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TECHNICAL OIL MISSION
U. S. BUREAU OF MINES

Screencd. by Standard 01l Co. (Indiana)
‘Bag 3la
Targot 30/5.01 o L
Ruhrchemie, Sterkrade-Holten - N .
TITEN-T3.—SOAPS] FRQHATTT&GTDS‘WASWQM@M—PRMAM@DUGTS—
“Frams 1, Fatty acids from waste liquors of the ~

gynthesis plants in the Ruhr reglon.
Qctober 19, 1942 - 3

-

.. Anestimate is given of the probable amount of fatty acids which -
--could be obteined by the alkall treatment of synthesls wastess ~Around 9 tons
per month are available which might be used for the manufacture of goaps-In
order to obtain the msximum smount it was propossd that all licensees and

~ processors should be required to exchangs information and experienco.

Framo 2-8, Direct production of fatty acids from
. large scale units, (manuscript) Jamary

The points covered includci-A, Raw materials, B Possibility of
recovery, Co Purified fatbya cids, D. Fractionated vacuun stilling of fatty
acids and E, Regults, Frams 9 is'a diagram of a fatty acid plant. [

 Framo 10, Manufacture of soaps. May 26, 1942

" “About 100 liters of caustic-washed produce were partially neutra-
lized with HS0). The fatty acids cbtained have & very unpleasant odor. About
70% boil below 2650, The acids bolling above 2659 were purified and saponified,
‘and produced a soap with ‘good lathering qualitles. It 'was not. guitable for use
as a tollet soap on account of the odor, but it might bo used for laundering and

_peneral cleaning, s : ' R

Frame 11, ~‘Production.6ff.—sbap from the alkaldl =~ - . .
T trestment of condensate wash in Fischer - .-

7 gymthesds,. April 21, 1942

. _The wash liquors rre pmesed throwgh a filter containin g spent
activated charcoal and into an-agltators - In-the agitator, which-hag-onky -

‘a°slowly rumning stirrer, the'charge is intermittently saturated with .

‘gull uric-acids A fatty acid:layer-then forms.on the .sulfate . liquor,': The.

-agitator-11d hes’an- overfiow which- leads 4o a ball ‘saturation vat provided .
with' atirringnmechanismg,..‘ By forcing water under pressure into the sulfurie

.acid satura el 1z raised until the fabty «cids overflow and pass.
‘\;L-ntoi-»the-useda»a‘aturationf?apo.a Water.ia.added vntil_ all the Tatt dgTare”
O e R S OO ST T S S ot PR,
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displaced. The sulfate liquor is then withdrawn from the bottom, The
fatty acids in the soda gsaturator are treated with soda ash and stirred,
Here foaming occurs; therefore it 1s desirable to adjust ths stirrer so
that it beats the froth well. The consistency of the fatty acids increases

- after the addition of sufficient soda until saturation is reached. The
rosulting soap melb s from heat of roaction and differs from.its original
atate, It hardens upon cooling, .

Frames 12-1 are prac illog:ible handwgitten pagos.
'I‘ramo 15 comprises a flowsheet: acture of soaps from primary fatty
acids, ‘ \ S
TTEM 'n; |

 Freme l6~25, Proposed patent application, datad

~ July 7, 1943, Process for racovery

\ ““of “carboxylic acids or derivatives —
- from alkaline wash liquor concentratea

' : Theae frames either contain two applicatione or tno coplios of
the same ons, It is difi‘:.cult to determimo :

- ITEM 75, LiAD SENSTTIVITY OF VARIOUS GASOLINES
—Frame 2627, 1ead gonnitivity
A table of values, undated..

\
Frame 28
) B Octane number of mixtures of va.rying emounts of lead
- with a mixturs of:

66% RCH “Cmmdbanzin“
3Lg% motor banzol

Fram:a 29«=30

| Cmea show ‘chez lead sensitivity v8, octane number ag
dotarmimd by. Resoarah method and Motor methodo T

ITEM 76° | USE OF TAR- OIL m GAS Tunamns FOR THE AIR FORCE

‘-'B"“" 3.1.@3:.3 “Tar- ou T BT u‘bilizatlon or ----- ,
: —taroilandurudmoilingaa‘
o turbines for the Air Borcem
Oc’aobea 11,294,

 Inthe operation of & gas turbin@, the fusl is burned in -,
~gopHbELLoH Shaber 1hto winieh IV Hag been eprayed. throvgh a. nozzle,; th@
resulting ~gases- are: ‘utilized to perats-the-gas-turbings---Two fuels-were:

testad, ‘ ,,v,boiJing '100«»30000 : produced in, ayn’oheai,a ‘or‘ hydmgenation’
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planbs, the other a crude petroleuma Both fuele required preliminary
purification, The principal fault lay in that the flowpoints were
-unsatisfactory, since they were too high to maet the raquiremcnts

of the Air Foree.

Frams 33-36, Utilization of tar oils in wilitery
aviation, Octobor 5, 19kl

The use of tar oils as fuel for .gaa turbinos resulted in-
aer:.ous coking of the spray nuzzles whon the oils wors mixed with air -
and supplied at temperatures of around 4000, Framo 3l gives a table of
"the proportions of individual hydrocarbons-in-the primary products of
normal. preaaure and medium pressure aynthos:no .

I‘rama 37-38, ‘l‘estaz vith tar olls -

s gy 1eme. ‘gtates ‘that-olil’ with end ‘point=-of=32090-1z availabls:
in quantitiea amounting to 60,000 to 70,000 tons a year. Loworing the
ond point would result in decreauing the anount by about 50%.

--Coking of the no,zlea may be avo.’udad by redesigning so that .tho
hot oil comes in contact with air for combustion only after it has left
the jot. Overheating of tar oll must be avoidedo A redistillation might .
~Temovs- undeairable torry. consti‘bu@n'hﬂ- e

b Frama 39-h2 compriue manuscript notes and tablas giying tha
propertios of various crudes and tarao o

ITEN 77, PROPYL ALDEHYDE, REFORTS

Frems Lc,3—56, Program and report.s on gntheaia of.‘
o px"op:i.ona:l,dalg,rd«s,1 Mavch 19h2° o

Varioue catalysts Woro used,mnv of. which contained_cobaltn_
Um.ng @thylene and. watar gaa asg raaction mixtureo .

ITEM 78° OXO JYN’IIILSIS

I‘r&m@ 57~a60, Method of fatty acid synthaaia at
. Holtem, Lowna a,nd Luciwigahafsu '

A general conference on the abova subject brought out uha
i‘ollomlng:At. Holwn the process ‘operates discontinuously. ‘I’he olafin«n
LY 3. UL SR e tinalu]e SRR CEL-Ono-0 ToLdy Om&a.‘"
pressureo ‘ After compresaing with water gas and hea’oing, the gas in the .
circulation ‘gysten 1s passed through the catalyat auepansion until no
_more pas is. abaorbedo -The: reaction time is from 30 %o 60 minu‘wso ‘The "
" Oxo ‘product 1s then transmrred to the praheawd ‘hydrogenation unit under
prossure and hydrogenation is- effect@d by introducing hydrogen 4nto ths
irculatiého Thi@““o‘peratim‘”téb‘“&'aquﬂms“BO* to“”60*minutaao*f*h*f'+ar~tho~product~
iu filtered,- the- catalyst.-on-the filter.is.slurrlsd with. fresh olefin and ...
again ?.ntroduced to th@ Oxo un:lt 1n m:lch~pressure ham mean‘cime been releasedo

T
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S At Louna a continuous process igs used. . The catalyst~olefin -
suspension is pumpsd out of the slurry tank into the top of the Oxo unit
~which 48 kept under prespurs, The desulfurized wator gas is preheated and
forced through the suspension from the bottom upwards. The residual gas,
loaving the unit &t the top, contains volatile cobalt compounds which are.
‘serubbed out by treatmsnt with fresh olefin under preasuroo The suspension
is then passed to the hydrogenation unit. o :

At Ludwigahai‘on the following method is usad' The Oxo furnace is
continuously charged with preheated feed-oil which contains the cobalt =
fatty acid.salt in solution. Water gas, likewise preheated, passes from
the top dmmard through the unit, and after leaving the converter gives up
its heat, through a heat exchanger, to the fresh gas. The Oxo product is
conveyed into a decobaltizing column which operates so that the aldehyds
_product trickles down from the top through a column filled with pumice, =

—vwhile— a—straam_ofwwﬂrogen 18 directed against it. VWhen the- “cobalt-solution
again reaches the feed stock, the cobalt-fres, almost colorless aldehyds is
forced by pressurs into ths hydrogenation unit, v:here hydrogonation is

- achisved in concurrent operationo .

: A progmm_tor_ﬁurihar study included p;:qpax'ation of cokalt
carbonyl, Oxo-reactlon with cerbonyls, decobaltizing and cobalt re-
~goneration, -and -hydrogenation-with a Cu-~Cr-0- catalyata ~Freme-60° ia
a diagram of an Oxo planto '
, Framu 61, Exparimenta on 0o synthesioo
- November 17, 1912

SN
It is propoaed that experimenta be made to determ:lne the effect.
“of Go in the _aldshyde-catalyst mixture. ' Parallel ‘experiments_should wse

water gas in one instance and pura hy‘drogen in tha other. In tho hydrogen'
reaction, GuaCr oxido catalysts would be uaedo N

Fra,me 62 ‘

It is proposed, in a 1e’c.tar, dated Nov. 13, l9hl, “that ca.talyst
'mixtures suitabla for “uge-in: tha ‘Oxo~ synuhcsis should be brought intoan
lump form, ‘ , B ‘

Frames 63-6h are manuacr:.pt pagos from an mxidentified notebook,,'
and ars :lllagibleo o -

me@mé?g Te Oxo. synthesia, O S
BT Janua.ry 22, 19h2 o

R v;',‘In‘ ai continuous process for Oxo synthesm, fwo possible m@thods
of oparatlon are: pumping the 'gas through a’ columm of liquid, and causing
~the liquid to trickle through a packed column0 Each ‘method has' some di B

advantagaau A 13 propoaed to conutruot the liquid column in auch.‘

concentra’ciono o
such sectloningo
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- Frame. 68-7l, Program for Oxo synthcsia, particularly
" for production-of propionaldehydo. Nove
27, 19141

The progran includoa: A, Separation of C3—-&1dehyde, using a
high~pressure circulating pump; B. Solid catalysts, with study to learn
- whether carbonyl formation can be avoided by operating ‘at a lower GO~
“partlal pressurs; regeneration by dry treatment with hydrogen at 300-
400°C, regencration by treatment with concentrated water gas under
conditiona favorable to carbonyl formation; use of wet-reduced cobalt

Carbonyls as catalysts. It is noted that all metal carbonyle are
polsonous, thersfore the operators must take safety precautionso D.
Golloidal cobalt ag cat.a.lyasf;fa o

Framo 72, uggst 5, 19h3

‘ . "We have already attamptcd to react water gas with chlorincr-
contaming olefins, but without success, These experiments were made
using a slurried cobalt catalyste The cobalt always removed the
chlorine, ‘

"I now ask permission to see whether the chlorinc remains un-
~changed-in-the-olefin-if-the cobalt or-iron-is- ‘used- An-the-form of -a -
dissolved carbonyl." .

