizatisa of niormal butane is carried out. using aluminium
chloride catalyst activated with HCI. This is the only plant in Germany Tor
the isomerization of butane. .The process, as used in Germany, is similal to
one' variation used in the United States. A simplified flow didgram of the
‘process is attached was Fig, XXIIT end a ‘photograph of the threé iscmerization
_reactors 1s shewn.in Fig. XXIv. B . : :

Each reaction vessel conglsgts of & 1 metre diameter cylindrical vessel
having o -cone bottom. The straight section of the reactor is approximately
6 m. in length. . Liguid normel butane of 95-96% purity is first dried. by wash-
ing with 96% sulphuric acig. The dried feed.is pumped under 18 atms. pressure
through a preheater where it is heatod to 95°C and then mived with 100-150
cu.m.. of recycle -HCl:.gas for 1.6 ew.m. of liquid feed'to give'a 10% concen-
tration of HCl .in the reactor charge. The charge enters the base of the
reactor near the cone, floys upverd through a 2 m. depth of ‘Raschig rings,
then through a 1 m. bed of LIump aluminivm chloride occupying a volume of . .
_gpp;;gximat¢1y_.7oo_1itre‘s,~»-Above-—the*almﬁﬁmﬁ"Eﬁl&’»’fd“é‘,’- “the material passes
through an empty zone of C1-1% m. in:lieight to prevent aluminium chloride
carry-over. .The efflucnt from the top of thé reactor—is cooled to 25°C by
indirect water cooling, and Dasses to a receiver from which some. sludge is
removed, ‘The"hydro'carbon-HC;L_ mixture. from the receiver 1s pumped through &.
Preheator. where the temperature is raised to- 60°€. and introduced near ‘the top -
of & HCL stripping tower. The bottom temperature of the stzipping tower is
maintained at ebout 118%¢ to remove the butanmes and any propane-férmed -s6 . ,
that propane doos not build wp in the-recycle HEL stream. . Reflux is supplied
“to the top of ‘the column by means of a.water-cooted Gondenscr-in the ratio of -
2.5 parts of reflux to onc of overhead préduct.. The ‘recyclo gas. contaihs 80%
“HCL, I5% propane, and 5% isobutene, -Meke-up HC1 is added to ‘this recycle: -
stream and it-is mixed with tho foud to the reactor. ey
The catalyst employed in the 'p_roc‘css‘is..téchﬁibalﬁﬂlﬁix;iﬁiuﬁ;fchloride con-
taining a‘sma;ll__embuht of ferric chloride ag en impurity. The forric chloridé
is'said to be cssontial for the reaction.” The. conversion of nérmal Butane to
iS‘Q‘buta,né‘por, pass ig 25-30%- with an ultimate yield of: 9_5*97%, Each reactor
produces. 250-300 kgs. ‘of ‘isobutanse por hour, The Consumption of alwmindim- ,
chloride is 1% by weight of the isobutaqe:?rbduced.;-The;conéumptionréf~301
1s:0.1 - 0.3% by welght of the _i$8bu’oane produced. . . LR e
L T g T T RERCHER, T SR
.. “According tq the porscnncl ‘interrogated, ordihary-carbon stocl is {ised in
the. construction of the: reactor, . Tt Wos. Foported”that 1o corrosion: trouble
had boen encountered with the usc of: carbon stocl, although this appears’ very -

| _Similar typo unit. Difficulty vas encountered, howovor, with
d;epOs:L_'I;idn‘."pfvf'alumihium’"c’:hlor;‘; ¢ in'the’ codler at ':_‘th‘c‘i’gwbl‘et_bf ?he'roactor.»‘ _-
Apparently no ‘cfi"or‘t';.vas made to remedy this Grouble, o CeutE

cachod the' stagoof! dovelopmont ‘obtained clsewhoro
' ‘ ‘the Germans in:’

207thing now 1s £o bo learncd from.

the field of iscmori: é%ion;]zs\ii;ng[é;lﬁml‘ um'.chloride;

tano_and Roxano has not progroseed boyond £ho 1




XI. SYNTEETIC LUBRICATING OIL MANUFAGCTURE ---IEUNA,

Infomati§n on this ‘subjéct was. secured at. Leuna by inspection of the
plant and ’b}'\intervievs with the following I.G..personnel (May 8 =15, ;9&5):

- - Dr. Glessen - in charge of orgenic chemicals manufacture.
" Dr. Gericke - in charge of operation of the lubritating
A ‘011 plent and some smsller chemical plants.
~ Dr. Zorn . - in charge of lubricating oil research for .

- the past 15 years..

_ SUMARY OF PROCESS ;

-~ Ethylene of ' 95% nurity is obtained by:thermal cracking of ‘ethane in
© adnixture with oxygen. The othylene.is polymerized batchwise in ‘the presence
of a speclal aluminium chloride. catalyst. The ploymerized oil i35 separated
i from’ the aluminium chloride complex, steam distilled to remove light ends s
and glven a final clay treetment. before use;. - ’ IR : :

— -° The plant was designed for the production of 200 B/CD (850 metric “tons/
month) finished lubricating oil from. 1630 MCF/D (60°F. - 760 mm..) of -ethane.
Actudl production in continuous operation was about B85%.0of this figare.”

-'Yield of* finished lube 'oil!from. original ethane was about 48,5 weight per -
cent, .. ool ’ B o T e

1

“PROCESS DETATIS: AR T P

. 1 -The overall material balance for the Plant is given in Fig. XXV based
.on 170 B/CD (700 T/Mo) lubricating oil production. Details of processes are
given in Figs, XXVI - XXIX; based on.design stream. day operation wheré -

- '1')vThérmal'ﬂCfacking&c'zf Ethane . ' .

i .The ethane cracking equipment consists of fowr’ parellel units, each with
“an ethane, charge capacity of 617 MCF/D.. Ethane (three volumes) and oxygen. -
_{one volume) are preheated ‘Separately at_atmospheric’pressure Angas-fired .
tubular heaters to 1100 = 1200%F and’ 750°F, respectively.. The heaters’ are

- constructed of Sicromel (8-12% -Cr), The hot gases are mixed during passage

through & refractory assembly ("tulip") in _the Dbottom of: the' subsequent

..ethane cracking furnace. The mixture passes upward through the cracking . =
 chamber, which is' filled with 1-1/h" dia. ceramic spheres. ' Cracking condi- .

' tions'{are,a;bprdxiiﬁaﬁ'eiy 1616°F and '300-400 mm, mercury ‘absolute pressurc.. -
The cracked gases are’ quenched. by a water cooled heat ‘exchangér angd' then by. .
“@irect injéction of water. ‘Vacuum is ‘held on the cracking furnace by & .
;vater sealed ‘vacuum pump which 5t

-'of the process. S

ch. discharges~the cooled- gases o the next "stage

. It ds intorosting to note that the dosim capacity of four cracking
Iurnaces 1s 2470 MCE/D othane; producing k;200 MCF/D-wator=fros ‘cracked gas;"
Jactual requirement (once through) for tho 200 B/D lubricating oil production
Ze 1,825 MOF/D, indloating a 75% Stream tims efficioncy.  Tho £abbim dotere
mining stream’time eff iciency is c¢oking of the lower section of the ‘ethane

w
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_ cracking Iurnace where- oxidation occurs, A small amount of nitrogen (up to
2% of the ethane) 1is added to the ethane cracking furnace as a control of
—cracking. - . o RS ;

‘The products of craokmg are next washed With caustic soda in order to
“remove organic acids and formldehyde. L -

2) Acetylene removal:‘ S T '.’ o - ’ S '. e

Acetylene is removed ’by h,,drcgenation over a»mckel chromium cato.lyst
at a temperature of . _about '+CO°I‘ atmospheric pressure and & gas- space veloclty .
of 1,165 volumes gas (at standard condition)/volume catalyst/hour. Linear ‘
velocity was-stated to be 0.33 - 0.59 ft/sec. but vessel dimensions indicated -
& greater linear velocity at the above 'space velocity. - The hydrogen required -
“for hvdrosenat on is already present in the crac ed ges. Any oxygen pr»esentr
in this gas is- hvdrogenc.ted to water. R : )

'\

A.f‘ter hydrogenation, the four gas streamauare conblned in. one gas holder.
,Fromlthlsvmintnthe.gasv—is—pcompressed—to—22o-26l+-—ps1g - e.nd—undergoes~four i
further puri: 1cation processes at this pressure. :

-~ S

‘3) Oll Absorption' - RN

The gas *s passed counte“-current to a mddle oil (fro;nr‘ c'eal‘ hydrog“ena'-'
”tion) for absorption of benzene and hi gher hydrocarbons. Tne- rich.oil is -
,stripped with stem . in: t‘ze usual way. R R T T

:]-L) Actlvated Charcoal Absorption T e T o

: The gas is ne).t passed through towers contalnlng actlvated chauz'coa1
~(rounded cubical pellets 13/64" diameter-from Carbo-Norit Union;- Leverkuser)

. in _order “to remove -the last traces.of Denzene. ~These towers. are: .operated on ..
a 2h-nour absorptlon/’é‘h—hour regene“ation ‘cyclé.: Regeneration is. accomplished'_'
by steaming at 374F followed.by drying and cooling with nitrogen. ' The . -
‘effectlveness of the absorption is checked by cooling a: gas sample down to ;" :
-"{6°F and noting whether ’chere is any: condensatlon. ! L sl :

;o
e e o

15) Aika21d Wasber-

ThHe bulk of, the CO_Q is. removed by covnter-current we,snlng w:Lth an: alre.‘ L
: _ut:.on ("M-lauge" c(-amlno -propionic- acid) .- The. ‘alkazid solutlon is: )
regenerated by heating and stean stri ‘Oplng at atmos*merlc nressure. The e*<1t -;

gas conta:.ns 0.1 to O.,u carboa le"'ld.e.

1 ally. i
(15;-39)

ayst tic. i "ithe f::wst t_ ; j
the avallable sodlum ] .dro 1u.e has 'been converted % the b.LCaI‘D




. . To, cnsure comploto rcmoval ‘of - carbon dioxide, a samplo’ of exit gas is__
continuously bubblod through o burium hydroxide solution., . ° :

7) Lindo Low Tomporaturo Fractionation' . . 1'Y

This plant was designod by the Lindoe Company for the separation of the :
washed gas into.four fractions... Tho gas is dried over silica. gel, procooled
. ond fed into tho first towor under pressurc. The flrst tower produces .. - -
~methano. chd pormancnt gasos as overhead’ product and cthylenc and heavier as.

_ ‘bottoms product. Roflux is securcd by a methdne compression rofrigeration
] cyclo. The overhead product is put to fuel gas. - :

S Tho bottoms from the first towor expand into the second towor, at about

7 psig. ~This tower yiclds ethylene’ and  ethane "overhoad and propylone ‘and:
‘heavier hydrocarbons are passed from thc kettlec to:fuol ges. Reflux is pro-n
vided by oxpanding othylone diroctly ‘into-the top of tho towor. B
w—vwr‘I‘he ethylone +-ethario- overheadvfractionmpasses«to 't.hed:h:lrd,-:t:ow::z..,-—.wlilc:h.:w
-gives cthylene as an overhead product and ethene as a bottoms product. Roflux
is providcd in the same menner -85 -in the secohd tower. -The othylene- is ‘com="
pressod to 1200-1500 psi' for. storage and the ethane fraction is recycléd-to . . -
the cthane cracking furnace. This recycle constitutos about 26 5% of the .
total feod to the furnaco. : ; ) ) o

Robdil hoat is” supplied indirectly to all throo towers by rolativcly
warm-ethyleno from the ‘dischorge of the. othylono refrigoration comprossors. Y
The geoncral heat oxchongo arrangomont is shown in the attached flow Shoot
Fig. XXVIIT. S R » .

Tho throo towors are coppor lined -and- all oquinmont insldo tho éowe:s isa,
made. of copnor. ‘The throo towers- and part of ‘the heot. exchenger system arc..
encloscd in an insulatod box. Two parallcl plants arc usecd for this fraction-

,atlon at full load. . '"_ .-» R v el

N

- 8) Polymcrization of Ethylonc “to Lubricatlng Oil RN

" Tho rosction is carriod out-in bo.tch a.utoclavos.. “Tho Lowna plant has .
ten rcactors, four. off 400 cu.ft.: capac1ty each and- ‘six’ of 290 cu. ft capacity—
oach. A; batch can’ “be run through a reactor in 12-1k hours.,; .
. ¥ L
‘ Tho proceduro for polymorizing a batch of othylcno compriscs.the follow-f
~’1ng stcps' ﬁﬂ'i., T . ) : : L v

B R

, (a) A slurry ig mado in the reactor by mix1ng alumlnlum chloridc (5 7 f_
Q}by woight ‘on ‘the. finlshed Iubricating- oil) with light oil. from the processaﬂ
. Thls slnrry occunies 15—25% .of'; the'volumo of the . reactor and is kept 1n




——{d)-The autoclave ig-heated to 158 by circulation-of hot water-in: the-
Jacket. ‘Reaction immediately sets in, theé temperature rises “to ebout 356°F
-and the pressure to about 515 psi. The compound thus formed represents the
ce.talyet for .the eu‘bsequent polymerization of ethylene. > :

t

(e) The reaction is quenched at the a.bove ma.xinnm point by circulating
cold water in the. Jacket.: This: procedure, from the first ‘addition of ethy-
_lene, requires about fifteen minutes. o -4 LN

(£) When the. temperature is reduced to 2300— 248, , ethylene (at 882
psi) 1s -introduced and the temperature is-held.constant in this range by
Jacket cooling. "The polymerization causes & pressure drop in the reactor
until: the reactor ia liquid full. ‘At this point the temperature at the top
and bottom 6f" the autoclave are the seme and the pressure in the autoclave
1s the same as the ethylene line preseure. g

S (g) When the’ autoclave is liquid full, the ethylene supply line is
cloged, the pressure on the reactor is vented dovm by. gas.release &t the top .
of . the reactor (to-be’ descri‘bed later), and - the contents are ree.dy for furs
fthm‘?roceesixxg. . . :

— . - ot

- The above procedure refers to the prepa.ra.tion of an oll to.a. final vis- <
cosity at 220-S,S,U.’ ‘at: 210°F. (6° Engler at100°),  To produce an oll of I

viecos:.ty :105. SaS. U, . at 210°F (3 Engler -at. lOO°C), the polymerization . )
temperature is.cohtrolled at; 356°F The yield of oil from ethylene. is reduoed
at the higher tempereture. o . 1 Gt {( :

The flI‘B‘t Leuna autoclaves Wcre madc from steel. containing 12-16
ancl the ocil manufactured was of the desired high viscosity.: Subsequontly
‘more rea.ctors were added, ‘and- these wero manufastured Ffrom ordinary ca.rbon
steel. With a 95¢% purity cthylene from Leune, these latter reactors gave a.
“low viscosity oil7(3:4° Engler) for 3 to 4" months, but subsequently gave a, =
-high viscosity oil.. ‘The plant at Sch}copau (see following“section), opere.ting
on ‘a- higher-purity ethylene, had no difficulty. making -a high v:.scosity 0il in ‘
ca.r'bon steel reactors from the first.,. Gericke belioves that, from this a.nd :
’.other evidenco, a high-purity othylene 1is essentials and'that’ impurities 1n
-the.ethylene,” ag woll ‘as reactor :well material, may influence: polymerize.tion.' ;
No corrosion difficultics heve been - experienced at Lcuna as long e.s the
~_equipment' 15 kcpt abeolutely dry. i AERCTTAICES e T

-;9 Catalyst Scpa.ratlon e.nd Dispoeal ‘ -_ S : _‘ .‘._ e e “ﬂ L KR

RSN ' a reector arc’ pressured into n ba.tch sepa.ration vcseel.ﬂ,
If the oil. e.nd catalystr complex layers.do not read:lly seperate, 2nemall dl.
-amount’ of metha.no;, is added.: 'The total mixture then passes. ‘through & . L
~sc:t:-t:tper-ty;gc (schal) ccntk‘ifuge, in‘which-the hoa.vier ‘complex ig’ contlnuousl,y—-
T'seraped from” the “outer drym end retained for further ‘pro¢esaing o THe 0117
“may . then" pass through a DcLaval centrli‘uge for. further catalyst: sepa.ration. e
. The: optimum jmperature for ca.talyst sepa.ra’cion g, e,bout 191L°F ; L :




ontire conton+s of ‘this autoclave oy put through a fil‘cer pross and. the-
filtorcd oil is storc,d. prior -to. distillaﬁion. .

Tho AlCl complox rocovorod by ccntrifu,ging is doconmoscd in batchos by -
tho addition of water., Any oil scna.ruting in'this process can bo ‘oither:
troatod and fructiomtod with tho min oil stream or recovered sep‘_ru.tely.

:The filtcr cako from thc filtor pressos cun bo e).‘t"acted wi‘ch the light
oil fregtion from the- .procoss for additional‘ heavy 01l rccovery, oither by

.weshing in situ or _subsoquently in betch autocleves. Tha total “oxtract oil
can to *ocomlbinod w*th tbo mD.;Ln oil st.rea.m "bofore the Tilte nro=sos._ o

- Tho go.s libc.ratod f‘r'om tho purging a.nd ventlng of tho polymerizo.tion
a.utocla‘lrcs and from the centrii‘ugos and . adJacont rcceivcrs is ’wa't;ov warel\c,d
caustic wa.shod and its ethylene content recov’c‘r'o‘d‘ A : ;

All vessols using mctha.no’l are providod with mcthaa;\,c}. roflm sy .,toms 3 '
maftermuhich the gegds. shill vented arewwa.ter washod bofore being discxdod.

Tho wa.sh wator 15 sa.vad for mct.hanol recovory. L

10) 031 Fra.ctionation- : S EECTEAT v

Tho. combinod oil from the filtor pro.,scs is stc‘.m dls‘billcdv"t'b a{;més-
phoric prossuro to romove about Lif teon. por- conb. 1ight cnds. ‘These light —
oils are usod in m&king up catalys’c slurrv m tho polymerization rcn,.c Tors..

- Y

The product from thc, ‘baso of tho still 1is b&tvh treatcd wi oh. about 2 5
. of & notural Fillor's certh (from. noar Munch) u’c 1‘38°F filtcred through
prcssos to glvo tho Ilnishccl oil. SRR :

. In somo ce5es limo ancl silica gol are used ﬂn',tlié'i“i:n,'a.‘;_i;trc'a’tmént inst"eaE
of Fullor g oa.rth. T AR B L Ceml

v

. ormmme REQ.U’]REMENTu

—

Utllit" o8t Tho follc ng u’ti.l.i't:y requ:.“emonts *‘or thc, Lcuna pla.nt vero glven.,
based on’ one fnarrol of i‘im.shcd. lu’bricatlng oil' SN i

[~—- -~

LT SO - ,_-' . E-bha.ne C*'acklng &. : Polyme*‘iz&tion \

o : U Ethylene Purification & Ref:\.nlng :
H.P. Stcam (220 psi), pomds ST I8 L W30
1,.P.. Stesm (22 psi), pounds s e e 1950
Water (from River- Once-‘bhrough) y S e
7 Winter” (40-50°F), ‘gallons - R

.- Summer. (86°F ). gallons NANTRRE Gt

Nitrogcn, Cubic Feot O
Eloctrif':.ty, KWH i FEE
. Fucl Gag (250 BTU/CF lowor
fhcating va.lue) 5 .'BTU. S

ers.onne -‘ was; equu‘ed for

Operators "I.‘he followw_ogcvatl r ] nt
or; 21F-h w

Those figures cre-baged on @ 56-iio1.:p weolk;. o3 mén per:
opcra-bion. They do not, 1nclude any mcc:m*enan*c—la‘b




sei Potpl ~- " Por Shift

TTTTTT o T Oporators Foremcn ""Oporators Forecmen
Ethano Cracking - =~ - e o 18- 3 - .6 1
Ethyleno Purification ' e 87 .3 29 1
Polymorization & cat&lyst R o Ces R
scparation ) SR S 68) . 6 - .23 2
Distillation ; ’ 12) L ‘ Ly -
Tifial rofining of lubr* coting: - . ‘ L )
ofl iy 10 10 (Deys -
General Plant Foremm ‘ g : o T ; only) .
(Gericke) e e T - »" S | , S o . (Da;,'s
‘Laboratory .- . T A A - S ! only)
ST Do orieoar v S : Day Shif“t: Th )
L e T - N.Lght Shif‘l: 6L -k

Thc totul of 105 opere.tors in tho otha.no cracking a.nd purification plant '
mlght be reduced to 80 if‘ more skilled operetors were availa.ble.

Normal]:y the plant ls SHUE down Tor inspection Tor a 3 fL.y pcrfod” sveEry ‘
60 <7120 days. To come on gtream fv-om a complete shut- down reqL‘ircs about
two weeks,, ;i P T A | .

e

TESTS ON PRODUCTS

As indlcated. a.bove, the plant cox.ld be ovorated to prod.uco oi‘tnor a 6°
or a 3° Emgler. v1scosit,1 oil-{et lOOGC) ' Thosc products,from Leuna were . !
referred to-ag- S8 (Schmlerstofl) .906. and. 903 rospecmvely and s_pech ications - ]
for the products were as folloxrs' .

_ e R I T ~.-~"ss;-9d6._' j,:‘;.”ss.9o‘5_
.‘Speclflc Granff**-b 20°c Ma.x o ToBeE . T 70,880
- (APT at 600}.? Mima) T . D e B e T '-‘52 3.
f-v1scos1ty at 50°C - (Engler IR 1 =0 T Lh-15"
S W 10090 (Ehgler) R > 65(Min) LB, O(Max)
©(SSU at 1500F) . S0 o 1200-1250. ‘uoo 4ho
. (SSU at 210°F). o e T '205(Min) 105(Max) -
"Viscosity Index. Min. e R S oy O S 115
Slopc constant. "M" in Folc Hc*ght U SET
: Calc., Max, o T -“',113“05 RTINS, 76~ B
" Pole Heigh‘b Maa. : SR LT 1.60. 0 .
~ Pour P01n’c"°F gMaxe oot 1 f a3l
Flash Point, °F, Mln. : T P l;55” » B3GR
_ Neutralizatlon No.’ (mg’KOH/g), Max. L e 0406 s e

. Saponiflcatlon:’\lo., Max', - v o
- Noack Evc.poratlon Test (h82° F) Mﬂu‘{.‘]o": PR SN AR SR
R RPN R s 'v-,'g"k 0.2 oven

C0VB0 L e

11y blqndod withoan eq_ual qua.n‘bity of brigh’c-
: he blonu_nemg usod ag an c.v1atlon lu'bri-.;



Tho nu.turo.l 1ubricat1ng oils usod in_thc blend werc from thrce” sourcos 5
all from rofining Austrio.n crudos , ‘ond worc donoted as follows. L

607 - From Rhono.nio., Har'burg. Vo cunm distillcd oil, rofincd
"4 with.sulphuric ccid.

707 - From Vacuun 0il-Co,, noar Bromon., Duoc- Sol rofinod

807 - From Ncrag ,. neor Hanovor 5 Furfural refinod

Altcrnc.tc stocke to thp SS 906 (Leuna.) product in this.S-3 blend wero
tho :t‘oIlowin(_,r. s : ‘

- 88 1106 - 6°Englor (1oo°c) o1l by polymorization at POlitz
"of olefines obtained. by cracking parafiin. '
ss 1006 - 6°Engler. (100°C) oil by polymerization at Rhenania,
- Horburg, of olefince obtalned by cracking ‘pareffin,
-85 906 - 6°Engler (100°C) oil bj polymérization at:Schkopau.

= ' .of -ethylcne produccd via &cetylone, from calcium
L carbidc.., ‘

The spocification for the S= 5 blended _viation lubr:.cating 011 is glvcn
_bolow . . coT

Viscositw, Mln. 2, 8° Engler at. 1oc°~ (98 ssu at 210°F).

. Viscosity Index, Min, .. . . 95

‘Flash, © F., Minimm 0 e T h28 :

. Pour Poin‘b, Moximum T e b Gl L
o Conro.dson*Cﬂrbon Rosidue, Max. : : .5 Lt B A, v U -

"’° Em,glor (lOO°C) oil from Polltz (SS 1103 wa.s sometlmes used dircctly
M..ximmn production of thls 3rade wag 200 Tc/yr (h B/D) IR L

A st'mdard engino test was used for- tho acterminetlon of the _ring- I
‘gticking tendencies of aviation lubricating oils. ‘As'as roferenCG 0il, o -
rofined petroleum lubricent (Vocuum 0il Co. "?otrmg") was uscd “and. results

woro, roported in ‘terms’ of hours opcration bef ore ring- sticking. - The various
‘oiiE” doscribed abovo compared as follows.; : BT ; :

.

o Roferenco 511 (Rotrlng) SO . ~ 8 hours -
: Synthotic oil (Leuna) lOO QE'zl'J'/E.'I.O (SS 903) B -5 hours -
S o (Politz) S (ss 1103) = 20-22 hours
N leshed Blend (8-3) C .. 12 Houws.
s I. R W plus 0. 2% Inhibitor "R" o 16 hours -
PRODUCTION DATA PR T R \ o ..""C:._'_""’f“ BT ’. =

Total German production of cyntbctic a.vi tlon lubricating ci... was s,'.
i‘ollows AT

: Actual Productlon

Metric e :
) Tth‘Mo 'f‘gl_ﬁv
SLouns R e e et FR 206 0T 700 g =170
‘Sghkopau . - ° __‘- j S R e 350 500 85 i21 350-500 85:121
Politz . L w1200 ©290" 1000 eh2l
Rnonmia, Harburg ' ! 2L 70 170 L -..500 12X
‘Total (Max ) '

”Bhe.w T

"




Thig production had been; reda.':.ced'“b},r bozhbiﬁg as follows:

Leune. - No productiou ai‘ter JulV-August 191+1+ because of lack
of ethane after bomhing of hydrogehation: plant.

© - In later raids the: lu‘brlcating 0il plant 11;sel~o

was damaged. The vedsels and pipe line of the crack-
ing section were “bedly pierced by bomb splinters but
the cracked gas-purif *ication plant was not too badly.
damaged. . The Linde refrigera.tion plant compressor. .
house was wrecked but possibly 50 of the compressor.
capacity could be salvaged. The polymerl‘sation and
distillation sections appeared more or ‘less intact
but storage +tanks- and general service piping in the
area. ‘were very 'badl_,r c.amaged.

