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;Manufacture Of'fatty’acids'by'OXidation'of

Oppau_works.

‘The follow1ng 1nformatlon was suoplled by Dr Wletzel at
Oppau, Ludw1gshafen on Rhlne.w EERRRT I :

Raw Naterlals Synthetlc parafflns obtalned from hydrogen—~
: ' _ation of carbon moncoxide (Fischer-Tropsch
'process) or from low temperature carbonisation of llgnlte.
‘The average melting, p01nt of the parafflns is 30-50°C, and.
the” average chaln length 018 to CBO-

Purlflcatlon-f The parafflns are treated in the cold w1th

. aluminium chloride, followed by Tonsil. Wlth
'some poor quallty paraffins, a little sodlum carbrnate ‘is '
also added

Ox1dat10n POtass1um permanganate (O 15% calculated on the
paraffln) is added in.--agueous- solutlon to  the
parafflns,’and the water is evaporated off,- . This procedure
gives good dlspers1on of the permenganate, ' The treated
paraffin is passed to.one of four vertical cylindrical. ‘
reaction vessels of aluminium, 12 m helght X 2.6 m. dlameter.
The charge of _each of these four vessels is 30 tons. . The.
-portions-of the towers which are above the liquid level are
constricted of stainless steel) to re81sts corrosion by . the
“Tow molecular Welght acids. formed The towers are each
rprov1ded with 12 01rcular plates arranged in the base -

=3 £ ﬂbe&ng—abeut 30—cm—diameter and con81St1ng of—
.porous ccramic materlal (Frltten) through which-the-air for
dxidation. passes, - ~Although on the laboratory scale the
pore size is of" con31derable importance;—-this is not. found
to.be the case on:a works scale.‘] The ox1dat10n resction is -
exothermic. and. the temperature is maintained at 100- 12000 by
»means of water 01rculatlon through"the jacket-provided. - The
gases formed during oxidation aré in part condensed, the :
uncondensed portlons passing through a tower where they are
sprayed w1th a mixture of water and the - 01ly condensate.
SThe ev1l smelllng washed gases are: burnt ‘ S

When approx1mately one thlrd of the paraffln charge
has been oxidised, the latter is -passed to a steel, tank where
,ltmlS saponlfled,ﬂ” This stage—as~reached in 16-36 "hours =
(average 2u hours) -:dependlng on the quallty of the paraffln

73218 1.
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used.,. Thc acid valuc of thc partially oxidised_mass_ish_
60~ 65 “The soap is pumped to a 30 cbm:autoclave where it.
rs:heated‘t9w15000~by means of—a heat*exchanger.', ‘Part of
“the unsaponifiable. separates -and ‘is- returned via a wash-
_tower to the original paraffin stock tank,...-The- remaindey
“of the. materlal which contains sodium” soaps and further
‘unsaponifiable. goes to a coil consisting ‘of a number of .
hair-pin turns, where it is ‘heated to 270-30000 under a-
‘pressure of 80-120-~ atms._. Oxyacids are. partly converted
te“ﬁﬁsaturated acids at this- ‘stage, ' The pressure 1is then
-released, the temperature falling to 1509C, and the material
is passed through a .coil of similar. construction where_it is’
reheated to- 330-3600C" under atmospheric pressure. The -coils-
“in ‘both. the high. and low pressure - systems—are—99—mmfinternal

X 127_mm external diameter, and - the.loops-—-are—each 7 meters. .
~high.- The high- pressure side has-28 turns and the low .
pressure side.9. turns.”  The heating of both systems 1s by
hot gas 01rculation (Umwalzgeblase) I

_ After the 1ow pressure heating, the remainder of the
unsaponlfiable distils off-in-steam and returns via a. Spray
to .the paraffin store tank., ~The -soap- 1s issues in molten- E
form to a tank where it is dissolved in water and passes_ to

—e—tiled tank provided Wwith a 1ead-coVered stirrer where it
is acidified with sulphuric acid. . The ‘agueous layer is
%1scarded and the crude fatty ac1d after passing a- wash

ower, , . o

-Distillatlonr The crude a01ds pass: through a meter to a. i?i
o pre-heater, and thence to four. or mene. stills v
1n series, where they. are distilled" under\u mm pressure.,» The
_stills are each 8 mx 2,2 m diameter, and _are heated by hlgh

. O ROt Water. ~The columns, which are pacxed‘
with Rasch*g rings measure-;*“ , . .