. ITEM 79°‘ PRODUGTION OF ALCOHUL
__Frame T3-Th, Alcohol production in circulation
_ synthes: 8, December. lh, 1943

The conditions are noted for a proposed opsration to be
“gtarted about the middle of 1944, This is in connection with a re-
cycle synthesis, using cobalt catalysto

' : Purifiod water gaa 33 conducted to the synthaaia furnace.
Residual gases are combined and passed to a soparator, where they

are subjected to”cooling in aix-condensers connected in-paralleks
COndensa.te oil ﬁs removed and residual gasas e.ra passad over activatad
carbon,, : g 5 e

By treatment with cauatic 5 alcohola are. <)l)’c,axirmfl° With é I
throuvhnut of 75,000 ¢u. meters/he. of water gas, a yheld of about 90 go
1iquid produc‘c/cug ‘meter - water-gas isobtainedo : From thls about 1 6 tons-
per day of alcohol could ba recovereda » : '

vFrmn@ 75;79, Recovery of alcohola from bha Waste'w
o Watera of syntheaiao Novo by 19h3

NN (A"-m:ucturo oi‘ alcohola, dohydaa and kotonen A8, present in tha
«v'»pressure ‘condengate-from-pressure- Bynthesisgs--A: -a tudy-wasmade-of- mothods
~.for determining and recovering the alcohols. from ‘this condensate... _The
“gleohold” contont vsriad from: 04.5 to 105,93 depending on- the sourca oﬁ 'chu
"condensatea
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. Falrly large samples were distilled and the Iirst distillation
wag effected under alkaline conditions. After about 10% of tha materisl
lad passed over into ah ordinaryretort, it became evident that all of the
alcohols had been distilled. This distillate was then redistilled under
‘a reflux column.: Thersby the alcohol content was increased up to 30-40%8, -

After the lowsr-bolling alcohols are removed, it is desirable
to attach a new reocelver since the higher boiling alcohols are only
alightly water- soluble and a gravity separation ocours. -No definite
statoments are made so to the precise nature of the alcohols obtalned.

Frame 80-8L, Alcohol recovery from wasto
o liquora of the active carbon
o (As=K:) plant. by De. Sohne .

_Experiments were made to determine the advisability of recovering
~the alcohols (including-a mixture-of alcohols; aldshydes-and ketonss) from -
the non-acidic, oxygen-containing-products from the Fischer process. Since
the concentration of such substances in the waste liquors was low, averaging
0,4% , it was necessary to study the economics of the proposal. Alcohols

from Gy to Cy were identifiled. S S

Quantitative study and Identification were extremely diffisult and -
-gomplete -removal-of-water. was-impossible. by.the. use.of distillation alone..
Samples were sent to various laboratories for evaluation, but the reports
of results were not in agreement. I : '

»_Framo‘85-487, Resﬁlts of study of amn):ile sent - :‘---—'¥s~~'—'

%o Reichmonopolverwaltung fur
" Branntwoin, November 2k, 19W2 "~ o

T 'l‘hé'”ﬁé’é’ﬁé“Iiffﬁéi‘""ébﬂﬁ'éiiﬁéd”“ab‘dﬁ’r; 0 ;’b%‘[‘é‘l'é’o'hol‘;" the aleohol
mixture had approximately the following compositions e

 methanol 10F————

' "ethanol’ -15% .

~propanol 20% "
i b EOLJOF

..The Ire;éidue‘.jcoﬁSiéts'f_. of: h’ighei‘ .alcoholso -
Framo 889 . . |

from Co andl'wdrogeno i Jmoe, l9h3 R - . L LR



TIEM 80, SO SYNTHESIS .

Framo 90-95, Xso wynthesis..
' June 17, 1943
‘In a discussion on Iso~-gynthesla, tha proposed experliental
conditions are noted. In order to prevent coking up of tho reactor tubss,

a 'coppe'r lining was suggested. ~The path of tho gases along the catalyst
should be so regulated that a m.r.nimum of carbon depos:.tion oceursa

A table gives the analysia of residual gas from reactions uging

ThO2, Th022n0, and Th02 = A1203, at 300 atmospherea prossure and uSOOC
temperatureo .

ITEM 81, IRON cmxxsr' FOR OLEFIN PRODUGTION
 Frasio 96-97 -

Iron catalys’oo (2 pageq of manuscripb)

Frame 98~99, Olefin hydrocarbons,
September i, 1941

. From carbon.monoxide and steanm, liquid products wers obtuined which
were- apparon’cly -completely-olefinic; - The catalyst-contained-about-50% -nickel-

in addition to iron. The residusl gas contained appreciable amounts of Hz,
~ ranging from 6 to 10%,

: The suggastion is made that the high olefin content may be caused
by shifting. the CO/Hp ratlo in the direction of tho CO end. The question is
raisod-as to the dapondonce of the degrae of saturation upon the concentration
‘of GO . and Hooo .

Tests are p?*opossd with the following, s'aa mlxtures:

synthesis gas — ~ CC:lp g 1:2
water gas 7 COiHp = 111

- CO-rich gas I - COsHp = 211
CO»=rich gas: II GO:Hg = hsl

SR It is homd that from the values obtalned in thesa tests, optimum
‘ ralationships can ba developod which may lead ‘bo full olei‘in product:lon

Ima 82° REGOVERY OF FATTI ACTDS FROM WASTE mummza'rxon LIQUORS |
B DR. OMEE- | e :

]

. Frame 100v~106, Racovex'y of fatty aeidu

c 7 - It is recogmzed tﬂab in med1um praasuro synthuais;, certain amounts
‘oi‘ fa'bty acids -are formed, along with the hydrocarbons. These t‘atty acids
~are: conta.ined, in va.por form,, in. tha reaidual gaeea wh.l.ch leava th@ furnacwo
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During tho condcnsation of the products and the water of reaction, which -
b condanaation iv medium pressure synthesis is always accomplished by ine
direct cooling, the fatty acids might give rise to serious corrosion in
the condenser and the parts of the unit which are connected.to it. TFor
‘this reason, it igz absolutély essential that the small amounts of fatty
acids shall bs neutrallzed in.the vapor phasc befors they are condensed.
. This is-accomplished by spraying the residual gas with a soda solution,
 whereby the fatty acids contained in the gases settle out in the form of
their sodium salts in the spent caustic. For: reasons of opsrating conditions,
 and especially in order to avoid unnecessary loss of alkali, it is customary
to procesd with very dilute soda solutions. Operation with concentrated
solution and repeated injection - that is'a caustic_oirculation - cannot
he’ considered gince difficulties due to emulsion formation ariss when the
0l is separated from the caustic. In medium pregsure syntheois, therefore,
it 1s unavoidable that the waste liquors from neutralization shall present
-.a:highly dilute soda solution which contains:in the solution. fatty acid _
sodium salts, with extremely low percentage of fatty acids, The concentration
of unused alkell in the waste liquor amounts to around OOSTaTnd ‘the concentration
“of fatty acid to-about 0.5~1.0%. These very dilute soap solutions have mot,”
herutofore, been subjacted to further treatment at any plants, since it -
seemed that the rocovery of these fatty acids could not bs accomplished
aconomlcally even if i% could bb done successfullyo

Although tho rceidual gases are neutralized with soda” golutlon; ™

thero arc alvaya certaln amounts of .fatty aclds & be found in the condensates.

These regidval fatty acids proceed, in part, into the water of'reaction and "
" in part into the oil condensate, and at present ars probebly generally removad

from the condensats oil by caustic washing, . The amounts of fatty acids thus-

~-recovered with the aid ofcaustic wash.are. probably. all supplied for some sort . .

of use at present. Those amounts are however only scant in proportion to the

s.mounta of- fa‘ot.y acids wh\ich -are- loct 1;:1 tho-neutralization liquors....

Arousod by the war-cauacd scarc:.ty of fatiy acida, experimants
—were-gtartad-on-recovering-: frcm—thc_uMLmﬁith_c_jMumJMich_iL
‘contained, "By intensive examination of ‘relatlonships; we found a usable™
‘method which enables us to recover the fatty acids in about 904 yield; in
an oconomical fashion. The studiss, first carried out in the leboratory,
“led in the summer of last’ year £0 the erection of 'a commerclal amit, which =
has been in'continuous operation since September: and has fulfilled all .
‘expectations, . ‘Before T anter into a more detalled explanation of this:
process, I should like to touch upon a few other. possibilitica vhich might
also ovcntually be applicd -to-the recovery of tho- fat‘oy acida contained in .
na ) aue 11 JLate e NOYIe 2 ‘nl'. ha,ve
not. producézd any succossful rasults,” aincc the methods in question afford
tho-recovery of only & small fraction of the fatty acids which are. presento
‘Inconnection with-this-problem;-we oxaminod the- possibility of- preeipitatin :
the fatty acids from dilute solutions uaing 1ime,-Vie-muat however -admit -thab .
the golubility of the:lime salts of the fattiy acids.is too. _great, or.their :
gnconjiratzon is too small, to obbain a practically qumtitative separa.tiono
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Even with. rapcated precipitation of- the-godium-salts- of-the-fatty-acids-by-means-of-
_.dims_separatlon, vraa not achieveds For example,using a caustic lye which . -
contained about 19 g. fattyacld par liter, we obtainsd through twice =
pracipitating with sufficient excess of lime about 2.3 g. of fatty acid,,
~‘that 1s, only about 25%. To be suras, it was shown, on investigating the
fatty ecids thus recovered, that only high~boiling fatty acids had primarily !
been precipitated. Of these, 72.2% were from- Cg upward, An aconomic racoverg
by this msthod was not therefore to be considered. - .