Pr\J itz - Prorluction reduced to )OO 600 T/Mo. in last 6.
mon’chs' -opera tlon. oo

_*Rhenaniam-—llownrodaotzon—»az'ber~Julyw~l9u+~bombing—-—»Plant-was~
] planned to-be moved to He.rz Mountains but was not com-
e pleted there. o S :
. An1ﬂiﬂmate total production C&paCluV of 70, 000- 8o ooo Tons/yr (1hlo 1610
B/D') sy.thetic Jubricating oil ‘was pla.nned and plants ne.d been erected at -
Moosbierbaum ard Blechhammer s l»ut never onerated ) o '

_NOTES ON CATALYSTS AI\ID REAC"'ION CONDITIOI‘JS\ ]

l) Acet ,rlene Removal Cata.lyst

' The" ca‘bal'rst (Konta.&t 1!738) is mmfactured as’ follow

FiIty kg. (_10 lbs) chromlc acid, .9, eu Kg. (do 6 lbs) nlckel nitrate,
a.nd 20 litres (5.3.U.S. “gal.) water are mixed(\ in"a stainless steel- vesgel,
The vessel:is gas-fired, and the mixture.is hand-s‘clrred For geyveral: hours
until it glves a thiuk black~mixture W:Lth no more evoll;tlon of’ mtrogen-gases.v-
—Ji‘hls nmixture is heated 12 Yours at 572°F in an electrlc-hee.ted furnace. " "After
: coollng, the resultan’c hard cake is broken bJ ha.nd 1nto 3/8" (8-10mm) gza.nules a

S The granulated mass 1s placed. in ‘an electrically—heated reduction oven,
“heated in an atmosphere of nitrogen to 842°F and held-at. this temperature for
eight hours in. the presence of. hydrOgen. The:-catalyst 1s cooled in a . strcam

i of hydrog;en a.nd stored ins: conta:.ners in a i&trogen atmosphere. '- =

: "‘he compositlon O.L the flnished catalys‘b '7—s approz:.mately 95%“ hrom:n.c
‘ox1de and 5 mckel R DRI :

SR "For ethylene 'Lpo
Evmust' be observed' '




Oxygen - 'Compl‘otc absonce y rcactor rust: be -purged.- with
o ~ ethylenc bofore sterting omrations.

Hydrogon Sulphide—--Complete absonce.' . :

Carbanyl Sulphide - Complete -absence.

Morcoptans - . - Comploto ‘absence.

Thiophones - - Complete ‘absénce.

Carbor Monoxido ~ Maximum 0.005%. Chock ‘}Iith standan hacmo-

- . .globin gsolution, followed by spectroscopic

) detemnatior of the wi:lth of the a‘bsorntioy

.- ‘ - o band,

Hydrogen, méthane, ) L ”

.ctha.ne, acetylene ) Total must not exceed 5

g

v

5)‘ Polymeriaation Catalyst

Pure ‘..lumium chloride is upsultable as a Dolymerization cat lyst because
4% 48 too active and permits too many side reactions, including iscmerization’
and crac;:ing. It is modified to a~suitable form by the addition of about Ly
by weight of Terric chlovide'?“”"TFté"‘cata" Yt IS prepar "cd“a'b“l.ud:vigshafer and—-
Schkipau by treatment with carbon monoxide and chlorinc of g natural bauxite
_which contains eboutthe correct amount of iron oxide. ..Any traces: of titanium,

sﬂ.lcon, or magnesium chlorides present in the flnlshed catalyst ao not seen”

‘ ‘co af‘fect‘its nol,/mcri ing qualitius. e .

—

The maximmn tcmperature rcachcd durlng formatw on of the: catalyst comnlex '

with cthylené in the presence of light cil control., the activity of the: cata~

<lyst and the type: of oilk subsoquontl:,' produced.. . The higher. this: maximmm - :
temperature the higher both the VI and the pour polnt of the product._A: good

}compromiso on thcsc two togts calls. for a meximum tempera'liure of ;156°F :

As previously mentloned the polymcrlzatlon tempevature governs: tho
_viscosity of the final *)rod.a.ct According to-Zorn, an oil of 6° Engler: at
1100°¢- (220 .8SU at. eloOF) is produced at 212-230%F and an oil ‘of 3% Engler at
1009C (105 SSU et 210°F) at 266-284°F. - These tcmporatures .are lower than:
“those already roported for: Leuna plant opcratlon, nrooably bccause of a
d.iffcrenco An cthylcnn purrty botwcen labora.tory and.. plant operations.

Other catalysts have bcon tricd. I‘or ethylenc volJmerlzation propcrtlcs 5
but without much.success, Alumimum chloride plus -metallic alyminium is too
&trong a ¢atalyst for the roaction and. hydrofluorlc ac:.d. 'bcnd.s to form eth_,rl
fluoride irstoad of 2 bolvmor. ST e 4 .

o Boron trifluoride in HF can be used as a polymcriza.tlon catalyst bu'b
_‘produccs an infor:.or quality : o:.l S R N .

e i

THEORY OF LUBRICATIOI\T

‘ This sub cct was d:x.scusscd. in d.etail mth Dr. Zorn a‘t Leuna H:'.sg x&ork 1n

this ‘Tield has “been.: contlnu.ous since a.’bout 192 a.nd. he is credated. vl'bh thc

,‘_,d.evolopmen'b of the,commorcial synt,hc‘c,1 lu'brlcatlng oil manufacture,

i - : .
o Preliminary resoarch-showod‘%hat'an—cleflnc—tO"’crcr-used. for polymerlzation

",.'bo_a. highmV.I., lu'bricating_oil must-ha.ve a’'do uble _bond.la.t tho _ehd. oﬁ a stra:n.ght

8k




“chain molecule, with the éxception-that an iso-structure ot the opposide end
of the molecule from the double bond may give some advantage, as discussed
later. To. substitution may appear at the double bond. o :

For instance, the - following examples of isomeric octene nolvmerizatir
brlng out the effect of differences of structure-

PolJmepiaed Product

B e P Viscosity L -

o — . Mol.wt. - Engler SSU - Yield.
Olefine Feed (A’oprox ) st 100°C ©  ‘at 210°F  V.I.  wt.%
n-octene-1" ' ... .. . - .800 - -2.8 ¢ 98 - 00 - &0,
2-methylheptene- T 350 ) 2 . - G-I 20 20
‘n-octene-it ’ 200 .. . g’o.8‘ o oe8 .10 0 5-10.
6-methylheptene -1 1500-1700'" 7.9 250 . 100 ,.\'85-90

i

. . The. theory baﬂea on uhese obserwations andpsome organic syrtheses is as
follows .

"-The abilitv of -an oil to function es & luDricant involves a molecular .
‘structure which permits .close approach of the chain carbon atoms. and the metdl
‘surface so that dispersion forces: between thé atoms of the metel and the-
Iubricant can become effective. "For. good viscosity characteristics, likewise?
it is nocessarj that the. molecules should have a stricture Which gives close.
-contact of the individual molecules in order to utilize the dispersion Torcey
“active botween molecules of the.oil. As the magnitude of the- disnersion
“forcec increswes, ‘the viscosity index of the oil. incrnasos also, dnd more

- energy (heat) has to be added to overcame thesc forces. apd decrease the regis-
tance -to flow of the o0il.- ‘This is a disadvantage insofar as the pour -point

- of the 0il increases when the Vviscosity index of the polymcrized eil is.
1ncroased A compromise between these two vrooer*ies ‘mgt be ‘mado. An practice“
bj nreparing an.0il with a‘V.I. somewhat higher than that of" petroleum oils
‘and With a reasonale low pour n01nt , R

The relation betwcon V.I. and nour‘@oznt is domonstratcd by the follow-
ing examnles'~ : . Rt ;
(l) Octene -:L DOlJmelaOd to thls typo of struc utgf ’ff'f

'

V.I llO

Pour Point *ho g

Bl2.



‘This is appro*{imatcly 'thc structurc which is obtaincd. by ethylono polymeriva-
tion at Lcuna. ’ ‘ : R . e

R DA

( ) Pe.cadoccnc -1 polymorizos to this t,]pe of structurc-

"‘-c'-c-c-c-c-c-c-*VI._luo
. S -

e Cl’-(- .c_lg.;...., —Pour Point = +10°F

Polvmc*'iz.etion of a branched chain olofine like 6~Methylchp’ceno-l yiolds
e product-of the :E‘ollowing structuzc» e

v,-'q-c-c-c-

i
_f

'

‘._o——o——-

In thls case the v1scosrty 01 ‘bhe 011 is increased because ad.drtional forces .
‘become effective between ‘the. tcrminal mcthyl grouvs._j e

Isobutylone polvmorlzes to glve a polymcr cf the following structurc-' —

P

;- C-C-C- c-cf f["- C=C=-0~

'I‘he location of carbon atoms ‘on alternate sides of thc straight chaln
prevents close contact between. the carbon atoms. in. the main chain. and the
“atoms of. the metal to be’ lubrlcated. - ConScquéntly tho isobutylcne polymer. |

" cannot- be used_ as & lubricant,: in spite .of dts hlgh V.I. (110-120) and -satis-
. factory Dhysical proportles. Bearing fallu e results aftcr a few hours whm ‘
this o:.l is used :m an cng:.no. o ‘ - :

) Similar consldoratw ons. apply in the case of propylene which anparently
forms qnains through ‘the centre carbon atom, thus giving side ‘chains on both =
_sides of the main - chain. The V I.» of the polymer 1s about 85 and the bolymer
1s unusually hea.t stablo. R R T :

. N-'bu‘bylcne with thc double bond 1n the l- posﬁ:ion g:.vcs a good. lu'b:ca-
: cating oil but butcne -2 docs not A e : ) -

'by thc change in mc1+ing noint of‘-‘- ho:éadocano upon addit ion of methyl groun__ \



“Mclting Point.OF
+48

chudcca.nc* — . .
-+ 1 CHs group ‘ -h7
B + 2 CH5 groups - - - =126

Som ces of Olcflncq

Olefinic ma.’ccrial suite.blo for. polymorization hasg boon obtaincd 'by crack-

ing soveral types of wox.- The wax must be of o s’cmieh*—chain gtructuro and
must be cracked in the va.pour vhasc 'with no liguid presont. - To obtain struc-’
tures with the double bond at the -end. of tho moleculc , the cracking timo must
be . short at high temperaturcs, forming at’ luast 95¢% olcfino, followod. by a
quench to prevont isomerization of thc olmine and mslgra‘bion of thc "double -
bond. B . o

o ; ! ( . -

Wau from the a'bmosphcr:.c p1~essure Fischer-Tropsch proccs*x withou“b the
heavicst onds (controlled by ‘moximum mcliing point of 176°F) is a suitable "
dracking stock. Wax from the 20-atmosphcro (300 psi) Fischor r-Tropsch g3 yntho~-
gis is unsuitzble becausc of branched: chain parJ.‘:.lns. Wax from brown coal |
tar dis’clllatlon is su;tablu for R\oductlon of thc reqnircd type of olofino.

X Pctrolcum wox as such connot be oas:.lj hmd.lcd bj the abovc pror'css,
“put can be. converted to sult‘..blc wax' by.z combination: cracking-hydrogcnation
stop which yiclds a'mixturc of’ 50. por: ccnt Dicscl oil and 50 .por. cent straigh‘u'
<chain paraffin. wax/ Hydrogcnatlon is carticd out-at” 3000 ~pol and 75P°F with:

a ‘tungsten sulphide- catalyst and this process is in usc.at, TLudwigghafen whor
1000 tons per month slack’ wax from Hanovcf crudo contv ining 60 pcr ccn'b '
puraffnn :L, proccssod.. T . : ST :
S Thc pl':n’c at Pollt “eracks o mixcd woxX conteining Fischer-Tiropsch.walk,
brown coal tar wex, “and ‘the spocial: pctrolcum vax -prepercd ot Ludwigshafon., .

A spocial procoss hg.s been- d.cvclopcd. by Rhcnzmiu for dircc‘t utillzation of
potroloum waX. G S R L .

V-Hydrocg.rbon Svnthosn.sf' e

. In tho course of t‘lc ‘study of. ‘bho structv.rc of lubricatlng oils ) ccrtain
hydrocarbons . were: synthcs:n.sec. : 'I’ho genora.l mothod of synuhcsis is outlinod.
as follows- T : :

l n-octyl 'w.lcohol was- ox:.d.lzcd to thc aldohydc. . .
2. An L.ldol condehsation was- -earricd. ou'b on “the: a.l:lchyd.c to
ylcll tho followlng Drod.uct. ’ »

\

CH~(CH2)5 CH CHO

8ho I



e

)*—-ThiS-JJ roduct wa s-rcduccd—to—thv—alcohol—end—eewc}rtcd—inm
the 1odidc ¢
CHB(CHQ)7 c?,caex

(CH,)e
CL§f5 g

i, This comuound. was condensed with a suit bly substltvf’cd
mclonic ocgter to give: . -

o _~CoOR

06313 o oy

L .
5._ This produc_t .was reducod to g,iv‘e:

CHQ)7 CT CHE CF CHQOH

‘Ao L 06313 = CgHyy

\ .

6, Steps;- : to ) were ropoa‘éod to add sidc cha ins @&bu_ild com-
pm.nds up tO nbout 600 molocular weight. b B

»LUBRICATING OIL“ADDITTVEO & SPECIAL PRODUCTS - "ii;,om

, As tho vor- progr ssodf it bcccune necessary to d.ovclop 1ubrlc .nts - some-
tinas to uugmont ‘dwindling suppliecs of otherwise satisfactory: m‘_.tcrln.ls 3
but usually, as-in the case of Machine Gun- 011, Recoil 0il; R.R. Axle 0il,
ond othors, to:sccurc improved products,’ usuo.lly w11:h rust- *orcvcnt:.ve pro-
perties. * The.dovolopment and monufacturc of mony of thcsc now apecial mators’
~iale was cssignod to Dr. Zorn's laboratory. ot Leuna,. on coun't of tho wido
*'oxporicncc avulablc thcre on synthotlc lubricatlng oil

" Special attcnt:.on Was glvcn to compounds Wthh could. bc mad.c rcud.lly e
'frcun motericls already available ot Tevna and two outstg_ndlng dcvclonmonts
werd Mesulfol 2, an extreme-pressure additive, and XSE, o rust proventive.

Othcr importo_nt blending ¢ gcnts of the- cgtor: ‘type- werc: bcing manufactured.
~for 1nclusion in spoclal 0ils usecd by tthem.n armed: Forcesy Détailed in:f‘o:r'-
‘mation on the blending agents made ot Leung., the me’chod.s of preparatlon, .
:\n;gportic& and utilisation was obto.incd from Dr. Rossig and. smbles .of th‘, o
. va.rlous products wcrc obtﬂincd. for ._.ssessmcnt L ' ;

= Thc 1ndividual uddltivcs are firet doalt with ’a thcﬁ'tho'sﬁocigliscdf
, lu'bricmts mcorporating these g.ddltives. R /‘n O

‘,I Addltlves ' \'- e MA W B , e alnk

(l) In.hlbltor "R" '("lso known as’ "ZS l") This inhibrbor does not pre—
, ,Vz,n'b ‘oxidation of the.oil,”but gu.ld.e.; thc course'.of - om.d.atlon y G0 ‘that ha.rmful
...‘rlng-stick:mg p*oduct ‘are not” formcd. ““The -inhibitor has no cffcct,on pour- -
- paint, . bea ring. corrosion, wc‘.r, or luorlcatlng propcr'tles (ochmn_crfahlgkclt)



The inhibitor has the following chemicel formula:

R - 5
0=¢ « ~ . : _ - C=0

B S VA S S
» v/‘! = 5= : f" ‘ N A '/‘.—...;-—-_- S e < E
- ’.\:, . \Y - SHEE \,

where R- represents branched-chain hetyl hept,,rl or octyl grouns. '
The steps in the s,;nthesm of 'bhis 1nh1bitor are. as follows-- -

l) Phenol is- allcvlated with iso‘bu‘tyl a.lcohol to. give p -tert- butyl
phenol. - - A
=) te::t-bubyl_phenol,,:.s treated w1th SpClg Lo give the following
compound. . . AR .

g cuH9 .’ c s _t—cl;;ag
e P
5) This compound 1s treated. with me'bal1 ic sodlum to. mal'e uhe
' corresponding sodium salt. T
L) The acid chloride-of the carboryllc acid. to be. used. later in
;- the esterlncatlon step is prepared by treatmg ‘the acid with
.sulphuryl chloride. The carbo.cyllc acids are manufactured. -
from higher: dlcohols obta:.ned. as. by—proclucts during synthesis i
‘of igobutyl’ ‘alcohol.,
'5) One mole of the product i’rom step (3) is- comblned ith one '
_.'mole’ of the product’ from step L to esterify one phenolate
_ group only.
'6) This prodact :stf\é’ated W:Lth stannous chlorio.e in metha.nol to
give the l‘lh:l.bi‘bOI‘ as f:.naL *)roduct. '1. I S

-'(2) E.! 22 A mixture of “the" adlplc esters of,—:].lto 18000 &alcohqls_obw,inedr-a&
“by—’orod.ucts from 1sobuta.nol synthesis, is prepa ed! by heatlng, to 160°C, a~ .,
mixture-of 1.6 g.-alcchols, O. 48 g. adipic acid,. and.0,0015.g. Mphthalene

»sulphonlc ‘acid. = The reaction mlxcture is vashed W;Lth a 20% NaOH solution and:

" distilled under 0.2m. ‘Hg. pressure until the -still bottom teémperature -
‘reaches -100°C.. The ,material remaln:.ng in the still As. then relined with CaO
- and Fullers Earth, S ; O o

N

v,

.‘~-',(3) E § A mixture “of" ad.ipic esters of L60 200°C alcohols ( 08 - 012) :[‘rom .
isobutanol synthes:.s. Three ‘methods of preparation were: obtainod -

(a) 1.7 g. alcohol- mixture, 0.6k g. adir
s sulphomc acxd. ‘are . heated. _to_.'LBO C..

3 vacid and 0. 0017 g. Bmanh’chalene .




(b) Dircct estorilication of puro adipic acid using 15F es ceSs alcohols
and 1.0 -, 1. Sp bonzene sulphonic acid as cataljst at 150 - 160°c. (N.B. in
both (a) and (b) water distils off-at 150 - 160°C and equilibrium is
shiftod towards complotion oi tho acsircd rcaction)
(c). If puro.adipic acid is not svailablo, thc mcthyl ester of- adipic acid
is first prcbarcd. Aftor purification, the methyl ester is reacted with -
the alcohol fraction under sim_lar conditions to (b) The lost mothod wo.s
in genoral usc ot Leouna,
. iThe reaction product is washcd with 20% NaOE soliition and the wgghed
“estor distillcd at 0.2 mm, Hg. pressuie until the overhceds temperature:
reached 110%C. ' The liquid romaining in tgo still is refined with Cal an*
Fullers' Earth ' .

Physical proporties of thoioster are-'

R Pour Point . oL - OhoF
PR — S Viscosityllndex,wwm-< _135«ﬁ-l5ﬁ

. Production of this ester at’ Lcuna was about 20 tons/month It was noted
that straight chain alcohols dig not glve as satisfactory a nrocht as the )
" branched chain alcohols. e T

-

{4) E. 2 § Mixcd anipic estcrs of lh

Oo alcohols from 1sobutanol synthe31s;

l T g. alcohol mixturo,\o 42 28 adinic a01d 0. 0017 g. B-naphthalene
sulphonic ‘acid are heated to 220- 230°C and the-reaction product washcd Wlth

'20 NaOH solution.  Thec washed. egter is distillcd at 0.2 mn.. BEg.. prossure.
until the overheads tempcraturc reaches 1)5°c Thp liquid ~ema1ning 1n,thc,
still 1s reflned with Fullcrs' Earth.' ;

(5) E 502 The estcr Iormed bctwccn cyclohe anol and 2—mcth31ad1nic ‘acid

. %—;f- S O ooc CHE—CH—CHn-CHe-COO—OV 5 o

a0 T o T O R 'L”‘v ‘ o

1.5 g. cyclohexanol, 0.82'g. 2—mothyladiplc ‘heid and O 002 g. Iknaphthalcne

sulphonic acid are heated %o _70°C The reactionovroduct is washed with °
—caustic:goda and then vater, Excess cyclohcxanol is distilled oLl -and- the—
ester distillod et : O 2'm, Hg. The distillatc"iS“htifer with 2% CaO plus
S 3% Pullors' Earth for 1 hour. at ”OOC to romove. acld. . .

-(6) 2022 Tho adlpic cster of —methylcjclohexanol - ,
CHE—O-OOC CHQ—CHQ-CHQ cne-coo—o CH5

Drepared‘in ‘a similar way to E 3022 from l 5 g._n-methylcyclohexanol,‘O 75
'g. &dipi" acmd and 0,002 g.. B-naphthalcne sulphonic acid.x




(7) Mosuifol 2.
] ! 0]
RO~-.C-S- CHQ‘CHQ'S"C OR ‘
whcrcR is C5 or Cg.> -

" Tho particular xanthatc (dissolvcd in kotoncs alcohol or ,wator) is rcacted
with cthylene dichlorid.o at’ 70°C. The product is washed with wator and dis-
tillcd. . ) ) S
(8) K.S-Eo X ) . : \.

o  H .
R.505.N.CHp. COOR™
: whcro Ry= Cy5 1 radicle

" R'is derived from 180- 250°C alcohpls
from isobutanol sy'nthcsis. S ;-.

0.46 g. of a 015 hvdrocarbon fraction, treatod-with 802 and- 012 to give
+g-sudphonyl. chloride-is.-reacted with 2.2 g.. mesamidoacetic acid’ and_0.69 B
of the alcohol fraction at 150°C-in the presence of '0.002 g. }B-na*)hthalene
sulphonic acid as ca.talyst and propyl’ cther or ester distillate as azootropo-
forming agent: to effect removal of the water produced d.ur:.ng csterification.
Theé. reaction mixture is newtralised with ¢arbonate .golution, washed with 5%
‘NaCl. solution or distilled at 120°¢C. (‘base tcmperaturc) at 10 mm. Hg. s ~diluted
w1th 50 midd.le 0il ‘and washed with a mixture of 2 pe.rts methanol ‘and 1 part’
water. The washed: crude ester-~is distilled at. 2-5.mm ‘Hg until the stillk =
bottom tempera'ture reaches l’+O°C a.nd. thc \‘L:Lquid romaining ir~ tho still—ls -
_refincd w1th‘*Ferers' Earth. e et

S P, - N

Othcf compounds not yet used. in fuc"s or lubricwting oils, wl‘ich wero :
ble:lng gtudied,, included - : ‘
(1) Estor. 1321 - a mixturc oi‘ adipic ostcrs of C alcohols.
(2) Ester 111’{5 < the reaction: product, of - bQ 'bra.nchod.—chain o
e '. alcohols ‘with .one mole of cthylonc ox:.d.f’ and
L .adipic.racid.. :
(5) Mellit L—85 - & reaction product of trimcthylol cthanc ‘with
= ¢ .. carboxylic acid and. 160~ 180°¢ alcohols. . = .-
(h) Palaé.‘inol - a plasticiger made from phthalic acid and
Sl LT n-buta.nol or;: llLO—- 18000 alcohols. -

II. pecial Lubricants.. \ SERICU e

(a) Waffenol Blau'hh ‘a rust preven‘blvc gun oil containing Mesulfol
2 'in an:amount correspond:.ng t0i3% sulphur in thc final” product., :
j['he ‘Other components ‘are ester E-455 and & light dis’dillatq_, from

- f‘..;synthctn.c luoricat:,ng 011 lmown as V'I‘ -120; No production flgures :
wore avallablo.», R

VT "120

5 Composrton.
TS5 L
o “\ Mcsu]i‘ol 2

Pro;per’cio; V:.scos:Lty .
S L Flosh Point

iz



’(b) Torpedo 011 T-1"wos ~doveloped oS- a—roplaccmcnt‘fnr.neatsfbot*oil,”

It was made only at Leuna ‘and was tested at Gdynia. Total pro-
- duction for 194: was 100 Tons, and the- last snipmont from Lounc
wag hO Tons of finishcd product. : ,

Composition: - 88.903 - . - 35%

E.515 .- b 63
KSE . - -
" Proportics: = Viscosity. v 11.5-12. 59E at, 2o°c.
. : : '-Pour Point . bclow - 50° C ’

(c) V-weapon 0il SS-163) was devolopcd &t Louna aftor about nine
months of rescarch. A monthly produdtion of 100-200 tons was
planned, but total production’amourited to onlJ lOO Tons. - The
last shipmcnt of thls material had- boon to Gottingon., .

. o -
”Compositipn: . 25% ST,
o : 5; |
Properties: - ‘Viscosity ~fw 7+ 2%B at 50°C
L ©7.:4 0 ‘Pour Poimt . =7 - " below -45°C
‘,'~'JJ e 'Flash Point . -.-f-i:1u5°c o

;(d) Low Pour-boint oils, K'lO hnd K 19 -Were:- devcloped for use in

‘(c) "Y“ rallroad axle oil was dcvelopod for ' use in oxtrcmcly cold

Ru531@ and.had bcon reportcd as satisfactory in servicc.

A
' T "'; K.lO b K.lg
Composition~ SS 803 - 50c o .: 5% -
e L BSIS 500' S BeR
:r£6§éf£i¢s: ,Viscosityv‘;wta-l 65% ab 99°o 2.0%8 ‘st 99°c
e “Pour Point . - ‘bholow -5o°c below -l{50¢

Viscos1ty Tndcx 135 jﬁ . 130

' ~wcuthcr aftor.the- cxpcrlcncos of . thc first winter. of the Ru351an
ampaign. ~Tosts have shown'-sthat an. addltlonal lOO% toading-.can -
bc put on railroad cars u31ng’this lubricant and all cqulnmcnt
= failuros due«teﬂlubriCtnts—arorcl:mlnatedr-A“testrhas beer rutd
using the oil as an automotive. lubricant in.one German anmy'”’
corps: in Ru381a and. all the. Leuna-.vchicles usc - it. These tests-
showcd no. rlng-stlcking or corrosion.difflcultics{7'

- Ccm99§1ticn;f 308 olﬂv;{fﬂt “8os,
oo =m o Esok T "?0% .
»';f\ - Dyo SN "-AO,l%EJ'

v

"R" Oll 1s thc o;l obtalncd on.ncutrallslng the'mlClg catalyst complex

1n synthotic luprlcating 011 manufacturc..

"842’

i

’_’;fz;sji"



Conclus:Lons and recommendat ion.