A o .Colg1lfﬁf3i Col 2 ‘ Col 3 and subsequent

Diameter . 2;2:;[ gfi.;1.8 s 1.0_,

!

The fractions obtained are as follows -;~:

-V°r auf - C“ C6g about 10% of origlnal paraffin.'*

| L E II 07 - 09
vHauptlauf - C10-.018 'g-ﬂ 50% M R
;Nachlauf I *3018- Coo ) ﬁ?“, Yegg m L mTT
chiae 1. CQO-wce5§ S e
Residue 10%~vﬂ,1-'gﬂﬁ e

73218—1



_ The total yleld is. 75 80 of the origlnal parafflny
ﬂﬂnrﬁ%mmlnder belng—lost as gas, entrarned~ei}y materials
and’ Gl Cl.- ~acids- 1n—the~var10us~washes.: It was intended
to extract. these: latter with petrol, but thls was never.
carried out. ~ The brine cooling sarrangement in’ the*fiow——
“sheet for: thexd%stlllatlon was intended to remozeﬁm;e@s, '

*but—dld—not prove:. very satlsfaoiony.., In general the Haupt—
1auf and Nachlauf Iewere—unlted.‘,e-V , o

The ox;datloneié—carrled out ba%ehw&se but all the
subseguent operatlons —~eapen}£}eatlon,'separatlon, 8p11tt1ng\
and dlstlllatlon - are contlnuous.v o : NS
Consumptlon of Raw Materlals : Some flgures for raw materlal

R consumptlon and - ylelds are_ .. .
glven below for What is aescrlbed as a typical run (from 1st
August- “+4o-1st. September 1941:), " These. f1gures~we%%%fﬁ¥&——————
given by Dr. Wletzel but-were: taken from correspondence .filed
elsewhere. =~ It will be -seen thet some-figures - partloularly
those for the yleld - dlffer greatly from the figures given
by Dr. Wletzel ThlS may possibly be explalned by the fact -
-that the corre8pondence in-question was concerned with'
traolng the reasons ‘for-a_very great loss made by the Oppau
works - 2. 2 mllllon Relchsmanknfor a perlod not stated

SR o "f?" '; REETERY _ Relcnsmark

Materlal “ -Kg uéed“f; per 1.00. kg
Crude parafflns _ 'T}MO6;519 S 28 30'-
Tonsil -~ 7w [0 A 14,500 0 18,20
Potassium permanganate 4,720 - Bl 22
Alumlnlum chlor1de‘;' u25~900',, o 30 96
~Soda=As et 5 |6u“:‘” T 5321
~Caustic soda r‘:‘ff; 38& 6L 8.75
Sulphurlc aold ,.*‘ 399 ousx_;' u 65

The chlef‘oosts for the above quantities were: —'f

Labourf--Relchsmark»u9 051

Power - - M= l7 .62l
Repalrs—;j;; "; 50, OOO
Ylelds —;:i;_. ‘v_‘f' E
Selfenfettsaure S 457 697 kg
Nachlauffettsaure 415,689
Vorlauffettsaure - u2 5574
' Prlmarselfe e _910

73218 1 "



Comments

No satlsfactory explanatlon WaS. forthcomlng ‘from
DrfW1eizel=i©r—$he hlghspressure ‘heating of the

~He=dndicated. that thlsrwas

_crude soaps in the coil. system.

not carried - out at some other- factorles “and this seems._ to
be-borne—out—by—treports by other 1nvest1gators on the T.G.
“Leuna. works and on the: Deutscﬁ“_F‘ff_aurewerke, Wltten/Rhur.
~On-—the other hand’ Dr. Wietzel stated that I.G. Heydebreck used

the" Oppaw: system.

Each of these" 1atuer factoriés had. a

capa01ty capable of treatlng 20 OOO tons paraff&nseper annum.

-Appl;cat;ons of the Products.

qauptlauf

“Vorlauf I:

pVVorlauf-II?

