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*The”T*”G.'file”on”this*subject“ehoWS“that”engine”teats
ggnvinoed ‘the ' German Alr: Ministry ‘of the superiority or isopropyl”
ether over the iso-octane alkylate with respecb to. the super-‘, ‘
ohargedwoperation. Previous obJections to the water-sensitivity,
‘lower calorifio value ‘and peroxide formation of. the ether were .
'dropped. S R T , e :
In 19&3. the I..G, prepared a project to: build an iso~
propyl ether‘plant at Heydebrsok for the production of 63 000
t/yr. of 1sopropyl ‘ether and 16,500 t/yr. of allyl chloride rrom '
70,000 t/yr. of propane. This amount of a alliI ‘chloride. would
be’ converted into 13, ooo-1a 000 t[yr. of glycerine. Ultimate -
coal oonsumption- 80,000t/yr. for gasification and 75,000 t/yr.,
.for power, It was expected that the output of ﬁhis plant would
8ouble the production of special aviation ruels in Germany.-

The isopropyl ether was expecbed to have a boiling range
of 65°-75°C. and an ON of 98, :

The cost of the plant was estimated at 35 million RM
($9 million), amount of steel required 28,000 tons, The end of
construction was planned by January 1, 1946 and full production
by July, 1946,

. - Method of manufaoture chlorination of propane into 75%
’ C3H701 (mono-) and 25%. C3H6012 (dich]oro-produot). Isopropylene )

and allyl cplori e;.r speo#ivel , ar pro#uced by ca alyt c de#
dbdroh%loge atiog I+opro¢ylen$ is ﬁonveﬂted tto dﬁ-iso&ropy
ether %y tho stia—meihod. The ' stepd of monverting Bllyl chlo-

|
ride igto giyoerine are n0' manbioned. By-produot HC1 is‘re-

oxidized into .Cl usin. 70% Fecl -30% KCl catal t.}

Al'ho" " corpespol denc ind‘cate the‘inclusion of. the

‘,projecf in che obnscrmotiom program mr 19%#, rurbher\ouccome 1?

upknOWJP °




Introduction“

a review uas made of.reel #2 referred to in Mr. Albert Miller's

circular letter of- August 9, 19&5 and of AngustIZA, 19&5 to. Mr,
P, V. Keyser, Ji, This is a set of microphotographs of about

P iy

"1000 sheets .of miscellaneous flles taken in the . office or I. G, at.
Ludwigshafen -*0ppau, These flles are mos@ly fragmehtery cor-
respondence, letters, telegrams, technicel notes. dated from 1935
_to first hatf of 1944 end rererring ‘to.current matters on allcca-
tions, construction plans, operational details, test data, etc.
There is little correspondence for the second half of 19&&, and
none- for 1945, The major subJects covered are as follows-

I. IsOpropyl ether from propane
‘T, Aloohol synthesis from CO/H2 gas

"III.Iso-octane (Tanol, E.T. 100) from isobutyl alcohol
1v. Fisher-Tropsch gasoline. process
’ ‘V. ,Oppanol (polyisobutylene) from isobutyl alcohol
VI. Tonalon (basic Al chloride) from waste AlCl3 solutions
VII.crude oil rerining at Lutzkendorf
VIII. M iscellaneous .
Type of Information |

" The tremendous volume of\miorophotographs taken in a
great hurry covers almost exclusively isolated items -fully under-

stendable to those who ‘are- in every day contact with the: respective
opperations+ but not to outsiders, .There are no- complete reports

1n ree% No. 2 de3cribing entire ﬁrocetses or new devdlopmjnts ir

a manner useful to a- technical man who is pot fdmilidr with the
1¢ca1 conditions.

i Mnny terms gre coded (catalvsts, equipment“ operations,
uges); _assumed to be known to the
c rres#ondi g pa# ‘filedlare‘Mnila eralpin that. they -
tain replien to nissing inquiries, ‘gtatistical data erer to iso-
“1 tod periods; but do|not give sufficient material for reuonstruct-
' kictu{e othhe %iZe'of pr ductﬂon t ough‘the war
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o-outoono: of whih.