“Pour Point, -45 to -50°C.
Viscosity—Indu:.. s 1182128—

Jz@e-;jt;igg',;,

PR

.

(£) Aviation hydra.ullc on was developed to pass’ tentative sPecification

Do 2000, put into effect in-late 1943, . The oil has excellent’
corros:.on-res:.stant ;pr0pert1es and low rubber~swelling ‘properties -
(less than 2% increase in volume after 21$ hours immersion). A
fluorescent dye was added to the oil to meet “the Luftwvaffe colour

speciflcat:.on. . .
: ‘Composn;on: ' 'V:].EO B PR U
o © E.3022 orE3023 12% -
KSE - . . L%
Dye . - - .006%
.:.“P:oper‘tie'siz__' Vlscos:.ty ' 1,75°E at 20°€
: ' _650°E at -600C
. \ * T ot K . .
Pour Point .= =70°C

— Flash Po:Lnt v,__.h_,_,,120°0-1

W

The use of esters in order to o'btaln dow pour-po:.nt lu'bricants merits

_ further close study. 'The excellent extreme—pressure properties of Mesulfol
-2 -and” theoutstanding Dropertaes of KSE as a corrosmn prevantive should
also~be investigated furthers .-

guz

— I
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 —XII. SYNTHETIC LUBRICATING OIL - SCHKOPAU..

’Intro uction

- X
i T

Construc.,ion of Buna. Werke A.G. Schkopau, =the first and largest synthe-
tic” ‘rubber pla.nt In Gex'marj, jwas ‘gtarted in 1957 and - ccmple{:ed. in 1939, . It
1s ownéd &nd. operated by I.G, Farbenindustrie. Thé ldbrica:bing 0il plant: at
Schitopau: was Duift by- T.G. as a semi-works plant to utilise: ‘the 'excess acety-
lene f{rom the large synthetic rubber plant, Buna Werke: “#;8:" In the latter
plant, acetJlene , manufactured from celcium ca.rbide and. water, is converted
t0 butadlené by the aldol process, and then polymerized ‘with sf,yrene nade
from ethyl-benzere for the ‘preparation of Buna S.° The normal Buna S 'oroduc-'
tion is 6 000 T/month vhen  operating at. capacit./. "In the Buna S plant, part
of the acctvlene is hydrogenated to ethylene, and the ethylene reacted with
purchased benzene tao gnw-e ethyl ‘henzens..- Dxcess acetylene can be converted
"to ethylene in the same.minner dnd’ diverted to the. manufactuz‘é ‘of synthetic
Aubricating oil, vhere: the eth,/lene is subsequentlj nolJmerized. with aluminium
chloride, noutrallzed reduced to the desired viscosity and contacted with
fine ¢lay for the manufacture of SS-OQB and SS~006 synthetic 1ubricating oils

Normal average p“od.uction is 5(50 T/month ‘or s1 igntly nore than lOO Bf
(42 U.S. Gal.)

Description of tne Procecs e '

A PP SPEEN -

. Etcess e.ce’c,/lene From the ruo‘b‘or plant is hydrogenated to ethylene u51ng"
0.01% palladium oxidc' catalyst supported on silica gel. HydrOgcm -1s obtaired
by pim, 11ne from Leuna. The reaction takes place ats 200-25@ 6 end - etmog=

pheric: pressure. Each oven, contains approximatel,/ k cubic metres of. cata”"yst
arranged in three beds with direct water spray betwecn stages to control the

reaction temperature. At the end of 6-8 months , the catalysc is. reactivated .
with air at 500-60000. The yield of ethylene was reported to be 2% of .
theoretical. After watebr washing, the gas 1e fractlonated in the- Linde plant

to vield 99% pure e'bhylene. i

3 F“"om the Linde plan't the ethylcnc passes to the po1 ymemvat:.on step.
The ‘six reaction vessels, for polymerizing thc cthylene, are made of Stain-
less steel (V)A), 12 m. high and 300 mm. or 1200 rm. i.d. , Pressure “tosted
at 200 a‘tmospheres , nominal working capacity, 6-8 cu. metrea. “The’ reactors
a.re water .and. steam ,jac:;eted with bolted, fla.nge 1'xeads W:Lth prev:.sions IOI‘
'ton fla.nge._ A small stirrer,' with stainless steel blades , 18 drr‘ven through
a liquid seal stui‘i‘:.ng box in the bottom Ila.nge. A 5 HP electric motor with
'red.uction gears drives the stirrer at 120 RPM, Ethylenc 1s also e.dmtted B
through a. suits.‘ble connect on’ irn the. bottom fla.ngc. Y e

_ The rcactors 'are’ operated 'batchwise. 1.5 cu.m. of t,he "Vorlauf- l" e
-_(low bon.ling hydrocarbon- recycle stock). is: charged ‘to the .reactor along with
a- quantity ‘of’ aluminium: chloride -equi va.lent to- apnroximately 1% b:y weigh'b of
vthe:finished polymer. " “Ethylene is then: oubbled thr_eugh the aluminium: chloru,d.e-
hyd.rocaroon ‘mixture. at - 60-100 ats. preusure and.: w:n.th “the temperature malnte.ined'
~at 120‘.!.1"0004 - The 1n1tial reaction is. exothermic and. coollng water ‘gt be’
clrculated. through the: jacket £o: absorb the cxcess hoat-evolved._ As _the’
reactlon ‘orocccds hcat must be supplied to malntain the tempemture*at

tha*’ -




150-1k0-6. —Tho-roaction is-complotod 1n-8-10" hou.ﬂ;_mho_sour_qil*tpolymorr
alumlnium chloridc sludge mikturc), nov at atmosnnoric pressurc, -is trans-
Terred to small intormediate tanks, cquipped with stirreors to keop tho eludgo
-in suspension, 10-12% by volumo of mctmnol is added, md tho resultant mix~
turo ccntrifugc&. e : : . » . :

Six baskct typo contrifvgcs (baskot., rotating at 900 RPM on a horlzontal ‘
axis and driven by 35 uF cloctric motors) built by Eachor Wyss, Ravonsbubg, arc
uscd. The supcrnatant 01l is. pumpcd ‘to ‘a ncutrcllzing vesscl,-cquipped with
stirrers, and onough lime is added to ncutralizc any freo: HCl Normally, 29

by welght of lime.ig ncm‘cd. ‘put this varics with tho amount of HEL ovolved-
during the’ polymorizing stop. The neutralized oll is Dumpca/ to plate- ~and-
frame Filter prosscs to remove the calcium chldride., Six-presscs hove been
‘installed, only three. arc, nozmlly used. The’ neuwtralized oll is thon reduced
to 'bhe d.cuzr\.d visc051ty, using vecuwn and steam at a max < imum tcmporaturc of
250°C. _ The methanol vapours from the reducing still, elong with ‘the mcthanol -
vapours-from the centiifuges end the 1ntermod.i~=~ te, handling tanks, pass to- the
methanol recovery svstcm wherc 97.0 - 98. 0% of the methanol is recovered. by
. rcctlflcatlon. The "Vorlauf-vol" (light hycL:ocarbon rocyclc oil) is returned
o the rcactlon vcsscl for re-usc. ] : -

o The bottoms from. the vacuum rcduclng still arec numncd to the clmy contacu
units and contacted with 5% by wt. of fine ¢lay or gilica gel.. Two contn,ct-
;ors arc in usc, .cach with a ‘capacity. of 10 .cutbic metros,. cquimncd with
' stirrers operating-at’ 50. ;\PM., rclay treatmeont is. carricd out at 100-120°C for
30 minutes. Thé oil-clay mixturc. is ‘pumpod to' & platc-and-frame ilter press o
where the finc clay is rcmovcd. The filtercd oil is no*ct pumnodiﬁ\a plate- -
,”and-frame Pilted prosg wherc the finc clay is’ romovcd. ‘The-filtercd '0il is .
next pumped to a de Laval centrifuge to remove eny tracos of- finc ‘clay loaking -
through the filter press. 'I‘hc i‘ll’ccr cd"c is blown w1th nl‘brogcn to rccovor
. thc oil soa.kage. R R ) . T .

The fimshod lubrlcatlng,01l usually 8 lO Englor at lOO c. R 18 blcnded.
~with 011 of lower v:.scosity for 5.8 --6.,2° Engler, and shr)pcd. to various
blcnd;ng stations Where it is blended withan oqual volumo of natural mincéral
oil for usc “in- aircraft’ cng:.ncs. ‘Synthotic lubrlc&tlng o’fl from Schkopav )
was. v.scd only in the’ produc tion of aviation lubricating oil ‘because- of its .
excellent non-ring sticking. propo“r,les. TJplC"Ll bcsts of Schkopb.u synthctic
- lubrmo.‘clng oil are: as follows..‘ : :
v o &

Descrlgtion. s 2 R SS;905 Oil v. \ . SS-"9.06 ;'O'i,l" v

Inspectlon ‘ T
Ao ..‘» P R R

: 'Speciflc Gravity , O 80 O 83; -
.. Viscosity, Englor® 10 1000" 2.9 =3 0"
Viscogity Inmdéx @ . - 105 - 115
Flagh: 2C 0 . e ST 205
TPours . O e T
.Carbon’ Rosmluc. 7’: ST 04020
‘- Ncutralizatlon,l\lo. o ondle
- Ashy, % .,.-,-v o T ndl R

8142




Typic'wl quantitics of raw mtorials v.nd utilitics ncod.cd. pcr. ton of i.s;m-

thetic lubric'xting oil, aro og follow :

17ool kg. .

.Acovylono
Mothenol 2.7 kg.
Vorlou =61 1.2 w

" Aluminium Chloridec -70.0 "
Lime® . 30.0. "
I‘ullcr's Earth 0.0 "
High Pregsurc Stcam 1.7 tons -
Loy Prcssurc Steam o L 6,0 0
Fucl Gos (2000 kg, Calped) 250 M. -

. Eloctricity - 150 KWH
W'Ltcr . 50 M)

iscoll_ncous !

Tho Gcman tochnici 1ntorrogatod. maintain that l:Lt’clc corrosion A
~difficultiecs-hove becn: oncountcrod.,,stainlcss gteel 18’ nged in the rea ction
vessels, while intermediate sour oil tanks: have 'synthetic rubber’ Jincrs faced
with oric&. . Somé corrogion was noticed ln the vapour condensers of the
vacuum réducing~still-but this: was: olimlnated. by adcllng caustic sodo. to the .
-reflux to the. vapour ;r’xctiomtor. R R X VRN

| Alumlnium chlorido is obt'xined from uhe I. G.,Farbcnlndustvie A G., -
Ludwigshqfcn em-Rhein, ‘in special metal drums.. " The drums are. clumpcd. into tho
-readtor by hand using. 4 funncl thaot fits the. end-of the d_rum (A gatoe valve
controls the rate.of admittance, wher charging the rcactor. “The’ cffoct of
. mpurltlcs 1n th\. o.lmnlnium chlorid.o wa not known.

. The rubbor pgmnt Omnloyc 15 OOO Salejol vhon opc.rati'xg e,t normal cepacit,f._
Tho lubricating oil plent nov'mal.ur omploys ‘65 men. ~Opcretion 1s intermittent,
_denending. upon -the supply of ~acctylorne’ From. the rubbor. pl'mt. Tho plant’ has
not. boen damaged to. any extent and onor'mtions ‘can ho rosumcd ag soon as’ a.
vsupplj of oth_/lono cen bo obtaincd. B -A_./ R S

-Conclumons* R

L Whilo thc prod.uctlon of ubrlcating oid: from acctylcne is of 1ntercs‘b

the oost of the flnishcd product ig high. Assumlng thet a,cet,flene can be,

mo.rlc for 25-30° pf + por kg, from nauural ‘gas (mothane) “by: the: electrlc arc
procoss usged 'at Huls, the large capitﬂ.l expond.lture for cqulpmen'b and-the
muber of ‘won. roquired for operation, mnke the' cost of: ‘the synthotlc lub“lcat--
ing oil too high. to compete with- lubrice,tlng oils :f‘rom selectcd American crud.e-
-eilsy. unless an cxmnation of the &,mples obtan.ned 1ndicates that these .
Joils h...ve SOmo valuaolc nrooortlos Tor- speclal usos.

8u3. B0



| XIIA. _SYNTHETT e GO JANUFACTURENAT STOTTIN-POLITE:

Sourcc of Information. o _ . " L i

Informa‘bion on this plant was  scourcd in thc coursc of an intorviow
with Dr. Zom at Lcun. on 15th Moy 1945.. © -

Summc.'rz:t -

LA mixtuv'e of FlSChC‘I‘ Tropsch wax (moxirum melting noint l{6°F) and- o
spcciu al wex From brown conl tar distil lo.tiW(‘nmdo by o combination crqcking/
hydroccnatlon process at 'Luclwigshafon) ig crdacked under closoly controllod
conditions to give 95-97§ % ‘olefifics. . Theso aro polymorn.so& £4 law pressurc in

“the prcscnce of aluminium chloridc. The oil is. scparatcd, ncutr_'allacd and
vecuum d.;st/illcd. wlth stoqn to remove ligh‘o cnds, -

Ultimafc J.Lel('S from ’ohe pe.ro.ffln w".x chargcd are:-

S w@igl_n: %

Ges ees P e 2 45
Lubricating 0il «.. = SR 49-52
Dicsel Qil {(light. cnd.s) ‘ e BT
‘Steon., cvlindu,r 0il (from d.ccom'aos:tion o:f‘ 7
czrl;g.lyst complex)s - . . : - 8-11
Tota;L accounted for o o ,90-100 B

! ’

, Production cg.pa.crby of this pl?mt wos rotod o8 1000 1200 mctric tons /
month (2#2-—290 B/D). In the final 6 months' oper‘_tlon, production was about
onc-half this .L:Lgu.rc. . . , ) : S

‘Dcsc ~1pt10n of- Process: .. - U o e e

_WaxCrack.-.ng: T o

' - The wax: '1s : rcho'rbco. in a’ pipc still at low p‘f\ssurc to 8’42 896 Fond
complct 1y vae pomscd. It.then flows upward in = parallcl: “‘ube bank hea.tcd. by
Leirculating flue gns. ‘The outlet tomporature is controlled at. 968—977°F
~atmospheric pressurd, . ‘This cracking tubc bank is mado of 18-8 stainless

- stecl. (VeA) to aveid coking and." aohjdrogenb.t:.on., ‘Redidenco time in the pre-

" heater is:1- 2 minutes,, and in: the cracklng c'oil aoou'b 0, l second.. , No st&.m !

ie'used in the furno.cesf ‘ _.{_ R HOE U e T

'/

: Thc offlvent is qucnchcd. 1n a - stcam heo.t oxchangcr to 500°F All conden-
.seteat "’thlS tempcrﬁ):urc is rccyclod. 40 the fumace., The vapours (about \ ‘
“eno-third of total ) ard cooled: ind,lrcctly wrbh 68°F wate'm"ﬂfé*gas is L
‘ vcntccl .Lrom ’c.h:. coné.cns«tlon. S ‘ s . R

& composrblon is. S 1;;;'*55' SR T

_Hydrogen ' g - (analysis uscd for
. Ethylenc. s 30 ant control),
. —:,Pron;ylone SR
o “n-Butylonos A R
'v~,1’uraff1ns sho




Ultimdte yield of:gas on.fresh feed .ds .a.bpu.t 30 uetght, per.cent, with a
minimwm of 2'(- 28 wcight oe"f‘ cent.. This gas was not used. Tor *)ol,jmerlsation.
) " The llquid product is 0‘7-”‘7,0 unsatur&ted. De’teminatlon of ‘the 1od1ne
numbev 1s used a3 one control 'in'the crac‘«:ing stev. I‘his liq_uid is used

dlﬁectly An the polvmemxsat;on step.

Polmerwsatwon L S , e JURSET

Pol’mcriuation 15 carried out a‘c at.nospheric vressure in reac\.ors oi‘ 1”5
barrel capacity, “water-jack reted, and equipped with stre.ight b‘ade stirrers -
vevolvmg gt 1 O REM, T‘ne aluminium chloride uged in nolyme'r-isatlon is first?
susvended in light oil f*‘o" the p*o"ess.‘ A pert of: the olefine feed is-added,
the kettle 15 heated to 152-170 OF to ‘start the polymerigat:on and then. con-
trolled at the desired pol; ;merioatmn tamverq.ture by thHe rate of Hddition of
cold ieec\.. The total olerine feed is added- 1*1 about 22 hours ancl ‘the reaction
is comalotcd by héating the batch to 212- -230°F and. stirring at “thet tomvera-
ture for two, hours to Iurther pol,/merﬁ se lover polymers formed in the early
-part-of-the- rea"tien. “Two- gv'ados oi‘wlubricatlng oﬂ:—have ‘been- manufacuu"fcd«
in this equinment:

88 1105 nominally 3° Er‘gler Vlscosity at. 100°C S
.88 1166 " 6 L . : noowo L s

"Their respective. characteristics are discussed la',tér.‘ Operating conditions
fcu thc reactors i‘cw thcso ‘oroductq arc as follows ' L :

""" PR A U ssuos - 88 1106 L
Al f‘l5 ua.talyst consumption ( of ..
- finished 0il) .ev & ase SR8 1k 16
Reac_i,i‘on tomperaturg °F _.,,'_,~. Y 158 (L ov' as possible.
o 3 R T O (’u.' nter - 10k
ST T T ( urmer -~ 122
.Reflning of Poh/merlsec. 011 SRR - . 1 »~~"-."‘ v i

Thc ‘l:otql product f"‘om the polymcvlsa.tlon rcactors is separatcd into Oll
,'and aluminivm ‘chloride addition’ coripounds by ordinary centrifuges. ' No: méthan-
ol is needed for this separation. : Cen'trlfuglng is done at - 176 -clEOF without
any addltional 11»8.13 -being supnl:.ed.I The alumlnlu:m chlomde eddﬁ tlon prod.uct
_‘so sonaro.tod 1s ina liouid i“orm. Do : : Lo

The lubrlcg.tlng o3 pOI‘ulOD. 48 'broatcd. w:.‘th water ‘at “roont tempera'bux:c IS
- %0 decompose “traces of hinium chlorz.de “then treated’ w1th lime and Fuller 's
‘carth, filtored and distilled under’ vacuum with 'steam. ~The Iight cénds are’
peartially recirculated. for: suspension of_ 2luminium c’ﬂ.orld\, in- thc polymcrisa-
“tion. reactors’ and part:.ally ¥ielded as Dicsel oily: “-This oil: can ‘glgo bu, - :
“,hydrogcnatéd' and thon tmca.l.cd with sulphur d10x1d -and. chlori -in the Mersol
Isynth051s e .




cylindcroﬁf ?ftezustrinping_ol Joycbgthna—hydrocarbonamfor flash pointm*

specifications. This steam ¢ylinder oil ig considerod. better thcm the - :

corresponding preduct from- cthylene, because it.is obt.ainod at a lowor poly-
mcr"isa.tion tcmpera.turc a.nd. is less unsaturatod...

Tests on Products:

 Iubricating Oil = Dioscl 0i1 Stocam Cylindcr 0il
'§5-1105 £5-1106 - :

Viscosity ®Englor - - P BELE
at 100%. - - 3.0 . 5.55.6 - - 6.0
 SSU at 210°F - . 105 200-205 - .. . L.220-
Viscosity Index -115-12h . 108-112 R 115-116
Flash Point °F " y28 min.  482-500 o : 572-590-
Pour Point °F -~ -22 max. 13 max. . 7242 _ -4 max,
Conradson ‘C.Rcs.. . 0.2 max, 0.2 max.. o7 : : \0 4-0.5
‘Todinc No. - .. .- S E ! 20
Cetanc:No. . - - L S 12=T3
IR o .. 302 min,
© Sulphur % % S S
chlcls- : e T TP A

‘I‘he ult:.mate ,y'lelu.s :E‘rom the orlglnal paraff:.n are sumarised as follows.

b~' SRS T : . .Type of Opcratlon DR

W’eig;,h"t’ per cont S T ss-110%" °. . - . 88~ 1106
Gas from Cracking . - . . - 27.0 - 30‘0"' 27.0°-:30.0
' Finished - Lubricatlng 011 o k9.0 -752.5 L 49 0 = 52.5
‘Diesel 0il . T 7.0 L 5.6 ]
. 'Steam Cylinder- 011 : T b -
Unaccounted' for. . 8 6 - 2. l '7.2 - 0.7

" Total: 100,0 . - - 100.0-

=83~



**XIII **AVIATION FUE'L MAI‘HJFACTURD AND ENGTNE_T“S’.[‘ING., —

In’trod_uction :

The following information wves obto.incd by intcrrogation of Dr Estor 5
Mr. Scholz and IIr Honic:ccr. ‘ :

" Tho’ “fost cngmos originallj installcd. aﬁ ‘Louna havc now bcon cvacua.toa
to Wuthau and Stosson. Theso locations werc visited.

’Octanu Numbor Dctcminatlon a.nd. opcclfication. B |

_For da‘y-to-d,ay control of aviation gasolinc componcnt qvality, Octanc
er}bcr tests werd carricd out on C.F.R. Motor Method engines end on the I.G.
Prufmotors; the latticr being used almost ex"lusivcly as 'sparc parts for-thc’
C.F.R. ecngincs bocame impossible tb ob'tain. " In 1944 there wc;r l’(O of those

-‘cngincs in usc in Gcrmany. : ' o ‘

D.H.D. Gasoline . 78 Octane No.- clear - .,
Hydro Gasoliné _ 70 M . % ®m . Sy g
Collm — 87 ."™. " 'with 0.09% vol, T.E.L.
1.G. Pr&fmotor eI T S R
"»“'Swdpt volumo rmeiel Lt 9&2 ccs. ST T e
Comnression Ret*o L Varlablobup to a: max., O'F‘ 111- 11
R p.m. S ~.900 for Motor. Method | s
‘ S 1600 for Rescarch Mothod .. = -~
‘Spark Advance - . 26° for Motor. and Rescarch Motrhod
Jacket Temperature = 100°C for Motor Method : .

. e -+ 100°¢ for Rescarch Method
. Mixture Temperature. . 165°C for Motor Mothod :
e : - - Room t\,mnovaturc fov Rescarch - Method

R

This cngino is uscd with a multi -bowl carburcttor in thc usual ay- and
all Octane Number determinations are made at-max. knock m.c‘turo strength. -
Bouncing pins and *knock mcters nade by Siemcns arec. employcd. ‘The .normal-

“‘method of carrying out Octane Numb(.r determinatlons is to adjust the mixture
“istrength to. max. ~¥nock; 1ncrcase the - éompression ratio until af standard rating
on the knock moter is obtained; measire-this cempression ra't::. by a conven-
tional micromoter and determine Qcta.ne Number directly from a standard chari:

<dn whlch Octane! Numbexr 1s_plotted agalnst -compression ratio. ' The:Octanc '_
fNumbcr can also be d:lrcctly rcad. from a scalo attachcd. to" a mcchanlsm gcared

'_to %hc mova'ble cylinder head.. S e T A

“ B S

. This cngine hag e.lso bcen used Tor 'E\uncrcha.rged tcsts a.nd. 5 1;0 lO super--
ke cho.rgcd. engines -wore statod to:be.in use. in various. pa.rts ‘of Gcmany. ‘This". .
. de¥clopmont followed initial’ tests in 191 "4n Oppau; and ‘Leuna  first carried
ooooub] superchargcd tests of 'bhis naturc ‘at the. cnd of 191Ll In ‘bhese tests
-ypressure f‘ue—kta.rﬂ{s a.nd. a pressurc carburcttcr a.rc employcd. together wi'bh a.n

8&_727‘ ' 'Su -



‘air moter and tho standardfboost“prcssurc 18— 000 mm——absoiutef~4icst‘rcsuits—
aro"cxnrcssedfin:fh -iorm~of7n—graph-rolaiingAair/fuol~ratio"to,comprossion__l

. ratio for constint krock, but a dircct octanc “Bcalc. can be uscd in this casc
'also. :

B.M.W. 5 -1litrc Singzlo cylindcr Aero Enp;ino~ o

This cnginc was omploycd at Lounn for official acccptanco tosts. Due, -
however, to air raids, this engino had been -dismantlod and cratcd for croction
at some other location. The tests wero only carried out to obtain acccptance
-of “the aviation fucl components since blending of tho finished fucl was
carricd out at. the WIFO blending stations, “Laboratory blends conforming to
the official formula Wérc propared and tested. The enginc operates at a
constant compression ratic of 6 5+ 1 with variable’ suporchlrgo. Other .
_opcrating conditions are 1600 r.p.m., ignition 30° B,T.D.C,, inlot air ter-
peraturc 130 C., air coolcd and dircct injoction. Tests arc carricd.out in’
a normal merncr by plotting air/fu“l ratio agdinst M.E,P.  Acceptance was

';grantod when the M.E.P, air fuel ratio curve apnroachcd the standard -

'laccontanco curve. . . - . . s e

Aviation Gasolinc'

. -~ The following informltion on. thc dovolonmont of av1ation gasolino wos
‘obtainea from Dr. Estcr, chemist in chlrgc of . glsolinc quality control by
,cnglne tcsting. o : . . ; C ' -

. Thc nccessity for. manufactvring a fucl with high aromatlc contcpt was’
 due to the development by BMW end DaimlO“-Bonz of engincg which had a mcan

offective pressurc of 294 psi at an ulr/fuol ratio of 0.75 for starting and-

combet - and m.c.p, ‘of 47 pai | at: air/fuol retio of 1.2 for cruising. . The .
. Junkers’ ‘engine, howcvor, was said to opcrato on.90 octanc fucl which-was
‘preparcd from hydrogenation gesolinc with- 4.5 cc. of TEL per gallon end

rﬁprcson@s thé normal grade aviation fucl(By). -Inspcction of the lcan end:
rich mixturc- curves indicoted that iso-octanc would have bcen tho ideal fuol
- foxr tho ‘Gérmen cngines. Silnce a fucl of thig kind could not be obtained, it
" was nocossary to incorporate 35- k5p\vol of aromatics into tho aviation fucl
" :No isopontane blending: was practiccd ‘and the compononts themsclves wore
‘stabilisod to. give *‘Rcid vanour prossuro below T h fo% thc final blend

Tho sourco of thc blcnding comnonont with a high concontration of aro-
matics was tho. hydroforming 6f “the: hydrogénation gasoline (DHD: proccss) '
'Alkylatc was obtained by dehydrogcnation of aA~butanc and conventional’ alky-
lation - of tho rosulting n-bhtylonos ‘with iso-butanc,, using concentrated
‘sulphuricacid as’ tho catalyst. Iso octanc is obtained by hydrogcnation of
diisobutylenc; e LR S i REAE .