. We attemptod further to release fatty e.cida by\pasning carbonic .
acid through acidified dilute solution. When the current. of CO, passed
- through the acid solution at a temperature of 95 C, we wers sble to recover
3.6g/1iter = 368 from the initial liquor, whichegain contained-about 10g/ —
liter, Hore too, the yield, that is the possibility of recovery, was too
-scant to afford an economic application, expecially since, in both lime
precipitation and in COp treatment, considerable amounts of acid were N
,v:rc.quircd to. noutraliza _the lime or to acid:Lt‘y the solutiono

' I now coms to a diacussion of the actual method as we applied it,.
ﬁﬁﬁammmmﬂtmwarmhﬁnWﬁrmnrmmn“
with suitable solvents, after the fatty acids had been freed from the liquors -
by acidification with hydrochloric or sulfurlc acid. A generel require- ~ -
ment of the golvent is that it shall have. practically no ‘solubility in water, ,
in order that the losses through waste liquids may be kept within . tolerable
~-1imits;- since considerble-amounta-of -water are-always-present-in the-extraction:
process. As a suitable extraction .agent, for example, we could ugs tri-
- ohloroethylens, or psrhaps the light- naphtha which had been produced in
the synthesis itself. By suitable cholce of operating conditions in the
~extraction, it is possible to accumilate practically the total fatty acid
~ content in the solvent., The solvent containing the fatty acids can then bo
worked up in various ways. The fattya cids can be recovered by distillation,
__in vhich case-the solvent must meet the condition that'its end boiling point
" ghall lie below tho initial boiling point of the lovest fatty acid to be
recovered. ' 4 sscond method consists in releasing the fatty acids from
this ‘ext.raction agent which containa them by means of a wash with caustic

—-goda. -The-soda wash can be enriched with fatty acids so far as practicable,

- and the fattyaeidslater freed by treatment with ‘mineral ecid. The second
mothod appears at first glance to be more complicated. Nevertheless we-

~-decided upon-this-pracess-for-various reasonss: The-advantagss-of recovering -
the fatty acids from the solvent by means of caustic wash lie in the fact that
at-least in those portions of the-spparatus which cone -in- contact with the
golvents, no corrosive attacks are to be expected’ dug’ to the fatty aclds,

. 8ince. the_solvent._ is_almoat continuoualyTréed of. fatty acids by alkali.

A distillation process from the extraction agent would make gnecial re:-
“quircmenta ol Corrosion resistance.upon the -distillation apparatus, lore-
over 1t is necegsary to place special stress on zn exdct end boiling point

_.of _the solvent, which i as low.as.possible,. since. the lowest: ‘boiling .. .

_.fatty ‘acids. always: have.a low. bolling point, for ingtance acetic. seid, bo:\la

“at 1189C, ‘A further diuadvantage in ‘separation by distillation is that -
‘cartain residual amounts of oil remain in the solvent extract and produce:

**a.*‘definitu*‘amonnt‘“df“unaaponifi"ablo“material“whibh"‘“z‘emﬁin‘z‘s“*in”th““‘distﬂl’éf
. fatty aclds. . This undesirable.condition.is: likewiaa avoided ":hem ‘the- fstty

' acids are n@utralized out of tha solvent by
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in consideration of the above findings, w8 constructed tho plant
-rw‘ch igrcurren’cly ‘ope rating, abou‘a ag” follows: ST

The resldual liquors from the Toy II. " and IIL, gstage are acid“.fiod,
‘with the aid of a simple proportioning device, using sulfuric or hydrochl. oric !
acid to_obtaln a definite pH value -~ gbout § = 6.5 - and then extracted in ‘
continuous operation with the light nephtha which resulted from the synthesis
itself. This light naphtha is always circulated in a closed cycle. To achiovo
a sufficient removal of water, only an extremely simple plece of apparatus is
required, consisting essentially of a mixing tube and a separator. The
extraction naphtha, forced by pressure through the extrastion apparatus, is.
then propelled immediately after the extraction through a: caustic goda wash, -
such as is cugtomary in ascrubbing normal naphtha, thus only one pump is re-
quired for. circulating the naphthao

~The cauat:Lc soda is likemse circulated, .and :ls changed after it 13 :
_—,;:su_t‘f"'"ien tly.enriched with scaps... After-the goap-enriched cauatic. is ex=-—..
changad, it is decomposed with sulfuric acid, end the fatty acids, which
_are-nob yresent in concentrated condition, separate in a sharply defined
layer. Emulsification.of the naphtha with the soap solution, which might
ba anticipated, can be raadily controlledo : ,

‘ As an :mt-arest:mg phmncmenon in the e:cbraction of waste water
‘,._with naphtha, it may be mentioned that it is possible, by suitable choico

of ‘proportions between liquor and naphtha; to influence within certain

limits the compositlon of the fatty acids obtained,” With a high excess of .
naphtha over residual liguor, it is possible to extract completcly the
lower fatty acids such as acetic and propionic, while with slight naphtha
excass these water-soluble fatty acids can only be extracted to a partial =~
“extent, Since the lower fabty aclds are“practically equally soluble in water
and in naphtha these aclds are distributed in the naphtha and the liquor :
according to thelr partition coefficlients: ~ The more naphtha that-is used; -~
the more of these lowsr fatty.acids that can bs scrubbed out. .This fact can
be utilizad pract;cally_ﬂif the fatty acids are to ba recovered for soms -
particular use. For example if for soms reason the proportion of lower fatty
acids is to be kept as small as possible, the extraction will then be dons
with correspondingly small amounts of naphtha. If However it 'is important -
.3o.racover.all. the. fatty.acids,. correspondingly larger. amounts.of . naphths. ara;.g
uged, Tho fatty acid compositions which we obtained when operating with :
'varying ‘amounts” of naphtha‘ are” for oxamplu the. follow:lng- L

I‘o; Case I, to 1 part liquor, oS pax'ts of: naphtha were ussda It
proved tha‘u wp to and includ:.ng Cué: only 7. 5% were obtaincd while the rest

, - par

traated Wlth l parts of naphtha, the proportion of acids up. to and :anludinﬂ
Cly amounted to 29.5%, When intermediate mmounts of naphthe were uuad, th o
_,_proport‘ions of 1omer i‘atty acids la,r befm'een the R7iY lmitso

By thia procadum 11; is alao possible to obtain a aeparata recovery
for_:jparticularlrhigh;'"and“pradominantly*low*fattymidswif“@he“operation“m
.~1g.carried out.with t5o.separate. systems.of. naphtha.circulation;. hers

naphtha of the ﬁrst ex‘braction extracts primarily bhe highar .f.‘atty acidq
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while in the. second- circulation. the lover fatty aclds are‘xquoy.o;ped,,‘
- Operating in this manner, with two stages of extraction, or oven'in .
one stage with sufficient excess of'-naph'qha, it is possible to recover

up to 95% of the fatty acids present, . ‘

Congidered in the absolute, these amounts of fatty acids are
relatively small, since they make up only 0,2-0,3% of the total primary
reaction products, so that they have scarely any importance in the
consideration of an entire plant. When, however, ons considers the
extremo scarcity of fatty ecids, and also the fact that the amount of
fatty acids to be added to finished products is often relatively slight,
it is evident that by recovering even these small amounts of fatty acids,
a very considerabls-increase in the products prepared from them becomes
possible, - , E ) L s

In conclusion it may bs noted that the recovery of ihese fatty
aclds, even in these minute amvants, can be accomplished econcmically
-= @inee-the-inatallation-and servics costs-are-so-low that-they-scarcely—
need to bs taken into consideration. Special service personnel is
practically unneceasary since the two required pumps can bs located
in a single pump house. The operating expenses for acid and alkdli are.
also adjusted so that they can bs borne, even though it may seem at
first glance as though the expanditure of acid and alkeli might be too .
* groat In view of the large-volume of water to be treated, For example,
_Ain'our cese the average opsrating sxpense for the plant amounted to .
015 to 0,17 RM par kilogram of acid. These costs are supportable .
. 8inco the market price of fatty ecids frem Cyg up is around 0.7k RM
.per kilogrem.. The fraction of Cyp=Cpp -acida is betwsen 55¢ and 60%
of the total fatty acid, o , R , :

poowAg-hag already‘ been mentioned, the plant: costs are extremoly
‘low, since we uged normal iron for the entire vinstallgtipp, T

Note: The rest of this article is too dim 0 be legible.
© ITEM 83, COOLING AND CONDENSATION PLANT o .

" Freme 107, Gooling and condensation installation
- for synthesis gas. (Diagran and flow -
_sh@at)« SR o.n> o

ITEM By, - LARGE ‘SCALE RESEARGHES, 1935

Trems 108-262, Jun to Mvgust 19% <

“furnace, operating conditions, charges; etc. -
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ITEM 85, INFLUENGE OF LENGTH OF CATALYST BED

Frems 163-168, Length of catalyst bed, '
Octobsr 11, 1935

. A lotter tranemits five sets of curves showing‘theh influence’
of the length of the catalyst bed upon performance. In normal laboratory
operation, no appreciable drop in yleld is noted up to 1000 hours. ~ There
is no indication of tho forma’oion of an- inactivo zons upon the entry of
the gases,

ITEM 86. HYDROGEN REVIVIFICATION:
Framo 169-175

A dlscuasion on ‘the subject of catalyst regeneration is

- sumarized as follows: - Lt-may be stated: that-hydrogenation under the
glven conditions, hydrogenation temperature from 200-2250C, and Hp'
throughput of 1000 cu, meters/hr. causes an effective regeneration and.
increased life for the catalyst which has been damaged by paraffin
deposits. Compared with production from units. without hydrogenation, -
over 2000 howrs operating time - a production increase of about 0.25%
- oan be attainedo However there are a few disadvantages&

“Frame 176-177, Bydrogen treatment of %he
gasoline catalyst. Nov. 22, 1935

Fremo 178~181, Report on hydrogenation end .
B rung at the Rauxol p:.lot planto
‘Novo 1, 1935 .