Ghlefly used for soap maklgg, and for
sulphonatedefatty~ac1ds"ws ----- The conver51on
into edible fats had reached: the experi~

mental stage only, at Oppau.,- "Some of -
these acids were hydrogenated 16 alcohols

’ for sulphonatlon to" detergents.._‘

.Mostly comblned w1th Vorlauf II and hydro-
“genated to alcohols which-are then split
*into Cy - C6and Cy - C9 alcohols. These
twoﬁgroups are esterified with phthallc :
anhydrlde——yreldlng plasthlSGPS’- Palat—
inols HS and B reSpectlvely.“_

Partly ketonlsed for Wettlng agents.

-'Nachlauf II converted to sodlum soaps for use as

Residue:

7321821

lubrlcatlng greases.

@“-Mostly used for stov:ng enamels 'Parﬁ

*“hydrogenated and sulphonated-
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Keyéto%Appen@igjﬂéf

4 Paraffin tank.
2 Permanganate solutlon
3  Vessel for: m1x1ng the ‘charge
Ly Jnsaponifiable I-
5 Jnsaponlflable II
6  Air -
T Oxldation*Towers
-8 Off-gas cooler -
9 Sprayer.. for . off-gas
10 Oily . condensate.
11 Aqueousmcondensate
1 Pump - AT
13 0ily condensate,;
Ay Agqueous condensate
15 Oxidation products
16 Wash: tower
17 ,Water v
18 Ox1datlon—product to_saponlflcatlon
19 Water =
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Key to-Appendix "B"

' Caustic Soda solutlon
" Oxidation product
4fSapon1f1catlon tank
* Pump’ e
' Autoclave o

;VUnsaponlflable I

. Crude soap solutlon contalnlng unsaponlflable

‘- U matter- ,

;j8'“'Wash tower L
9 'Return to ox1datlan

10 High pressure pump

.11 . High pressure heatlng

,?12f*'AtmOSphePlC pressure heatlng

13 Vapours of unsaponlflable IT

\, O L o =+

14 Molten soap

15 Soap—dlssolv1ng tank

e 1 6 Wa‘tel" R

17 - Condensatlon of Unsaponlfidble IT -
18 “Part of Unsaponifieble II to the spray .
49-4 Separating. tank for Unsaponlflable II- and water
20 ,~Su1phurlc acid
.21 - Soap 5p11tt1ng
22 .  Crude fatty. ac1ds ,
QQB/fTSodlum sulphate\solutlon
el Wash tower
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Key to Appendix—"c".

1 ‘Crude. fatty ‘acids
2  Pump

3 Meter
‘I,  Pre-heater . .

5 Brine coollng tank

6 Vorlauf ‘fatty acids .

7 Hauptlauf and- Nachlauf T fatty a01ds
8 Nachlauf IT fatty aecids”

9 R631due from stllls
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.'I.G. | Farbenindustne, A.G. , Oppau.

FATTI ACI DS HYDROGFNATION

_Tlre raw'"materials were fractions of the fatty acids produced by
oxidation of paraffins. The materials’ were divided into~ three -
gnoups as follows, and: were— hydrogenated separat.ely.

- 1ing g = _09: aoids
‘ i “Om - 020
High boiling Cz) - 03) ( appmadmately).

Pmduction at rate of 100— ns mOnthly was achieved vd.th the 1ow
boiling acids, but due to economic reasons ‘only 3)—tons of - soap '
and some. a)/B)-tons of higher aoids had been worked in- tofo.

i Some deta:nls of the prooeaa were protec'bed in Genna.n Patent
' .Appﬁcaﬁons A RN S
' - 71 120 31 l 1942.
' J 7 5 _12',0 12.1.1943.
' 2 g gg low Uoil:mg acri.ds.

The baeic process depends ‘on hydrogena‘d.ng esters from ‘acids
reacted with the ‘alcohols of the corresponding group.. It\ was f
considered that ‘it would have been advantageous to have used the
lower~boil:.ng ﬂractions of ‘the alcohols as the estorification raw-

‘material, butin fact as a general- policy the total aloohols were ;
esterif:.ed with t.he total acids. of ‘the" same gmup. L B ‘

. _The ﬂow sheet of the plant is given in Appench.x D. “Fromthis
_- it will be seen ‘that - the steps were - .. ‘ f L

»e. esterification of acids wlth pa.rt of the previous product.ion of

b. hydrogenation at 270°C and 250 ats. pressure 1n oont:.nuous plant.

