_he.first_seation.of the Teel 48 spparently ¥ continuatitn of
Alkylation work from the preceding film as it Btarts with Iiem -
.Index STAv  The framea in this souticn are not numbered, but at '

"thp begtnoing of each item, there e @ uotation representing the
bag, target and item'nusber, sugh es 3500-TL = 30/ 053¢ R

Tten Index #71 = Utdlity Requirements: for 50,000 ¥/Yr. Alkylation
ahts = July 22, 1941. This is & one page suansry ‘of .the-atesm,

cboling water, refrigération, elsctricity, ete. pequired by bn al-

Rylrti'on plant of the sbove capatity. : B

Item Index: 772 = Alkylation Operating Schedula, 1941, 1942, end 1945
‘gohlen - Septepber 17, 1942. The values given (ons frame) include
-operating bours pex yeer, average throughguts, and averuge yields.
Iten Index:#73 - Leuns Alkylation Operetdng Condifions and Relation
of Octéne Number to Iscbutane Concentration = 11/3/42. The single
~ page of this item includes a flom sheet with andlysis'of the hydro-
carbon. 8treans and two curves showing the ‘varietion of slkylate octane
number with 1sobutans .concentration when usingdsobutylene and normel
" putylene, The Lbina operation was with 40-45% igvbutane and 18-204
alkylato ctoncentrations. The inlet g8 was SE{.Q% ‘1’-‘-0'4'7, 13,08 P"?‘A*
ten Index _ﬂ% - Production of High Antlimock fasoline Through Aliy-
Tatfon of isobutane With Butenesl in o SemieTsthnical Pilot Plant -
January 20,.1942. ‘There a geventoen frawes including text, flow-

shest, and product distillation  curve of the aikylation results on a’
semfwtscimicsl scale from ifarch=-July, 1941 after the:origlnal devel-
opment of the process in the laboratory. ‘Digcugsions are presented
of catalyst, rate relations, formation of eniuiaions, temperature,
pressurd, end ‘througliputs. The information presented doee not seem
to be of particulsr significance,

Item Index #75 - Cemparison of tha Production of Alkylate with Buty-
Tene Production. by Catalytic Dehydrogenation end fhlorine Dehydrogens
lation by the Bahr Method. This discussion 18 Con’Eafned'onn teteen -
frames and consista of tuxt, detailed cost comparisons in tebular:
forn, and flowsheets contdining styesm spalyses for the various -
schemes. - The. Bahr method conolsts of thiermal chlorination, separa-
'tion of the monochYoride fplloLd by thermsl dechlorinaiion. - |The

¢onetruction -cogts were higher for the process using chlorine de
hydrogenation, but the' productis

costs were about’ the' semes



@

van Tndex #76 = Cost Study for Production of Alkylste Blinding Agent
and BT 100 by Various Methods - Ottober .15, 1942. ‘The vardous. methods .
differ essentially in the dehydrogenation process enployeds, . The.pro="
cesses are cotalytie: dehydrogenstion, Bahr’ thémal chlorine dehydrogens.
ation, and the Oppau-liquid phasé chlorination “under ultraviglet lights:
The twanty-two frames contain detailed cost, conparisons and progess-
flow in tho form of text, sumiary tables, and flowsheetd. -

Item Index §77-82 (See Index). ‘These items totaling twolve pages are
diocupeions on the requirements, provurement,.snd regenerstion of gul-
furic scid for the varbous alkylation plante. Included is'a table.
giving the production capacity as well.as scid requirenente of twelve
alkylation plants. The regeneration method employed .was dilution to
50% with water, removing the.conteminants, evaporating' to’ 96% apid and
fortifying. . . ‘ ,

Item Index #83 - Mixture hule - 8/18/41v Of no Amportences

Item Index #8L4 - AlkylationiUtilisation bf Fleoher Butane - 6/30/43. .
This item covering three frames gives a table gumsrizing the emounts
of isobutsne, n-butane, .end olefins which various plants supplied to
Leuna for alkylation. No process data:are given but desoriptions are .
presented of various eyuipment, materials , and energy requirements -
for & projected plant. '

Iteu Index f/85-#107 (See Inder). Various maps, ground plants, and
drawings of plent ereas, plants, buildings, location of equipment,
etc. '

Iten Index #108 - Construction Costs for Alkylation and Dehydrogen-
ation Plants at Bohlen. )

Bag 3043 -~ 'l‘argc_at; Noe. 30/[;.02 - Leima

The frames in this section are not numbered consecutively, but the pages -
composing the individual items are so numbereds -

Item Index 1 - Organization Chert of Merseburg lain Leboratory - Octe .
T, 1944, These five frames are tabies llsting the men heading.the var-
jous research groups and sections of the laboratory and the regpegtive
problems. In general, no ynusual development work seemed to be going
on. [Some df the general problems being investigated were: d tergents,
aulfochiorination), sulfF-oxidmt on;»IaulfoaiminatiFm of 1Eydr9mFrb;1:I
cutting oil development|, nitration of aliphatic hydrocarhon,| organic -
‘peroxides, plasiics, catalysis on .synthetdo: resins, inorganit tatalyals
kinetics, toEuene and xylene production, oxidation of hydro-

reactions, ety | |
carbans, mc] tor fuel production by h,irdro;; ation and by catalytic cjwirack-

ing, HF c’airalysie‘, and produckion o

' 1soprene fyom %goputylene.