- ITEM -87-«« ~TOTAL LIFE-OF- GATATYST - - rv -

Frams 182—186 Extension of operating time
by short revivification
- Novq 22, 1935 ’

3 o An appreciable lengthening of catalyut ectivity wag_achieved
uy ‘undertaking rogensration béfore the catalyst wag complately spent, st
temporaturas of around 2000C. It appears desirable to practice rogeneration
a.t ahort intervala and from ’che yory- beginning of the oparationo G

Frame 187“»:!.85{9 Seoond eonference on Extmwion R

| vravivﬂi'icationo Daoo 3, 1935

“Results’ fronn 1aboratory -\ largo scal@ operating shgmd tha’o
'the @ffects of the nem method of reganeration woro favorableo '
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ITEM 880 PROGRESS OI‘ REACTION DOWN THE GATALYS’J.‘ BED

Frome 190‘«1959 Carbon monoxide oonveraion at -
different catalyst depths, -
Nove 25, 2938

The convcrsion at various depths of catalyst is shown graphically
in a series of curves. The data from which the curves were developed wers

obtained partly from large scale experimants and partlyfrom 1aboratories at
‘different units,

ITEM 89, RESIDUAL GAS GOMPOSITION WHEN SYNTHESIS GAS OONTAINS
- MUGH CARBON DIOXIDE .

Frams 196-197, Fab. 3, 1926

coceieo= T vwas- found that & residual- gaa containi:ng 1hZ- G0y, 4L it had~
not- boen scrubbed, produced about 100 g. average product; of this 10-15%
was gas oil end about 2% paraffin, When the GOz was removed by acrubbing,
a ymld of from 118~133 g. was obtainedo

' Frama 197-198, Feb, 31 1936

..From a. a;mtheais ga.a having the. compoaition: -

G0z 1ho° b3
o 27,0
Hz ) - 5503
CH), " 1',0.

‘after ia hag passad once’ ov@r the ca‘oalyst, a contraction of 604 occurso'

Thy compoaition of the end gas iss
€0y 5,,0%

Saturatad HG v 20

LCOTET -160--
33,0
‘“'“:’tr735\. .

@

G0 e lﬂoo%
-Sa urataa i
GO 05‘
DO 17;5
‘,“"9 - e 9°o

If the 002 ixs ucrubbed out. Jprior to tha convarsian,, the«gaa, aftar acrubb:l.ng
has thﬂf‘ ampositiom ‘ : ;



C 0028
A
B ‘,3:2

} This is subjeoted to aingle etage conwraion and produceg:

.CO. 8.0%
Saturates . 3.0
)i ko3
C § 21.5
. CHh 1!;00
_Nz 9.3

Whon giwn 2=»atage conversion the produc'o (aftor thc fixml atagu) ig:

coz 5,08

Saturataa - 3,,0
co 16,0
Hg : 3105
CH), 218
No _ 16.6

Trams 200-203,. Dotormination of ‘hoating value
. of residual gas, as a makoup gaa
for synthasin

‘.I’I‘EM 90, FORMATION oz? paomm: ~ .'

Frame 20h-2059 Prop,ylene, Juna 10 1936

It was found that undor normal conditiona of synthesis gae
conversion, approximately 3.0% of the 30% of the "gasol® produced
consisted of propylena.  Howswer, if the proportion of hydrogen wag
incraased, the fomntion of unsaturates wag suppresaedo ‘

SJTEM. 910 WOID]NG WAX FORMATION

Frame 206 Auguat 19, 1935

o In ordar to avoid tho undesired formation of paraffin wax in
“the low-tomperaturs raactors, it is proposed that the proportion of

e~hyﬂrogen—i~s-pmen§—7

in excesso -

“ITEM 92, NAPHTHALENE m smm.sxs

“Fra.ma 207~=2099 The effect of naphthalon@ upon the
coursmoiu§h0~syntheaisa~»-7ana*~99

191( -

T a” study o doteriing tho affect of naphthalens; & oY
_catalyst containing 9.0% ThOp was used. The catalyst was reduced ‘ab 35()g
.-:with 300 liters of Hz, Nz fory three quartera of an hour, and placod in
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operation et 1809C with synthesis gas. The temporature waa theon
raised to 185°C, After a 3l~hour run, the synthesis gas was passed,
_before reaching the catalyst, through a naphthaleno—fillad chambor

_ 8o that it might become charged with naphthalnnea :

The .naphthalens was found to have an Iinjurious effect on
the catalyst; 1t was oarried along unchanged into the ondproducbaor -

 ITEM 93, FORMATION OF CARBON DIOXIDE: CORREGTION
Frams 210-212 -

A-correction to information previously gisvteno‘
I'rELuhLﬁF_ T OF AMNMONIA -
Frams 213, Ammonia.o Novs 19,1937

- It was-stated that-the addibion of emmonis-to-the- synthesis-gas--
caused detorioration of the catalyst in pressure reactions. It should ba
ascertained whether or not thls was also true in aynthesie without preasureo

Frane 21!;a215, Sspt, 2, 19k1
' " Two patent applications frem Brabag.

" One, B 182020, proposes tp increasa the activity of the catalyst,
by troatment at synthesis temperature with gaseous ammonia, The results
of experiments were not favorable, and the statemnts in the upplication

" were ‘considered-to bo” unfounded.

= Application B 181,29} proposas 1ncreasing the activity and
: effectiva lifs of the catalys®t by a cautious oxidizing dreatment, prior
~to-contact-with-the-synthesis-gas;—Results-of-experiments-to-test this---
propoaal did not 1ndicate any apprecisble advantage or: diaadvantagec

Frame 216\ A.mmoniao July b, 1941 .

. A lotter of the above date sta’cas that bhe use of ammonia
.cauges. 8. decrea@é in :T.leldao T i i

T 95, WECHANISH OF SINTHESIS
‘Fr‘a:ma 217~218, Sy'ntheeia i Fabowl'v{; 1939‘ |

,‘.ibe readilv ‘reduced to }wdrocarbons over a normal cobalt catalyatn a‘o 18500

vith nbrmal preesum., L



 Framo 219, Pornate thsory, Mavch 22, 190y

Reoont expcrimnts havo shown that aodium fomate, in the pragonce
of an iron catalyst, is dscomposed by hydrogen in the temporature rangs of
synthesis gas, with the Tormation of carbon dixoideo Framos 220-222, dated
Dec. 11, 1937 ars too faint to ret.da

Frams 223, Nickel produci‘.so Ea;r ik, 191;3

: _ The formetion of oxygen-containing byaproducts seoms to coour only
when cobalt or iron catalysts are used. It is suggosted that nickel catalyat
should be tested, to learn the nature of the primm'y products of medium
pressurs syntheais, . ,

[

Frame ?2&, Ogmium, July 1, 1943

Ay propoaal is madc “to test osmim as a possible catalyat for
tho Ozo process,

 ITEM 96, SENTHESIS AT LOW mmm

Frame 225, Effect of low temperatureo
. . Desos 18, 1937“” .

' The impoftance of a.vo:.ding tenporatures which are too low is
"atressed. Frame 226 gives a series of curves ahowing ‘he effect of catalyst
preparation at duferenttemperatureeo

ITEM 970 RESULTS IN OVENS 23 AND 29

Fromsg 227-229 contain charts. which show in_graphs. the resulna
obtained fz'dm ovena 23 and 29 from November 1937 to January 1938,

ITEEE 98o SYNTHESIS mou DEUTERIUH AND CAREON MONOXTDE

Frame 230; Hydroocarbons from heavy *vatero
 Hebruary 5, 1938

. _Thex condibiona of an experiment with 100 ce of nornal water weros
electrolysis of the water; and then passage along with CO from formates lover
the catalyst., The question was raised wh@ther the _same conditiom ahould be

__ma:in‘hained in ,a test usinp heavy watero DR

-I"ram 231 ***** Paraffin fro:m heavy watero
- ' Ootobm' 12, 1938 -

Tha heavy wator- VB dacomposed by electro’iyaiaq and_thea hydrog@n
wag mﬂxsd with CO-£rom. fomic acid and ‘passed over a normal Go-Th catalyst.
_at riornal prassurm fron 90_g. heavy water. at 16800 in 1400 houre, with &
oox:ﬁraction of 63» fia oilowiug yialda wara obtain@és

"‘19 8o- dauteri‘um pamﬁﬂn
l‘hb o deut@rium oil

8 yiald of about )Oi-’o v



TTEM 99. e
Frame 232, The offect of introducing an
‘ . active carbon gcrubber bstimen
the two stages of the cperation

Thia is a series of 6@&
ITEM 100, OLEFINS IN.PRODUCT FROM 'rmmamcmssn CATALYST

Frame 233-234; Olefin content of naphtha
-from Th Mg oatalyatse
May 31, 1938

, This is a note on the diffetont resulw with regard to the
olefin content of produots, at Rhoinpreusaen and at Fuhrbenzin

Frame 235, Suppresaion of mothane ‘formation
‘ by adding ammonia  HMarch 2, 1938 .

TTEM 102, T'!EORETIPAL YIELDS

I"ram 236, Iossible theoretical yields
uapenden'b ‘upon-the -proportion-
0. congumptisa in gasoline
- gynthesis, Ju]y 2, 1938

A mries of cmaso

“ITEM"iozo Exmmm 1S WITH VARIOUS CATALYSTS

mideutif:.ed notabook

. ITEM 'ml;o sm'rhnsxs STATUS, 1938=1939

Prams 2!;3—2!56, Statmr of normal and
e " progs re- synthesess
Jan., S 1939 i

This 1s a ;:'epoz't of a conference betman a. group of raeaarch
. men. Reaults waich had been obtained at various laboratories are noted.
Auong the problems c;onsidered weres loss through excess COo formati n,
~Cauge- oL -methans -formation; -increasing - the yisld- of: 1iqu:ld“produc 8; "
‘conditions of u-pex'ation, catalyat manufacture,, etc. -

..;“,Y:I‘mm@ 2&7-’253

" a notdcs, dated Sepi‘-e 169_ 1938 on- vario\m p"oblem v
~connectad “withipa ?3‘615:&*6 sym,nesiao Lhe Tivat - pag@m ATro. too.\..,dim
to bo legiblao
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ITEM 105! SEPARATION OE'C'_ARBON ON THE CATALYST ‘

~ Frams 254255, Carbon Dsposition Novembor

4

_ ~ Studies with varying ratlo of CO:HE wors ‘made to detormine, if
pososible, the cause of excess carbon deposition on the catelyst. It wag

ouggested that the presence of additional €Oy might lessen such deposition,

ITE¥ 106, INCORPORATION or'_momxcs
Frame 256, Aromatics. March 31, 1939

A letter of the above date comnents on & propogal to intréduce
cromatica into the catalyst chamber of the hydrocarbon synthesis unit, with
the hope of producing mixed paraffinic-aramatic or naphthenic oils,

" “Previous experienca indicates that purc bengeno passes Shrough
the process unchanged, while commercisl benzol, containing thiophenos.
causes a polsoning of the catalyst.