Tho fighter gradc aviation fucl (05) was blondcd as follows-

80 ‘DED. gﬂsoline» . L '
: % alkylate or ET. 120 or mixturc of both
h 5 ce TEL/gallon : .

“se 85



Ehe—DHQ:gaselipe—eent&%ns:9eLv4wFARxhﬂm%ja&—m%xedrC%¥mx>4}4y}4§um————
7inbibltorr;fThisvfuel ~wa.g-slight! }~bebte;—thangengineareqL1vements_but_ii___
was expected thiat engine design would  very shortly make full use of it.

A1l Ge“man aviation engines are of the direct - 1njectlon tyne,'&nd 1t is
claimed that this arrengement’ results, among othey: things, in good mixture
distribution to all cylinders and the absence of diffic%';ies by ice forma-

tion. In order to increase the quantity of aviation fu tests have been
carricd out to prepere a fuel vhich would dispenssiwith’the DHD process whlch
operates with high gas make. Addition of 2% methylaniline and 7.5 cc TEL/ -
gallon’to hydrogenation gasoline and use of .this fuel 1hvconjunction with
mcthlncl/water inJection as well as change of .the injection cycle appeered
to give the desired result The tests were carried out.by Junkers on the
reguler BHW test engine. ' Daimler-Benz and BMW, however, claimed that- tncy
“could not get their maximm output (2400 HP) with this type of-. fuel) It
‘Seems desirable to mention that the Junkers motor JuMo 213A hed: an. outnut of
2800 HP Wlth the,fighter érade aviation fuel

\Nome“clature of Av1ation Fuels'

2 e followzng nomenclature -was-used-in- Germanj -For: -the-various-grades- of--
.aviation fuel components and ‘finished blends.  This list does not include
identificatlons for 'all German plants but only the code -numbers obtalned dbur- -
ing the inte“v1ew witn Dr. Ester.

B Fuels 'hydrogenatlon G&SOllPe, leaded
C,Fuels . high -efficiency fuel - .
EN110 - .. technical iso-octane (96 octane no. ). .
ET 120 . . - | alkylate. . - ook - om " )' o
VT 702 .. hydrogenation‘gasollne from Leuna +.%.5 ce!
T TEL/gal. ~. .+ (90 &ctane no.’)
VI 705 _ ydrogonatlon gasollne from Scholven, leaded
S as aboves s
VT;706 hydrogenatlon gasollne from Polltz, leaded
R . as above.: ‘
Ve 708 . hydrogenation gasollne from Gelsenberg, leaded
- - 7 as above. i P i
vT.810 hydrogonatlor gasollne from Bo@len, leaded as above.
VT 812 7 - o oo : Brux b Mo
VTR ;hydro-formod hydrogenation gasollnc (DHD gasolﬁne)
3\1N D IOOO o 'i-pure 1so-octane reference fuel . . :

“The sulbhur content for all av1at10n\fuels and,comgonents Was speclfied
'to be 0.005%.. A stability test was 4included. in the specification accordlng‘.
to ‘which: 200 cg. of gasoline were kept at 103 1lbs. (7 atm) oxygen pressure '
-and 2129F for 2 hours, the . gasollnc was passed w1thout further tégting if no )
prossure dfop- took place .during this period. . “In-case of .a pressure drop the -
- gum formed was" determinoa and the permi951ble gum content was set. at” 5 mg/lOO'

cc of gasolinc.,,vnv‘

‘gle




XIV/ 0XO PROCESS.

Introd.uction

The OXO Proccss consists of tho reaction of olefinos with vater gas in
the »resence of Fischer T“o*)sch catalyst to give aldohyd.os according to’the.
guner‘.l cquatlon T _ SRl

---CB.E" CH-CH CHEp ----'+ H2+CO ,

———> --~CH2 CH2 013 CHy ---

T

" The' aldehyacs arc hyﬂ‘.’rogenatoc_ ‘to, alcohols in a subsequent s‘,en.,
' .

. The “basie. roactJ.on waa d.lscovercd by Ruhrchomie ut. tho la.rge -scalo -
devolopmcnt of a' continuous process- resulted froma. co-operative effort by
Ruhrchemic and the I.G. . The Chemo-Gesellschaft was-a development orgenisa-
tion formed by thesc tvo com.)anies on a 50/50 partic:.nation basis, The
:bf‘occss_wasﬁ—late;.-—hqonsod. to tne oncra.tin& com'oan./.«- -the- OXO Gesselscha.ftr-
— L“.rtcnsiv» research on ‘mo procoss was carrJ.cd out t I.cuna where a. .
plant of 100 T/mon+h design capacity operated for 13-2). years. ~The a.ctual
production was, howover, only 40/50 T/month because of shortage of the pre- =
ferrcd raw materval - Kogasin. ~Leuna processed a certain amount of “Gelbol"
an olefinic’ by~product-of the higher alcohols’ process to supplcmcnt their
Kogasin supplios but.it waS stated that it was an -inforior raw meterial. .
The present . rcport. is limited to information obtained at’ Lcuna. Dgtails of
Ruhrchcmlo work are g-vcn in othor reports, notably that on thc Ruhrbenzir
A G. ‘Targety No. 30/5.0L, 00 L o

A
‘ B

Chemistry'oi‘ the'o}’o Process'. BRI

Thc ~i‘1rst stcp in 'bhe procoss apncars to consn.st of . tho a.d.d:.tion of CO
%0 the olefing: accordlng to the cquation - ) :

E "';-.—_-_c—c—_-c NI G Ic-.c-cix—f;-'

Th:n.s 1ntermcd.1atc prod.uct ,a.nnot be 1sol<.,tcd bccause i't is h,,rd.rogenatcd.
.1mmcd1a’cely to glvo ald.ohjd.es as follows"".’:'_ ‘, S ,\_ Lo

e

S LlngiGegers + H —————————) "‘¥-=*-céc-.c_;;-4'




~Furthor hydrogonation, meinly Gafried ont 1n ‘& scparatc reaction stago,
yiclds tho corresponding primary elcohols. . Lo - -

It-will be scen thet cven in the simplest casc, the OXO Process gives a
mixture of ‘aldchydes ‘or' alcohols. This ‘tondoncy towards a mixcd product is
further increased by isomcrisation of the olsfinc undor the 0XO Process
conditions, thus: - o - ‘ ' ‘

R . ——— . Re-
C-C-0C e C-C=0-C
B o + Hy+C0
.' E//./ \“\\,_\ . ) » ° ‘ ’ \ﬁ/ /"_ “\ “
N . /4-./ ] \\‘\~' . . .//"/r ‘ . \J
R = R CK] - R
""' ) ’ . . '~ ! : ’ ‘ t :'\..
C-C-C=C-CHZOH - - 'C-C-C-CHpOH . © C-C-C-CHROH .

-The roaction involving the lcast storic hvindrénéo'prcdbminat\cs; Thus,
_using isobutylenc_as_thé.olefine : -
¢ T |

o c -
C-C:C-‘C_HQOH is obtaincd in greater qua.n‘pit‘\y than C-é-CHgO}I.

"'lSimila.r}:y, when using trimethylpentencs "gbtai‘ﬁ'ed from polyiﬁgriéataon -of iso-
- butyleno, the main _OX8 prgoducts are’ thosc derived from the ¢ gc. &=C isomer
as distinct from’ S ' : : S ¢ S
. ~ S C'@"C:C-C.- ; o - ERU :

: The-mixed alcohols _obtainod' :E»._r*'om”thc 0XO Process ér.c; ma'inly uscd aftcr
sulphonation for detorgent manufacturec. - For this purposc the mixed alcohols
~are said to be better raw materials then _single_ compoundsg, ;- Tt U e

i

Process Conditions: S N
© - 'The first stage of the process 1is carried eut at.gbout éOO_ats.__iircssurc'
“and 150° - 160°C in the liquid phasc,- ‘Finecly divided Fischoer Tropsch cata-

1yst is suspended.in thc liguid feed in a ‘goncentration of 3-5%. by weight. -

Most of the catalyst is rocycled and the make up requircment is said to he
~vory small. Normally, when using Kogasin as the olefinic feed, the recaction.

time roguired is'of the order of 20 mimutes.  Lowor olcfins reacted very | ,
readily, - In the casc of low molécular weight-olofines, they have to be used

-in solution in a liquid medium. .

A_”numb‘cr";or side roactions-occur in the'-~OXO_'stage;-._' Aldehydes. polymerise
to give "Dickol" which camprises up to 20% of the crude product. ~About one .
third of the aldehydes-initially formed arc also hydrogenated to the  “* ..
corresponding dlcohol. Tt is thus not pra.'cticable‘to_isolat_'@aldehydqs from
‘the crude product:cobtainéd in' the-first stage of the process. If thosg * -
-products are required, it is considered: preferable to -complete the hydro- ;
-gohation in thé.socond: step, ‘scparate:the alcohols ‘and”oxidise them to ‘the
‘corresponding aldchydes. - .. . .o ‘
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. This socond step of hydrogenatibn, in addition tc converting the alde-
‘hydes in, the ‘alcohols, breaks down about 50% of “ther “Dickol - toTalcohioXs of
the gams’ composition as are derived: from the corresponding aldehydes. The -
‘hydrogena.tion is hindored by. the presence of CO, It is thereforeo nocessary
to let down to e.tmospheric pressure the. crude product from! the first 0XO0
stage’ and to carry out the hydrogenation in a separate stop. :This stage . ~*
is carried out at about 200 ats and &t a temperature of 170- l95° T. The samo
catalyst ag used in the first stage can be employed or, a.lternatively, this
catalyst. can be filtered out_of "the first stege crude and it can be replaced
by the more readily available copper chromite; - When Fisher Tropsch catalyst
is employed, some. carbon monoxide is formed in the hydrogenation reaction as
a result of reduotion of cobalt carbonyl. In order to. keop down the con- i
centration of carbon monoxide in the circulating hydrogen, the exit gas 'is
',treated over an.iron ca.talyst to convert cerben monoxide to 'methenoc. The .
methene content of” recycle gis can be as high as. 10% without adverse effect
on. the roaction. This’ concon;bration ig maintained by bleeding off the '
requis:.te a.mount of gas from the circulating system.r

“The first snep of, the OXO Process\ is not ai‘fected by ‘the, presenco of |
..sulphurncompounds~in the LW~ materials Jbut-thege- impurities do-hinder-the—-
su'bsequent hydrogenation step if ¢carried out’ with Fischer '.'L‘ropsch or copper _
hchromite ca.talyst. When doaling with sulphur conta.ining olefine raw matorial,
thorei‘oro, it 1s necessary to filtor off the first-stage catalyst and to -, .
carry . out tho hyd.rogenat:.on cver fixed nickel” tungsten sulphide cstalystr ‘
‘It is necossar,; to carry. out a pa.rtial hydrogenation of tho crude first-
,stagc ‘product prior to fi" tration in ordor to convort any cobalt ca.rbonyl
1ntooobalt. L : T : .

(R

Leuna Oneratlon R L s T .
. ::‘.1‘ . : KR o . oL [ . . i .

: The proccss y as orisinally workod out 'by Ruhrchemie, wu.s a 'batch pro-
dess and the pilot'plant-at Holton consisted of 18 units originally” intendoed
for batch oper‘ation. : Work at’ Leuna ghowed thht considerably higher through-
-puts were obtalned from continuous operations. e . ) _ d

: Leuna plant was ‘obtained’ by W, A. ‘Horne from_Dr Gemassmor 'y who was thc “
chemist dlreotly in” oharge of: these operations. It should. bo read in con-
_,ju.nction With Fig XXX o o S . .

The olefine or- olefine contaim.ng charge is mixod with 5 5‘,"5 by weight

“iof catalyst, most orf‘ vhich is recycled material. This suspension 1s pumped -
‘8t ‘the-raté 6f 300.= 700 litres/hour ‘and ‘st a pressuroc- of 220:240 ats.
through & he which raises Atg temporature to approximatoly l50° Cu : The )
:.1'preheated, Ieed. én ers the bottom of ‘the first roactor and, ‘passes’ “upward -
_\concurrently With'a gteam of 60 M5/hour of ca.r‘bon mono:qide and hydrogen .
which'hag beern sepa'r'ately preheatod to07150= l90° C(maximm: 2000 C):*This
' synthesis gas 1s Dar 1y rooyclo gas from the process (hO 50 M5/hour) and. L

‘ h

‘-89-



a water: Jacket, surrounding theé redctor. Cooling. by;tnesectubes is used only
when very reactive alefines are charged and the ‘heat release is high. A
thermocouple well extends .the length of the reactor and the- tempera;ure»of
the exit products- is normally controlled at 150°C. - The temperature-and feed .
rate’ depend on the concertration and molecular weight of the olefines in the
charge stock. As previously stated, lower molecular weight olefines are’
moré reactive. Low concentration of olefines in the feéd necéssitates the
use of lower feed.rates and higher temperatures in order to ensure that re-
action proceeds to the requiréd extent, Normally, . roughly 70% of the ole-
fines rharged are covverted in the first reactor.c_ :

: The exlt products from the top of this Tirst reactor pass to the bdttom
‘of the second reaction vessel where they come into contact with an additional
60 Mj/hour of synthesis gas. -The.second reactor has the séme dimensions 85"'
the first but is fitted with baffles to.increase the efficiency of contacty
No cooling tubes art. requlred.. The normal operating temperature is. lTO°C
Essentially 211 the remaining olefines ‘are conyerted and .some 20% of the: ‘alde~
hydes made are hydrogenated to alcohols. S,
The ezlt products from the top of the second OXO reactor now flow through

w_wzalterccoo er to . akseparator_framcuhlchlsynthesis gas_is_recycled_to the .
nrehcater. The liquid product is let down to atmospheric pressure and-the,
released dissolved gases are purged after scrubbing with crude second-stage
product. to prevent loss of -liguild by entraimment.- The crude first-stage
nroduct is now pumped under a pressgre of. 200~ -250 ats.vto the second-stage '
prcheater from: which it passes to thé. bottom of the flrst reactor of the Hy-
drogenation-stage. 60 M)/hou. of a;mixture. of nreheated fresh hydrogen ‘and.
‘methanised recycle gas is-also mntreduced at the bottom of the reactor. . The
reactor is identical with.the first reactor of the. 0X0 stage but . operates at”
‘an .exit temperature of 18000 The exit product from “the top of -this reactor
passes. ‘to, the top .of -the second hydrogenation reactlon vessel and is passed
downwards. counter-current to' an additional.60 M /hfur of reaction gas, -'The
exit temperature of -this- second ‘reactor is roughly 200°C, - The- draw-off of-
liquld product from the bottom.of this converter is regulated so . as to keep
the reactor full of liquid. The top of the second reactor serves as a hlgh
pressure separator vessel for hydrogen and ligquid: nroducts. The hydrogen con=
taining .8ome. carbon. monoxide is: water-cooled and. passes to a. catch—pot for
separation of” condensed liquid which is x;pgrned to the hydrogenatlon reactor.
Before belng rccycled to the hydirogenation reactors, the .gas is reacted at
2500C over an iron catalyst {oimilar to that uscd in thc‘Synol Process) in
.order to convert carbon monoxlde to methane.‘;\ ; R R S

The llquld product is: let down to a. pressure of 10 ats. to a separator
from.which dissolved ‘gases. are vented——\Qhe llquld from this separator is
charged_under 1ts own pressure to- the fil er system.- 1llustrated in Flg. )

] 1d an batches of - 700 latres, enters tne falter vessel (whlch
' } ored. through-the: . -
-, Thig operatlon o
t . (c¥ up to 30, mlnutes
'on 1s completc, fresh olefine: charge
herreverse.direction‘through~
alyst mate( "The whole ‘vesgelis
It As: stopped 1n tho 1nverted

“the; “wrashing Off. ;
~’rotated at-60 revs/mlnuteffor 2 B‘minutcs.i

S 8i2 e



_FIG X¥AT

OXO_PLANT BATCH FILTER (FILLING POSITION)
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FIG XA

: ‘_DETAILS“ OF OXO PI.ANT CERAMIC FILTER TUBES —
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Dosz.’clon and tho olcrinc catalyst suspcnsion I8 forccd out through Vc'.lvo i
by_nii:rogengprossurc,Anit“ogcn!bcing introdiccd- through,ValchB.——This bus-—
pension is then transforred to tho 'feod mixer. of the OXO Process, ' The cycle
time for a complcte opcrﬂtion of the filtcr "s ono hour per batch of 700
‘lrbrcs of crude *oroduct . p ] , -

Tho trcatmcnt of thc filtratcd c“udc product dcpcnds on the typo of
olcfinic raw moterial used. If this row matoricl has initially a boiling
range notv cxcocding )O°C the- wlcohols can be scparated from hydrocarbons. by -
gimple distillation. If, ‘on the othor hand, a rav matorial of wider boiling
rangc is cmployed, alcohols have to. be. sopnratcd by tho boric acid mothod
as duSCribbd in Scctlod XV dcaling with thc Synol Proccss,

— A anbcr of’ variqblons of tio ubovo proccsu had beon tried out at Louna.
'The- effcct of 1ntrodvct*on of liquid fued at the top of onc.or both of tho
0X0 recactors-~was tricd, os was also tho operation of tho OXO Procoss with
liquid ond gos flowing countor-currontly. _The process was also opcratocd
with only one.rezctor in the 0XO ‘and hydrogonation stages. ~ According to' Dr.
Gemagsmer, howover, the method dcscribod in. detall abovo was found to be_tho
most satls¢actory : . -

T

[

An CSSCnil"l of - any schomc fov onorating the OXO“Process ig that the -
svnthcsis gas rate in-both the. 0XO0. and hydrogcnation stago must bo sufficiont-
1y high to cnsure cfficiont S¥irrimg ond-dompleto suspension of- ‘the catalyst.
A Jarge excess of! gynthesis gas is not necessexy -from the purcly. chemical '
standpoint., Rcucarch carried out by the I.C. suggosts | that the 0XO stago -
’mlght Be onérated at Lo - 50 atss pregsure -but under. +those conditions the =~
throughput would be' lover. and the tomperature somcwhat higher. Ono of the
difficultics somectimos cncountorod was that unless.the' conditions. in the -
"0XO Btage arc carcfully controlled, olefinc poljmerisatioﬁ"thkcs ‘placo,  The
polymers so formed,. aftor hydrogcn vtion in' tho socopd stop, .are- diff*cult to
soparate from thc hlgher b01ling alcohol productsz

Catalyst Prcp.raulon~ :ifu : '1;  71_.-' J~

Thc Fischcr Tropsch cgtalyst uscd in thc OXO Procoss was obtained from
the: cqtelyst plant of Ruhrchcmie ot Obcrhauscn—Holtcn. It was roported to
‘have' thc followipg unproximote compositlon. ' :

e 30% Cobaltr el
P I, '=‘h ’ 2% Thorium Oxide"“’ 77 - SR
S e . 2. Magnesium. 0x1dc T R
{66% Licsclguhr o ,i' Ll

. : v[ . . :
‘ Duc to the scarcity of cobalt tho contcnt Of this componcnt of tho
catalyst has:latterly. been: dccrnasod. Thc"last shipmcnt contalned cnly abouu
-25% of cobhlt. This apnarcntly had llttlc cffcct on the process operation. o

Tho catwlyst in powdcr form 1s ruduccd w*th pure sulphur-frec hydrogon._




- OXO-brovossing of Cracked Middlc OiT;

————In-addition to Kogasin and Gelbol » Leuna had investigated the treatment

- of  eracked petrolewm 01l by the 0XO Process, -Dr. Gemassmer provided: the
following date from e #un, the conditions of which were not considered to be
optimum, T o R T

The olefinic feed material had t}zé foliowing pr'opertie'sv_:

Density . - L 0.848

- Pour Point - oot T -18%

 Av. Moleculer W, - 195
Iodine No. (Hanus) R e 1 I _
Sulphur Content . - - .~ .24% by wt.
'Boiling Range ' ‘ 220°-3500¢
Volune % solublc . Conte s o

.- Kattwinkel solution e B,

- The charge was mixed with. 3% by weight of catalyst and-reacted—with-vater-gas -
- at 240 ats] Total ‘reaction tim¢ in 1 the 0XO_ stoge jies.-approximately-i-hours——
—Thertemneraturs 2t thHe iniet to “the first reactor was.150 ¢ and that. at the
exit of the second reactor 190 ¢, ‘The hydrogenation of the crude product .~
‘vas-carried out gt 220 ats with hydrogen'of 97% purity. 'The temperature was
219571200 ¢ and- the-total reection timc approximately 1* hour. * The product
had:the following properties:- . . Co o : ' T
Density Some e 86y
.. Iodine No. (Hamusg) - & 9.6
~ OE-No, ' o e - 36-40 mgm KOH/gm, -
OWo.. .o Ty s T L
~Seponification No, ' * ' 5 mgm-KOH/gm.

The 'OH number is determined by acetylation with acetic anhydride followed
by titration with XKom ‘solution, The CO mumber is a measure of the aldehyde
and ‘ketone content and 1s-determined by forming the oximes. of aldehydes and -
detones_followed by titration with KOH solution, . Lot

- . The crudé product’ cgn'b'ai_n‘s'_,l6-17‘,l'$_alcoh@l-'s ‘Which may be separated from.
the hydrocarbons by forming boric esters. It is ‘not possible to ‘Separate
‘the alcohols "3— simple distiua‘tmn'becaum_ of the wide boiling range. of the -

PSSRSO R ST L o
- - b d g g . - il J - P | 0
7 Onky-about —60% of. the olefines was converted and-of—this -approximetely
80% was recovered as. alcohol. -~ i L L oo

- Flg. XX.XI (B)lsa photographofthe O‘XO\'. converters. -

3+ (Underwood ‘contributod notes'and -
compiling the above réport.. - . -

In additton to ‘the mithiors, Major A: \
- these were" Of Very'great.assistance in _

[}

e -



'FIGURE XXXI B
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XV, SYNOL- PROCESS ™~ _

The I.G. have always 201d the viev that Fischor Tropsch syiithesis is ,
more, likcly -to be of valuc For tic ‘production . of 1iquid products for use as

acmical intermediates than as & sourco of fuols. Mainly from' this stgnd-,
point they have been T}/orkiﬂg on thé Fischer Tropsch process and raodifigations
of it since 1925, fThe perticular modification lesigmated "The Synol Procogs"
is & development made by D', Venzel in which the I.G. have been interostoed
since 1940, The Process consists essontially of the reaction of a carbon o
monoxide hydrogen nixture (ratio of 1 €O : 0.7/0.8 hydrogen) at. 18 ~25 ats .
and a toempératurc of 120 . - 200 C_'OVéi‘j a sintorcd iron catalyst such as 1g ~
uscd for ammonia synthesis, . The liquid product congists principally of
alcohols and- hydrocarbons, the Former being thought to ‘consist-cntircl'y of
straight chain 'primeiy alcohols. .. . S R i
. T - . - [ ]

- The synthesis gas used im tho Symol Process is made. at Leuna by the addi-
tlon to water gas of carbon -monoxide, obtained from the copper liquor carbon: -.
monoxido removal -Plant._which-operatcs ~in-conjunct i onl With the main ermenia

“and hydrogonation systems, -In the ‘absence of-this sourde.of c idg
it was.intendcd to ‘produce a Synthésis gas of tho required- composition by
gasification of coke with . carbon dioxide ‘end oxygen. . - A

Synfhoéierasv: : T

Scalc of Onorations: RN B T K
S B . 7 . N . ’ N

I

. The full’ commorcial-scalc d¢volopment of tho Synol Process was not com-
ple@c. v Somc - 25 small'laboratorics-a_nd Pilot plant-units » ranging in size
from .2 - 36 litrecs catalyst capacity,- had beon operated to st,}xd.y the rela-
tive morits ‘of milti=stage vorsus Single-stage and gas recycle’ versys straight-
through operating conditions. - A four-stage unit consisting of 100-litre.
tubular .reactors ‘and- with av;’c'apac_ity- of 3-5 tons /month) of .liquid product
had bcen erected, and’ ‘operated  for- 9 months in order-to give. pilot pla.r;t-"scal.c‘ .
data Qf.variougj possible .1n_ulti-stagc-‘.proccsscs._'»'A;second pilot DPlant con- \
Sisting of a single DPlato-tyve reactor with a capacity of 10-15 tons/month
of liquid product had also been .erocted for a. further study ‘of recycle =
opération. This.plant had been-shut down becauso of' bomb. damage bofors ‘any

~.8crious work had been compl oted. ' - :
Préc':ess.:’fcyoﬁd’.'itidhs;-'.» T ‘ "

- Flg. XXXIT - is a linc dlagram of -the process which it was proposed .to\'-,
opcrete in the large plate-type reactor. Fecd g8, completely frec from
HoS and containing only 1-3 mg, organic sulphur ‘per cu.motre; together with
7. =20 times itS»volumé_bf'.frc‘cyclov 838, is passed. down-flow through the
roactor-at a spacc velocity cquivalont, to .110-120 vols. make up. gas/vol, ‘of
catalyst por hour -and at ‘2. prossurc of 18 - 20 ‘ats..’ When the catalyst is
new 1t lsmmaintaincd at & roaction tomperaturc of 185°%. and: the inlet and
& poBoraturcs of 4o roacter avo_contrlied o, vitkin 190 of petn
figure by means of circulating diphenyl,- .Diphonyl: is.used in-place:of “wator .
‘because «of the aifri culty of: obtaining 8toel for progsure’ operation,” ‘As. the .
catalyst activity falls ; ‘temperature is gradusily raiscd €0 that at ‘the end of"

\thrco months it is oxpocted to be 195 Ci Tho estimated total life of & -
8o ) %5




cotalyot 1s 9 months and at the end of this périod the reaction temperature

will Frébéb&yihavé:%oAber210-225°Cf*%The*ekit'produbt*Trﬁm:tne;reacpor passes
Tirst to & wax seperator in order to-prevent plugging of the. cooler parts .
of the vlant with soft wax and thence to a heat exchanger where 1t .gives up
heéat to-thé recycle gas+ 'The heat exchanger exit temperature 1s .cerefully
‘controlled,go'%hat‘no vater is condensed or separated at this atage.\' Other-
wise, ekcessive acid corrosion results. From the heat exchanger it pagses
to nn inﬁermediategseparator vhere higher boiling liquid products are -
collected and then, vie a cooler to a .cold geparator where Cg and heavier
hydrocarbons and. alcohols. aere collected. Just before the products enter ;
the cdoler a caustic soda solution is injected into the stream in order to .