The individue,;sheets ere not identifled by order num-
bere or otherwise, ‘and- are nob 1n e ohronologloel eequenoe“Whicﬁ.
makes the work of 1nterpreting 1000. rrames an exbremely airei-
cult. task.‘ Furbhermore, all photographs were ‘taken from oarbon
copies. eomebimes typed on both sides or the copy‘sheet.‘ As L

lese.; Mr. A. Miller's remark to~the efreot thac direct—work on
the' microgilﬁ“is:impossible and that enlarged photostacs are
necessary, is oonfirmed by our experienoe. we have piéked out -
350 more promising frames acoording to thelir: oontents and con=-
dibion, but even from this amount of photostats\made by a° pro-
'rfessional firm for .us, about 25% were. still 111e31ble.

Identification o: Items in Re

The miorofilm has nouarkings on the reel frames or on. the

17 page index -of subjects. In order to. facilitate oross re-
ferenoes, we have assigned order numbers from 1 to 279 as follows~'

Pigo of Todex . _Ttem Nes. . Page of Infox  _ItemNos.
1 “1tol9 10 147 to 163 .

2 20 to 35 11 164 to 179

3 36 to 52 12 180.to 195

b 53 to 67 13 196 to 210
5 68 to 81 '1L? 211 .66 226

6 82 o 97 15 :rz7 tE 247

7 98 po 114 . h161 248 o 255"

8 15 o' 129 “11», 256" to 279

130 to lhﬁ
\ ‘

__%g_ sfich a tonj cu ic m ters, 11ters, eto., Pavé‘*een
uead wi hout conv rsio to’ erikene its. They are bufribientﬂy
- well &nown amd their convereion is no always popsible without
th%‘ kn wled e otkauxi*iary%faot%rs { .g. d%nsltw in the.




It is.poesible th‘t“we have overlooked:and misinter-.

'preted some pointe because :the fragmentary nature of " the file
material ahd our: laek or‘familiarity with the coal oonVersion and
-other processes. Those speoializing on Fisoher-Tropeoh and allied
operations may wish to study the daca further using our review ee
a sunplement to che index of reel #2.. :

As far as the oil refining is concerned the“material
-includes data only on one small refinery as Lutzkendorf. This .
plant uses. modern methods .of " distillation, propane dewaxing and
phenol refining, which are’ common practice in:this country.



i 1 : ;;the 1. e. axhiup.
the German Air Minlstr chat 15 tone, raisOpropyl ether, old
Amerionn etook avaiia,le,eéfPolmin Wke.,,ﬁallcia, oould”be uti-
lized as follows* -

(1) Aviation fuel 86 ON
85% motor gasoline: 60-63 ON
59% 3 100°0..-EP 150‘0.
15% 1eopropy1 ether - .
85 ec, TEL (= 3.2 ce/gal )

{2y viation fuel 96 OoN
. 50-60% motor gasoline 60-63 on
40-50%, 1s0propyl ether
“;85zcc.fTEL“(= 3,2'ec/éal.)

Reel 2 Section 10‘

II & Summary on Isobutyl Alcohel and Iso-octane
III. . from 00/32 Gas _ »

The production of isobutyl oil (mixture of various al-
cohols) and its utilization in the manufagture ot.iso-octane is
discussed in correspondence between I, G. Farbenindustrie planbs
at Leuna, Oppau, weldenburg, and Heydebreck“in the years 1935-
"1938 and 1942-19&&. The procéss discussed 1nvclves the reaction
7oﬂ'co and H2 over a catalyst atb. elevated pressures, The ‘manu-
facturing cost estimates of. 1sobutyl alcohol and of 1so-octane .
in units of the order of &4, 000 tons iso-octens per year capacity.
snow a wide discrepency. A reprmsentative range for . obutyl
aleohol seeme to pe h.%-s 5¢ per! poun#.- A“correspond ng price

4
range flor iso-octbne appears to be 10-12¢ mer pound,

|

» -The. correspondence was\inveatigated‘er_clues.as to

special eabalysts and | eact‘ens ﬁevelgped y. the Gerﬁans'in theke

years.‘ It is. posrlble.that certain. n%w an int resting enEinee -
‘Werepoveriooke due | bé t le frﬁgment