ten Index 2= ¥inutes of Technical Ueotdngs of the Is Ge’ Farbm..
Thie saqtien totsling 193 frames, nuabéred cdnsecutively, containg

"the irinutes. of seven such meetings dealing ‘principally with’ de=.
vatopmbnt work at Leuna and Oppsu on ligm hydrocarbon pmmaeq.
Tha: ros\xlt.s and data, praeented appedr to ba falrly completd but,
withiout complete’ raporting of ‘the ‘disousaion. ‘The meetisige worb

helct ats

1o

2.

s
be

5
6.

;.7. ’

Oppau- = July-24=25,;+ 1940
Meérdeburg = Januaty 29-30, 9.
Berlin « April 22,-1941 |
Ludwigshafen = Maroh 16-17, 1942
‘Berlin - Jyly:16, 1942

Berlin - Noveuber'11, 1942
Berlin « January 20§ 1943

Thp -yeuhnical subjects under diaeusaion were:
Alkylation ngsoa and HF-BFg
" Dehydrogetiation - catalytic (Crz03) end with chlorine
‘Igomerization - Alcl3 tungsten sulfide under pressure
Polymerization = phos;:horic e0id end magnesium phosphat.a
- Qlefin concentration - uce of Agﬂ03 aolutions
Aromabisab:lon - Cr, 03
Michael'a liquid phase hydrocarbon synthesis
‘Paraffin (wax) synthesis
'Oleﬁn aynthedia and utiljzation

Raman, ultraviolet, x-ray and el1
¥etallic mirrors snd no

sctron dispersion analyees
~peflecting glass by high vecuum evaporationo

Methanol from CO and Hy tith subsequent reaction with beprens to
produce toluene
Use of rebidue from coal carbonization and from ddld. m'drogemtion of
coal for binding msterial to briquette non-coking coals to allow:

cokdng

Beridea the main topﬂ{cs, tjere is g}.ven

rk at Leuna- | sork

tion, CO| and ﬂ:}z reactions; .development of moving catelyst
% catalyat crackimg, kotone production,

! chllorina

In' gemmhl t.h¢ techmcal bapects. ere nbt. worphy of | t.rana]Lation, t.bougm ‘

faomo pcims

ion, powdereg -
‘adipic agid, oxompro
catalyst for ollLeﬁn ;)pydrogenation and

Was b

|

ba m«mtalonendo a

a top‘tcal summary

ing oarried put (N

i, fron catalyst lvdro?arbon\aynthm

v, 19 ) on

|
richment of hea

coal hydrogena=
for Colj-
n, products from

of the ruse:tv:

sis sulfido\
watero ]

KBT



g’ douydrvgmmoh At. % hg;cé’wl.th 1;0.6—0»‘? A—CMCI gawmghor
caucentrahimg <ol ool be- obtained’ oBtadyt cwusq'r:'

arhe gst phlymeitabdbn dafalyby. davsloped . 4 Tabs
pmp‘? miagrgadin pmpmmwm with's ;ncaf_;gol or -k epo}@hx.
Thteie WLyat 83'wéll’as goppes i ﬁhate pold-he. inpraved by thie
Q&iunn rw 80w per dent de by adding an'ofl and -

: Q5W$

‘The ncttvit& o.f ,zor mammm gini_ be. $mprQVed by the addi-
tion 9! § "»’ bgj. ofi 841ieon . tetran)ﬂnrlde., By

X - j-,-z .Synol fatraight gmm alcohols” from water -gae) and
on:,; aynthaaj.um 19u an .',zpter. Ihis. gestion’ consists of- 56
dng 306 {ragies, oudbered conbecutively, deale
he, develophiant o2 dsdn catalyst ayntlissis pros

01 7slda, praguct’ dintﬂbutiop, and quality are.

ve Bunber of .frazes’ are_11lepible and mach ‘v the subjact
pabher-id;ropg @titious, A great deal of the materiel is of no patbice -
ular vilod,: bt some {a-of ,tech}dql uterest. - It 18, the opdnion of
“the’yevidner thktnosarkicle: e Worthy of gemplote translation though
paru,el t.tanslet.i\m& have besn madg,

_i'kemg Liind 2. contai.n ver,y litbie‘ techuidﬁl fnformation,

1tpa) 37 Hesultis dr'e’ glven of tha’ Sostig 8f thirse précipitated iron
' oatalyabp oﬁ 5imd.1ar .compos] ition, = -

L

Smm&otv . e g
E“_‘.'.%‘Lﬁ- &QB 9_922_’( Lti gshafen
“¥e mOLo 100.0-, 100.0, '
vy *zo.a,; ¥ 15,
M0 3sL 38,7 38,0
L ‘5.
k! 0l 93"

underpR saqma & .200~220°C. ™ ‘l’hese }yutﬁa ‘produced highly o.lcohouc
mmdpla‘ A tabulss” coapariadn’ 48 given o the tepsd

These‘, c:tp}.yaha vTé ‘radiced {57 304 F2 ?ioum! & ]30-23'0‘"!2. and were- testec\l
J ‘tream.t of -

bh; ) ldvt%aﬂmg%n uau&4 80 bhe; atqm; ﬂ’::ud ‘cat.ahh 17, uxzuq\
| not giwest). | The noné t the only advantsge the. eqip-
;tat cabhl ot ahmmxﬁ 8 jna{hq‘ opéy: reductisn. temporature 200°Ic’f V8.