Lo separation of pmduct a.nd return of pa.rt *bo es’oerify subsequent
- charge of aclids. -

'd. rectification of" remainder of product to g:\l.ve 04 - 05 a.nd 07 C9
aloohols for’ use in plasticlsers.
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:Fatty' Acid s ';‘H}"dmgenaf.ien' (Cont.mued 1 . ) .

I sta-ifieatiog

The cherge oi‘ acid ‘and aloohol was heated :ln a sta.rred VZA
vessel at - atmpsp__eric ‘pressure, and the esterificata.on water
'removed using the alcohols as ent.re.iner“‘rhevvapounsed e.}._g__l}pls

were returned to vessel vie a decanter. - The: temperature wes .
> e°C_in_a._period of 8 houre ~This stege wei

di scon tinuous.

\‘ —
The crude esterificat.ion _proauct had en acid value of 3) and was :
used without any~ further treatment.

' demgenatién.

The hydrogenata.on circuit consists of preheater, reactor, o
—separator and the necessary feed and- circulating pumps and- storage
vessels. All pipes and véssels hendling acid or ester were of A
alloy steel, but on the produt:t side non-s.lloy steels weTe “used.

E Preheatgg

A VzA VeSSel equipped with 12 ats. steanm coil. Hydrogen ,
circulated through this unit transferred all the hest needed in
reactor during the heating and catelyst reduction periods. -During -
the hydrogenation period ester and circulating gas were. prehec ted
to. 25000 :in ~this unit.

Reactor. 4

A Well le.gged st.eel shell ﬁtted \\1th a V2A liner a few
mi]iinretres—tmc&. Tha lJ.ner was secured tn the sh.ll at each end.

Dimen.sions of shell weLe__

‘Léngth © . 12 metres (40 £t.)
Intemal dlameter 5 0. 3 metr»'* ( 1 f‘b.)

The cata.l.vst was. filled J.n in balk va.t} 1 TG cage or plat.es t»o
-»__act. as support. A gangway was prov:.ded at ’oop of reacto*'s for E
: this i‘:Llu.ng operation. : > }

\
e

’ The re'nm.ader of‘ the plant. f.‘olloaed convenmonu ..;Lnes.
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Fattv Acids Hvdrogrenatn.on (con’cd.)_.

Cat alzst o

Catalyst used was k.nown as BB E———L%Je&s—m&de—at Ludmgshafen :
‘at the Catalyst Preparation Centreunder-Dry Wimmer., It .consists:

of a silica gel base. impregnatea with copper and’ chromium 80~ that
the final catalyst con'balned '

20% copper
;0_ 7% cnroznlum
The 1mpregnat1ng solut.:l.on was prepared by dissolv:.ng a-
preclpitated basic copper carbonate in 25% NH40H solution and
adding Hirscham- -salts (Aunnomum,B;carbonate). _The completed
‘solution had the follom'qg characterlstlcs. p

- Copper content 12. .
Specific gravity ‘ 1.1 to l 2
Molecular composition Cu . (NH3)
“Ratio NH4OH 600 kgt
NH, 4Hc03 140 ke.

‘To this solution was added chromie ac:d (0103) to an a.moun’o
equlvalent to the ratlo o 20 copner 0.7 chromlum. et e

Silica gel s:.zed 3 8 mm. as a supporb was: treated w:tth this
solu’c.lon three times as follows:~

Soal:

Dra:Ln

Dry

;Heat for r 24 hours @ 100°C

A:t‘ter the thlrd t.reatment the impregnated base was hea.ted to
240°C f‘or-three 'days by which timeit was free from NHz.  The:
mat.ena.l which had somewhat’ dlsiqtegrated was sieved etween 1 mm.
“and 3 mme sieves ready for—fllllnghtolreactor.