- guard against ‘acid corrosion, The exit gas from the separator, apart from

& gmell purge equivalent to'30% of the fresh make up ‘gas, is recycled via
the heat exchange:r ‘and a gas heater to the reactor. . The vent gas, which pio-
vides a purge for CO, from the system, is passed through an ammonie cooler .
and}an activated carbon abSorbgrlin order to regcover }ight hydrocarbons,

o R . R & R N oo . N
An alternative method of-dpé?étiOﬁgﬁwhich;fﬁCdoﬁding-to“Drs Gemassmer,
was latterly considered to be -the mdst 1likely schene to Be.adopted for large-
"scale operation, is shown in Figi XXXTIT. :This is.'a:two=Stage:process:aith...
gas recycle and, like the single-stajge process: described ebove,.does-not-
involve CO, removal between tlhe stages: In this-‘method of operation;’ very
high gas- velocities are employcd.-  Fresh gés is introduced at the rate of
100-150 vols./vol. of catalyst and the recycle rate 1::50:X in both firwst
and sccond stages, Approximately 65% of the fresh gas is converted in the
¥first stage and 25% in the seconid;glving .an ‘overall edniversion of 90%.

. “Wherr working under-straight throughgas ébﬁditggnégéhd with milti-stage
" convérsion, it-appedrs. necesssri to ‘remove :CO2-betweéh the stages. This
- introduces: the difficulty that-41cshéls are-1dst’ v water: solution in theé’
".C0p romoval step, It'was“Stafé&¢%hgﬁfaftﬁ6¥stagé~§r¢dés$;[aé described
_above, "givesg approximately the"same yields as a fgurtstage process operated
- without recycle but with CO, removdl. = ™" T -

Yieldss "7

' s
I

L The}optiﬁp@'yield'is estimated tg*bébi55r165 gn.” of primary igaaidfﬁrdi
duct per M2 of hydrogen- + CO;.-Very;variable data'was'pggduced.on the . com-~.
position of this liquid product but it would appear to—be--of the following

"order; TS e
. Alcohols - . " 35 -50% - '
e ] Olefines ~ - 25 =h0% oo e
[ “. . v Paraffins ‘. . .20 - 354 .ﬁ*" T

30 - 40%'of the crude product boils in the range 50 % 100°Cy 35 - %0% in"the
: range'looo,é*eoooc;’and‘25”¥f30%[infthe7ra§ge 2OOf?'3509C,f.The~alcthlf-;
content appears to be greatest in the rangs 150 - 200°C as_sHown: by the fol-
lowing yields supplied. by memory * by Dr. Gemessmer:- S
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__Temp, Rénge- Alcohol-" —Sats
oc-‘, . " R R . R . ) )
to 150 — 20 . Lo . Lo
= 150-200 70 S 15 15 -
200-300 - 50- © 20 - 30
-over. 300 - )0 S YN ‘ o 28

-~ The maln essentlal for malntcnancc o? a .good. yield appears to be high
space vclocity involvinn a low conversion per pass and a 1low reaction tem~-
peraturc. .Low spdce veloc1+ies lead to the reaction'of carbon monoxide and
water formed in the reaction, end high tempcratures-producc iron carbonyl and
.also appear .to.lead to carbon deposition due. to reaction of hydrogen and car- :
bon monox1de. : . N oo - . : '
Design of ReaGtors. - -

1

Neither tubular not plate rcﬂctors used in the latcst Leuna pi ot plants~”
weré considered to be entirely saulsfactory.~ The principal disadvantage —of_
‘both was that during operation the catalyst caked badly and.was, very diffi- o
“cult to remove. In thc casc of the. tubular reactor whichf&as mede. up of 1k
mm. I.D, tubes spaced 26 % tm. centre to co ntre, it was found nccessary to use
an . electric drill to remove the catalyst Slmllarly, the plate. rcactor,
which was cssentlally similar in design to the Fischer Tropsch atmospheric
pressurc converter, hdd to be dismantled and the cataljst drillod ‘and-
ehisellcd from between: the plates. It . had been decided to construct a ro- S

ctor of-<the-type shown in Fig. XXXIV. . The- catalyst was to be. nacked between
the - cooling tubes wnich were to contain water under: prossure. IE was con—'

q1dercd that: wggg_it was necegsary to removo spent, catalyst the flango’ LA
dould be unbolted the inlet and owtlet connectlons dismantled, and. the wholc
ﬁise removcd thereby exp031ng the ‘catalyst whlch could be relatively caslly
klocked f“om bctwocn thc cooliﬁg tubos. : S

v-‘\

Catalyst Prcparatlon-" - ‘ ‘ on

"The catalyst is nreparod by pla01ng 19 xgs._of iron frqm a- wood charcoal‘_
preparatlcn in-a shallow water-cooled iron pan 50 cm.' in diamcter and 15 cm, -
high "Pure oxygen, supplied by. two nozzles, 18- dirccted toward the mass
vhich melts in'10 minutes, 16 kgs. of aluminrum nitrate, 4 kas.of ‘potagsium .
nitrate and 2 litres 66° Be-nitrie acid is added along w1th 2-l litres of .~
water, The-mixturc .ig boilcd until ‘80lid, end melting is. coutinued from :
thcre on for 30 mlnutes.- The melt is poured out on ‘an iron pan and allowed
to cool. ulowly. It is then broken up 1nto granulcs (l-) mm) while the dust
is rameltod olcctrically., 8

" The: follow1ng is the final analys1s of the catalyst

J 2 5
o 2 0. 6 ,
-0, 16%@

The apparent catalyst dens1tJ is. 2 O

o < g- -



~ The catelyst 15 r"uucca batchﬂlsq WItH pure uj&rﬁgen—{}ess‘tY&Q:QﬁUEALGT~
_of ﬁulpqurgnn“ m3\ za_shovn in the simpiiided ‘ihgram, Fig, XXXV, The pres-
surc is substantlclly atmospheric and the reduction femperature usuellw_sbout*
h»GOC. The roduction tcmporaturce does not appear %o be critical; rﬂngc '
3807 < 350°C wes stated to be satisfactory. The esscn’c:u_fl featurcs of the
catalyst reduction verc said to be (&) a maintenance of -a high hydrogen rate
corrvjpondirg to a minimm linear velocity of 20 cms/sccond and & minimum
gpace velecity of 2,000 l/hour ner litre of catalyst, and. (b) Offlu‘Cﬂt Lry-
“ing of tho rccyclc and mnkc up hjdrogcn. P ) ]

-+, The rOCJClO hydrogcn lcaving the. rcduction oven contains l 2 ans vatcr/
M2, It passes th“ough a water:;cooler at 2C°C an ammonia cooler at hoc cnd
dﬁto m1xing with frcsh hydrogen, goes through a silice gcl drfer.

. The time quu“rcd for gdgétion of a batch of cgtaljst is about )q hours.
Absencu’ of, watur -n tne oxit- gas is usod o8 a crltcrlon of completfon of
zcauction. 2 o Lo

’ ’ S " - Y '. e ; L . : . . o o .
) After reduction and coolinggto’50°C the catalyst was. blankcted with COp
and urunsfbrrcd to: sm;llcr steel contalnors. F*om thesc uhc catelyst; in

'tho rc~ctlon rubcu 11Liv1dhall .80 thut oxactlJ thc samc amovnt of cat 1yst
Wes present in cach, twse, csnovlally sincé-the tubos werc often onlv nnrtlally
_f41lcd, “This was to cnstre cgual pressurc. drop through cach: tube and thore-,
i‘foro plovidc CGHIVuant gas flow in oach. L _‘ R oot -
LhO uged; catulyst could bn rcgoncratcd only by rcmcltlng and vorcdu01ng,
after which'it operated ot a highor rcactlongtcmp°ruture (225 to 25000) und
‘ thc jers oduot contaipca smallcr porcqnt gc -of “lcohols.‘ - . }
o Exccpt for thp rcduction Uart of the' catalyst brcva*ﬂtlon, thc cataljst
:-employed . for the Synol procoss 1s etactly the same ag That uscd for the ;
ammonia synthe°1s ot Louna. . . , SRt e -

 Wo1k up of Crude Syndl Product ':.; “  ,»”."'.:? T éi-_,

, Tho mcthod proposcd.for tho gcvaratiop of diEEhols fvom thb crude Synol
product dcpcndod on. the formatlon of borlc acid, ustcrs.-,A flow dlagram.of~\
this process is shown in Flg.-XXXVIm .The crudce product i fractlonatcd irto

50 60O boiling. rhngc cuts which are. worked up’ sonaLutcly, S ;1, -

| N : .

Theggstcrillcatlon is cHrrlcd out with- SOlld borlc ac1d Droscnt in sllght-
fctccus of'the, thcoretical reququmcnt.' The mixturc is hoated Lo 95-120 C ot
atmospheric prcssurc.‘ The water formcd, togethcr with gome ‘of the lower boil-'
ing hydrocurbons has to e contiquously removed a8 overhcad. . The secrct of = ~
- the estorification _proccss was stated to be the complcte romoval of water as
. formed The r081dual”mixturo of" osters and hydrocarbons is thcn distillcd
at. 2tmospheri¢ pressurc.or under vacuum. 1£¥th1s is necossary, in ‘order. to
. avoid cster do compos1tion. ThlS sonqration of hjdrocarbons and csters. By
: dlstillatlon is a °1mplc mattor as will be. scen: from the following b01ling
;rangc figurcs for chargc and estcrs-;”v~
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_Boiling Range-of Charpe=———--Boirfng Ranfe-of Esters"
coee o 360 - 22090 o i "280 - 340°C,
270 - '271+°c"‘f" -7 hgo - hokoc

The esters are stable up to about—aOO%; at. atmospheric pressure.

. The separated’ este‘v's are mixed Wi'th recycle di.lute boric ;?:id. solutio.
‘and h"drolyse:l by heatlng to 95 - 120°C. [The hot mixture ©of alcohols and
Jboric acid (16 - 17% H33035) separate into two layers and the upper alcohol
~ layer is water washed and.re- ‘distilled. The boric acid solutlon is cool ed:
to 5°C and the toric zcid crystals Tiltered off for rec1rcvlatlon to the
esterlf:_catlon stage. The filtrate is recycled to +he hydrolvsis stage.

, In addit:Ton to ‘the! ;authors, ‘Major’ A, u. N Underwood contrlbuted notes
a.nd these were of ver" great assmtance in complllng 'bhe above report



X MERSOL PROCESS —__

The Marsgirrea;tion congists in tréatidg,paraffin‘hydrdcarbons‘wiih SQé
and chlorine to produce sulphonyl chlorides. - :

'R+ S0p 4 €Ly = R,80,CL * HCL

c— e 1 . . . : -
These are 3ubsequently saponified to give the s8odlum sulphonates,

1

Scalc o Overation:

_ .»Thcfﬁerébl.gggnt at’Letna had & capacity of;50,0001£ons-pergyear of pro-
ducts using about 35,000 tons per year of kogasiny ST

Process Conditions:

<

‘ The starting material was a kogasin fraction boiling between 220 ana
320°C, " I.G. would have liked to have included material up to 340°C but this -
was, required for oxidatlon to fatty acids. The olefin content of the. koggsin
varied between 5 and 12%,‘according,to the. vorks of origin and the age of the
catalyst used in prodvcing it.. L e : .
The kogasin Wasfsubjected td‘a,prelimihary‘hydfogenation*at 200-230" atm,
‘pressure-to convert. the olefins to saturated compounds. Otherwise the ole-

Tins absorh Ch;driﬁe. A nickcl}tungsten-sulphur‘qata;ys%-was‘uéed. -
_ The Mersol reactiqn'was carried out’ at ordinary témperature‘éhﬂ’étmps~9
pheric bressure using ultra violet lightuto’catalyse-the_reaction. The

reaction was carried out batchwise until the necessary absorption had taken.

rlace,’ SOé and £1ls were blown through‘thg,réaction mixture using a small!
‘excess of S0,.° P T L o

IN

The reaction towers were 6-7 m. high and,l,8-27$;§diameter;'»They'WQre“
filled to-a dopth of 4-5 m. with an initidl charge of 10-12 tons of material,
An increase in volume takes ‘place during the reaction, even though the den="
8ity increases. - Completion of the reaction required about 12-16. hours. ' The "
reaction towers were made of 'steel lined with Igelite  (hard PvC). - T

v ed on a shaft
“inserted into hard glass tubes.of about.120 mmfdiamcter\passihg,through the
roeaction vesscls. Absorption of tho shortest wave. lengths by the glass tubes
is considered desirable as they ‘tend, to cause decomposition. These small
‘quarts lamps were about‘70'watts_each. The pdwer.consumption was seid 1o be -
_Very small, less’ than 0.002 KWH per kilo of product. = . . '

| Ultra violét iight was provided bylémgil Quarti‘iahps mount

j'fAfter_thc-reaétion;was,completed,wthqiprdﬁuct»wﬁSjblown.with:airnor3 ‘

- nitrogen:to remove HC1. This,product,?ﬂhiéh,wésvknowngas Mersol D, contained
about 82% sulphonyl chlorides and 18% vhrescted hydrocarbons, - Beyond. this
stagesthe‘réagtiqnfpcqqmeslvery .mycp slover owing to abéorptionﬁdf'ultra",;
violet light by the products. ' There is also a Possibility of foyming higher

'Téulphonyliéhloridésﬁwh;ch'give’inferidrwprddu¢ts‘on:sapgq;ficgtioq.

IR
: 7
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. The Mersol D ‘was_sent to the- soapmakcrs for saponiflcafﬁon,__Herold
'said tho soaps madc from'it Werc not as good as. na tural soaps. as they lacked .
colloldal material to maintain tho dirt in suspcnsion.” For this rcason. it
‘was. usual to adid water glass or "Tylosa' (mnde from sodium ccllulosc and
_acctyl chloridec).- The product was” principnlly uscd for goap powdors. . The
"Morsol soops, also known as "Mcrsolatos" had becn used with kaolin for tablet
goap but thoir “high solubllity resulted in high consumption. The gonoral
practicc scems to have been“to nsc the "Mereolatos™.for soap powders and the
iatty acids madc oy ox1ilsln~ varaffins for\tablet soaps., . L

Ve

Herold said that the: SJnthctic soaps are vcry ‘good for romoving dirt
“but not so.good for romoving stains. Repcated vashing with them results ir
& groyish colour and it is difPicult to get the purd white colour which is
- obtained -when using pyrophosphatc end. oxidising materials. Such materials
can be used with Mersdlate soaps. Herold said that bettor quality soaps
would be chtaincd: by using the longer chain hydrocarbons, which they werec
‘not ermlttpd to use owing to the requirements. for oxidation to fatty acids.
Horold - thought that it would be difficult for these synthctic goaps to com-
pete 1n.ucncral with -hatural gsoaps but he thought they had a ﬁonsiderablo
«futufc For- spcczalmlndustrlalwuseéjlcfg.—wool“vwshing ~“Their” -advantoge was
_ that they worc not alkalinc.and could beiuscd at a low, temperaturc. . For
remov1ng greﬁsc he¢ thought thOJ were. DOtbCT than natural soeps. e

: Hcrold gaid thut the Mcrsol uoans were cxcollcnt Tor cmulsion polymeri-
sation und had Dbecn widely. uscd in’ this way" for PVC, They were also very”
‘effective Ffor Buna, but the rubbbr manufacturers who had bcen using'"Nokal"
(1sonropyl sodium sulphonatc) for\somc Vears were unw1171n~ to risk maklng

'a chﬁnge. o »‘:,. .

A prodact known as Mcrsol zO~was qlso madc at Lcunu. For*thls produc-'
tldn ~the reaction with 802 and Cly wes only corriod to the oxtont of 50-‘ v
35%. Tho- product vas then eutcrilled with elkali and the sonaratcd ‘neutral -
.01l washed .and roturned to the procéss. Thc‘Mcrsolato ‘solution was ovaporatuc
to give a wutcr frce product and: finally coocled ‘in the form-of-flakes. - :This |
pro&uct is a thin llquld above. 130- 1500". In the cvaporution, steam at 15
atm.:yas uscd. . An advantage of th*s method of opcration is that the’ lower
degrcc -of “conversicn compe ”ud w1th_Mersol D avoids thc visk of". forming
dluvlphonyl ch10V1dos. !

e Mcraol D con onlv ve maae from kogqsln but Mcrsol 50 can.also bc madc
from other matoriala. ‘Kogasin has ‘the advantage- that it -is morec: transparent
to ultra. violot light.. If othex 0115 arc used, the olefins and aromgtics’
must be throgcnatcd to grOVpnt an - cxccs ive chlorinc consumption; When .
chlorination takes place, this results in. the formatlon of :hydroxyl groups
-gfter the saponiflcatlon and the ‘0il returned to the Mersol reaction must be
hydrogenatnd again to- remove thom as thcy interfere: with the: rcaction.”rThc
“Mersol plant: at Ieuna wag” started with’oil from the hydrogenatlon plant but
they prefcrred the pwrafflnlc4Flscher-Tropsch matcrlal ag it requlros a
“smallor: hydrogenution plant’and s smallcr consumption - of: chlorinc, . Thls '
applies even more strongly to natural—potroleum fractions..” “Horold said ‘that
with LOga81n at- 50 pf,. por. Lllo and petroleun oil' at” 18 pi pcr kilo thoro
\is not ‘much dlffercnce 1n the cost of thc final vroduct.




— = Tho L OOV RE AT ormation “wos obtainsd frod Dr. Helmit Hanigch.on 12th
_ond 14%th May. _Reference. should be made to Figure XXXVII. ’ '

i

Avout -80° T/month of mono- and di-methylamine were ﬁw_.de.i A batch mixture
w2s modc up, presuenbly ot Presaurc cbove atmospheric, conteining 4 to 5
mols EH: to 1 mol’ CH5OH,‘Z ond the nixture wes pumped at the ratc of about
1000 l/ﬁr. to 'z convérter, This was run ot any pressurc Zrom 60 to 200 ats,
but the effect of pressure was not ascertained. :The.convertor and inter- "
_chenger were both made of 81 steel (low carbon ‘steel) with coprer lining and -
the clectiiczl prehoater was copper-covered, . . The converter we.s 500 mms I.D,
and €000 ms 1oAg, containing.about 900 1. of catalyst.. There was said to

- be 1ittle differénce in rarformance betveon cetalyst 6069 (90% 21505 and

© 105 kaolin) and catalyst 6067 (504 A1205 end 50¢ kaolin), scmples of which
-wore obtained. : o ST . S :

: . The make was lo%:-dow‘n into a rcsé}voir }fcpt:at .'25'.atsy'. The' de;x-rqtcring_
. 8till vas copper-lined and filled with 18 m of ‘porcelain Raschig rings , run -
ot & pressure of 20 ats. < S o o

v P

Trimethylemine (TMA) end _exccss JHx_wore_then..scpareted -from-the mono=""
and-dl= (MMA End DMAE) in A continuous ‘double still rin ot 15 ats.. The top
,colmnn' conteinecd bubble-plates , with a TMA-NH- az\::otropc. taken overhead and
.NHx token from. the. bottom, "The bottom column was' filled vith Raschig rings,
wi%h_ crudec -MMA ond DMA mixturs taken off the bottom. . T -

) B \il‘ N EL T e ors T . ’ : . ) ‘ P
The I’D/;A-NH~_:§:a;c§tropc.i wng fod back bbni:i’puously into.a jgﬁmilgr con-
.verter, for p:*.rgi"al reconversion to MMA ond DMA, The product was.fcd into -
the seme' de-watering still as tho main streams : B

" Final purification of the :¢rudo, MMA . and. DMA -mixturc wag carried out in
a botch still.” A batch consisted of 30.M2 of -the .crude mixture, with 5 MD.
‘NH3 added to provide NH3 for. TMA: Js"cpp’.f@d_t"i_qn.“,\;Th,i)'st,ill, hod-an ‘I.D. of . 700"
i dnd was packed with 18 m of Raschig rings. With the top temporature kopt,
at %0°C ana the botton temperature at. 55° to 60°C,, the TMA-NE= azcotropo -
was token of f o the Pregsure was. dropped ‘from 15 to 10 ats, ‘then MiA as the
progsure was dropped Further to. '8 ats. and then DMA s the Pressure. was _
dropped to 5ots, with woter loft behind. | The MMA' and DMA' Tractions wore
then given o furtlhcr finnl purification. - ’ RS 3o B SR

R Dl, 'Henisch said tha_t Gopper could.be used in. this 'pz;'dc':é‘_s‘s‘ Af card.wes
token’ to-oxclude. oxygen.. PRI I § R <L o :
: e . e L . |

~ISOBUTYTAMINE MANUEAGTURE, - - | N

Lo D, -Hgnisch'_vsqid#,."that,.2Q' to 25 T/m.Onthy of r-h.:‘.g‘hcr[a,lkyl amines, were made
“and ‘gove the: folldwing ',_dp,tc;-:;;s}s'.'df}f;ﬁhe(_}n_iami;f‘b.._ct;irq o:f\‘ isobutylamine s typica;
S n contras't to mcth)'l&:unes,wﬂlch were madc”frommetho.noland. ommonis
over a dchydrating catalyst ». Lobutylimine was made “from the aldchydo and

ammonia inthe proscnce: of ‘hydrogen, -,
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[ \ \
: CH—-—CHO + NH} + Hg-———-—-7 /CH—-——CHQ—-—NEQ + Hgo
/ . d . - . .
CH5 R o ) CH5 | '

.. 'Tho only dotails obtained ‘of the monufacture of isobutyraldehydo woro
thet, wherces J.or'mcrly this had been made by po 8sing isobutanol ot 1 at.
and, 37O°C over 2493 (zinc sulphidc on pumicc, a sample of which wes ob-
talned) ‘the method now prc:[‘crred wos to pass isobutunol ‘with air over a
silver gpuze. o o '~._ : L y S .

Tho synthcs:Ls of isooutyla.minc wo.s c;.rriod. out at 220 O.ta. ovcr cata-
lyst 3076, NiS. WSy, a gamplo -of which was obtaincd., ‘2t a temporaturc of
pOO cC. 1800 to 2000 -M /hr Hp end 600 to 800 l/h:;,,l\’F5 wore - circulo.ted with
a. fopd of 60 l/hr 1sobutyr;.ldchydo over 90 to 100 1 catalyst. The product
was, senaratcd fter. cooling and the surplus He recircuLtcd. . The’ crudc’ was
stored at 50 ats.-ond'distilled for purification; rcleasmg surplus NH5,
whljn wos “recircule tocl‘ j’*— - ;

Ha P

Am_'mcs of othcr hlghcr ulcohols wcrc macle in a similar way.

: SCHIFF'S BASE

‘Dri Henisch sL.lcl ’ch.Ls ' dlc.‘by rouctlng ;éo;bxat::&ibﬂihio and iso,’bui;y
raldchydo 2t-1 at (the- cat'zlyst ir a.nJ, wag. not spcci ie‘dv) and- hydrogena’
1ng the” prod.uct at 200 220 ots. . ‘ ) : e

Oy 'I"*,'CHB”"

CH5 e CHs
———CHO + 1\1112—101{2-——0}1 ————-) /CH——CH N—CHg———CH - »
‘ __5 CHy CHy = * H L om,
o S : ‘
oE5 ~ e
CHs 5
- \ /

\ : . : Lo

- The ..vdrogcno.tlon was carr:.cd. out in 'ﬂpparetus sumllo,r to th'st uscd ‘for
" the mmufoctvre of "isobutylamine,’ using the sam¢catalyst, NiS. WS>, Thoe
_ fccd rate at Schiff's bascjwas et 1/hr. end the micke-up Hy rote was 40 to
’ZO M /hr the. ’cemvcrwturc b01ng 220 o - 51000 tho C'I'tg.lvst volumc W’WS ‘only
0-1



“TInformition onf this Drocess-Was“obteIncd=—from=Dr— Gorlckc —thc: pl
forcmsn, with-whom = tho’ instwllgtion was insncctcd.

-- The procosa is bascd on tho 1ollowing reaction.

R CHQ CH+Na0H——————-———- RCOONa+2H2 e

It is carrlcd out by vuporising the alcohol and passing the alcohol vapou“d
into a mixture of NaOH and aléohol maintained at b6 -.518°F; the violert
mixing obtained in this way is important for successful, operation. . An ex-
cess of 17% NeOH beyond the -amount. required for complete conversion of the
total nvantity of-alcohol is used in'the reaction. ' The resultlng_sodlum
salt “of the. carboxylic acid. is subsequertly converted. into the free a¢id.
N- bqul iso-butyl, hexyl and heptyl ‘alcohols; have been successfully pro--
’cessed but the 08‘012 alcohols were most frequently used because the result-
ing ac1ds were utilised in’ the pveparatlon of* thé” lubricating oil inhibitox.
"R". “Another use of thése acids consisted in the preparation of metal -
salts (Zn, Ca,MMg) to be, gsed ag- sdbstitute protective coatings. . The.. alco—
e courSe of the isobutyl—alcohol synthesis’

hols were. obtalned in th

The- productlon ‘of this plant amounted to 60 -;O tons/month (132 000
S,ﬂOOO lbs/month). Capacity was 150, tons/month

Bl 08



XXX POLYMERISATION OF Cg AND CT OLEFINES

: The information on this pvocess was obtained by plant inepection and
interrogatlon of Dr. Gericke, the foreman\in charge of the plant.