1ng or ! prodﬂctiom data ry



chdreoter of the meterial and also to our 1ack or experience in
this specialized rield. However, very little conoerning eata-
lysts and - reaction temperatures was round, and little of Out=".
standingly new engineering prinoiple was deteoted as rer as we
-oouldeudge,

The gwneral process wes as follows'

charge (Gases

coke-oven or water gas 1s desulfurized over "Lauta"
t1llings to 2-3 mgs. per oubic meter,

Hydrocarbons such as methane are removed by ercombustion‘
method- (treatment with 0, over a catalyst) which lowers the me-
thane content from 25% to 0, 25%.  This process for converting
methane to CO and H2 is described briefly in letters dated -
January 16 1942 and December 8, 19&2

Ammonia, if present in the charge gases can be removed.
under 20 atm, pressure over moist silica gel,

. The GO, content of the gas is also reduced at this
point, - ; L ' .

- The synthetic gas thus purified together with enough
Hp to meks the: volume ratio of Hp to CO equal to 2,3 (approx )
13 compressed to 300-325 atm. ‘and passed over a catalyst, off
gases rich’ in .mgthane and a orude mixture of water and alcohols
‘called isobutyl oil result " A decrease in the reaction pressure
from 310 to 240.atm. was found to~ result in a 50% decrease in”
isobutyl oil jroduction.

, ~ An oxample of the quantilties psed in this step‘is\as
 follows:, R | | |

To produﬂe roughly 2, 5 tons psr hour of  crude isobutyl
oil, 15,000 m./hr.‘of purifie CO nd H areppass d th%ough
cat$1ytii reaqtion chamder, OLB m In dihmete# and 112,0'm in-
length;




Off Gases .

.. Tie fixed gases gemorated in this prooess furnish heat
for part-of ‘the subsequent distillations and are. then utilized:
.1n;onaqu;mcng;otﬁthgmtollowing;ways;w o -

o '.‘55 ‘Fuei‘forHStggmféagsratibn~_" S
b, Recycle stock-after the high methane content has'.

been converted to €O and H,

i e
- ¢, Charge stock to metheane conversion units for
ammonia: synthesis, - ' | '

Isobutyl 011

. - The proddét'from the above fééctiOn cbnéiébs chiefly
of a mixtare of alcohols, It is fractionated in a series of
nine continuous columns, .

‘@, Stabilization

. From 1,2-1.5% (by wt.. chg.) of fixed gased end dimethyl

other 1s teken off in the overhead, Part of overhead passes to |

a side column from which a methenol cut rich in butane is taken,
Some olefinss are isolated. - :

b, Methsnol Separation

fo»id-the_o#erhead;~ - — e

Most-of ths 51-55% (by wb.:chg;)fofnmethanol is taken

An intermediate cut is pagsédAto';h.auxiliary_colqmn
in which 0.&10;5%’(by,wt; chg.) of di-isopropyl ketone is:seﬁ-
ebated |from methepol. |-The residue from this distillation [is re-
,cIEled withﬁthe"raw.oi r r T' " T ' T '

1.. N —en Tt
- . ‘he rasidhe from(the main methapol tower is allowed
e - Db ‘ i :
to settle into a"wateﬂ riéh\laye; and| a layer QQntaiﬁing %mall
amounty of water.

"¢ De-oilinp’ Column
N S

: .%Fe 1&yer‘dbntaiming‘mbag“mf §h$ Wﬂt?r Is\passﬁﬁ'to;
.

16 ?ﬂéiduélt:qmth;g_coluwn_iswgtey, wmba.pvérhead

céIuhn

‘?,



d Water Removal

, The 1ow water oontent layer passes to column d.‘
The overhead oontaininé“ﬁﬁterT”henzol"an “ﬁfﬁﬁdﬁdl*id“recydied.
'The intermediate fraotion oontains most of the propanol and . 1s0=

butyl alcohol along with some higher aloohqls.