5@‘%‘."‘?’» t-
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Tteme #li+7 - Gonbain no perticularly useful Anfordaticn. The’ ame.
iment' 38 made 14 Iten 6. that, ot that ‘time  (March, 1943).no preoips
"Yfated cathlyst had been Tound adpnr:lor“,tn the, msed prepamtidﬁ
Kw-l?.

t.qm #B-mmtiona x‘eaulta of. the’ de*wlomenf. work ‘at Oppaw on the

“production oL oiafihe With 8 cobplt datalyst wnd work with frem—

‘catalysts : £or: paratﬂn produgtions. * he. dron. om t used was,
‘PesCu s f:l on Kieselguhr and contained sbout 60 Kg: Cu/Teni It

wag. propared. by praoipitat;ing hot- (90-100“0. ), with 120 kg. of - co
Hin 800 1itexp.9f water, the metallic’ carbonates Lromth -solution o?
'i80'kg. of dopper - 1r°n nitrates’ mixed sith lueaelguhr . 800 1iters
. of waters »tﬂlﬂ aupernatant 11qidd was decantud and the- alkali cons
~tent,.o¥ the rempinder adjusted by dilutien to 10-12 gu/uter. Then'
* tiopretipitate was Filtered and drted under vacuum af 200°Ce A"
?htgh l;gear velocdty during’ reducti,qn naa considered important to
) prbvant- loeal hob apobs:

;Itnme #9-11 ccxnuin mterlal of.no parbicular t.echnical interests

‘Iem #12 19 8:tairly. ccmplete divcusaion of the, iron cntalyst Niohael
‘hat gas- repycling process a8 ‘developed “up o Septembbr 1938, includ=
Ang & ‘genspel descriptién of equipment, c&talyat (no" analyais), "prod-
“uct distribution, properties .and.upe of products, patent situation,
end reiation to the Fischer proceas. | The: material cantained herein
_has’been rather generally reported in gther reviews; snd in the op
<1nion of the ro‘g&emr is not of su,ffic ent, Mtemt o raport rnll.y

Itams 01;;15 contéin@rt.her disouaaiqn of the Michaol fas recygle

process ncluding the ‘following comparison ot this process with (.he
standard mhbehhopsch aynt.honie. ,

QO_S:ITION OZ I P&OQUCT§ - WT.

Michael without

uichael wit.h tau workup, Poly. gég0a

. -gas wor p. *Poly “from
Prooeaa S Fiaoher—n-preaa- Fisohor! 10 at.m. _gaso. fron Caﬂl..._y Gy _2_‘_3, C, EW )
‘;Prodminta '

Primary|cadoline  36.8. U2 513 STk 6i4e0L

Icqho o inc ‘5,'5 : ' .
P\mmér\maowme' 8.8 kT 23.0 230 159
1;)‘ eae), ( 11 : 1.'5‘.35"-‘- | 4242 “Lhe ks A3, el
D e’el rom Wl}'t lc ) 142 . '71. [ ‘07 ‘ /
-wanrafﬂm 320"(‘.. , 10.2. ' ana 1.6' ‘26 2.8
 Yield ‘1n3cm. oy M Col+ Hy %100%)

4qisd v gonh 1130 pUT; | 83 LN 83‘[
"- | Bal ‘ . '.‘ e e etk
mwst. D0 040 x5 o

4 @‘;»,‘ R [ X R L.
_&m:qu_w 129 153.8 13 13 10k
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"Thé quality of. the refined (probabls olny-treqted) 200°C. B<Ps gasos
1.1ne 1o r«portmma 81.-86’ octum numbar (:.0. Reaearch). ‘

Deﬁulcd ovot,’ eat;im&tqq ‘(bieed: o g8 trom obkg ) are given 1nelud1ng
oVerhaad‘ Antorest -end licenshxg. The cost of gas was higher for .
the M1chaal procesa. - I1f coke oven phs were used (H,:CO 511) the
oot was reduded but the additional equipent needed to adjust the
H:00 ratio deareased the favorablenesg.