The procegs consists of the polymerisutlon of 06 and. Cy olefines to
Cio and Clu olelines which were used In the alkyletion of.:phenol in the '~
course -of the nanufacturing [process for a detergent. This part of the syn-
thesis was carried out at Hochst and only the 010, clh polymers were pre-
vared at Leuna. ) . . . ]

The ieod stock was made bJ dphydratlon of thc alcohols boiling in t
iso-hexyl and iso—heptyl alcohql renge and. obtaincd in the isobutylalcolibl |
synthesis. The. o*eflne fraction of maximum boiling po*nt of eO)OF was used
as feed stock.
_ Oleflne and - sulnhuric acid (8) ) were mixed at a. rate of: 105 gls. of

fine. to. 665 gels. of ac¢id per hour, The mixture was ‘prehgated in a 2- 1/2“
ter.lead . .colil.. (sn,am heacing-o* &-water-bath)-to_about. lEOPF_and.lntro-'
into & lead lined tower of 3 ft. diameter and about. 80 ft. height
- with. iron Raschig.ringe.... Tha, mlxturc passed from ithe bottom of the

tower hto a: settler' from where it Was. rechlcd., Circuldtion was continued
untll a,hydrocarbon sample w1thdruwn from the settler indicated that tho -
de51rcd nolymcrlsatlon had taken - place as.shewn bJ the’ resulis of a 1abora-
tory fracp;onal d‘stillation. <The, product was then caustic wvaghed, water
vashed and distilled.’ The yicld of desired, polymef boillng between 324 and
thOF -amounted. to 50%; by wt. of the olefine feed. The distillation range’
“of. the total reactlon product an& its utlliset*on ‘are giveg,as follows- '

‘AJ

% bx wt of o Bgaling Rangc \? :‘;"im "ff.: Sl
fced stoch f“"._ W OF : o Utilisatlon -

L ey

- 1ko - 205 - RCCJClOd , :
4.7, 203.-.32h . . Blended with ‘heavy polymor
- T -~__1_"S~p g. product-at dOOC

L e 07)0 .
'4Hoavy polymer to hydro— -

B _»';j\Bo{fe',ﬁ m@a,}. ’
O e gcnatlon plart. ‘V

‘ The de31gn capa01tJ ox the olunt was hho OOO lbs. of" product/month but
‘the actual OWEDUY, HF: €15 ¢ £ POlymers: vas: only 66,000 .- 88,000 1bs/month.
Samples igf- the-olofinevfced &tock; anﬂ polymers product wcre obtalncd for
detailed cxemination.

. 81+ o :“‘fjj@}??.f’



—36¢-— FERTILISERS AND NITRIC ACID-

Acid, Calcium Nitrate (Kalksalpeter), Ammonium Nitrate and Calcium Car—
bonate mixture (Kalka.rmnonsalpetpr,' equivalent to Nitro Chalk); Leuna -
Salpeter, and Phosphate Fertilisers, Dr, Ernst -Willfroth was interrpgated
on May 12th; he was the Manager of the Nitrogen Division, There jappeared
to have been no major developments in what were old'-es“c{abl‘ishved processes, -

,Aszonium'Squhate_ T o ' .

_ This Division .covers the manufacture of Ammonium Sulphate, Nitric

I}

-

, This was made by the reaction of Anhydrite _with:NHB and C05.- The capa-
city of the plant up to 1935 was 500 T/D N; in 1935 a'part of The building -
was taken over to produce Leuna ‘Salpeter, so that the capacity of Sulphate
dropped to 300 T/D.N, - - S e P

‘Carbonated liquor was manufactured by ‘the Ammonia Division by scrub-
bing out COp from catalysed gas at' 1 at, /This liquor contained ‘147 as
_(NHL),Q C03. These scrubbers were -followed by.a.Sulphuric: Acid wash te " .

Tecover: Almonia, - i _ ——ir

N~

. . - The reaction iwith'Anhyd_:‘c‘i.te,vg; carried out'in the presence of excess
NH3, and after filt ering the liquor could either be -decompos ed by heating .
‘o recover NH3 or else it could be meutralised with 60% HyS0, (Sulphuric -
Acid ‘was made on site, the source of Sulphur being HpS in water ‘gas re- )
covered in an Alkacid Plint and converted to:Sulphur in'a Claus’ Plant ).

: The filtered mud contained 0,5% Nitrogen (= 2% Armonium Sulphate) on
~a dry basis, Rotary filters were instzlled but Dr, Willfroth: preferred -
the old'wooden plate type, which was stillsin use; these had plates sus—
-Pended inside large wooden troughsy = - R e i
. The évaporatig%n' of the liquor was done in double-effect evaporators,
The firstieffect was merely a concentrator, without salting; the. steam .
pressure was 7 :lbs. g, the temperature of. the-solution 106°C and the inter:

'nal pressure 100-200 mm,Hg, The 'second .evaporator ran with steam vapours

t

at 0.2 ats. abs, with a.steam temperature of 56-62°C ard a liquid tempera-

ture of 46-52¢C, the final vapour pressure being ‘65 mm,Hg, Each-evaporator -
had a heating surface of 124 M 5> and the combined output was 170 T/_D., Ammonium.

Sulphate, _Steam cohsumption was abouﬁf.099; T/T Sulphate. o

| I . { ) .1 - . p . AJ‘: S, ‘\A. . . .} . - .
} i The .sé}.utiOrﬁ prior to evgpbrgt‘iqn»3117519@;‘1_@!&9;;1@4, contained 530-540%
‘ g/lkmmnor‘;‘:lt’,mASulphat'é”and about’ 0}2'-_3/1'stoh,--w.ithfﬁ_ py of about 5. -
: The evaporators were lead covered throughout, -but it was not ‘stated
whether any:alloying metal was includéea.__ The evaporator. tubes were 50 mm. -

Thé anhydrite. used came from a quarry::.n the Harz é}édut. 130 Jau, away, §
Fuller mills were originally used, ‘and‘some’ of these were still there,. but
others had been replaced ‘byuLB_AE_éher mills, which:occupied far less spacrev/_'

.but had the. same ‘energy ‘consumption. . ‘These mills worked .on ‘the ‘principlé
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of one roll working on a vert:.cal aoo.s 5. w:.tLt.wonncln.ned rolls runn:.ng~»
on t‘xe tgp, the ground mater:.al “being removed. by hot air. : .

» " The plant 1tself ‘was’ very old and’ there ha.d been no advances made in -
recent -years; the double-effect evaporation has been-in use for many years,
The plant has been shut down since May of 1944, -owing to non-availability
of’ NH3 Direct’ aJ_r raid damage was.not very great, and the plant personriel
estimated that they could make 100° T/DNafter 4—6 weeks and 300 T,’D N after
10 months.

'N:Ltrlc Ac1d .. - SRR .

The plant ‘was bu:th in 1927 a.nd was sa:Ld to be ‘the only plant :1.n Germany
working at 5,abs.  The: or:.g:u'zal capacity was 150 T/D N, but it had bden en-.
larged (during the war?) to 260 T/D. Most, if not all the other I.G. plants
erected elsewhere operated at 1 at. The main advantage of using a pressure
process was \stated to be the sav:mg of space for the absorptlon _system, and
.the process was econonn.c 1i" energy' was not too expen31ve. B B

B \\ .
T Power was” recovered?rom the hot le’t; “down gases by pass:mg them through
a turb:n.ne worklng on the same ‘axis ‘as the air comuressor. .

“=The: catalyst. favoured was plat:.num w:Lth 5% rhod:.um.' Thls catalyst was -
much better than 1% rhodium, .but in a pressure process lO rhodium was )
stated to give no better results, NHg conversion ei‘flcn.ency was stated to—
be 96% on the gauze and 92—94% after*absorptlon. ‘Final ¢ rubbing of the.
gases was done with a lime solution. The fihal acid contained L8% HNO3 = .
a.nd was all used for maklng N:Ltrate of Iime and Ammon:l.um Nltrate m:xbures.-

It had. been found that if weldlng 't ook place :1.n tne nelghbourhooo of
‘the air ‘compréssors ; Poisoning of the catalyst resulted, and this was put.
down to the presence’ of polsons such as, PH3 in the acetylene :

The plam; was ot :Lnspected closely but from a dlstance 11; appeared
to be relatively undamaged : Sh :

“
A\

Concentrated Nl’f,rlc Ac:Ld , o

Th1s *was’not made by worlcn.ng up Lpg% HI\103 5 but was made dlrectly from_
‘the nitric acid oxidation- -gases, Gases after.the waste heat boiler were =~
i‘urtﬁer cooled and then oxidation: of NO to NOo- allowed to take place.. The
‘gases were then indirectly cooled with water to.remove H50 as’ ‘weak HNO3, :
“The gases were then further cooled to =10°C to give Liquid NOp.- ,This NO2'
was then treated in an autoclave at 80-100 ats.- and :70°C with ‘dilute Nitric'
Acid and Oxygen, | ylelding pure-HNO3. plus Nzobr " On distillation.this’ mxture _
evolved NOZ, whlch was returned to ‘the process and gave 99/0 HNO3 at the bot—

‘bom oi‘ the stl]fl

i Lol

Ammon:.um N:Ltrate o N § }._ R o

S ! :
: Only a small quantlty oi‘ the pure mater:.al was, made, the bu.'Lk was : ﬂ‘l
made imbo Kalkammonsalpeter., Th:Ls latter planb was. not :anest:.gated but: -
the process was. said to:be very slmllar +to that used :Ln malc:.ng N:Ltro—chalk

The spray tower was at -the end of. the bu:l.ldlng

“ész‘**; 105 =



mw‘fl~This plant _was. verv heavmly damaged but the materlal could be produced
in the Nltro-Chalk plant although nct at the same, tlme as. N*tro—Chalk

U T

Phosnhate Fertllluerq

v Thls was contalned in the same bullding ‘as’ Ammonlum Sulphate, but
none had been made durlng the war, ow1ng to shortage of phosphates.

Leuna Salpeter (Amm, Sulphate & Nltrate) L - f_,..;;rfu

oo Thls plant also. fonned part of the Ammonlum Sulphate plant;. but was
not . 1nspected 1n detall 1t had sufﬂered llttle 1r ra;d damage.:'ﬂ

Ammonlum Chlorlde Fertlllsers B n»“ :
, IS B

. . o work.hedibeen done on &eveloplng Ammonlum Chlor;de fertillsers,
whlch were said to be unsultable for- German 50115.
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X SYNTHESIS OF TOLUENE FEOM BENZENE  AND MEBTHANOL .
intrc‘:duction”; - o TP

The process for synthesis of toluene by reaction-of an excess of
_Benzene with lethanol at -medium pressure over an acid zinc sihcd—phosphat'e
catalyst was originally developed at-Leuna, A commercial plant with a
design capacity of 5 ,820‘ T/month of Toluene was-erected at Waldenberg in
Silesia vwhere the I, & have a factory which includes a Methanol ‘plant, : .
0. U, D. Asérected the plant, VW, I, F. 0, financed it and it was operated
by the I, G, on a management-fee basis,. : T ' oL

>

. The Waldenberg plant started operations in mid-1942, The mdaximum |
achieved production was 3,800 T/month of”Toluene’ but latterly only 2,500-
3,000 T/month were made on account of transport difficulties and consequent
shortage of Yaw materials,, = .. . - . . T o

.~ A description of yt‘h\e' ;process and.of the Waldenberg plant. was provided
“in the first place at Leuna By Dr. Herold, the head ‘of the Development : -
-Department. . His inf ormetion-was-later-c orfirmed-and-some-additional data "

produced, also at Leuna, by Dr, KIopfer who was.in charge of catalyst test—
ing. -"A-process description was also found in an TiG/MI.F.0. Agreement; a
copy .of which was 'removed from Leuna, o ) A T T

.General Process- Data o e ST ot T
-~ Methanol and Benzené used for the process st be as frée as possible
from impurities, particularly nitrogen compounds.,- -Methanol is speciaily
- purified from amines, by means of *an’ organic cation -exchanger, down to a-
maximim nitrogen content equivalent to 2 mgms. NH3/Iitre.. . Nitriles are
the chief imputities it the- benzene -and no ‘satisfgcf.-o'ry-mé_thodv'hasv been
developed for their remdvalj. formation of ‘zinc chloride addition compounds.
is not successful. In the end, the I, G; have resorted to-careful analyti-
‘cal control of -all.batches of benzene 5o that these can be blended to, give

a feed to the plant which never contains more than 045 mgms, NH3/1itre. et

+ .+ Benzene and kethanol are reacted in-the molectlar ratio 4:1, Reaction

temperature is 340-380°C and pressure 30-35 ats., TFeed rate is 0,25 M3/M3:
catalyst volume/hour with fresh catalyst. In order to maintain the catalyst
in an active form steam must. bé added to the reactants, “Substantially all ..

the Methariol is" converted ih a single passy e v N

, The catalyst, which has a life of 4-6 weeks, was stated by Dr. Klopfer.
'to'.hévé’thé.i‘gl;éwipg" Qﬁlgbsitiq%z_i 2 e e

~

eselguhr S e 258
dicid treated Bleaching Earth™ 3%

812 107



“Dr. Hanlsh stated that the catalyst was made by mixing orthophosphoric
acid, Kieselguhr and ‘ziric oxlde, and dry:rng a -2 én-deep- layer-of the resul-
tant paste at 'a tenperature below 250°C., The cake obtained is. broken up
and sieved, pieces of about 20 mm size being used as catalyst’,- . Fine materi.
amountlng to about 30% of the charge, is recycled to the pastlng stage.

Loss of actlva.ty of the catalyst is caused by carbon i‘ormatlon during
reaction; after 4-6 weeks the catalyst contains about L0% carbon. Attempts
to.revivify catalyst by burnlng off this carbon ‘were ‘unsuccessful because

.of" comrers:.on of, orthophosphorlc :erto the :Lnact:we ‘metaphosphorlc aeid.
. . . . L "“v '.l" ;'

o S RN A
The Waldenberg pla.rrt cons:.sted of lh unlts, each cons:.stlng ©f 1-con-
verter 1700 mm,. external diameter and. 16°M long:, Each converter contained
15 M3 of catalyst. Fig., XXAVIII shois the general layout.of a unit, - Ben-
zene and Methanol in the’ weight ratio 9:1 are- injected at 35 ats,.w and pass
through & heat  exchanger: and .gas-fired preheater where they are vaporised
and heated to 280°C. (Dr.. ICLopfer) or, 350°C (Dr. Herold). They' thern enter
the tiop: of .the reaction vessel wh::.ch id’ divided into.four or_ five catalyst —
“beds: ‘separated by -layers oi‘ Raschlg rings, Cold benzol is ‘injected in con-
- trolled- quantn.ty gt the entry to the convérter’ and to:each-of the: ‘Raschig’
ring beds in ordér to maintain a reaction temperature of about 370°C with
. & maximum of 380°C. The reaction is extremely. exothermic » the heat evolu-'
tion per converter béing- 3:99 000 Kg. cals/hour. .There is a layer of cal-
eined lime about "80 cms. thlck -at_both ‘the top and bottom. of each ‘converter.,
L:x_nlng of the converter. is.acldsresistant refractory brn.ck A 5% caustic
§6da isolution dis. :mgected 1“1to the products :unmedlately on leavirig' the con-
Verter in order to- prevent COI‘Z’“OS.LOI’J. By phosphorlc esters,: The. products
then pass.via the :mterchanger and a water—cooled ‘condenser-to a: sepa’rator
vessel. .Gas,; s consisting of methane, COz, CLdlmethylether and . bengene. . ,
“vapour; is:Temoved:from the. top of ‘this véssel and. is edmpressed and cooled
‘o recbver benzol (800 grms/M3), Thé liquid- product separates ‘into waper:
and hydrocarbon layers 3 the latter hav:.ng the" average compos:l.tlon o

PR

Plant Operatlon . .

71 - 80% vol Benzene "

Cir o _ 12 = 17% v Toluene A
-l ;'- g ;.,6%» | Xylene - it L
~ 6% j}._ H:Lgher methyl benzenes.\- R " g

The productn.on oi‘ l Ton Toluene requlres l /+5 T. Benzene and O 85 T.
Methanol. Co L - ; " e

v

2 The water 1ayer 1s dlstllled i‘or reccvery of a - small amount oi‘ u.n-
~reacted Methanol wh:Lch is returned to feed; The hydro bon product is
first-fractionatéd | (2 packed columns of 1100 mm, diam;) to remove benzol.
and. dimethylether as .oyerheadsy ' The ‘botioms- pass to -a.- second distillation -
stage (3 packed columns ‘also -of . 1100 mm, d:Lam.) in wh:Lch most of the benzol'-
.and only a trace of Toluene is dlstllled :OVEr,” rThe next distilldtion- ss—for
complete stripping: of_Benzene from: the- product.--;'Th:Ls is carried out:-in:3 to
“60 plate columns’ of 2,400 mm; dlameter ‘and the’ overhead contains. some 158
“Toluene,. These overheads are returned to the feed of the i‘a.rst benzene-

removal column e

a2
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l:Thelenzene—free:battoms_of thﬂ_ihllﬂ_dlﬁhlllatlon ‘stage are next fed
to two 3,000 mm, diameter 60 plate stills from which a. nltratlon grade
.Toluene is taken overhead, -The fifth stage of distillation ‘consists of
the separation of ‘the fourth: stage boLtoms into Xylene and heav1er alkyl
benzenes. :

'Development work on Related,Prodessesu . ';,"

-

_ Leuna have experlmented with the reaction of ‘Benzene with alcohols
‘containing upwards of 5 carbon ﬂtoms, available as by-products of the
higher alcchols synthesis.  The same catalyst and general condltlons as.
used for Toluene synthe51s have been employed.

Loncr chaln alx}lahes are not formed. Instead spllttlng of the alcoholg
occurs g1v1ng simpler alxyl benzenes and: some oleflnes whlch can be reCJcled

- Isopropyl berizene was the main product obtained. The above experlments
reached the: semlteqhnlcal stage and a 1arge—scale plant. was belng con51d°red
.fof_Heydebrech

842- "169



TXKIT. CATALYST PREPARATION-

The .compositions and method of preparations were obtained for all -
catalysts that had been manufactured or used at Leuha for the preparation
of fuels, oils, etc.. Since many of the senior officidls had left the dis—

-trict, most of the personnel interrogated were of the second or lower
ratings, and were not familiar 'with. all the details of the processes in
question.  In particular, Dr, BEmil-Schich had replaced Dr, S; Schneider =
as Works Manager. In addition, the time available, before-the Russians
moved into the area, was insufficient for-a thorough analysis of the methods
of manufacture of catalysts and there was no opportunity to make a study of
the catalyst plamt and its equipment. It is believé, however, that the in-
‘formation .on composition and préparation.of catalysts is adequate and that
the catalysts could be prepared after only the usual' amount of experimenta—
tion, - The information on the methods of manufacture was obtained from Dr,
Kurt Hill, - 7 R e

Purchase of chemicals for catalyst manufacture was not. made on the o
basis of specifications, as is the general rule., The ‘Principal metal oxides
and salts were purchased by "mark", and were .in all instances the technically
.pure. grade, .. Distilled.water, or- condensate——vr'as—rused»thifoughout“i‘or*making"”'-i“'
solutions and for wasling.. Condensate was usually freed from oil by use of -

|Charcoal filter, coa S TR A

The numbering of catalysts-at Leuna has not been systemstic 5 the only
- certain information conveyed by the numbering is the ‘chronological order
Jin which they were produced commercially, For the principal catalysts,
- estimated productions at the peak of manufacture’ have.bgen given, ™ '

Catai_'[,'st 616 Sl T

‘Use: Methanol _synthesis..,‘ frém\cafbon .monoxide jar_ld,il:é/drggen.”v>

Composition:’ . . - Crs05 - - 33%
- o~ 60%.
. "Graphite. . =~ 1%.

Water -and:: S
_impurities = 6%

Preparation:- Sixty kilograms of chromic acid anhydride is run in a
-chaser for thirty minutés; 100 kg. of zinc white is added and the mixing
continued: for 20 minutes, . Thirty litres of water is next added, and ten
‘minutes later 1. kg. of graphiteé (natural). Mixing is continued until all
eomponents are’ well blended. The chaser is then emptied, the:charge is
passed.through a drum sifter’(coarse pieces are returned to the chaser),
-and the-mixture is pressed into 9 mm. pellets. Sl o
Quantity: 30 tons per month,

82 1102,
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Use. Isobutanol sy'nr,nes:_s 3 i‘rom carbon monox:.de -and’ hydrogen.
’ PR . . B . - .

ComEos:Ltlon
Crp03 = L 33%

" Zn0 . S 60%
- Graphite (natura.l) 1%
K20 - . 1%

. ‘Water-and mpur:.tles 5%
Pregaratlon Procedure is the same as for catalyst 616,. except that
K20 is introduced by adding potassium hydroxide or potassium- carbonate

'a.long with the zine whlter Good m:uclng and: i‘:Lne grinding are’ aga.ln :unpor— '
tant factors, ’

. Qt_lantitz': 60 ‘Itolns per mo‘nf;h
;.'S‘a.'mgl'e's_.v?‘k', Nos. 17 and 18

Catalxst l750 A m.ld hydrogenatlon catalyst

U_se;:‘ Af‘ter—hydrogenatlon of h:.gher alcohols (same as:No. 1930)
. Tt R <

ComEos:Ltlon EER R i EEET
. e N “ ) »u—\.
Cu 1,25 m
Cr203 050)‘;l
w0 100

" Preparation: 125 kgs. of copper- sulphatek (CuSO;+ 5H20) is: dlssolved in
JJ.;OO litres of water. .50-Kgs, of- bhﬁ:‘onuc acid anhydride:is ‘dissolved in-
1300 litres of water and- reduced with S02.” After mixing.the two solutions;
a solution of 200 kg. of ‘sodium carbonate in: 500: lltres of water is added.
with constant stirring. - When the precipitation is -finished, 15,1’ ‘kg. of .
zinc vwhite is added. while.stirring. - The whole is: heated to 78°C and held’
at this temperature-for: 2k hours: (alcohol bath).. The: contents are’ wn.th-—-.f
drawn into: a f:.lter, Jatashed drled and pressed 1nto pellets. o S

The tlmg spent in mlx:mg, heatlng, etc‘, was sald not’ to be’ crltlcal

ampl.e No. 73
’ Catalxst 2493
. i - / Cor
Dehydrogenatlon oi‘ alcohols to aldehydes.

[ : i - . R

ComEos:Lt:Lon

' -Pmnice" (Ttalian) o 75%,_:

— il ¥

gu2 RS S



—~Lreparation: —The pumice is-broken-into-4-7 mm, granules,-sifted and
washed. Ten kg. of wet pumice-is—run-in-a—pill-coating-apparat us—until —
the pieces are uniformly coated with-the 3 kg. of zinc sulphide (Merck) ~
that is added. 'The grains are put.in shallow metal -pans, dried for. 12

hours at 80-90°C-and sifted to remove fines, PR T

{Not Tade for last L years,):

Catalyst 2730

*  Use: - Polymerisation of isobutylene to iso-octylene (uééd for relativel;

pure is’obu‘g,'ylene), \ S S X SR
" Comgoéit’io.n:"

RS

-

Activated carbon 60%‘

“_ .. Water - L 5%
_Q\Pregaratior'x: . Eight kgs. of activated carbon, 4 litres of water and
5:12 kg. of phosphoric acid’are run in the mixer until all the liquid is
absorbed. The mass is then dried for 24 hours at 80-1Q0°C. wr

P ey

“gatalyst doge T T

Use: - Hydrogenation of d'i—_isbbutylené: tev,’i;s-o—octaine'_'.‘ : Aléo hydrogeha- .

‘tion of Kogasin. . -

- -Gompositions: o -
L e NS ., T 2 mols.

. Preparation: Fifty kgss of nickel powder is-dissolved in 250 litres.

. of- 60'%'}11\!03. ~The nickel is then precipitated by adding a solution containy. .
ing 90 kg.” ¢f 'sodium, carbonaté . (volume said -not- to be highly important). :-
‘The precipitate is filtered, washed free from nitrates and dried. The.dried -
mat erial is-ground a%‘xd[analysed,qForf each 25 kg. of nickel found by analysis,

~ there.is added t'o the metal precipitate in a kettle, 50 kg..of WO03,H50 in -
25.litres of water.';The contents are mixed continuously.and-evapbrated to

- a-thick paste. 'The mass—is—then put into shallow-metal pans, dried for 12
~hours, recovered from the pans, treated at 400°C with H3S, ground, mixed

with 1% of graphite: and:pelleted,. . Thesg pellets, are: ground and reformed

into 10 mm.”pellfat.’s.«@‘v. ,

, - !Quéntit;[: {‘ lzvtbn.p‘er‘ month,
‘:ifréééﬁlsé ‘7 mq,_9;\
Catalyst 3390 - |

!

" Use: ‘ -St;ohg.-hydrogenation éatalyst;, for example, hydrogenation -
of phenol to cyclohexanol, LT R e
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_Cémposition: L e

o oML 3. nols
—~My03 . 1'pol

Preparation: : Nickel powder (70.6 kg,) is dissolved in the stoichio-

metric amount of strong nitric acid in a small agitator: 21.56 kg. of sheet
aluminivm is dissolved in a second small agitator with caustic soda ‘solution
(stoichiometric Quantity of NaOH, concentration ot important). - The small
agitators are then filled up with water, and thé two solutions simultaneous—
1y run into a large agitator which originally.contains about 1 M3 of water,
The filling operation takes about half. an hour, but time is not.crdtical.”

Caustic soda solution is added forprecipitation. . The precipitate is separated
in a filter press. and washed well with vater: "The filter cake is removed = '
and driéd for about -8 hours; at. 200°C in. a..:dr@ing.ov_e'n,ﬁthen,‘grpund and pressed
into 5-mm, pellets.s . i et e vl S e

,"5‘;(' ’ CsimEen s -._,"(. - Lo
- Quantity:.l ton per mopth. ... . .

Sa,mEl,e:'-" :No._‘?O. ' : . o e

Catalyst 3510  (Not made sinse 1935/1936; replaced by, catalyst: 5058).

. Use:i- Vapour- Iﬁhase hydrogenation of middle oil Ité ‘gasbline. '
Sémposition:. - ekt ‘,"_-j; TP T N ST
T oy
) o, 2n0 . o
S MgO
j .Prvega’ratidn:%‘T,pe:i;h-r.ee n}ét'éfj.atls:,a‘;'g ‘pasted with water , spread.on a
‘metal plate, cut into éubes and dried... ... ! : ..: R R

ral o T
A L

. Use: Prei}é;étion of stearylamine 'i‘rbm‘st'éaric_ acid and methyl-

le . w 1 m01 e

- " Composition:
MeSp . Xmol . T

Preparation: Two solutions are prepared.separately:
~"(a) 45.36 ke, molybdic acid anhydride (MoOg) in 100 litres of 508
caustic soda, and . .ooypgcocoap oo T T TR s

. (b) 91.67 kg, nickel nitrate (Ni(NO3)5.6H20) in 100 litres of water. .
.The solutions:are run similtaneously and slowly (24 hours) into ‘an agitator,
- The precipitate is removed and washed. on a filter press. 'The filter cake . -
‘is ‘then dried at '100°C and is formed-into tablets in"a hydraulic press, -
The tablets are. broken by hand:into 4-6.mm; -granules, and c verted into -
the, sulphide as described above under cabalyst I0%6rs

| (ote: There 15 lavge Joss of HeD3 due to incompleté precipitation).
e S 5 A



. tity: 100 k S. per year..