‘ The residue contains most- of the higher alcohols,
from 6.5 to 8 0% - (by wt.-ohgs). ‘It is passed to a sixth column
from which a 110-2oo°c. cut is taken.

Proganol Segaration

The.intermediate cut from column 4 is- ‘here distilled.
* Most of the 1, 5 = 1 8% (vy wt. chg,) of propanol
is taken off in the overhead

r.l Isobutyl Aloohol Separation :

The residue from column e is here distilled

Most; of the 10-13% (oy wt chg ) of iaobutyl alcohol
ie‘taken off {n the overhead-at 105-108°C, The" residﬁe contain-.
ing some higher alcohols 18 Tecycled through column 4,

Mhthanol

In the isobutyl oil process, methanol, although
making up about 50% of the crude product, is.considered in most
of these letters as a side product.. It is possible under certain-
undisclosed oonditions to manufactuTe methanpl in conoentrations
a8 high as &8% the crude product. |The:1 elative costs of

Enufadturidg meﬂ isoLutyloil, and isch r goJolinJ in"
plantswof 1&0 OOQ tons per %ear hapacity are giWen.ae $26)ton,
{$Mo/ton and $L9/ton, respeotively, The relative capital ‘out-
'i$ys fdr the samT ‘are ‘etimated ht $l¢ million,slh nilliJn,

respe"tive Y.

d 32 miliion,
my1 g;‘ nd HJ her
b e wnra s
= w




roughly 58 000 tons per year of amyl end higher alcohole into
their oomponenb parts;thhese aleohole werefthen to be used for-
the production of ester olls for low temperature aero. axle, and
motor oils syntheees.

so-ocbane (Thnol and B, T. 100)

The planned production of isobutyl alcohol by I.G. in
1944 in plants at Leuna, Oppau, and Heydebreck was to inorea@e
from 5,000 to 9,000 tons/monbh. Utilization of this isobutyl
alcohol for the production of iso-octane was to increase from
3 000 to 7,000 tons/month in: the same period. The rest was to be
‘converted chiefly to Oppanol.- However, by October;- 1944 the
production of isobutyl elcohol had fallen to “about 1200 tone/mdhth.
At times, during 1944, one or more of these plants were out of
operation entirely while the others ‘were well below 50% planned
capacity. -

The production of iso-octane from isobutyl alcohol in-
curs a number Of.stepsL. These steps, rates of cliarge, capacity
- .of"reactors, and ylelds for a typical 4000 tons iso-octane ner
'year plant are described as follows, The figures are on an hour-
1y basis. ‘ '
Yield
Description of Steps - Ke./hr. (% Theor.)
Chg. of Isobutyl Alcohol (Distilled) - 701,6 '

Isobubylene from Dehydration of Alcohol 510 96
(5 atms.)
(Chg, 936.7 liters/hr._over 703 1iters
catalyst)

isobutyleLe fr$m Polym. JafteJ topp
“ (25 atms.

(Chg, 1390 liters/hrm over 150 11ben
catalyst) ' €

ing) | h19

Di-isobutylehe gjgm Crnckint of Tri-iso- 39
butylens: rFo d.in Polym. step
(Chg 214 litern/hr. over hoo liters
catalyst) |

Toﬁal Di-1gobut l.ne

458 90,



_Iso-ootane from H“arOganwn‘ of:] - 3458 ;
isobutylens (200 atm.) h

(Chg. with H ' rescyocle of 6560 m /hr.

over 950 liters oatalyst)

% Theor. Yield of Iso-octane grom

Isobutyl Aléohol = 845
“Is6-octane Yield (% by wb alcohol o

e o) = 65.3

Resl 2, Seotion 13

Iv"fSummar Qh fiﬁ@her—Tro géh Gaéoline Processv'

Aocording to ‘the index, ﬁore material is devoted to
this subject in Reel i. Reel 2 deals to some exbent with’ the -
Lutzkendorf F-T plant which operates in conJunction with a hydro—
genation unit’ end a crude oil refining unit. A combination flow
sheet (Item 254) prescnts bhis general layouty -while the synthetic
gas. production from brown coal is shown in. Item 268,