Jtem flhes11u2i=39 contains.a_tebuler. conpardeon. of m Winkler- ...
Duftschmddt, Klaum, VWietzel, and Michael. hydrocarbon syntheses. The
.resulte hed been obtained on laboratory or semi-technical acales
The main differenoea in the procdsses are seen belom

L , - Wiietgel-

Process - Binkder-Duftachmidt _Klem Soh&uemann Michael
HpsCO B 1 2.5:1 2l L1
Catqlxap Iron (NH3 Cat.) TIron Cobalt Iron
Pressure « atm. 20 100 - 12 20
Temperature - °C, 350 290 190 300310
Opsration Liquid phese with = Pure Gess ~  Gas . Gas

- " gas recyéle: Phass Fhase = Phage

' Various. supply problens are dlecussed and remedies suggested such as
blending haavy nabht‘lm with 5¢ ,mot.or oil for use as o diesol fuel.

Item #17, 6=11-40, .compares the Michsel and the. szol-?.inzer—?’irth :
“‘procesges.. . The’ essentinl différance 1s that the Michhel process uses
1001} gag resycle. | of. heat refioval and the f=i- progess uses & tub-

~uler reactor with ‘diphenyl cooling.

Ttems Hpand 19 ddacuss results. yith iron gatalyste in tubulnr re~
aotors and with hot gas recireulation. The information glven does
nat. bear: comphu -translation’ but the following points are of in-
terest. .. The 1ow operating tmperatms which had been experienced
“at Leuns over. thos's #% Oppan could ‘hé' traced back to lower catalyst
redugtion” tomperature; - Precipitated cetalysts gave a predominence
of e¥an chained piraffins: - The ' products from the Michael process
contaiuod '0.5% acetaldehude.

Ieam ﬂéo 7~1’l-1.0 ia oi‘ lit.t,lc .’mtareat except for the desoription

of »roJect d w s The, lower melt g point material
waa;\to ba. Em:x:k w cuum stillauon Fnd th botf;Em dissolved in
xFlene.. fin i cantrifuged from the solution’and ¢
xyleneo redoved by evawrauanl. The xylenss are Iramoved from the mdd-

dle fract.iwnn by wrecuuntevapor‘atioxi. .

Tt - §21, 7—&0’ contyins a \complete resiilt of |a 1ife test [of 153 days
on & coba a{yat. It 16-etated that when Ale'i i ueed @5 & sup-
porb it s uld gloved at - ver 1000°C.. and ‘that it is 1mport.ant hat

the. axygen! contdit shouid be- in the-

| rati,o of CbC‘.CO;OI“

Ttem f22, 19-19-1.0 ‘contains the statement thet fused ircn tatalyst
prodnce a En hlghly braneheF prodtct than; do precipitated t

ks atalyste.
lﬁ”igzsfo a Fable co g }he yﬁrioun EL’dn‘ca bon eﬁn&'

table 18 attached

eate

5955200 Ag




AN

BY:5 Cha PE-08 ing. Ver ious: Oatalysts for.
‘Hyd % Bynthosio ‘From later Gaa

. Pressure N ,
Ry _Atm, _Catalypt CQ:H2
A pasmline Bynthests: 0 Go/kleselguhr 1;2
© Pigurer=Tropsdi “aid 0xides
.2 Pressurs Gagcline Synthesis- 7 Co/Kleselguhr 1:2
“ Holten * end Oxides
camnne Syntqosts of 20 Sintered Iron 1:1,.
Mishaed/ ‘
8 20 Fused Iron 1:1
‘6 Dlefin'Synthests + Leuna: 19 Fused Iron 1:1
[} mmna + 408 uomm - 10 ‘Precipiteted 1:0.8
7 f”ﬂard Perartin Synthesis - 12 Co-Al203- Zn0 1:2
B .Leuma ‘
8 -4lah ol“ Prooﬁes -iLemna 250 Zn0-Cr203 1:2.3
E (iscobutyl Alcohol)
9 Motl;!:n.ol \pyntm‘esia brocngs- 250 Zn0=-(rg0s| 1:2.3
: .'L i

' j[nalaﬁzed rrucln T 6o W}ucmmnn ﬂteel #13 (1w1/so/‘40)

i g

... Beximum __.._Synfhé_é,is-g -~Heat -
Su.ft r COnt ent: Temporsture T Remavea
MR/ S g S.°C. Frocess By
de. 3 mg 176=216.  Once-through-2~ Water Evapopss
o - 8tages ting from ¢ am~
ber WAll -
3 ng 180~210 " "
3 mg >300  Gas Raoiroula- Gas Reoircula-
tion 2-stages tion
fe2-0.3 mg 300 'Liquid Phase Liquid Phase o
: Liquid & Gas - 7ith 011 Recycle
» Rec;rculativ_m ‘ : '
20 ug 210-2% Onoe~through 2- Water Zvapora-
stages ~ting from well .
o ‘of Chamber ,-
20 ug 200-220 " B
3 mg 180-210 " "
40044 50 Gas_s ‘Product
Recymle
360-400 Gas Rec%cle
' Without| Product

| Capaclty

ZCO*E -->0H2*GO
COoBHg——,CH +B
(718 K ¢a

" "