After chargmg the reactor the nlant was swept_aut with
nltrogen and then more. of this 'gas added to bring pressure. to
150 ats. . Circulatlng pumps were started and preheater steam:
turned on.  The temperature on. Teactor-was- ra:.sed to 1500C and.
“then hydrogen: added to gas stream to effect reduc'blon of the
catalyst. . :



Th_e, eag on is exo_themic and the te perature lS mamtamed

‘at 1509 < 200°C. Vhen no- further ri s_;n.temperature was-

observed hydrogen was ‘added ‘up’ to the full préssure. of 250 ats.
~and gas purged. to- remove. nitrogen and replaced m.th hydrogen.
The preheat:mg and reduction took c4 hour _‘ e Y :
: One charge of‘ 700-1w. catalyst laqted one" month ”dunng which
t:me 100-tons of maﬁ‘br:.al had been hydrOgenated.

de gen.

: The gas used W'ls NUL gas and*one analysis 1no.1cated 1mour1t1es,
as i‘ollows.-» \ ; :

Nit“g en. 265

o 10.001%
S 2 -»10 vng. per m3

Gas was vented to malntaln impurltles at a conctant Tevel. ..
Analys:ls of. vented gas (and therefore of cirulating gas) showed

‘IitrOgen 4= 10’
lCH4““”“"* 1-2

Due to vent:mg and leaks the gas used was about. 50% more tnan
theoretically requlred.;v.v.g ¥

P_roduct.

w:.th a fresh catalyst the crude proauct had a saoomf:zcatwn
- value of 3 = 5, which increased with age to 6 - 7, when catalyst-
‘was considered to be exhausted and was changed. : The hydrocar'bon‘
content of the crude was 4 - S,o. _ . T L

'. s The rectif:n.ed prooucts Were used for maL:mg phthalates sold
as plastlclsers having the following trade marks.; SN

Phthalates of 04 - C6 alcohols “Pa.latinol HS“.
on o C7 - 09 LR R IR



Fatty ACldS Hyd:c Ogenatlon \cuntd*)

Each shii‘t cons:.sted of one charge hand and two labourers,.
,‘one for hyarogenation and one. for dlstzllamon and-ester mak:mg.

: There vas a.'!.so supervnsio*'x in corigunctlon_with other proce ses,»

;.11‘3 Yearb Wbrkigg 1ast full year) ..........

,3‘48-tons low b0111ng ac:tds yielded._
;1,103-tons alcohols -v—~~‘~—-e__

This i is 78 8% Weight or 93% theoretlca:l

e.,,‘ Z

"_;,;:'Energy requlrements per ton. e

8.1 tons 120 ats. steam. e
1,170 m3 (40,950 cub. ft. ) hydrogen.
620 m3. cooling water. - v

ll 1 kg. B. B. E. contact. -

24 ,k“Process for Soa_g Acidg - C]_o - ng. ;
' The orocess was in the main s:.m:ilar to that for the_iower_‘ 3

acids. The possible production was 100 - 150 tons monthly,
~but only a total of" 50—tons vhad been worked in this. unit..

Size of Rcac‘bor - length 12 metres (40 i‘b ) as before.'
, L 1nterna1 diameter 0.5 metres (l 5 i‘t ),.;

~_1gu Alcohols for esterlflcation. The alcohols C4 - C9 from_
. : low boil:.ng ac:ldé., R

React:.on %‘emperature : 260° (i e 10° lower)
Catalyst, pressure, etc. rere as prev::.ously reported.
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Fatty Acids Hydrogenation (contds):

3.k'>IP- bces\sforhi h‘bo_ili.. " aCi.@_g_o_(Reszldual Ac‘ﬁids)

a—

., In working these materials experimental units were used -
length as before but internal ciameter only 0.2 metre (10inch).
This was purely a matter 'pi‘}_:‘-gpnveﬁnfg.ericq.}-';,fThe,;‘r-,e:sidual acids:
and pitch from the oxidation were vashed free from galts with

‘formic acid end used in 50% solution in higher alcohols without
~any -definite esterification step. Only 20-30 tons in all were
- Catalyst, .p;'v_eSSure | as bef ore ‘and temperature : as with so‘j.xp

acids.

- Uﬁsap,oriifi_éblé ﬂpréduéts, k'eténéjs_;gté',ffr'om'the o:ddéﬁion"
were also-_WQrked‘.up_’ir;\'thisvugij;. . T e e
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I .G ,—I‘arbenindustrie, LUDWIGSHAFEN .
FATTY ALCOHOLS PBDCESS.