This synthetidhgasoline planh_grﬁwvgapidly bstween’ 19&1
and l9h3, from 6,226 tons/yr. to 42,000 tons/yr. total liquid 1
production. A further’ increase to 75, 000 t/yr.. was planned for
1944 ‘and each of the following two years, but available monthly
records show & production on the same level in April and May
194L as in the middle of 1943, 1In this connection, the: produc-
_tion plan- 1941-19&6 (Item 252) is of interest,

Typical yield and praperties of products may be il-
hustrated ¥ 1943 pr#duebion figuresas f%llows-

10
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.6953 Y

casoline vzz,vzo o5h
Diesel Fuel 8,600 743 f ash 3
Kogasin II 8,600  ,767 slesed)
Paraffinic"botboms ~3~019— ~¢?97 ~318fh50

Total Liguid Produets - 42,000 ~ |

Contact Paraffin Wax ';860;; Pﬂ;?.'100°0;
Fuel Gas 2,960 .

BeeI%gigSeccionvlb-

Ve Summarx on OQQanol

Oppanol the German ‘eounterpart . of the American Vige .
tanex, is polymerized 1sobutylene made from 1sobubyl;alcohol..

(by catalytic dehydration), which in turn, produce 60"parts of
'Oppanol (by catalytic polymerizetion with boron fluorlde at
«100°C,). Menufacturing details do not appear in the: file.\v
There are saveral grades of Oppanol, from 80,000 to 200 000
mol, wt., the latter being Oppanol B.  In 1944, I.G,, was pro-
ducing 700 tons/mor#of Oppanol (450 at Oppau end 200-250 at
Frose Wks.). This involved an allotment of 1200 t/mo. of iso-
butyl alcohol which was ebout .25% of the total isobutanol pro-
‘duetion cnd over 50% of 1sobutanol used ‘for purposes “other than
the manufacture of 1so-octane. correspondence indicetes argu-
ments among the Air Ministry (RLM), Army Forces (OKW) and
.aliocating agencies regarding the relatiye proporbions of iso-
octa 8 an Oppﬁnol to be produted from the available supplie '
;of igobutanol 4n 19qh.- ile some %ppan 1 wn& used as additive
& 1) 1ubr1cit1ng oils and ynthetic ribbers, almost one ‘half want
into|plestics ﬁor tne army, priesumably as a pfot ctive coating '
of .military fabrics, Mention is made of Oppa 0l'B being applled-
'_1n't*e:fo%m oleO% golutions in cax on -t traoﬁlori e and nap%tha
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in 19&2.

vents. I G. operated

capacity at Heydebreck., Their mevd,d#or production is not givenr
but“a *sompstttiv:e*rrccess woi‘ ~the~»m ener 805 WBGQM}*I'&*GV e
with satisfaotory results appears in Item 208.< This. msthod
calls for swelling Oppanol,B in naphtha; mixing with pigments,_
several kneadings and millings ‘with amulsiriers, stabilizers
.and water, The product was evidentlx‘used for water proofing
of nilitary fabrics in winter campaigns. Oppanol B was also
converted into sheets using silica gel as a fillsr. Thesé
_sheets were to ‘meet” eértain meohanical specifications such as
minimum tensile strength and elongation, but the use is not -
mentioned. ' :

Reel 2, Section ;l
VI, Summary on”Tbnalon'-‘b
(Items 236 237, 238, 239, 2&0, 2hl 2h2 2h3)

This subject appears to have been of intorest to I G.
as an’ outlat for waste aluminum chloride.

‘Tonalon, & basic aluminum chloride, Al(OH) 01 is
available as @ 3% aqueous solution, -and in various solid
forms for ‘the dye end pharmaceutical trade; as a solid, Tona-
lon has an Al303 ‘content of 46-48%. Its solutions have the...
same acidity as aluminum triformate and aluminum triacetate
‘but have an advantage_pf a. higher content of effective A1203.