2C0+Hg —CH2+C02
CO+2Hg ~—CHZ +HoO
7C0+14H2.—302H 150H
+6Ho0+638 K oal. -

C0+2Hp —»CHg+Hp0
+718 X oel,

430+ 8Hp —C4Hg O+ 3Hy0

CO+2Hz —s CH30H

caval‘y‘st
Main Reaotion With Haat chmnbar Per Day =
ger M of Hg o Co_. Size Tone ‘
m___m__mg_'_g_;g_; Prod o‘tion -
~00+2Hg ==+ CHz+Hp0+718 10-mé- Bi6
' chﬂlo ’
"

10 m¥ 345

.Experimentel Plent

Yield

4md 3.5
200 liters 0,84

‘Semitechnioal Plent Vield -

10 liters

ALCOHOL SYNTHES

100 liters - 0.14

Exp ér'ﬂxhent_al

-3 liters 0,003

104003

YOR COMPARI¥
| §
|



CONPARTSON OF 'mm m 10 RESULTS OF -THE amcmpo‘ '"s NTH ESIS FfoM o+  Hag*

Main Reaotion w1th Hes,

_ ger M3 of" Ha + 00

00+282-—4EH2+320 +718
K cal.

2CO¥H —30Hp+C0y -
002H2——eCH +336
<718 K ¢a.

* . "

200¢Hp —CH2+C02
CO+2Hg ~—CHQ+H20
vcouwz_...,ozﬂ 150H
+6H20+638 K oal,

COQQHQ-—;GHBOHZO
*718 K cal.

430+8Hg —5C4HgOH+ 3H;?a°

bo;aa¢.,;cqsoﬁ

e ALY S’ REFER TO?NORM; 9

‘R ;ts or the synthaais

Yleld 1n:Kg/1000 Nm3 of Reactiou Gas"

9% 18.1
¥

30.% 23, 4%"’
18% 10%

545 13,9
----“ -------- 5%---
-----—-'7 ° % ——————

49% 20%
wrmeemeeeeeo g0d
----u-a’-lo%--- ———-

45.8% 19._.0%
x
W

o 1479
47.%% - 34.0%
¥

beimum :Hp '+ CO
Catalyst Capaolty mgohnically» Praotically ,
chamber Per Day = 0ssible Obtained 103+ Cyg 5
Size ’ _Tong e Yield ineld " Gasgoline.: -.@
Commeroial ‘Prbdgotipn
16, nd EX) 160, W7 18a%
o a ' 0lef,50%
10 0% 3.5 160 147 6.5
o Olef. 40%
Experimentel PPent
Yield ‘
4md 55 160 149 314
' Olef., 85%
. Aldohol -
200 liters - 0.84. 1680 150 - 16%
(1) Olef. 754
Alpbhol~
Semitechnjosl Plent Yizld
1100 liters 0,14 170 155 18.1%
: Olef,
Alcohol
Experiment gl - |
.31 04003 187 170 13. s%
©3 liters . Aloohol
04003 170 150. 7.1% L.  16.2%
10 liters .. » v Olef R AR o 2elene
ALCOHOL SYNTHESIS YOR COMPARI ggjg
. “ Lo - L . . ‘ . )
250 Methenol  Ga-Alpoholl 3404~ Gy, Aloohol
| " 504 : 4\0%
452 - 445

 200-300°C,

_.gararfin

“Hard

300°C, Parafrin

1zlg£ YS}T

‘.500 : '
‘ 1g§. %

- - -

15.7%
10-20%

65.4 69.4%

R

Dimethyl
Ether'

.P.lOO C.~,

Gatalyst
‘Gapacity "
“Pon Product/

MdgCat.[Dax

10,353

04363

0,882

4.24

1.41

0.353

Neoessery
L ATher -
Treatment
- Of 3voditet -

7756 .
Craoking and
Distillation;

22, 55 Polymtr.

0%

. Craocked, 8.5%
POlyo Dintillﬂ-

tion.

464 Dohyuratod
31% Poly. Dis=-
tillation.

- 40% Dehydrated

20% Crack.l%f
Poly. DistiIla-
tion.

Distillation
Ixtraction

Distilletion
thraqtion

Distillation
11% Cracked

- 10464 Poly.

Dis@illaﬁion
Refﬁningr

Distillation

6800

6710

6670

6440

- 5880

8670

13870

|21 00

Theorotxcgi
~Coke 00n~;3
, 8

3092

392

3.87

3.85

3.716

3.39

3.86

2423

1.2

fNeeded Fbr
Ogy.nemovod

2.7

"2086'
2.6"
3.505

2,18
2,64

1.08

/OQOh.



tha 1" gBpart ng Ver ious  Oatalysts o
170 a:)‘gn wnﬁthosu Prom. ':yt:rsoagr
1430<40)