ITEM 107, IRON CATALYST EXPERTMENTS

Frame 257~260, Iron catalyst syntheses -
et Dopembep 12,1940~

[, ,_Datawconcerning»theQnynthésiamith.recyoled water gas using an
iron catalyst propared from 100 Fo, 10 Ca, 5 Cu, precipitated with-100 kg -
KOH: o . o

Duration of test 70 days

Tempsrature . 2h3%C . . .

Gas pregsure 20 atmosphercs
Circulation e 2.7

Addition of GO « Hp 763 o

CO < Hp dogree of ' = ' .
~liquefaction " oshesd T
Ticld S 107 go liquid
S L T
Boiling rangse of liquid products: .

ol v e

T Naphtha 20000 978 woight
Sl 0300 368 -

T e dbow 160 1

e Wth reféreﬁcq to-the various ‘pfod\icts the followingmyba

1. 981283&31‘:.‘ 1ifé isfléﬂis fﬁaghthat._of‘.:qhe;..cobaltacontaqt-"‘--‘

2.’ -Temperature- range'Liss betsn 235-260° (30-50 ‘stioahorés stoan prossure).
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3. Gas pronaure must ba around. 20 atmosphereao

4o The ratio of CO:H nxust be maintained by adding 1+ 3 in makeup in the
recyele, otherwiec there ia excsas formation of CO2 and dofiomncy in
water formation.

5, In the first stage, 70-75% of the CO ¢ H2 present are convartad, the -
- rest must be worked up in the aacond -glage.

6° The analytically detomined degree of liquofaetion is about 3% lower

than with cobalt catalyst.. -

7. In two-stage oparation, a total conversion of 140 g. including gasol
1s obtainsdo ‘One ghest of curves repressnts the results.

Frane 261, II-—Stage iron synthesis . , I
ST M"h 20’ lgL-' T e D I e R D TR DL R T R ’,:f,,:’,,},fi‘.’:j: T B

' A brief note concerns the study of introducing a treatment of
gas betwaan tﬁe ﬂrsu and second atages of a two-atags Procoss,

. Frame' 262, August I.l.92 l9h1

A letter concerns a proposed patent application on tha preparation ~
oi‘ liquid hydrocarbons uging iren catalyst. : : .

Frams 263 ~ a manuscript excerpt from & notebook,
Frame 26h - a work cchedule for two weeksa ‘7
ITEH 108, COMPARISON BETWEEN mou AND cosm cumsr smmsxs

I‘ram@ 26)«27]., Synthesis by means of ix'on
. : catalystso Jan, 31, 1941

L Synthaaia with iron catalysta - :

~ The use of iron as a catalyst for thm hydrogenation of carbon
“monoxids to produce higher hydrocarbons geos back as far as 1913, Latoer
Frang Figcher and his coworkers carried: out their firl experiments on -
normel pressure synthesis; also with iron catelysts. Bowever, the
resulte obtained with-iron at that time were stidl very unaatiafactory,
particularly in. compariﬂon to the cobe.lt catalyatso REEEN

7" Recently appréciable advances have been ashieved by @xt@nding to

iron catalysta the experiences gained in the interim with cobalt catalyat, s
~egpecially if it ia of ‘dofinite significence that: the- synthcaeis ‘48 no“longer. -
-aceomplished at normel ‘but at increa.sed pregeuros. ~As the most favorable progsursd
‘$ange -was. proved to be the range of the so called m@dium presaure oynthesian :
namlyM .atmmphemsow
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: It has long beon known that with iron oatalyat, in contrast to

cobalt, oxygen is entirely or mainly removed as carbon dixoide. Accordingly
the various groups which hava-heratofore occupied themgelves with tho | :
development of iron catalyst, have without oxception ussd CO-rich gases
which contained more carbon monoxide than normal water gas. Such gases,.
“however, are not technically avallable without further procaasing, and ara
rolatively difficult to mrepare.

It wag therefors a decided advance when we were able, by msans

of the composition and method of preparation of our novel iron catalysts,

- to regulate the proporticn of carbon monoxide to hydrogen at will, within
a certain but rather wide range. In particular we were-able-to prepars
iron catalysts which consume carbon monoxide and hydrogen in exactly the -
proportion of normal water gas. Inthisway, the necessity for preparing
special synthegis gases containing mors carbon monoxide thantater gas was
eliminateda : .

" Gas- production Por operating with iron car'oalyata comprisaa juet"’
' the sano installatlons as for cobalt. synthesis, na.qirq nornsl water gas
generators. tmd the uaual rough and fine puriflcation or ths removal of
- sulfur, 4 , _
OQur catalyste are precipitation catalysts, in whoss preparation
fundamentally the same operationg. are used as for previous catalysts.
~—Accordingly a-transition from’the use of cobalt o iron-is-possible in
the present catalyst faotorien 'aithout notable a.lterationo '

———Ow—h‘onvcatalysts contain in addition to iron, ertain portions ’
of mineral constituents which can be processed genmerally and oheaply, as
well as more or less large amownts (according to the desived gynthesis)
of carrier substances such as kieselguhr. The completed contaot mass

..1a.reduced Just. like the cobalt catalysts; and in tho_same apparatus .
‘using hydrogen, and can be tranasported in the usual manner to the syntheaiu
units ueing alr-tight containers, In the reduced condition the grain
“hardness of ironcatalysts is better than that of cobalt cetalysts,

'With r.e'gard té i'aactioh' téﬁperature kth‘ez.'e 15 a éoxisidarablo
difforence from cobalt catalysts, since iron catalyita.mgnimhigheL
“reaction” temperaturea “bhan” co‘balt, ioao, “in"the” range “of7230=2600C

S Th:ls ¢ircunstance makes 1t impoasible to c out "ynthsaia
‘using iron catalyste in the units ordinarily used fo:rgoybalt catalysta;: or
_those readily at hand, = New synthesis furnaces must be used whioh makoe
possible operation at temperaturam of 230-26000 and at gae pmasures of
10«-20 atmoaphereao S e

The. procedura can. i‘ollow the samo. courae as with cobalt catalyets,,
Lim., 9 with once. through passage-of .the. gas. . .The application of.a gas-.
, circulation with recyoling a portion of the end gan ig not- absolutely ..
‘essential, but 18 to bs recommended on account of some adventages., To

T beeure,. in_thiz ¢age Increagad. exponse. nuat, be_considorsd for. the vo=
nioval -of+the- int&rmadiatolye-fa‘mcd productao With regaz'd 4o yj.mlds and




products formed, certain numeric items oan be selocted from the accompany~ -
ing tsbles, The yields of 1L0 g./ou. meter gaa can be guaranteed.’ Actually
we obtained considerably higher yielde, partioularly for paraffin synthdsis.:-

In contrast to the cobalt catalysts it is possible, using iron to .
modify the boiling range of the liquid products within very wide ‘limits so
that, for example, primarily naphtha or paraffin can be obtained, A further
difference from cobalt synthesis lies in the fact that the liquid products
have a much higher olefin content, and are therefore mors valuable as motor
fuels and for further processing. Attention may bo called to ths fact that the
paraffin obtalned by means of iron .catalysts is just as well suited for
oxidation to produce fatty acid as the paraffin from cobalt synthesis.

I, cobalﬁnWater gas-Recycle aynthosis

Vith the existing inatallations, it has not previously been possible
‘%o increase the olefin content of.-ths 1iquid-products:above-a-relatively low
amount; becsuse the cobalt synthesls produces only a 1ittle olefin and because
in the available iron catalyat units, which produce more olefing, the
‘operation conld not be carried out bacause of the high reaction temperature.

- We have now found that olefin production cen be apprecisbly in-
creaged in the oxieting synthesis plants, by changing from hydrogen-rich
water gas to normal vater gas and at the samo time recyeling a certain .
:DOTtiOﬁAOftha erid‘ﬁgnn Thi Nanga. n NEs ssveral disadvantdsa 2685 ver———
normal ¢obalt synthesis opsration,  The operating costs are higher bscause’
gas presswe=iyiwreased, and the cost of recycling must ba added. Certain
-equipment, expenses must be incurred; particularly for the relatively large
condenaing apparatus which is required to remove the liquid products from
-the.eirculation system. - The ‘gas must be prehcated and a lower vaporization
must be considered. Another disadvantage is & certain increase in the -

] content_:of\noxygen'-c ont.a'iiningv» produota-a~ o i o v

- Against these, there are cartain advantages which are based on the
extraordinary incresee -in olefin formation, This higher olefin content - ‘
resultafirst of all in a deocided improvement in the quality-of the naphtha,
Horaover the olefins have proved to be highly suitable for lubriccting oil
manufacture so_thab.the.orection-of-a-oracking-unit becones supurfluous. . .-

\

————————Finally-about four {imes more olefins aro obtained in the boiling
range of heavy oll, which are particularly valuable for further chemical
processing, The life of the ocatalyst is not affscted by the change in -
operatiomo. . .. oo T e

. Framsg 270-27) dre tables showing synthesls with cobalt catalyst,
aingl@ pasa kand‘rocydle.’iron 'catalyat'syx‘;thesia paraffiu naphtha e
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_'TTEM 109, COMPARISON OF RECYCLING AND DIRECT.SYNTHESIS

Frame 272-27, Influence of gas introduction
upon the aynth?esis.. June 1b, 2191

—————Rcaui‘ba—of teosts with iron catalysta indicata-

1, Synthesis temperature with reglrculation :!.a always @ mowhat higher
than with single pasg operation, about 2-3 OC with a’circulation of
1+ 2,5, and 59C or more with 1 ¢ 5 and higheg,