T nalom-is #rodu#ed si ulta[eousay wiFh ettylen$
hlorohydrim whem ethjlene?oxidj in 0 ncentratep or @iluted
gas streams is pussed into aquedus al minum chlbride solutions.
Laboratory vork wes carriad ‘out [in b tch, semi- and conti uous\
uhits on ablorpt on oirsthﬁlene oxide, Thb eth lens‘chlo 0=

h%drin is r&move# undér vaduum firom the. aqueoushsolution, ‘the




Tonalon. solubion emel”‘“""""” 1jlene_ohlorohydrin production.
ror 1952 was 247, 196 kg, trial produccion for Tonalon
was 121 5&2 kg. in 1939q

» . Tonalon ls used for 1mpregnatlon or cloth. in the dve
industzg:and phazmaeeutloal“bradem

Tonalon Hy an intimate mixture or Tonalon {80%). with -
urea (20%), is. used for the ' lmpregnation ‘of cloth and related
materials. it was introduoed in August 1939. 'Tonalon H hes
a solubility in waber as high as aoo grams per 11ter of water;
‘a 37% solation by weight hes a speclfio gravity of 1‘18. ‘An
iadVertising clrcular is glven on the use of Tonalon.H for
impregnatlon of cloth by varlous mebhods.

into alumlnum formate by double decomposition with sodium or .
calélum formate and orystalllzation.. Ttem 243 describes. labora-
tory_g@gg—glgpg these lines.

ViI. Summarx on Crude Oil Refinigg

This topfo1is covered in Reel 2° only in connection ‘
;with the Lutzendorf plant. A part of their: operations,is refin~
ing of 100,000 tons/yr. of crude oil, ' From the American point
of view, this is a very small plent of 2000 bbl/day capacity,
"but the’ refining steps appear to be up-to-date as they include
two stage atmosPheric-vaouum distillation, propane. deasphalbing
of residue, propane dewaxing, phenol solvent refining and clay
cpntacting of lubricanlng mils. As distinguished from Americ
p| acbite, ere 18 no productiop of h avy fuels from crudg, al
r sidu%s su}h es“asphelts and p%enol kxtra ts bbing }ent 0 ‘thg
hydrogonation plant: for oemversion fnto hydro gasollﬁe an Py
‘D eselquelm. The. dlaposiﬂion of. keroseneL gas| oil and , gg:b}e'
products is not - hown¢ but they are 4ot oracked since the plani'
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heaviar than gaéoline cuts rom: synthe - Theio
rerining at Lutzendorr is essenbially cenﬁered oupths productlon
of motor; cylinder and avlation oils by eonventional methods.-

The bie-in with Fischer-TrOpsch operations at Lutzen- ,
'dorr appears to be only 1n the blending of gasolines. The 50,000
ton/yr. hydroganation plant at the same locétion picks up the
heavy residues and low value by-produot oils for” conversion into
gasoline and Diesel fuels., In addition, 1t also handles coal
'tar‘frbm'outsi@e.souncési '
' "Reel 2 -

VIII.,,M@SCellaneous

*?gym-.hetié Rubber

Of the two items on this subject, ‘axoerpt from some
report on thd Russisn’ producbion of" Buna N by the “Lebedev pro-
cess may ba of soms interest. Up. to 19h1 there were. 5 Buna:
fplants, 30 000, t/yr. each, in operation. Soms operating de-
dalls age given in'Item 247. ' |

v—Dimol

‘Brief notes and- 8 flow sheet for the production of .3
tons/day of DimoX 1ndicate that this material is a condensation
~ product of 1, 63parts of vinyl acetylene with 1-part of acetone
(in the presafice of- solid KDH). Dimol was to Ye. co-polymerizod
with bntadiene in the ratio 5 of 2:7. . Outcome of project not -

_ 1ndicnted | ‘ ) ' -

!

ndgen iral Layouw for hyarogenation of heavy residues
1 rom nil rnfining and .cracking of Fischer-Tropsch gas oil. is
ivenﬂin ‘connection with the Lutzkendorf plant of I,6. 8 dro
gasoline and Diesel ﬂuel jge pjtduoe‘ in b bout)equa oynts.
o process and prod ction fig o brlefly! outlined in
‘ nectinns on crune oil refiniug and Flscher-Tropsch nparakions‘
at Lu zken orf.
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