The continuous-process was in-wany-points gimilar to that
"worked at. Oppau.-.. Only ‘soap acids were used,- -and these. came -
,,from Oppau or: from Henkel (Dusseldorf) The product::.on amounted

‘to 25/3)—tons monthe

'Process.

Esterif:.catlon, hydrogena.tion and rectification of alcchols
with return of low. boiling fraction to, ester:.ficat:.on unit.

_ ‘E‘st‘erification.n

The soap acids were esteritied with Butyl Alcohol using B
) KHSO4 as catalyst. The salts were waghed out with water and the
: material dried under vacuum ready for hydrogenation. o

,Pla’nt.-
Smal‘l.er tubes than at Oppau. ’ The dJ.mensions were -

I.ength o 8 metres (26 ft.) _
Internal Dla.meter o.2 metre (10 1nches)

, P:Lpes a.nd heat exchanger were V2A or copper manga.nese bronze.
'.Liner af react:.on ‘shell ‘was copper but difficulties had ansen
with distortion of 11ner when pressure was released.

Reactor space was—360 ]itres (12 6 cub. i‘t )

In th1s plant the reactor a.nd connecﬁn.ng p:.pes were Jacketted-
to allow of ‘heating by meais \of ‘hot water at 250 atmospheres , @s
~heating media. . The water was circulated by means of ‘& valve box
-and ose:.lle.t:.ng columns of cold water actuated by a reciproca.t:.ng ,

pump.
C_atalzst.
S B. B E .. forprepara‘blm see()ppaureport.
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Fa.,ty Alcmols Procew' (corztd.)

s n thls plant the“eoter an'IhyorOuen wer ‘§f§heated'

"s parately, using pipes . Jacketted -and- supolled ed with 250 ats.;
“Hot waters —The meterizl was mixed.at. top of reactor. - The
reactz.on-temnerature was 2500 - 70°C.

g O"’eno‘
Altematlvelj electrolys;.s or NUL' gas we.s used., ~The
—clrcule:tlon was 20 m3 (700 cub. f’o.) compressed gas at 250 ats.
oer hour o

t_Product .

\ The crude product, ac:.d and sapomdcation value of 1 - 5,
was dlstilled, and.the . res:Ldue ammmtlnb to 10%" was tzeated with,
Tonsn.l or. act.lve car‘r;on and sold as-.a 1ubricent. S

- The d:.stillate vvas rectiw reduced pressure 1n
' ba’cch plant. S ST T

. ‘Boiler 3 m3 (660-rrallons)
- Column - 24 platess . - ;
___Pressure 5 . a’t. top of column

v_:FractJ.o_ns o
1M ‘..,!Butyl Alcohol - returnea.j: '
2. Alcohols C10 - C1

3. “Alcohols over*014

4. .r-ngesidues.

‘ Dlscontlnuous Proce ss.

Pnor t.o 1940 a dlscontinuous orocess hc-d a.lso ‘been
- o‘oeruted. : The essent:.al c0nd1t1ons were--~g: : o
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Fatty Alconols Process{Coutd.).

—Capacity. of p] ant _3 .;m3 (660—gallons)

Pressure 200 atss T

‘Charge — 800/1000 kg~—free ac:l.dg.

Heating. at

Temperature =309

_Ca;talyst“-‘ P.H. 86 (Copper Carbonﬂ.te
activated with Ba; Cr and Zn)

'Reactlon time - 6=8hours. ...

ProcI“t—”” : - _Sap.. value 10 - °Q. c

At end of" reactlon catalyst was flltered off after

-adding KHS04 to break emulsmn ~.salts washed out and. .
‘distilleds To tne dlstllled ’oroduct KO added. before—

rectim.ciation, in.order to saponify and flx any esters and
r931dua1 ac1ds., E

ST Schema zur Fettaaure Fabrlkatlon I, II , III
(Append:.ces A, B, & C of the. Report) has been lodged wrt.h--

Boa.rd of Trade _—

German Division . (Documents Unit),
‘Lansdowne- House, SR

Berkeley Square W.l. =

Telephone Grosvenor 4060 Ext 292.5. -

Apphcants for pem:.ss:.on to view the Document ahould quote :
‘the fon—— BIOS Reference Number- BIos/Docs/u24/1110.