2 »Methanc formation with direct pase is no highor then with medium . '
~ recycle, and ‘somewhat less than with high recycle. ’

3. Conversion of CO in a recycle of 1 + 2.5 18 not appreciably dii‘fercnt
- from that of direct synthesis, but it dscreases with increasing recycle,
—for-exanple-60%-C0-converaion at 1 » 2.5 and 55¢ at & recycle of 14505

Lo Boiling range ia definitc]y depcndant upon gas introduction., In direc‘b '
synthesis, optlmum amounts of higher bolling products occur; with in-
creasing rccirculation, very low-boiling producte~are obtained,

5. The effect of gas mtroduction upon_olefin formation is less marﬁedo
- --In-generaly-more-olefins ~-—'ars~--formed- ‘with '~incrcasing~ recyoling,

~6, The consumption proportion Ha.co ia dependent on the gas’ introduction
in that, with increasing recirculation, thc H2 conversion increasos
_ above the co oonvarsiono

7o In order to have appreciable differences betﬂeen the o methods of o
... .gas treatment, a resirculation of at least .1 « 1.5 must be appliedo
8 It may bo possible to adjust the CO/H2 ratio at the most dcairable
o peint by regulating the circulationo . :

9. In two months opcrationg catalyat life sccms to be aomcr:hat shorter for‘
dircct passage than for rccyclco_ SRR e

Frame 275, Cobalt racycle aynthasia
e Dacember 20,, 1.9!41 :

o Thcre ssom to bc two disadvcntagca to t.he uge of cobalt catalysts
“in recycls operatiom The capacity of the converter: geemg to bo
apprec:lably lcss, and- 20 Para.fi’in production ia ‘algo- considcrably lowcr,,

m‘u 10, "JATER aAs comvmsxon e e e

‘ Framc 276«277, Convcraiona Octo 6 19h1 "

g«A lettcr rcquesta permisaion to- study ‘the- “affect-of- alkalizcd o
iy lysts” In water gas conversion; f‘at"‘?temperature.p which avoid” thc““
. undesirable dide reactiona whica occur abovo 3000 et ‘
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Frams 278, Convereion., Aug., 23, 1941

It has been found that an iron-nickel catalyst is capnble of -
converting water gea in the proaanco of ateam, at a temparature of 200°C,

ITEY 1110 ME"‘HANIZATION

Frams 279, Mothane, Aug, 30, 19l1

._ Tha following information has been gainads |
1, Synthesis gas in smoothly methanized by nickol at 200°C with 6-fold chargae

- 2, Water gas and stesm aroe msthanized. by Fe=Hi catalyato at 20000 end Smfold
- charge,

30 Carbon monoxido over Fe, Ni with excess steam preduced 602 and. hydrgggn -
almost‘wxclusivuly, “with traces of hydrocarbone, but with“linited amounts

of steom, good y:mlds of 1iquid hydrocarbon ere obteinad,
A program for further study is propomde
ITEX 112, INCREASB\!G-THE—AMOUNLOF—PARAEFIE WAX-

B‘rm 280, Increasin,, paraffino “‘A
Aprdl 1, 19L3 : :

Conmonts eve made on suggestiona for increasing ths paraffin wax '
fraction in low~presoure ayntheaiso Theso inzlude: -

‘ Deomasa of the magnaaium contont of tho catalyst or a changc
.to pure thorium catalysta ould.. probably not -bo..successful.-.

v Tho use of gasas richer in CO has been tested repeatedlyo , .
slight ificrease in COracon‘oent docs no'c result in any perceptible incr@aae
in parafiino ,

The addition of ammonia to the syntheaia gag will increasa the
"‘““paraffin fraction’ appreoiablyo o

- Frama 281«285, Incrmaae 1in the paraffin
‘fractions in the product@ e
.of exigting aynthesis plan’oao
: October 2 1

o It haﬁ b@@n provsd in l9h0 that thra use of ironcatalyets oould

inorease-the production of solid paraffin war vp to 6l% and morey - The: -
~-present - problem,-howsver, - congsris -an-increase in- paraffing- using anistinp”'
- equipment whioh precludaa ‘bhe uge of iron catalysbs. . .



-

. Experinenta have shomn that the use of nickel or nickele
-containing catalysts is not suitable for the production of large
amounts of solid paraffins. Previous tests showed that high paraffin
¥lelds could be attained when highly concentrated cobalt catalysts
were used. Thorium and manganese wers used as activators. With.
such concentrated cobalt catalysts, paraffinfractions of 50-80% could:
bs obtained. Catalyst life was six months and more, . . SR

.

 Average numeric results are given for paraffin synthesis with
concentrated Co-Th or ColMn catelysts on a pilot plant scale, -

‘! Co/Th catalyst  Co/lin catalyat -

Soft paraffin 21% 20%
(320-4600) o
}{ard paraffj'n :.:,:3.3:::".: :),"g.fff,:"'-.'v
S 600 R
Total paraffin 5 6l
Temperatura °C 175178 165-168
Prossure (atmospheres) 0. 0. - =
Gag o -Synthesis gas Synthesis gas
Gag-introduction —dnglepass . pgingle-pasp—
“Gas charge normal ' normal

Contraction § 70 60

CO conversion § 85 65
€O es COp o 0 0

. €O as CH), - 10 1
CO dogroe of liquefaction # =~ - .50 89
~H conversion . . 87 68

..COgH2 conversion .86 65

Yields: _

-Gasol-gs/cus meter-gas 15.. 10

Iiquid product = - 130 100
‘Total yledd / 15 110

o (3o 20) . £ o
Naphtha (up to 2000) wt, % 22 20
Oil 200-3200 - - o - 2l 16 -
Soft wax (320-460) 21 22

Hard wax 60, . . ° 33 W

 CONCENTRATED COBALT CATALYST

| TTEM 113,

'

2 Ffm‘.;g%’.;. cha}_f,l ,céﬁé]yét' L
oo Qetober 20,0 1941 e

S, 0 “Increass waxproduqtiom - b'bhgﬂj;bégtjc“dz;;lpgsiztj,bxij‘_ifo;f'f‘_ coricentrated. .

“cobeltcatalynt 1o 100 parts Go, 15 parts Thip end 15 parts Eisaslgubm,
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Freme 287-289 . _
| o Detailed instructions for the proparation of cobalt catalyste.

, Franes 290-291 consist of tableé--showiné operating éonditions and '
tho’ rosulis obtained wit,hcatalysts prepared according to the above instructions.

Frams 292, Concentrated aobalt-thoria
catalyst. Octo 11, 1941

Further figures are given on different amounta of ca.talyst and
varying yielda,

ITEM 11k, TRON LATALYSTS, SGHWARZHEDJE, DEC 22, 19h1
VFﬁumo 293«,295

It ha.a been found that iron catalyats can be used for the _
production of naphtha as well as for obtaining paraffin. The operating
_conditions ares 15 atmospheres gas pressure; maximum tempsrature.durlng .
& 3-month period, 2209, An ideal gas consiating of pure CO and Hy,
praoticnlly free from inerts, was used in the proportion of 1:0.6-0.8
CO/B2. The synthesis was oonducted in oneo-through opsration with
~normal-charge, - The- conversion amounted -to-about 80%-of-the. 00, the
gaaification about 5.6%. _ )

~The average paraffin production during the run was about 70%
boiling above 320°C,  at times 1t was nearly 75%. Tho temperaturs still
remained below 22000 when 80% of the CO had been worked up. No decroase
in ca.talyat act.ivity could be’ doterm:lnedo U R

h “0f “the raction’ hoiling “above 3200C, abou’a 25% was paraffin
boiling 3204;600(:, end 75% hard vax with a molting point of 1050C,

o That a rela'bively high convereion was obtainad at unuaually dow: -
temperature may be ascribed to -the compa.rative fresdom from inert gases in
the ayntheais gas mixtureo ;

TTEM 115 GOMMENTS ON PATENT APPLIGATION M 136921 OF HETALLGESELLSONAFT,
e JUNE 1 19h2 "

Th*? .cqmenw tm m f,avmb?m .
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“TTEM 116, FISCHER SYNTHESIS

products upon the courae of the
Fischer synthesis, May 11, 1942

Frame 299-3Ll, The influence of the resction

A series of tesis 1s desoribed, whers a recycle process was .
used, From the results of these tests, the following conclusions are drams -
A recycle system will effect a higher conversion, but never so high as a ‘
gyotem where soveral furnacss are conndcted_ in series, with intervening
condensation. The proportion betwesn steam, conversion gas and inert gas
is of importance in the effect on preassurs, tempsrature and yisld.

Frame 315, Fiséher syntheais, o
Sept. 8, 192

using cobalt catalysts
TTEM 117, o

This is a latter tranamitting o report upon Fischer syntheses

Frame 316-317, Caloulation of residual
- volume of hydrocarbon
. _ synthesis from composition
e OF EBB - Fabe 125 19y e

+

~——--Equations are givon for the making of such calculations and -
for caloulating and estimatingjthe"‘co_ursa*‘orj'the*uynthe'sis‘r“""“’"‘”‘" '

TPEM 118, L0V TEMPERATURE TAR FROU.GAS G ENERATORS
Frames 319-324 are almost illegible - -
Frame 325-326, Roport of conference. .

between Iurgl and .
Rubrbenzin, July 20,1938

- .. While uxparimeptéi;vacuum“ distillation has not_baeh practiced - -
-.at.lurgl, normal. pressirs-distillation Lgave'-»re‘sult -which-agreed with thoge- -
of Ruhrbenzin, A spscial vacuum distillation of the Lurgi mixture of tar

" and middle olls was plamned. s .

- - A j)z'ogx'em for slowly }c’hi‘lling ‘and settling e tar oil mixture was
“dn'process.” The paraffinwas to be filtered and washed, CCl), was to be - . .
~offs ~Wag 1o be deasphalted and treated with methanol.