Pressure

v _Atm, .*géta’lxé‘t CQ;Hs

1 QﬁnuneSyntha sis 0  Co/Kiese lguhr 1.2
T CHipurersTropsdi and Oxides
2 Pressure ‘Gadoline Synth esis- 7 Co/Kieselguhr 1:2 -
Holten end 0xides
k] ijﬂamline Synthesis of 20 Sintered Iron 1:1
8 1 hﬂ““ ’ :
B % 'mpq.unm*Syntheeis cn' 0 Fused | :
5 60 v & used Iron 1:1
55; 4 0lefin’ Synitheste <. Leuna 1% Pused Iﬁ)h 1:1
e mmna ¥ 4056 Llodhol - 19 .Precipitated 1:0.8
C Heung _ Iron
7 ‘Hard Perartin Synthesis - 12 Co-Al203- Zn0 1:2
' - Lena : ‘
8 «41ah olh Pmotes -/Lenna 250 Zno-Cro03| 1:2.3
. k(isabutyl Alcohol) '
R Methau.ol \anthq‘esis Process- 260 Zn0=(ry03) 1:2.3
|

Lal

i

nalaﬂed’:;g\]&:m T.heCo Wcmmm Reel #13 (11/30/40)

rn,x No. S»I/um
: wpn.



1:2

1:1

1:0;8’

1:2

‘15203

1:20$

_Beximum _  _Synthesis
Su.fur Content  Temperature T
-8 ‘5_ as .°C. _Progess
b. 3 Mg ~176=215.  Onoe=through- 2
' ‘ atages
2 g 180~210 "
3 mg >300  Gas Reolroulas
tion .2-stages
£.2=0.3 mg 300 Liquid Phase
Liquid & Gas
Reciroulation
20 ng - 210-2% Onoe-through 2~
stsages
20 ug '200-220 il
3 mg 180-210 "
o
4004 50 Gas_+ ‘Product
Reoyv~la
360400 Gas Recpcle

Wilthr~it Product

Heat -
Removed

Viever--xvap opde

ting from Cham
ber WAll -

Gas Reoircula-
tion

Liquid Phase

With 011~Recycle'

Weater Evapora-
ting from Wall

‘of Chamber



‘Results. of the: sxgjhesis

~ Ma¥imin -
‘Heat ‘Cavalyst Capaclty
Removed Main® Reaotion.With Hsat chambar Per Day =
~By: . R i) y M of Hg o 00 : -Sigze TTons —
' Gommeroial Prodgo tion
Vigter-Evap opas ~Q0+2Hg ==+ CHz+Hg0+718 10-m® 3.5
“ting from C am= L K cal,
ber WAll
v " ) 10 ms 3.5
.Experimentel Plent
Yield ‘
Gas Reoiroula= 260+ Hp —s0Hp+CO ¢md® &5
tion COoBHg——»CH +B
<718 K ca ‘
Liquid Phase , " " 200 liters 0.84
With 011~Recycle' _— ‘
| ‘Semitechnioal Plent Vield
Water Evapora- oo " 100 liters 0,14
ting from Wall '
of Cheamber ‘
Experiment al
" 200+Hz —sCH2+C02 '3 liters 0,003
- 00+8H2 ~CHZ+Ho0
'700#1‘&{2»_402H 150H
+6Ho0+638 K oal.
"  CO+2Hg——yCHg+Hy0 10 liters 0,003
0718‘K oal,
ALCOHOL, SYNTHESIS| FOR COMPARI B
430+ 8Hp —C4Hg O+ 3Ho 0 |

00+ 2Hz — CH0H



;Yleld in xgllooo Wo® of Reactiou Gas

PARI{DY

. +:.G0 .
3ggohnically Praotically
> Possible Dbtained = Cz '+ 04
Yi eld Yield Gasoline
160 147 18,1%
" Olef,50%
160 147 L 8.5
C Q;ef. 40%
160 149 31%
. Olef. 85%
o AYoohol -
160 150 - 16%
Alcohol
170 155 - 18.1%
Olef,
Alcohol
187 170 - 13.8%
Aloohol
170 150. 7¢1%
: , 01er
250 Méthan#l @4‘Al@0h01]
| . st
- 445

492 -

. 200-300°C., - 300°C.
”Diesel'011 _Paraffin
50.9%  18:1% 12,99
18% 1a%
3. 23.4% 30,84
184 10% - 10%.
54% 13. 5% 1.5%
e enge. cmw- - S0ipernc e ccccaa
el L " SR

494 20% 20%
......... —com 40F wmmmemacana
"’“"“""19%""' -———-

45.8% 1@.0% 17,14
48% % 0%
344, 26% &%

55 .66 14.7% 15.7%

47 Q% 34.0% 10'20%

L% 16.2% 85.4%

--+-'-~4----ﬂ-22%-‘ ..... heaes
caﬁcé- dl’ Alpohol, Dlmethyl

R Ether
1.59



Herd
Pararrin

.P.;09°Cf

_5gf

7%

69.4%

-Catalyst
‘Gapacity
‘Ton Product/

MdiCat.[Dax

10,363

0,363

0,888

4.24

1.41

$.853

Neoessery

After~ -

vTreatment
- of _2rodict .

Pér Ton

77.5%
Craoking and
Distillation;

22, 55 Polymtr.

704

. Craoked, 8.5%
POlyo Diﬁtillﬂ-

tion.