“Catalyst 4788

- Use: Hyd"rogenaﬁion of aéé’cylene to ethylene (ethylene purification

for lubricating oil manufacture). : R S
c) L - e .

1

_ doinggsitiori: D e A
ot owr 0 0ra0st . approx. 95%
SUTE R LONRTT " 5%

.. Preparation:. .50 kg..of chromic ‘acid ahhydride (Cr03) in 20 litres
water .are mixed-with 9.24-kg. of nickel nitrate »(—N:j._(NOB)g/.éHQO_) in a stain-
less stecl. (V24) mixer. . The slyrry is evaporated with contimious stirring

- (by hand, ‘with special spades) until no more nitrogen oxides: are given off.. -
The matsrial is then heated in a muffle furnace for 12 hours at 300°C be-
fore brecking into 8-10 mm. granules. The granules are reduced by heating .-
for 12 honrs at 400°C in a stream of hydrogen (high'space velocity.no recycle
of Hp).. The product:is cooled.urider a stream of nitrogen and stored under -
nitrogen, cot - :

. . o

B :_Saj_z_@_g e No.-20.
Catalyst 4821 =

i ' Use: Polymerisation of isobutylene to iso-octylene. (For gases low

in isobutylene concent ration (20-30%).)

* Composition;: P

L

' 'Asbéstosé(séi‘periﬁirie, dlohg
- ] fibre Canddian, unwashed; . - ‘
i I later;Russian ‘or Finnish). R

‘ : ,P205' """ . N~ - Approx. 7756% .

©. Water ¢ o - ™ Y = I
. . Preparation: 16 litres of ‘phosphoric acid is heated at"260°¢ for: ...
3 hours and then'mixed with € kg. of asBestos., The mi ture -is hand-formed

into l-cm.  cubes, which are dried fozjvéo hours: at 150°C. - The rg;s.gl’ging. :

pprox, 25% .

:catalyst is very hard,”
-".:,‘ : ‘Samgles‘:v b' Nos, 34and 35,
o s
. Use: Vapour-phase hydrogenstion of middle oil ¢ gesdlie.

4 ComEos:ub:Lon' TR
R R D S ’
. .i‘Preparation:. “Tungstic acid (WOg:Hz0) is ‘dissolved in the miother
+1iquor from a previqus' preparation by gassing with NHg-at 2 temperature.

STy oty T

L i



Tbelow 60°C The solutlon is prec1p1tat.ed wlth st cooled, and-the (NH; )2
WS, filtered under vacuum, | The crystals are dried in a nltrogen stream
‘on the filter at” room temperature, and then converted to W32, NH and ’

S by heating at 450°C in-a stream of hydrogen in a ‘scroll-type” furnace,
Tge resulting WSy is ground in a m:Lll and pressed 1nto 10-mm. pellets under
a nltrogen atmosphere.

| .
Quantrltx Made up to May 1, 19141; -~ 25 tons per month

'~ Samples: Nos. 30 31 32, and 33. U g

Catalxst} 5436 (Identlcal with Catalyst 5931 except. that caustlc is from
a different source,. No.. 5939 uses the same A1203 as 5436 with only 5%
M003) SR , L -

Use Converslon of parafi‘lnlc gasollne 1rrbo aromatic and J.soparafflnlc
: hydrocarbons -~ I{E‘lor DHD processes. R R

\ Composn;lon" , , e
. et Mp0g : - 90%

T T Mg T T O
‘Preparation' " Catalyst - 5780 (see .belOW) in cublcal‘fmm‘.:ts soaKed once
* with ammomium molybdate solutlon, then dried., .The solutlon is so prepared
that the above compos:.tlon of catalyst results.

(Notie: For 5436 or 5931 use. about 20% M003 in 25% NHAOH For 5939,
dilutewith water.) . | |

Q tl‘_;_‘,;[: lO tons— per month
ple* L No. 4& - Catalyst 5931
oatalxst 562;3 !

Use Toluence synthes::.s from benzene and met,hanol.

T

‘Comp osltlonA : " R e
' Z .31;:;;P205 T -60%

o Zn0m g - _

- Acid-treated clay. -
(Montmorlllonlte )
“type)- 3%

Kleselguhr (Hanover B
No. 120R:fused with -
- NaCl- and washed with .
3»HCl) ) ,Vu 25%
. Water SERRE Balance -
(any :Lgn::_ted kleselguhr can e used)

; Preparatlo LA l kg. of k:l.eselgu.hr, 9 0 kg. ZnO h 5.kg..clay. -and .
about 130 litres: of -85% phosphoric acid are mixed in a kneader- for about
40 minutes, placed. on t]:ays 5 drled i'or aboub -10 hours a‘o 300°C broken
up a.nd., flpally screened S

.842 | cL 115...



Catal;[st 563 4—‘\

Use: Conversion of parafi‘lnlc hydrocarbons to aromatlcs and 1so—
parafi‘n_ns (HF and DHD Processes)

: Compos:Ltlon. T k Lo
R A1203~ S 95%

CLwiofe oL MeO3T 5%..
Tee LR Na.zO up to O 7%

paration ‘ Techm.cal alumlna is plasticiseéd in a kneader w:Lth a _
llttle nitric acid and water, then extruded and rolled into balls. —These
are dried and later. ignited at 450°C.: The balls are then soaked in an:
ammonium molybdate solutlon, controlled 50 as.to give 5% MOOB in the cata—
lyst on: subsequent drylng .

Car,al@t ‘3780 (also prepared at. Ludw1gshafen as No. 695A)

S L Use Dehydratlon oi‘ alcohols. ‘ Jntermed:.a?t;e product 1n the product:.on
of other catalysts.; Seo e R LT i :

o

’ Composﬁ:n.on :
R Al Oz Gamma-form.

. : Na20 (usual 0. 03-0 04%) - less than 0: 1%
e Wa.ter- A% _ -

regaratlon L..OO kg of technlcal alumlna (65% (A1203) is dissolved

in 430 litres of 50% caustic soda~at: 110-120°C and: diluted with 600: l:Ltres
of water to 1,35 sp. gr. “Phe solution is cooled and precipitated with . :
nltrlc; acid at a pH of 6.5, then filteréd, washed, resuspended brought .
back to 'a:pH of. 6.5 with NHj, washed and dried-at, 100°C; (Thls inters
mediate product is known as 5780 Z lOO) .This product is. ground, pept:Lzed .
with 1% nitric acid in a kneader, spread on a sheet s cut’ into cubes and
dr:.ed stepwise-at temperatures from 60 to 180°C. (slow drylng, 2—3 days. It.
1s flnally 1gn1ted at, h50°C in air unt:.l n::.trate—free ” '

. Laboratory tests of catalyst actlv:.ty are based on. (1) absorpt:.on oi‘
: propa.ne, (2) dehydratlon of 1sobutyl alcohol. at 350°C :

Q tltz; 100 tons per month.

Catalxst 6067 - V '
o Use Amlne synthes1s (ver'y small amounts used) Catalyst 6069 is.
preferred ‘ . T T

i 'Cdmposition': .

‘812



Pregaratlon See No. 069_

Catalxst 6069

Use: Pr‘eparation of methyi_amine from methanol, and_fé.’rrﬁnonia.

Comgosition: » - ,
: A120 L 90%

E Kaolin (flotatlon to remove - .
excess SiOp by a Siemens Yoo
: electro—osmos:Ls machlne) ‘10% -

" Preparation: 150 kg. _catalyst 5780 Z 1Q0 (ground) are m:.xed w1th
‘about, 140 1litres of water apd 225 ce. of 52% HNO3 and 11 kg. of kaolin-
then added. .The mixture. is kneaded for 2 hours, spread on trays 5. cut into
cubés, ;air. dried. for 24 hours, dried 12—15~hours at 120°C and flnally
:Lgnlted for A—é hours at h50°C _ Do

_Qx_l_antltv lO tons per month

Cat alxst 6[;1;8

. Use Dehydrogenatlon oi‘ n—-but.ane to butenes.

- Composrclon.

R -
C A1203 (use ord:mary alumna for -
—— -~ . isd-butane dehydrogenat:l.on) 90%
L CRRREEE CI‘203 S Lo 8%

' . Preparation: 22.5 kg. catalyst 5780 (flnely ground), 2 kg. catc.lyst
5780 Z 100 (as peptlzer—b:mder), 1:53 kg KOH,.1.63 kg. .Cr03, 2. 7 litres
HNO3 (62%) and -about- 749 litres. water are mixed for about L0 minutes in:
a kneader, then formed into balls or cubes, dried at 150°C Tfor about 14
hours , and . fa.nally 1gn1ted at h50°C for” 4 hours. .

1

Qu t:Lt Quantity: lOO tons per month
s s No\s.‘_é‘_8ka.r1‘d 69 e
Catalx§t 6523 f'd"\fiq7t{fo.;_::le.::
Use' : Hyd.rogenatlon oi‘ phenol to cyclohexanol
I- hdr Pre aration: Catalyst No. 3390 :Ls reduced for 8 hours. at 309°C with
ydro € %

gen. (in situ;. high space. veloc:Lty, AOO—-éOO cu m./hr/500 lltres catalyst)
_and pur‘ ed w:n.thnltrogen.w- - - LT L

g ing “aromatic ‘middle o:Ll into. lower'boz.;l.lng
Comrers::.on of. h:Lghe' f{alkyl benzenes to -lower homo—




Comgosition: Catalyst 7187 plus 1% MoUB.

Preparatlon Catal st 18‘ _is soaked i

Sam Ele No. ll
Catalyst” 7187 o 8
Use: Cataly‘oac cracklng (atmospherlc pressure convers:.on oi’ mddl€
01ls into 1.>oparaﬁ{1n1c gasohne.) Lo , : )
Comgosltlon: i S T
T ST T8I0 T 85,1%
A0 9

- Prevaration: Kleselguhr (w::th 70% SlOz) and act:wat,ed alumlna (70/0 _
A1203_, ‘catalyst- 5780 Z 1005 are’ m:uced to astiff’ paste in. a, k:neader with
a little water and the ‘ddditich of 2" small amount  of’ nltrlc acid (sui‘-— '

" ficient sto:.chlometrlcally to'corvert 1% of ‘the A1203 to Al(NO3)3 This
mass is allowed to stand 24 hours at 60-70°C to Mripen®. . It is;fhen further
kneaded, extruded and formed into 6 mm. balls; > dried at lOO°C aﬁd ignited
at AOO° untll nltrate—free. There 1s no hunu.d:Lty control durlng the drying.

Qu’antitx - Planned to ma.ke 1oo tons per monti{

Elesk Nos. 36 and 37

Catal‘yst 10927: .. -

‘_lsg": L:Lquld-phase hydrogenatlon of’ ’c,ars.v' -
Composmlon 5% Fe on W:Lnkler generator coke .

1. ~Preparation: Wlnkler generator i‘:Lnes are soa.kea x.uth iron sulphate— -
. solutTon and then with tan’ ‘equivalent amoutit’ of | c._.ust:.c soda. solutlon, the
: concentratlons bemg adJus‘bed so that the f:.nal dr:Led product contains .

5% of TFe.

'VIAmnonla—Catalvst (No«number) S B “ ’

Use _ Ammonia s&nthesm from hydrogen and- nltrogen. Syz_'xoi;;._c:atalyst
(manufacture of alcohols from CO_ and H2).. R . RS _

Compos:.t:n.on ‘ S
'K.Fegog : 75%
e - . . Feo : ':: v': 20%
Lo A1203 L 19%
' .K20 A
PreEaratlon Flve tons of p:Lg Airon is melted by a dlrect. blast. of
ox;zgen. e containing a mixture of 200 kg. of crude alum:.na., .50 kg.

‘of alumm.um nitrate and 25 kg. of" concentrated nltr:Lc acld is: J.ntroduced
~-into the molten iren with continued blowing with O2. The melt is” allowed
“to-~cool’ and is-broken up and'screened, to the deslred s:Lze. o Qcygen con- .

I summ::-.on T 5000 cubic met.res
ot SamEle No. 23 = Synol Catalyst".
8#2;‘* i~ 118 =




T, "‘mmmmy

I. G. Experiences mthl-fw}drogen—Res:Lstant 'St/eels_'

The following information was obtained'at Leuna from Dr, Wyszomirski
and Dir, Strombeck, For the early 250 ats, ‘hydrogenation stalls a 6%
chromium steel (N6) was normally used, This‘had satisfactory hydrogen~
resistance.properties but its creep strengthi' limited its use to pressures
not: exceedirig 200 ats, 'at-560°C. For 350 ats. stalls 1% molybdenun and - -
1% tungsten was added to N6 to give a steel which was designated N7..
‘These additions improved the creep properties but resulted in difficulties—
in fabrication and.in heat treatment., Molybdenum and- tungsten contents
were accordingly reduced to 1/2% (N8) and the resulting steel was fourid
to be perfectly satisfactory as regards heat treatment which simply con-
sisted of quenching from 700°C, No annealing was necessary and no heat |
treatment. was required after welding, The steel was suitable for vessels
‘operating at 350 ats, pressure and at ‘temperatures up to 550°C.. It .could
also  be used for'the cooler parts of 700 ats; stalls, R .

- qw”An_gnpﬂrwcm _e__d;,:matexﬁ.Al"\~IésﬂnéVéi'thé§ss'irequiredffoih-\-’?oo;éﬁsxﬂoperati'én‘,“_"“
particularly in the prehedter elements., - V2A could not, be obtainéd because
y of nickel and a new steel (N10) was. developed which had

i

of the short supply
the following analysis:- -

. Carbon

. ok
. Chromium - . 3.0 - 3.6%
- Molybdenum - . 0,5 - 1.2%
.. Tungsten. | b 220438
" Vanadium = . >0.75% .

Dr. Wyszomirski explained the theory behind the development-of this- .

steel, - Pure iron-chromium alloys have a very poor creep resistarice but - .
this can be overcome if the steél ‘contains finely divided carbides, In: .
order to obtain d: suitable ‘chromium/carbon .steel-the ‘chromium content must

- be limited, " Too much of ‘this  component tends. to absorb. the carbides and’’ -
also to’increase the.graim size of disseminated carbides thereby reducing .

creep resistance, .. .: TSI N

o v'Thei_Qomp\csyitioigf of N10 is' very.critical, “A 'minimum of '0,18% carbon
is required to give the" creep quality-but a content. of~0.22% must not. be
‘exceeded if welding. difficulties are to. be avoided, = At least 3% of . 1
~chromium 15~ Aeeded to_give the-necessary hydrogen resistance; ‘more than
3.6 of this.component has -an adverse. effect .on créep .properties, - At. least:
0.5% molybdenum is required to give a workable steel-but the 1.2% has the
same effect ‘as excess chromium in reducing ‘creep. resistance, Vanadium is .
necessary from creep considerations but this-comp nent:‘appears to be re~. -

sponsible for much of the difficulty which has beerl experienced in getting

an-even -distribution ‘of. fine carbide. grains in the st eel. 7
I _add_iﬁiétx’-fé, ':c‘:aref'ul lé.dr(lt:fol of thecomp051tn.onof N10 the I, G..

pay great’'care to its heat treatment, . It is- first_heated to 1,050°C and
when' it has’ assumed ‘an even temperature; it'is cgélgd'thxiqp_gh__jthe_gﬁx_'r?.r}‘gﬁ‘

82 gL



800-600°C at_a minimum rzte of 9‘§°C/m;|.nute. This is to -avoid the.complete
“transformation of” austenite via martensite to “pearjite, If “this.treatment
“does not result in eve)LpnopertJ.es of - the steel it- :Ls reheatedJ,O»l 150°C—
—and the process is repeated R e A TR SN Gl s

A speclal heat treatment bench,was developed deahng w:Lth preheater
elements, A complete element- was laid hor:.zontally on a brick bench which
was so designed that each leg of the ‘preheater Was immediately above-i long
25 mm, vide slot which extended the full’ lqngth of- the element., -Compressed

-~ air could be injected through the slots by '‘means of a series of ‘jets. The
‘¢lement was heated electrically 'by passage of a. direct current and even -
 heating was ensured by prov:qu.ng a removable :msulated cover f::.tted vp.th

auxxlnary clectrlc heat:mg elements. - '_.W: v v

When the preheater element had’ attamed a- temperature of 1, 650"0 the
top: cover was removed and: replaced by an” arrangement by which, air could be
:melnged on the preheater tubé’ from above. Dur:mg this- -charige of covers”
the preheater element usqally cooled to 850—-900°C. Rapid control cool_lng
dovn to 600°C was then carrled out by means of the air Jets. e e

Trlals had been. made with water i‘or rap:Ld cool:mg but thls method- was-
f.‘ound to-be less rehable t‘ha’n ‘the- alrmoohng*method-partlmﬂarlym the
'ase of i‘:m tubes whlcb scaled badly under“water treatmerrt _

Flnally the steel was given a secondary heat, treatmerrb cons.lsin.ngkof
: rehea.tlng to 680°C follo‘Wed"by‘ slow coollng :Ln air, ; o

The I. G. clalm tha‘t *the above method: of heat treatm_e/,nt results in at
lea.st a 33,0 hlgher creep \strength at’ 560°C than :Ls obta:mable by 011 quench—

1ng.
Enamel_l_mg of Preheater Bends

[

It has been menbloned 4in-an’ earher sect:Lon oi‘ ‘ohls report that troubles
had been experlenced at Leuna ‘with the erssion: ‘of - preheater ends when work- -
'lng ab hlghl paste rates. In an attempt to overcomeé this eros:\.on, experlments'

. ‘havé been made’ with' enamelled prehgater bends., Difficulty was’ experlenced R
in gett:mg an even distribution_of -enamel powder over the-irner:surface ‘of
“the ‘tube and in. coohng ‘the bends sufficiently rapidly to avoid an uneven
'ena.me], layer® resultlng ‘from the flow of molten’ enamel, Enamel is in any
. case useless for" pressures above 325 ats, because differences— An expans:Lon_
“in enamel, and steel led to craclo.ng of the enamel layer. RN

‘_ Chrom:mm—Plated InJector Ra.ms“"

‘plated chromum Pams’ were found to be very

; . fo to; 50 ats.;- reasonably -good- for working up - to
250 ats. but useless for 700 ats pressure. The makers tried to 1mprove

-~ the chromlum surface by hlgh frec}uency electnc treatment “but’ ln.ttle suc—

. cess was achleved, = : :

TLne -
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“Material for Butane Dehydrogenation Reactor Tubes

wf'FFBO;;e‘BO “chromium steel with-about- hO”lnlckel and about 0,103 of
carbon, was found to be satisfactory mechanically but it catalysed carbon
formation in the ;eactlon, Dartlcularly at low space velocity. - -

Materlal for Catalytlc Cracklng Regenerators o

For the regénerator of the catalytlc cracklng ‘unit whlch was to be |
erected in the Kuchuk:plant at Nledersachswerfen the I. G, proposed to use
a steel of the follow1ng comp051t10n

Chrqm;um; o8 —‘1.0%.
“‘SiIicon : 0.5%
Carbon - ] . 0. 12%

Thls steel was stated to have excellent reslstance to oxldatlon.

BL2 Z1a



éflﬁtroductib'gr—» o ,

‘Practically the ertire;Blechhammer Staff left the plant at the end.-

of January, one or two days-before the Russians entered the area.. Follow-
ing a pre-arranged plan, they congregated.at Naumberg about.20 miles from _
Léuna vhere an office was set up to arrange for their distribution to other °
German hydrogenation plants.-By the énd of February, "Naumberg was so full
of "evacueks that ‘tite authorities insisted on the removal of the Blechhamter
people and a large proportion of ‘them went to Vorhum, near Peine (Brunswick).
The movement of thése people was surrounded with.a good deal of “secrecy due,
it was disclosed; to their fear of being handed’ over to the Russians for - _
restart of the Blechhammer factory. The managing director of Blechhammer,"
Dr. Josenhans, was-interviewed ‘in- Naumberg and Dr. Kronig, the chief chemist,
-was interrogated at, Vorhum, =~ : SR T

_ 700-ats. pressure hydrogenation of ‘selected Upper Silesian coal pro-.,
vided the main source of liquid products at Blechhammer, - Hydrogen production
was based on gasification of medium'temperature coke made by carbonisation
of bituminous coal briquettes, The tar produced as a by-product to_coke .

manufacture was obtained in two fractions by controlled condensation, = The
dighter fraction was sold as Navy fuel oil-.after topping off light petrol
~ and the heavy tar.was used as a pasting oil component in the coal hydrogena-
tion process, - - © R \ A
~“The origiml plan was to hydrogenate coal.in the ordinary way, i.e.
 recycling to the liquid phase stage-all products heavier than middle oil, ¥ -
Berore the erection of the plant was completed, however, it was ‘decided
‘to increase the production of Navy fuel oil by operating the liquid phase. -
hydrogenation stalls™in-such a way that the production of distillate heavy
0il exceeded pasting oil requirements, Blechhamner data on.this method of —+
operation are of particuldr interedt because theyprovide a basis for as-
_sessment “of a'tHree-stage coal hydrogenation process, i.e. 700 afs. liquid
"phase hydrogenation of coal to give heavy oil, middle oil-and petrol, liquid
. phase hydrogenation of distillate heavy.oil to give middle oil: and petrol; "

and- vapour phase hydrdgenat‘i‘on'“éfimiddle oils.tq_p.et::gol products.

Another change which was made to the original Blechhammer plan was <"
that as the shortage of aviation fuel became more acute, it was decided to. -
make ayiation fuel instead of motor petrol, D, H, D. , butane dehydrogenation
and alkylation units were therefore erected.. =~ .. . - T
- Ten:medium temperature carbonisation units were installed, each with
a design .capacity of 275 tons/day of coal. "These units behaved very satis—
factorily and a throughput of up to 325 ‘tons/dey was achieved, The toal .
was briquetted using sodium sulphite lye from paper.manufacture as a binding-;
agent and-the finished briguettes, contained 2% of moisture and 12% of ash. -
‘The coal had a carbon content on the ash-and-moisture-free basis of 83.5%. " |
Thé ‘tar'yield on carbonisation was 9% by weight on the coal, the heavier tar
fraction amcunted to 35% of the total tar.” . -~

[N
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The carbonisation units were. “started up in October. l9l+3.mBei‘ore the
“hydrogenation’ plant was ready, the tar middle « oil, topped t£6120°C in order
to reduce the flash point below 85°C C, was soldas fuel oil and the heavy
tar was d::.sposed oi‘ to other comparues for use as road tar, etc. ’ —

. The hydrogenat:.on plant actually :Lnstalled at Bleohhammer mcluded
four liquid phase stalls: for. 700 ats. ‘operation, Each stall had four con-
verters similar to those used at Gelsenberg. ‘The internal diameter was
1,000 mm, and height 18 M. The internal diameter of the reaction basket
w;s %50 mm, a.nd the reacticn volume pronded by four converters was roughly
3 M‘-—, . y, : . . . : . :

‘ Two vapour phase pre-saturatlon stalls were :Lnstalled Each had three
converters and was designed for 300-350 ats, operatlon. . The plant was
equ::.pped with’ two .vapour phase splitting stalls f:l.tted w::.th two converters
each and des:Lgned to operate at 300—350 ats. ! . S

The coal used i‘or hydrogenat:.on was sPec:LaJJ.y selected Upper—Slles:Lan
coal with an ash content of 5% and a carbon content on, the ash—and-monsture—-
free-basis-of 80—82% : T

-~ G
b

Itﬂas or:Lg:Lna]_'Ly planned to-add two- further sections to the hydro-
_genation® plant each- camprising two 700 ats, lquuJ.d phase” units 5 one’. .pre- -
s aturation- and one. vapour phase splitting sta With these add:Lt:Lons o
the total output of. Blechhammer was to have been 14.50 OOO tons/ year oi‘ motor
sp:Lr:Lt and 500,000 tons/yea.r of fuel o:|.l e -

It was. cons:.dered lJ_kely ‘that the demand for ‘fuel o:Ll would decrease S
and accordingly, -consideration had been given to the erection of one or more'.
additional 700 -ats, stalls demgned for the- catalyt:Lc hydrogenatlon of dis-:
tillate coal. heavy oil to middle oil. 'The idea was to re-distil. distillate -
COd.l heavy oil leav:Lng a 10%" heavy ‘residue which would be’ returned as’ pastlng :
oil' to qoal hydrogenatlon.‘ The-distillate was toi.be hydrogenated over 8376
catalyst at 7OQ ats. and at a temperature of aoout ASO°C 3 ,

.- The hydrogenatlon piant started up in. Apr:.l 1944 but by July, bomb
damage to other hydrogena.tlon plants had resulted in such a large’ surplus
avallab:.llty of brown.coal:tar: that it was décided to’ :.mport this material
for hydrogenat:.on at Blechhammer. Dur:.ng the three months: An whlch the’ coal ’
hydrogenatlon plarrt o;;erated it was stated that operatlon was extremely

;sat:l,sfactory. St

It Was found that for the hydrogenatlon ‘of brcwn coal: tar 1t Wwas . _
necessary to increase: the: number of converters in- each’ oi‘ the vapour: {phase
stalls to four.  TIt: was found impossible to operate Tiquid phase. hydz‘ogena—
tion’ of brown coal tar-at 700 ats. because the_k,rate ‘of . hydrogenatlon of:
asphalts was ‘so nlgh that catalysts could not; be kept in ‘suspension . 1n the
reactlon vessels Pressure vias, accordlngly reduced to 400 at... o

812 123 _



Details of -Coal Hydrogenation to give Excess Heavy 0Qil

- The flowsheet “shown in Fig. XXXIX was supplied by Dr. Kronig. For
simplicity, it refers to.operation with 'coal as the only raw material. .
Actually, the amount of heavy tar-which it was proposed to-introdice into
. the coal paste at Blechhammer was comparatively small. -and would nét, greatly

influence the flowsheet /figures, - All figures are tons/hour and refer to
the operation of the total plant installed -at Blechhammer;.i.e. 4 liquid .
- ‘'Phase and: ) vapour phase stalls.. = . o o
" The' ¢oal was.crushed and the -first catalyst, iron sulphate; was added .
before drying, Dr. Kronig considered that better results would be .obtained
if the iron sulphate was added as a’solution in order to obtain more even
distribution, The mixture was thén dried and it was stated that during this
process, neutralisabion Qf alkaline coristifuents of the coal ash ‘was ‘effected,
- The dry coal, with 2% of moisture was. next mixed-with approximately.1l.5% of
its weight of Bayermasse, a residie from aluminium preparation., ‘This Bayer-
mdsse'was previously dried to a moiture content’ of -15%. A third catalyst,
0:3%onthe-original coal of ‘sodiun sulphide, was next-added, immediately
prior to the pasting stage.. . 0 T Lo 00T o

... An order to produce he;vy oil as one of the new-formed products of -,
‘coal hjdrogenation; -it:-is necessary to reduce to a minimum the amount of
‘recycle heavy oiliin the coal paste.  This necessitates the use of paste
with a maximum coal.content and the use of middlé oil as.a. pasting .oil .
component., . ‘Special difficulties are thereby introduced..: For- example, ',
heat . exchange between ingoing paste and exit products dis not satisfactory -
with very thick pastes, Agairn, pastes made up of light. oils. and:.containing
a low contentration of asphaltstend to settle when Hot, .These difficulties
‘were overcome' at Blechhammer in'the’ following way: ~All the coal was first
‘madé "up into’ a-thick paste.cont aining approximately. 51%. of Fotal. solids.
About LOF of this thick paste was injécted directly: to ‘the-preheater, by- .
passing’'the paste interchanfer.  The remaining 60% was diluted down to
-approximately 43% total solids, iJe. haximum solid’content -for, satisfactory
paste interchange, and injected €0 the hydrogenation stall-via the paste -
interchanger. In order to-guard against settling of .solids in the-preheater,
as much'as-possiblé of the -diluent oil was supplied as high. asphalt content -
‘heavy oil let down from the hot’catchpot.  :Settling in the preheater was: .
further guarded against by circulating a quantity of »héavy-_oiji let ‘down from
the catchpot- to the preheater, witholit cooling:or letting down ‘to atinos— . -
pheric pressure,. -This recycle was carried out With the. same type of remote .
control hot -recycle pump as used in the tar ‘hydrogenation stalls at Leuna.