Frame' 327-339, Rocovery of diesel ofl and fusl. . - . ...

oil-from Lurgi-olls. July 28, -

—The-products-£rom-the-dry- di‘stilla‘bion*bf”co:xl”ﬁerm’d“ﬁﬁ
rting material,’ A mixture of 59.5%.(Wt. ). tar.and-40.5% niddle oil
5 distillad to coks at atmospheric pressure in irvon stills, = -




i 2T

—Tieldt— o
Naphtha (up to 2009C) 83
Fraction 200 end 87
Cokay gas and loas 5,

The fmct::.onabova 200°C (daaignatod in this report as D200)
conteined 2L paraffin hardening at h0=h2°G and had the following
properties:

0.89 ' coke 2.42%
ﬁgrdening point 159 asphalt 0.0M%

- A sample of the original mixture was vecuum atilled and gave
about the same percent yleld boiling above. 200°C as the atmosphoric .
?masum distillationq but produced practically no cracking,” - o

_The diatillatss wers. breated with normal. r@f_r)__ng e‘,ente,, and

ialso with solective aolvents. A preforred method of oparation is noted.
Six chestas of tables and curves are glven,

Fremo 340-341

'1._
il

A lettor ,ranamittlng a report on tar oil from Pronpero
The ‘Toport congiats of a manuscript 'ca.bleo

f’ramm 32-315 ’ Vecuus diatillation of
Hirachfeld pressure gaaification
Jter, in the Frankfort pilot plant
of Lurglo August 3()..,31, 1938

‘ In ordsx’ 'to detarmine the adviaabili‘by of refining tare to produce By
..Q4esel. and .fuel. oils, 3 prossuro-gas-tar was: ‘subjected to-high-vacuim-distillation, -
The distillats wap dowaxed and the wax-free oil separated by solce’oiva solvents '
in a reffinate (dlesel o0il) and anatract (heat:izxg oll).

' The: vacuum Btild ia doacribed and its oparationo Propertios of S
the top*:sd oll are given, Experimental conditions are described, and thfa-',
¥ield obtained.  The regults show *rhat vac\mm st‘ul:lng ccnda to produce a8

“goed yield without cok:mge b , :

- Frame 3h&n3h8 Diessl t‘ucol Dmming ‘ L
‘ e S@ptcmbmr 20 1938 _ e

atmo tcmperatum level.so Esuima‘cegz are given ag oo thecost oi' auch
operabiono co

Freme 31;9-»351,, Bubia&tvro Octobm‘ Ly 19;3

Freme 352:»36() Working up. 1:Lgn,u,e mr
I October i’, 1938 o

: : vnow 8 submdzary -of-Deutsche- Erdol Bl It
“haw plantw -for refining mineral olls’ by means of- 802 ~and also for dow ing‘
“03ls-and’ refinlng p.@raffin With- SOp,, Fram 357 givea , 'ﬂcrw shee;t for'a

~plant. for. demaxing a tar-oll- diutillateo S - S
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Frams 361-362, -Refining.- brown -coal- ta.r .
October 7, 1938 :

The propartiqs ara givbn-of a tar nhich 15 to be sent to Edelesnu
for treatmsnt, . N :

Fra.mo 363-36k, Tar refininvo Octo. 19, 1938 7 y o

This gives mora discussion on dewe.xing tars by treatment with 8054
F‘rama 365«366 Tay refining Octo 20 1938

nrame 367~==385, Recovery of dissel ruel and
’ furnace oll from brown coal
tar oils, Dec, 12, 1938 :

‘ This report diecugaos: I. Dowaxing of “ERR" tar. u.zing acmtgxw —
and a benzolethanol-msthanol mixturs; II.. Treatment of total product
boiling ghove 200°C;. III, Treating to obtain a maxiwmum yield of fusl oll;

IV, Raﬂning_and‘dasulﬂwﬁing—%he—}ighﬁ—mﬂ—%m—ara—tmgrs of charts,
tables, and flow shests, :

Frame 386-388, Analysos of samples of light oils
i‘rom tar from Bolloun, ' Dec. 1, 3938

Framo 389-396 Investigzation and treatmont of
prossure gas tar end naphths .from
Falkenau coal.~ Nov. 29, 1938

© Ao Tar, The tar-contains about 10% water, 8.7 naphtha. maoluble,
‘Lo l;% ‘benzol-insolubls, 6% paraffin and appreciable amounts of creosotes,
Rafining to obtain diescl oil can be effectod by mixing with a diesol oil. .
fractlon 200-2509C; dist111rg the” mixture, dewaxing at -209C and further
processing, or the dehydrated tar can be digbilled to coke, the d:.m.illate
mi&ed with a- dieael oil fraction, dswaxed, and caustic-treated,

" B, Naphthao The naphthas are highly aromatie, and m7y b6 used 4
to improve the octanc numbers of motor f‘uelmo : ‘ -

ana 397-398 Investlgation of a crudatar
S . from the Bubiag direct flow -
plant in Rul:tlando June 20, 1939

A aample from ‘the Braunkohlen-» and Brikett-Industrie at Borlin
oi-evaluanion- oi--1lvg-uge -in- diesel-fuel end furnace oil; "

Neith@r the tar nor the fraction: ‘boiling above 2009C-is enitable £or \m@ og

_a direct congtituent of a»dieael fuelo Furthar mfining is- needmdo e

ructive dist M.;blon S

N R plam‘; at Falkonau, Julv 13, 1939 iy

Thia t&r’ waa ‘distilled in: the: hboratory» using ‘an: :Lron etill """ at

- normal pmaaureo - The distiliate above: 2000C. wag: dewaxed. withacetons-and- thon
" Coustic-washed to .remova phenolao Tt s poasible to prepare a dicnml fual fro.m
... bhis distillateo ‘
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“ITEM-119; ADDITION-OF ESTERS; ACIDS, AND SOKPS™ 10 LUBRICKYING OILS™

Froms 403-1406, Invé;st;&gaﬁion of estor oil : '
' . El from the Ressarch Labor- ‘ =
‘atéry RCH. July 6, 1943 '

Esters wore propared from tho fattyecids and alcohols of ths
dlesel oil fraction from Ruhirchemis primary products. Thesseszters
showed a very flat viscosity-tempsraturs curvs, and their use aa
additives to lubricating oil was testad,.to sec how the visoosity-
pole helght might be affested. Oils to which 33% ester had been added
wore tested for wear, oil consumption and aging, as well as piston attzck
and pumping characteristics. Sample El proved to be quite satisfactory ‘
at increased operating temperatures. O0il consumption was inereased
because of lowered viscosity. Two pages of tables are given,

,;-j Framaho?-l,@? ; PZ'OPQSEl:r Or,p&%n‘t &p?}.ic&ti@n IR RS ’
T on. lubricating oll carboxylic. '
acids. Aug. 3] 1942 :

Clainms: - : )

« 1o lubrlcants which contain carboxylic acids or their derivatives,
characterized by the fact that thess acide consist in part or entirely of
lubricating oll acids. - R : a3

: 2, lubricants according to claim 1, characterized in tint lubricating
oll carboxylic acids contained therein have bsen produced by the attachment
of carbon moncxide snd hydrogen to olefinic hydrocarbons with lubricating
properties; with eubsequent convesrsion into the -carboxylic acide or their
derivetives, e e L e e e

e - HUDT 10BN b cONtaining - carboxylic aoids -have-beesn -known;—-fop -~
_instance mixtures of lubricating olls and metel salts of fatty acids.

In all theso cases, howsver, the constitusnts with actual lubricating -
qualities differ esventially, with regard to their chemical and physical
behavior, from carboxylic acids whose moleculos show no Jubricant structura, -

This inventlon relates to lubriceats in which the oarboxylic acids.
‘have 2 structurs which is entirely or partially similar to that of the
lubricating constituents. - Juch acids"are.derived from hydrocarbona with
lubricating properties, by bthe incorporation of one or more carboxyl .
groups.and aro hersinafter designated as lubricant carboxylic .acidd.

_ _Jubricept carboxglic geldg can-bo-cbtainedy-for—exanpley—by-the—

‘eatalytle “addition of carbon nonoxide and hydvogen: to olefinic .liib‘z‘hat}.ng, o L
oils, with subsequant exldetion of the resuliing sldehydes, Thase lubricating oil |

aldehydes-cen-also: be-reducsd to zlcohols and the latber converted fnto = .
lubricating oil-earboxylic-acids in- tho ‘customery menner by caustic fusion. " "
As dnltial matoriels it is advantageous to utilize synthetic lubricating oile
guch ag are preduced by. the polymsrization of olefin hydrocarbons.with.AlCly,..
By andthe 13keo. . - 0 e e Do e S e
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’ These lubricating oil acids can bs ioolated as such or converted
into the doaired derivatives such as ssters or amides end these latter added
to the lubricents. However lubrdcating oil acids can also.be converted into
the desired derivetives in the presence of the lubricating oil fractions: not
converted with B2 and CO, and the Gosired lubricant mixturse can be obtained
in this wey, without the necessity of ssparating the acide from the un~ -

- converted fractions. Two examples of propoaed lubricant compositions ars

. glvene v

Frams }10-411, Synthstioc lubricants
. “Aprdl 10, 19h1 -

A proposed patent applicationo

-.I%-has long been kncvm that_consistent lubricanta can be made
by bringing lubricating oils and soaps into intimate edmisture with one
another., Heretofora, howsver, only such socaps have been usad 2s were
propared from fattyw=cids having a chemical structure which differs from
that of the lubriceting oils, For example the normal straight-chain
aliphatic fatty eclds are ussd in the molecular range from Glo ) 020
- guch ag are normally ussd in soap manufactareo

: " In contrast to this, -the Jubricants preparad ‘according’ to this
“invention contain soap fractions whose fatty acids posses the same or &
gimilar chemical structure to that of the lubricating oil fractions. The
differonce batween tha lubricatingoil molecule and the fatty acld molecule
then congists mércly in the added carboxylgroup. It can be readily under=

- gbood, that, in contrast to previous consistont lubricants,. the fatty acid
molecule can here contribute to -the lubricating eﬁ‘ec‘b, becauee of ita

----- lubricating oil. s‘bructureo ' ‘ e

1
|
i

Such compounded lubmcants can bo- advanuag@ously produced by
atarting with lubricating oils which are more or less unsaturated. To :
thege unseturated bonds, carbon monoxlde and hydrogen are first catalytically
. attached in the known nanners resulting in the formation of the corresponding
__“&ldcahydesn These aldehydes can ‘then be oxldized with alr, and the resulting
 fatty =cids saponified by reacting with metal oxides, ‘hydroxides, or B
oarbonataso In this way consistent lubricants can ba prepared vhich
“gonglet of & mixturé of lubricating oils and lubricating oil soaps of the
various metals such as the alkalms, alkallne earths, alum:lnum, lead, 'u'on, zinc.
ebcn