464 Dohyuratod
31% Poly. Dis=-
tillation.

- 40% Dehydrated

20% Crack.l%f
Poly. DistiIla-
tion.

Distillation
Ixtraction

Distilletion
Extraction

Distillation
11% Cracked

- 1046k POly.

Dis@illaﬁion
Refinings

 Distillation

6800

8710

6670

6440

- 5880

6670

3870

12100

‘Boonomios ~ Used

ﬂwheoretxcgi
. Coke Qons
, 8

3.92

392

3.87

3.85

3.716

3.39

3.86

2423

1.2

_Produot

Needed Pe
0§y.Removod

.2;71.

2.7
'2086'

2.64
2,508
2,18

‘1.0@

dod



o)

Items #24-30 ooatain:discussions of various phiases’ of ‘conourrent
“wwcn'qunf*lndj‘fa;l.cp‘hpl'j‘;a'ynthn‘tg*’.u't,ing%*irdm ptalysts: Suoh "
phases ad constructiod;: process outline, gas

es. 88 constructdor iy procurment, cat-
alyst plent, product quality and product uses ara discussed. '
The only points which the reviewer deens worthy of ‘suwmary are:.

The alcchols in. the aqueous phase gre recoversd by distillation
and those 4in the hydrocarbon phuge (partioulsrly sbove.200°C.)::
are.~£mct’_i{9nhuq.um..ﬁltha.;appmpriate_,.boinng;rbnﬂéa-,:;elatgﬂﬁﬂ.‘i;
with boric acid, the hydrocarbons are distilled overhead and the
" ester residue split with hot water and: the:boric. aold recovered .
by chilling. --Dehydration of the alcohols snd acida in the ghso= -
line by treatment with Alz03 causes.a partial shift of the.double-
bond to the center of the molecule. with dncreased antiknock: prop- -
erties. The edible fats produced by oxidation of the paraffine
" (320-450°C. ) are phystologically the same gs natural fate. ' The
_producticn of ‘edible fats from paraffin produced from soel is not.’
recomnended because the traces of sromatics might incite cancer.,

Items #30-33 oontain very little significant information, though
the graphical rupresentation of the solubility of monaolefins in
an ethanolamine~caproic nitrate solution in Item #31 might be of
some interest. ' o

Item #34 - Production of Faraffin from ¥ater Gus over Iron Cat-

elyst (Bxperiments) 3-25-41. This item contains a description
" of the liquid phase or bubble process (Schaunfahrweissev) de-

veloped by Michael. This is -translated in part - ‘

Just as for the gasoline production, gas recirculation was de-
veloped, so during the later experiments, it was found that the

gas ol gynthesis should be carried out in & ‘liquid phase with
- colloidal cutalyst. This rrocess has other adventages besides

- simplicity, such as & large decrease in gas and en increase in gas
. oil yield over that with gas recirculstion. This. process also im-
.proves the quality of the gasoline. The resesrch (I.G.) octane .-
“number of the refined gasoline hoiling up to 190°C. was 90, whereas
it was 8), fron the gas recycle operation. . The capacity of the pro-
cess per chamber is slightly better than with the gus phase operation.
At 250°C. with tho middle oil or pgas oil process, it is about O.4 kg/
liter/day, at 280°C. it was 0.8; and by the gasoline process, it wag .
0.8-1 kg/l4ter/dey at 310°C. * The catalyst was suspended in & liquid.
pool contained in about 60F of the chambers =~ = - S

~Com;?arativ‘e product di:}ti‘ibuﬁioqs dre:
Gasoline Synthesis  Middle 031 & Paraffin

at_310°Cs thesis at 250°C. |
! ) ) bate X 498_&0 I1
% Gasolin zooogt 60 30 .
% Middle €A1 200350°C) 25 30 30
- % Paraffing 350°C. 15 40 50



“The_oAe£in Gohiteit of the 250-350°¢: fractdgn Lron tho middle: .
7041 synthesfs was, 50608, ‘Tha C3 * Cj fragtion from the liquid
phisge operation was A, gas 20%

“Tha proguot: water, from both processes whtadned 4=4% slccholes
Jhe odlcodtalngd a few por eant oxygen. | The" algohol yisld dotld
‘. rudwed"by ‘doreasing $ho' progsure.” The Gy +.C, yield véa be-
<16y :5% for the 13quid &nd above 5% for vapor-phasd operation..
.The' céleulhted ‘polv-stage yAelds'were 160-170"gn/ud of ideal’ gess

the 250-925°C.. fxféctiphf. from the middle oil’ syuthiesie was euitoble,

for: directs sulfonation op for peoductibn of fatty acids by inclu= -

sion of COy;- A third & the paraffin’ fraction was iu the oxidation
‘botling rangdii The.oxidation of the 2504325°C. ‘fraction prodused
“high pressure oils for leather.and .veruisli tor book hrinting. By
‘gargful ‘grecking of the-paraffins, it was pogsible to°obtain a:60%
 yiedd of 250-35070% material’ containing 50-70% olefinsi