..

U A s 11 amou.ntof pastlng oil (5% on’ the :c,o'al: .t:fééited»):-f-wés . cqntiﬁiibuﬂya

“injected direct to:the prehieater, * The object of this'was, fifstly, to pre- .
"ver_'ﬂ}f-f plugging of~the preheater in'{ ‘evéntiof a breakdown of the paste . - :
“injectors ‘and secondly, to ‘provide ‘a lubricant film between the paste ‘and the

iner wall ‘of sbhe preheater tubes.

L2 4 '12#"‘{
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‘The total liquid injection to the stall was equ:.valent to a rate of
1.9 tons per M3 of react:Lon volume per Hour, This corresponds to the treai
ment of 0.65 tons of ash—and-molsture-free coal per M” of reaction volume
;per hour, The figure supplied at Ludwn.gshafen for complete 700 ats, hydro«
genation of bitumirious coal.to m:dele 011 plus petrol was- 0, AS tons per M
‘of reaction volume per. hour. , .

The paste temperature at the exit’ of the :Lnterchanger was not allowed _
to exceed 310°C. The exit temperature of. the prehecater was usually con- .
trolled to L15°C and was never allowed to ‘exceed L.,25°C The reaction:
temperature in-the' converters was kept “as’ u‘nn.fom as’ poss:.ble at about l+85°C.

The clrculatlng gas rate was equivalent to 3 5u3 per kg. of. ash—and—
mo:.sture—free coal. 'The. hydrogen partlal pressure of the lnlet oi‘ the con- ;
verter system was. 585 ats. o o ) | . :

e -,The_whclevof the- products from the ~hydrogenatlon reactors passedrto -t
hot catchpot which separated heavy liquid and solid products.to the extent
of 45-50% of the ingoing paste., Some 12%.of this product was recycled hot
to the preheaters gs already’ descrlbed The remaining 88% was cooled and
let down'to atmbspheric pressure, ‘after which a further 12% was’ returned
direct to pasting as diluent for Uthin" paste, ~The residual 76% was mixed
with roughly 70%. of 1ts ‘wéight of diluent heavy oil:obtained by topping

off petrol:and middle oil from the cold catchpot product and\ the mixtureé
was figalled. The fugalled filtrate was used as pastlng on.l and the resldue
was ca.rbonlsed for—recovery of 01l o : : . S

The i‘eed to ‘the ca.rbonlsatlon overns was glven a prel:mu.nary flash
distillation treatment to remove part.of the 011 Recovered oil from the '’
flash dlstlllatlon and carboriisation ovens' was used as a pasting oil con—.°
~stituent., The coke-from the carbonisation ovens contained. all the ash, «~
constltuents of the original coal plus the catalyst plus the coke equivalent -
to the coal which had resisted- llquefactlon by.the hydrbgenatlon treatment
The lattei' amounted to roughly l;,%on ‘the a m, f coal fed ; .

'. The ei‘11c:|.ency of recovery of 011 in the two-stage sludge carb%nlsatlon
_'pla.nt was .of the ‘order of 75% and the oil: lost -at this stage a.mouated to' B
L5 - 5% on the a,m, f ,coal treated i o : .
The vapors i‘rom the hot’ catchpot were cooled and the condensed l:Lqu:Ld
seoarated from recycle hydrogen in the cold catchpot ‘ The llqu::d product .
-was let down, separated froim aqueous liquor and distilled to’ give-0<1609C,
160-210°C 210-325°C. and : > 325°C" fractlons., Roughly. half the 210—325°C
‘and” tWO*—'bhlI‘dS ‘of ‘the” >325°C cubs were recycled as’ past:mg 011 components
‘The yields of new-foried: o:.ls s expressed as welght 7 on the a, m f cogl - -
_treated were apprommately —g ] : .
00 ~160°C 8 2%
160° - 210°CE. L
210° _- 325°C ) f .
325°C'_-,- ;
Total




._dip—jz5r°Cr—nudale‘-;oi—l{ahd' -325°C‘77disti‘llate heavy oil were blended
in the ratio of 1:2 to-give fuel oil, ‘the yield of which amounted to 32.5%
by weight on the a.m.f. coal treated, = ) o

-~ The remaining m;ddl]‘-eoil blended with the lighter boiling fractions
was subjected to vapour: phase hydrogenation in two stages, 'Pré-saturation
~was. carried out over 8376 and 5058 catalyst, follgwed by splitting hydro- -
genation over 6434, | s, ST o -

ngg'pr'e-ssaturation"was‘carried',..out in two stalls, éach with three
.converters--of 8 M° catalyst. volume, The first two .converters were packed
with 8376 and the third with 5058, .The . pressure-was 3600 ats., mean. reduc~
tion temperature 410°C and the maximum throughput 0.8 kg. per litre of
catalyst. per hour: The yield of saturated product: was 97%. by . weight on the,
feed.. . This: product was ‘distilled:to give a petrol fraction which was-blended
in a final petrol-product and middle oil was fed to splitting hydrogenation,
The. cutting ‘temperature depended on whether aviation or motor fuel was re-~
quired., ‘In the former case.a ‘0-1552C: fraction amounting to roughly 45% of
thé saturated product ",_vy_as,_blende_dfdinectminto%hed}inai»pebrol";”—":"-j"*-"_‘-’T'»?"“'""f:“ -

.- The residual middle oil-was hydrogenated in"two: stalls 5 each with two
converters of 8 M catalyst volume, .packed with 643l catalyst, —Pressure
‘was 300 ats,, average mean ‘reactjon temperature 390°C and maximum through—
put ~ 1 kg per litré per hour, - ‘The-conversion-per pass was -50-55% when °
making aviation -fuel and 65~70% when making motor petrol., Yields were -
81-82% by weight of the feed of 0-155°C aviation fuel, or-alternatively,
91-92% of "0-185°C motor gasoline. " The former had a volatility of. 55% at. .
100°C and a clear octane number of 74 which could be increased to 88 by
-addition of 0.09% by weight -of TEL.. . The volatility- of ‘motor petrol was =
"35% at 100°C and the clear octane number- was- 70, The final blend .of _splitting
stage motor petrol. with the light distillaterfrom the saturated product. had: -
‘a clear octane number .of only 64... It was intended that ; when.making avia- -
‘tion fuel, the light dis't,illat_eg.from the saturation product should be treated
by the D.H.D, Process;. A'D.H.D, “plant with & capacity of 26 tons/hour. of - .
feed had been installed.. : An allylate plant.for-the-production of 643 tons/-
-“hour of final product had also been built’ T e el TR :

~Phenols in the liquors from both coal carbonisation and coal hydro-

genation were éxtracted with phenosolvan (isobutyl acetate). .- This.was a .
development made’ jointly. by Lurgi and the I, G. The.two liquors.were | . ..
‘treated separately and’ there ‘were three plants; two. operating -ahd_one spare..

_---I:was intended ‘to. increase the ‘out put of phenolic products.by washing -
‘the 160-210°C. petrol-fraction: with recycle hydrogenation-plant. liquor from -
the phenosolvan extraction’ plant, This washing_‘»wa‘.s\‘;—tc}'be;-‘carzi_ed' out :lgppn‘t.e;'é-‘
‘current at’ a temperature of T5C. L B R

Thesggnt liquor from the henosolv ~plant contalnedratherlessthan
200 mgs. of tar acid per litre.. ;‘-r_'yI‘hez_:"eb‘_,V{'e’re'_se_ri’oﬁls_-r'estricti'on; on effluent =

 disposal at~Blechhammer and the~spent ‘liquor had ‘tobe treated.in the fol- -z
lOWingWay; i : AR _-;5\ ‘. ) R

1;‘.3‘*2 = T



it was first diluted with recycle cooling water to reduce tar acid
content to'20 mgs/litre and to raise the temperature to 25°C, It was _
then treated with diplococcus-type bacteria which reduced-the tar acid .
comt enty t'o_z_;mgs/litre. Effluent from this treatment was finally pumped
‘over waste ashes from the. power station; when phenols were oxidised dovn
to less than 0.5 mgs/litre, - o

Treatmérrb ofi'Hydrocarbon Gases . o - ‘

.  ALinde plant had been erected at Blechhammer in order to provide
methane, ethane, propane and butanes from the mixed hydrocarbons produced
in the hydrogenation process. These separated gases,-apart from those
required at Blechhammer for alkylate production, were to be sent to.
Heidebrech ‘for use as chemical raw materials, A pipeline, & km., long,
had been installed fqr this purpese, ' R L

Costs S

. Very little data on, costs were available. The delivered cost of coal
was 10-11 marks/ton, skilled workers were paid 80 pfgs — 1 mark/hour and -’
unskilled workers: 55-70 pfgs/hour. The middle German brown coal tar which

was supplied subsequent to' July 1944 cost 80 marks/ton. -

" According to Dr. Kronig, the estimated costs of production of heavy
oil-and aviation petrol at Blechhammer were 250 marks/ton and 450 marks/ "
ton. respectively. 65% of these-costs-were capital charges which included
interest on capital at the rate of 4-1/2% and.amortisation of the plant ‘ .
over a period of 1l years. ’ C L S
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f[ntro&iict ion u

" Several: bus-loads of staff and workmen from the Hermann Goering Works.
at Brilx arrived at Leuna®n the night of 12/13th May. They had left Brilx
on the night of 7th/8th May just before the Russian entry. The party in-
cluded Dr, Damm, the managing director. and ‘Dry-Amon; the chief engineer,

Dr. Ottens, the chief chemist of the plant had been ‘separated from the main
party en route and was expected later. Dr. Damn ‘had no papers and was in
no-condition to give a detailed account of the plant and its operations. -
He disclosed that_arrangements. had been made-in March to evacuate to:. . .
Schwalz;zeni‘eld;,‘ near Ambar"g, Bavaria, in the event that. a Russian. oceupation
of Brux appeared likely, When the West.ern advance. developed, this plan was ‘
dropped ‘but a considerable .number. of documents. were: evacuated to theé Por- -
‘celine Fabrik Buchtal A, .G. at’ Schwarzenfeld, . A further batch of documents
had been sent to the Kohlen Chemische Institut at.Claustal in the Hartz .
Mountains." Others had been hidden in the central shaft of the brown coal -
mine at Brux, LT o s ' . SR

It was 'the intention éf. ’c;h.e. Brx'bc:si;ai-‘f‘ to ’proc.ee”di to the Hermann '
Goering Works at-Walenstadt 5 hear -Brunswick, where.they hoped :to work. out

a plan for distribution of people to other works, - .

General Outdine of the Briix Fa{:tory.» T R Lo

- The plant, erection of which was commenced in -3_:973,9:,‘ consisted of the
“following sections: @ e S e B S

o= L 3

(a) Brown Coal Carborisation

This consisted offour groups of 20 carbonisation units designed
by Lurgi to operate with recycle gas. The coal carbonised was the
local hard brown coal containing 30% water. Each unit had a through-
put of 250-300 tons/day of :wet.coal, -Parts of this plant commericed
‘operation in 1942 and by-May 194/ when the programme began to be :
JAnterrupted by air raids, 60 units had beéen erected and 55 were .
working, ' Tar yield was 10-12% by weight on the coal carbotiised and :
middle -0oil and heavy tar were produced separately by fractional con=
densation of the tar vapours, It was ‘proposed-to sell the middle:
oil as heating oil after topping it ‘to increase the flash point to.
>85°C. The heavy tar was to be the ‘feed to the hydrogenation plant,

{v)~ ‘Hydroken ’Prdductioin_- '

., 7 .Six large Winkler Generators;. each with acapacity of 20,000
M?/houx:-n%vﬁater“ga_s, were ‘installed, together with Linde units for -
oxygen manufacture.~ The hydrogen. plant for comipletion.of the .. -
reaction CO + HgO = COp.+ Hy operated at 12 ats, pressure.. Nine
‘hydrogen plant units were ‘installed’ at ‘Brux.: :They were'all Bamag
‘design. IR R : ,

az Lo



The ,anﬁiQipatfgd steam savings were not, achieved and initially
trouble was experienced by salting up and corrosion of parts of the
plint. Trouble was also “experienced with the life of catalyst which
‘had to be'removed every 4-6 weeks for cleaning by rumbling ‘and siev-
ing.” At ‘times, the operation of the hydrogen units définitely limited -
plant operation and Dr. Damm was- firmly of the opinion that 'a\tmos—

pheric pressure }gydrogen' sets a'rev"qo be preferred. —

(¢) Hydrogenation Plant

' . The hydrogehationA plant ‘was in two sections s each cénsisting
- of two liquid phase stalls, two pre-saturation and two splitting.

hydrogenation stalls, Tach stall had four: converters operating

‘at 325 ats. The anticipated output of final liquid proéducts from
‘this plant, i.e. fuel oil_from'carbo‘nisatiogi + . petrol and diesel
oil from the hydrogenation units, was 600,000 tons/year. -The

plant began operations ¥n May ‘1943 and by May 194l output had been .
‘brought—up~to 45,000 téhis/morth. " Bonbing conmenc ed in May 1944 and
continued at regilar intervals. The output of the plant was greatly
reduced as a result and in the last 6 months of 194/ was only 20,000 -

tons.of liquid product, Output. during 1944 .was* 100-120,000 tons.

It was consMered that, apart from air raid damage, -the. output of
the complete plant. could have been easily increased from 600,000 to
1,000,000 tons/year: liquid product by the addition of two more liquid
phase stalls and by increasing the capacity: of the’ carbopisationz/

plant. . B

... The brown coal tar was very rich in phenolss  ‘Aquecus liquors "
produced in the carbonisation and hydrogenation. plants. were. ex-"
‘tracted with phenosolvan as at Blechhammer, Phenols from the crude
cold.catcipot. product of the hydrogenation plant Wwere ‘recovered - ‘-
by-a. methed’ developed by .Koppers. The product was subjetted to
steam distillation and the -distillate passed through caustic soda '
solution and maintained-at about:100°C, the resulting phenate being
worked up'in.the’ ordinary way. A third-source of phenol was the light

o1l from the carbonisation units, which-was extracted with caustic
Tsodal, T e e T e T EEaR
. The phenosolvan extract was very rich in’catechdl. . The.crude
.extract was. purchased by- the T, G, and was worked up at Leuna, aThe
-rest: of the caustic. soda extracted phenols were worked up at’ Brux. -
and sold through the Phenols Sales Board in Berlih, Refining was '
jz}Qt,_.ga;x;r‘ied.._be‘ycndff{_ﬁéj'ém‘delica‘fbplic'"a.p_’i_d_ga,nd;»‘crgde ‘cresols. stages
. although it was int_;e‘r"xded;1J,;a;t'e;z,;,td,iir‘1'3tall ‘plant for the production:’
. of pure phenolic products,” .-, i A el e ey

Operation of the-Hydrogenation Units

IR

th the cold eatchpot” product
325%C and heavy o1, the |



—using-a—suspended iron on G

"remoVe Pyrites:from the coal carbonised.. ...
o

Lo camm e, o 0 o

‘latter being fed to the i ﬁg;f)has"é,hydﬁogenétiorfétaﬁagd;hYdfogenated;
rude’ catalyst. L : .

. The Brux tar was ‘quite .difference from Middlé:German brovn coal tar.
In-addition to its higher content - of ‘phenols;: Including-catachol; it had

a considerably higher:asphalt ‘content. . It was-also apt ‘tocontain arsenic
;compounds which gave. rise.to.considerable itrouble:in.the ‘plant,. Arsenic
fcompounds' were found in déposits in the pre~saturstion hydrogenation stall
interchangers ‘and.on the catalyst. ~The ‘source.ofthe arsenic-was thin
‘bands of high arsenic content Pyrites in the coal. As a temporary measure,
troublé was minimised by careful-selection of the:gdal . but:it: was inténded-

to iNstall a coal washery, ‘operating the flotation process in order to

BN

B o T R Y R TRt o :
S Pry‘Amon stated that ordinary gas-fired prehéaters were used for the
liquid phase and:the :Splitting  hydrogenation stalls ‘but- the preheaters for

the f.pne;saturati’or‘r stalls were electrically hedted. L

Cds‘t's:‘ A .

RN . :-"'f':“"n' i v“:‘.-‘..‘ ';'; T v > ‘

\ 1] ons/yearliquid prodicts; it had been
caleulated that motor gasolihe would cost ‘260 fiarks/ton ‘at. Brux: * This
assumes that: §rude wet coal “costs 12 marks/ton tHelivered, and is‘made up -
as follows: ' : SR e e e T

At the full output of 600,000 &

. Rawmsterials ' ' 120 marks/ben |
. Operatihg costs - . | 8O M. owLoTin o d

The cvo‘rre’;spor‘lding ‘cost of .hea“c{ing_, oil was ‘estimated-to-be 220 mérks_/ ‘ton.

Present Condition of Briix Plant ,-"._.‘-

' When the staff left Brlix, T6-Satbonisation whifis were capable of
operating and another"six dould havébeen put on' line Very-quickly.: Dr

-Damm considéred that: within .12 veeks, |30 carbonisatiofi units could be in

operation. Three Winkler gas ‘Geherators were in-operating condition and

C

it was estimated that the Linde-plant could be made to operate at half

" capacity in 1-2 months" tiie, given: freedom fiom sir raids.” The same was

g

~was. in running order-andra second cowld be put on’line’in four weeks. Two'

considered to apply for.the hydrogen s_eﬁ\s €05 and €O removal-and. compression.

" KS far'as the hydrégenation plant was conceérned, ohe liquid phase unit

- saturation and two splitting hydrdgep}a_tion"‘stalrlsﬂ were" in working order. -

&y in air raids. but Dr. Damm considered.

Storage tanks had suffered b

_that safficient tanks were availabls for operation of ‘the plant-at roughly
.half its:flowsneet.output.* Most of the storage tanks were sunk about one- ——.

.. Undergreund Hydrogenation Plant

8ag

third of their height- below ground and were surrounded with 18n concrete’ walls

Josn : - 2

© -THo Hermann Goering Woikl

at Brix ihé‘dvl\st'_ai-ifé&* work on an underground hy-

- drogenation plant at Bad-Schenddy in“Polenstals - ‘This plent was'intended to.*

make’ 5,000 tons/month of petrol from ter, It consisted .of" two 1iquid “phase”
Wo_vapour ' phase ‘Stalls. end was ‘known ag Schwalbe IIT, -~ ’
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XKV GERMAN OIL PRODUCTION

- br, Bu‘tef:l.sch of Leuna was Chalrman of the W:Lrtschaftgruppe ‘far fuel
oroductlon and of A.R.S.Y.N., the organisation which co-ordinated-the pro-
duction programmes oi‘ the various German refineries, He vas questlonea
' regerdlng the overall Gervnen oil pos::.t:Lon and suppl:.ed the i‘lgures given

in Table IX. : S [ : .

The capacrty figures in brackets refer to plant in course of con-
‘structlon. Iubricating oil figures refer to production by direct refining -
Cof oil products and do not include synthetic lube oils )such as those made .
by polymerisation of ethylene. Production of llouefled Jbutane and .propane .
is not’ shown in thé table but was normally 25—30 000. tons/month Most- of
the Rumanian and Hungarian oil products were supplied direct to- the ‘armed
forces in the Fastern areas and these supplies are not included in ‘the
table. The total Rumaman crude product::.on was said to ‘be roughly 6 0Co, 000

tons/year. . S K i

B Of the German crude oil produc+ of" l 920 ;000 tons/yea.r, some 8=
900 000 tons/year came from the Austn:\zm i‘lelds 5 '6-700,000 tons/yedr from
the Hanover. district, 200,000 tons/year from Heide and’ the remainder from
Baden and the Pollsh front:.er ‘area, The German crudes, particularly those
from Austria which contained only 5-—7% petrol were partlc_I—Iy good i‘or
1ubrlcat1ng Oll productlon. o _ : ] L

: Exam:matlon of the table shcws tne overwhelmlng contrlbutlon of the K
hydrogenatlon plants to German aviation fuel product:Lon.‘ It.is also 1nterest-
:mg to note the negl:Lg:Lble extent to which F:Lscher-'I‘ropsch act1v1t1es were ;
1n process of extens:Lon.. : . S .

Further data on’ German achleved ‘and planned productlon of oil products
were obtained in the. form’ of graphs wh:Lch were found in' Dr,. Bdteflsch's :
Leuna—office, .These data are rea.sonably in: 11ne w:.th those supphed iper-.
sona.lly by Dr.- Bﬁteflsch. Nine of, the graphs are reproduoed in th:Ls report
as F:Lgs XL to }CLV'.[II SR , o ‘ : :

. Dr. Butei‘lsch and Dr. Ottens supplled the data :Ln Table X on the
latest spec:_f:.catlon for Germa.n 014. products.




- XXVII. -USE-OF- BOTTLLJD—P-ROEANE—AHILRIL’NNP FOR ROAD_VEHICLES-

_ Accorcl.mg to Dr. But,eflsch it was a:Lmed to turn 60—65% of all German
cars and commercial vehicles to bottled gas' fuel, —-Shor'tage of. 'steel and
labour :Lntcri‘cred ‘with this plan and priority hacd to be given to conver~-
sion of-trucks and vans.' .Actuyally only about 35% conversion was achieved.
The monthly consumption of liquid gas was.25-30,000 tons. This. compared
,with total consumption of petrol and diesel oil apart from that used by
the armcd services of 50 OOO tons: a month N
. Pule butane was never used in Germany as. bottled gas for road ‘vehicles.,
Pure propane was used for household hea’c.lng and lighting and it was also
considered desirable to use propane -in the winter months for road vehicles.
'In summer .-a mlxbure conta.lrn_ng up to 85% butane was considered satisfactory.
In actual practice, “a blend of butane and propa.ne An the proportlons whlch
COI‘I’BQPOHded to ava;l.lablllty was employed dur:mg the war. o 3 :

Dr. Scholt" oi‘ Leuna was the :anentor of much of the equ:.pment used An
conniection with llqdld gas vehicles, He supplied the follcwmg 1nfonnat10n
—on~ L G 'development “of "liquid- gds” vaporlsers. B T

In the flrst ‘gasifier to be produced in commerclal quantlty, hqu:r.d
. 'gas was vaporised by means of a.hot water preheater. and the resultani;
vapour-letr down in two stages, firstly to a pressure of 0.4 ats,"and i‘:!.na]_ly
' to —20 m,m, water pressure. -The sub-atmospheric- second—stage’ ‘pressure. en~ -
sured efficient .closing of the second-stage let down valve when the engine
was shut off, but it led to.difficulty because of a variable air/i‘uel ratlo ,
at. different-throttle - ‘openings. Air leakages backwards into the second.” - :
stage let down cha.mber were prevented by fitting a- non—return valve (actually
\gas mask valve was used) ‘between’ th:l.s vessel and the Jet chamber.

The second type of gasifier was s:Lm:Llar to the first ‘except that. the
second—stage let™ down’ pressure. was atmospheric. . In order to ensure that
'no leakage occurred when shutting off the engine, g stop. valve was incor-. :
-porated in the liquid feed line. This was connected so-that .as long as.. -
there was a positive engine oil pressure it remained open.' This model was
extremely satisfactory and Dr. Scholtz considered it to be the best gasi, fier:
which has been produced. It is, however; fa:Lrly expens:Lve, a pre—war pro-:
duct:.on _cost of 200 marks was. mentioned. - - - ST _

A cheaper type has been. develooed dur:mg the war costing only ?5-30
marks to make, ' Some 100-150,000 of ‘this type of gasifier have been manufac-
tured by the German Solex Carburetter ‘firm. ' The preliminary. vaporlsatlon ’
of the liquid gas is carmed out in'a coil heated by. exhaust gases. -The . |

resulting vapoun at.a pressure of 1,2 ‘ats, is let down fiFst to 0.4 -ats. -
‘and secondly to -5 m.m, water gauge.  This assures satlsfactory c. 'os:.ng of
the second stage let doWn valve and eliminates the rather expensive oil &
operated. stop valve, . At the same time it is sufflclently near atmospher:.c
o avo:.d w::.de i‘uel alr ra.t.lo varlatn.ons mth speed. ' N e

A thlrd type was belng developed in- wl'-:Lch vaporlsat:.on was brought*—

about. between the i‘n.rst and second let dcwn stages. R

Ny



Qamn‘l es_oﬁ_’ohese various types of gas:.flers were procured at Leuna,
-_together with detailed draw:mgs, They were despatched to London throughl
the usual channels but so. far they h(_.ve not materlal;sed

Dr. Scholtﬁ—sa:d that a hquld gas had been used for runnlng—.m all
aerc engines during the war. A report  giving a detailed description of
the set up employed 1s amongst the document., renoved i‘rom Leuna

- Sbme experimental work had been carried out at Leuna w:Lth a car.

' running on neat methanol and also on a mixture of methyl ether and.
methanol. B

2 135