Itens #3546 dontain, further discussions on he ‘dfen Qefalyst, hy=
drogarbon Bifl slcaho) (#ynol): synthesis. - Thé -phbses:sovered are
"Tenctors, used operating cjuditicha, fnel'productioi, product dis-.
tribution; product, anilynes; alcohol. récovery, ‘carbon adsorption
of the’1ight Hydrocarbona’ (gesol), and g2 removal.by high pres .
“dure Water-whahing. . Thie Fesults had spparently all hésn cbtained
.on: an, pxperimental sosle and only.s few points are of particular
Anterest. ~ The.types:X Teactors which nere uged vere. tybes'with
heat ‘trandfer, $o’ diphehyl-Sdphanyl oxidecor to high pressute witer,
large reactor ‘with: shalidw: gatdlyst bed foy the Lot gas recyele - .
process, and largs:reactord: contalning a 23guid pool with agitation
obtaified et they. mechandeatdy -ar. by :the . foaming agtion of the fine
gan :bibdles. . The'catslyst for the 11quid phase opersticn was:1-2.
sdarons  In 'side ‘and. wad, produced by ‘décomposition of iren, carbengl.
_For alechol .produstion the §2100 ratio wes:0,7-048:1. ° The state- .
‘mgnt 48" made that precipitatad catalysts gave .fﬁnr? higher alcohols
YUk ‘warsh ook A 8table a8 -the’ fused, . .The: gasoline refining con-
alsted of play trebting at-3002C, and ataosphoric prassure using.
Tour’ Lters of cliy (which-tould Yo regenerated) for ene:liter;of
gasuliba - Alcohol répoyeky ¥ae accomplishes by fractionation,
‘borde acid @sterification and diatillation. *The snalyticel method
tor‘d nindn 'uq__onqm-mg[mg :Pi’§§“°£9£.(b&'f"'1::'5°‘? phase) was

M‘Qﬁ, ation, folldwed by deterninagion. of the hydrosyl nusber of
sach. fractdon:by. esterification. with a¢e ride-and pyridine.

ig an

Ieem g7, 7-11-41, coilbiets of sxplandtory notes-on & Fisctier-Tropsch

"regort which bid been;glven elsimhere,

@)



with, bloacf g ‘prrth and- ad
~‘atahle., m g ,."
eanduLs so-'the fdeX batalyeth:
a%‘u oy whifde E‘cr ﬂ:z racycl,e (gas
“iron. cntaiyatry(m uged’ (preokpitated-
nqu;d phaee; {ea¥oll)" prqceds ‘ron fm m i-bany o u‘
After ur _t,li_pg;;m 415 /. The:, disaal o4l from’ the‘mmlu procuu
“Nes_50=5%5 cetene: number. st 60~70 .fxom the 114uid phage. opératim.,
The By, ‘frgotiorn giom” i a retyole was: 65%. iao. ‘e ol mt :
grpcoaa oL nr.si‘,)unaeﬁnidl;.’npemte& - wioh- A !ﬂ{ :and: heat,
“Femaval.was ‘acotaplishad by the, polidng of yha Télat v,oa_?y Agnt
611 :fractions. " The sxpird ente. -covered opﬂrabhm 25- .
K€ 180r abiny 8 1axRs eaount of, lov holling and onRY:
“of ‘i ghor: B fohiols.sare prod &da . The &lcohols, deé%aaad ot High,
agpveraion uhdwith: carvpmﬁ' don. of Lho . cAtalysty Dre Weniyel oy
_Karsebupg dbtatied & mdug’ﬁ,coqt.gmng 60-65% slphuls 46 the
--100-‘380"%“‘ :tant‘ton - Jhess: cperatiohs, Ayfere 1 tubes Wil
s4ron. (uii3): catplyste . -1 ;) ‘ptatd $hut Ln order. 4o ‘obtafiiptah
-aTeokol Fleldsiit-d ‘edansary 40 bperare. st low ‘Geripevatirétands
{ow ‘Eontadt tie ‘as. ‘I‘.hc' &lcbhplb iy decqrdpoée

Itens, Hh9i56 ‘contadn: dlstusedon of: ‘miacellangous;. phﬁsea of . gm
“4ron Cat,a:lyst _procesges; such 45 contrahg(, di geugalensp réparatiQﬂ.
“and- nedmion of fised” catu;yste {nggetatld; s deecriapbtou oty
. proposed laggy-gaule ynol:plants d doraLled -amalyses, of fractiodl.

', progo 4

Jfor al‘éprwa. ;ket,onaa Bk ehydoa, acmé, ﬂ.at:m d 25 _procufepants;

\disouabim of :oxddat lon; pf hd, algo o}.a ¥o sal gﬂ;dur&n; (L
nabioh; :‘é\hﬂ xesulta oF. 6% ,imma 1ron ¢ wlyat daéigd&'oad

FE=1249” (ab; ahal\ysix;given)o ‘IA the opiniamof«bh& reviewer 10,

‘Hdd‘ltionhl Portinant m!pmat,ion - 467 Afdluded.