"Or the aldehydé 1u‘bricating oll” mi.cture, obtained by water pas”
reaction wih the original lubricating oil, may bs hydrogenated to the
“gorresponding alcohol-lubricating o0il-mixture;-end this-mixture mey 8y bo-
“~gubjected to-alkali-fusions -Consistent lubricants are- then: producad wh:lch
* omprise a blend of 1ubricating oils and lubricating oil alkall soaps. Theso
_miztures cen then be ¢ ¢pnlaﬁ§dM&mgM1ch contain obhm' motaly such .
~ag-the: alkaline*earthsp--- 1um] --Jead. ‘
””zmcalieso = ‘ '

T Any ercasa alkali present in’ the alllcali malt can’ also b6’ neutralizgd
“ywith fatty acids from” other sources, The alclehyde ay - also be converted
directly mth allca..i, ‘without. vreceding. hydrogonationo L
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Finally the lubricants obtained according to-this invention
can bs mixed with larger or smaller portions of consistent ubricents
or with sosps of other origin, 4w order to modify thelr properties.
Frame 12~128, Studies of oils from e
» , BVA treated with CO and
Hoo™ Mar, 30, 1939

Tests were mads on two small samples to determine the effect of
treating on oxidation otability. Thres tables and two sots of curves
report the results, S L e -

-

TTEM 120, ALKYL BENZOLES
Frame [19-420, Merch 1, 1936

~ The Doutsche Versuchsanstalt fllr Tuftfahrt has definits need for
fuols to be tasted. Fropylbenzol samples wors submitted but tests wore not.
complste. Among the requirements are high antlknock, high stability in ;
the cold, and lowidine number. The organization desires prompt delivery
of larger semples of verious oila, -

ITEM 121, TRANSFORMER o_I_ts

,,,E!i%@g;,h?l=h27 9 Rlectric -insulating oils,
Juma 22, 1936 =

. 4 lotter from Steinmann gives a brief discussion on the tasts of
- & sample of. synthetlc o0ll proposed for use as a switeh or tranaformer olls
The oll was satisfactory in same tests, but wes tco sensitive to changes
-when_exposed. tc.alr.-and. -heatedo A -gyhthetic-oil-for-useas—a cabls saturating
insulator, for high voltage work, ia needods. this should be a mors viscous
product with about the following propertisss o ‘

Spo gro - - 'v 0.935 ot the highest
_ Engler viscoslty 50° ay 50% .
e T e A

- Flagh point shova 2509 -

~ Froo from acid and regins, no asphaltonens

 Tar fornation number,. loss than 0,14

1

Do questions avesakeds
1. Uan & mobile aynthotis transforner or smitch ol bo prepired whick

~——~heg-adequate-age-gtability?—

2, When can an inprovéd semplo bo-sent or._tog ing 2s_to dfelectric. quality?. .

3. Can & hoavy, viscous oil be prepared fron Fischer-Tropsch produsts, suite

~eble for use as & cable impregnating oil?
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Frameg hzb,~h27 glva the rcpoz‘o of the Py J.L“&r. Tec,pulcal L‘osting )

Laboratory on & sample of Insulating oll from Fuhz’ohemieao '

199,

About 8 -kg. of a hr:_ght yellowish trensformor oll cams in centalnsr
The samples has on odor of minseel oil, it is transparent and olear in F,

a £ilm 20 cm. thick st 200G, No golid metarialvas pragent.

. Spogro 00&!’2 ab 20° |

Viscoaity - .
Temperaturs v is"osj ty -
Inglez .. gonblstokes
20 6.36 L7, S
5 .-.) 05 : i-..- 10 /
0 22.0 167k
R T F3Le9 T2hEE

Hardening point, bsicw -35°
Flash point . 3.50[0,

No free mineral aid, reging Ber odl; eaponifiable
fat, rmtar oz xaamu“~aolub o .ash.are. p;"m,m‘l;;,--;

Saponification numbor 3 Onlﬁ- :

- Aging Téndency

The tar formation mithar 1s %oo hh rruI and trak,cs oF 5zxse“ublm

are formed after he;atincf 70 bou:m uD ]’JQ"’C. n\d ‘int""oo veing: oxygen,

.

Electrical testu

“A-broakdovm test traw nade behacan” ‘b“?o Cogper hall; n, l/h'; o

vraaistanco of the oll ag ru.nved was 120 M(,ﬁ, &me

re ' .
‘Thig o0il: corrosponc_a ’i‘m uhca nlrvm’m mnuimvmwo Dialémtr:lc loge dir
gtateds . . - . - '
I’I‘w 2. ANALYSIS OF: DIES..L OILy ..UGUbl“Z]_l)"é fIT" LABME. L B)M.‘.‘;

- IYEM 323 NITRAT'(OH OF DIE‘SDL oILS 1§ ROT (A3 THIS EH‘EI. BUT I3

TO’BB I"OUN'D AT THE VERY PIRS"‘ ’)t' REET, Woo -

‘ I"m 12l GONFERENCES AT THE SYNTHESIS 7 m:s,, e J}::Ezgroc'.eo 3, 39k

f“'and a 1iat of pc;pa:‘ to be r\r\»mnwdo

“List of part cipa‘wa,, briat

2oport on the statup of
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‘Fromo h32=bh0, Recont Exporiments in
Fine Purification by
.Dr, Pranechke

In the course of our exploratory work concerning the fine
purification of synthssis gas, we at Schwarzheide arrivéd at g
conclusion which will bs described here today, even though in many
respacts it atill appears to be ‘axperimentelly and operativu]y not
yet fully maturodo

' Wa have found that. by enlarging the pore volume of the fing
purifiOLQ&_QlYﬁL_mm_S_ﬁ_tLanleoﬁ,_&Lappmciably_h&iteummomL
of -organic sulfur can be achieved than herstofors and that this increassed
-purification effect begins at tempsratures which lie on an average 60«70000

lomr then whon us:l.ng the purii‘ying massae heretofore cuatomary
Wa must emphaaize, to bo sure, that our e,.pariencas refer in
the first place only to the orgenic sulfur in'the synthesia gas at
Schwargholde which is kmown to be propa:ad fromlrown coal briquettes
in Roppors and Didier installationa,, freod £ rom dust by electrofiliration,
freed from hydrogon ‘sulfide in a dry purifier and fimally fine purifiudo

_With the total ault‘ur ocontient_of 0,5:0,88 in the brown. coal,, -

of .which a'bout 50-60% is present as volatile sulfur, our synthesis gas
before fine purification still contains about 2 53,5 go organic gulfur
per 100 cubic meters.

- Compared ﬂith other synthcaia works, this content or oz:ganic
'aulfur ie not high but ita composition is very complex. :

- Benidea carbon disulfide*and mercaptans, a numbar of aroma.tic
sulfur compounds have beon identified such as thiophene, thionaphthens snd
the like, Furthermore, we know that a notable fraction of roaidual au’ifup
ia presont whose constitution is un}mowno

. There is tho additloral fact that our gynthemiﬂ gas contamz '
‘condenaatea whoae. presenca makes fine. purifica.tlon difficult,. ..

* Under theaa oonditions and uaing the proviously. cuatomavy N
‘purifying masses, 1t was not possible to arrive at values below 0,2 Zs
organis sulfur per 100 cubic meters synthesia gue With the demirad
.lm:lfomity of producto

This fect was the incentive for a 1arga numbmr.' of laboratory and

‘works. experimentag in which homver;, Amportant improvemonts could nov be
achiav«do : :
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An indication toward possible sliccoss was obtalned only, when
in the course of comparative experiments with coarso-grainod mazges having
a grain dlamster of about 10 mm. and fine grain masses with a grain dismeter
of about 2 mm., we investigated more closely the fine_granules. . Herein we
found that by the comminution of the coarse grain to sbout 1/5 of its
diameter, not merely one but two properties had. bsen altered. In additioen
to the surface, the pors volume had increased by 10%. .

At first we did not know to what we could asoribe the better
_purification action of the fine grain which had been shomn-in the above
montioned axperimento

.

With\the compr—ehonﬂlveosmvostlgations thon Eitiatedconcorning
tho question of porosity, we soon gaw that as high as possible porosity
of the’ oontact mass was of decisive significance for rine purificationo

" Before the prep&ra.tion oi’ special highly porons masses ia describod,*-
two facts-must be pointed outs (1) if the Lauta contact with S0 water -
that is the starting materisl for the preparation of our fine purifying mass
is dried down:to a wator content of about 0=4Z, then a grain ia obtained with
& porosity of 80-85%, (2) if from the sams Lauta contact fine purification
“magges are preparsd in that, according to the previous customary methods, -
- molst Lauta contact is mixed with caleined sods, wo obtainod 8 grain with
E norosity “of “only" usaso% end 55% the higheato T

Accordingly 2 new way must bo- sought to avoid this logs in
porosity or to limit it to a tolorable smount,

. . Tho Lauta contact itself, with a. porosity of 80%, showed exoellent
reaulta in fine purification tests in the laboratory but its use did not
.at. firgt seem desirable.in general. operations -gince the hardnéss of its grain-.
et 80% porosity amounts to only 1.7 ke, and further because its alkaline
content is too small or varies too g tly; 1t lies within the limit of 2-12%
but usually around 5-8%, B

In order therefore to obtoin fins puriflcation contaots rithﬁxio ,
higher alkaline content. and with \finer grain, wa wore_forced. ‘co 'nﬂ.x the
" Lavta mass with sode. ‘

, If, 1n this operation, ag ‘lad previously been- ous’oomary, fine
‘grained calcined soda was introduced into a Lauta contact with 50-£0%
water and the mixture stirred,an appreciable development of heat took
meﬁﬂwaﬁiomww&&mue&tm—mixtmsmd-
a8 pasty of heavy liquid consistency, the grain structurs of tha: Laut.a
contact was complotely lost, tho poroaity dropp@d ahout 30%0 o

e R e If on"the' contrary, in the" preparation of” ‘c.na finm purhying
',contact, tho occurrence of-the-pasty or liquid state of the. soda-lauta
mags mixture was avolded, then.it was very easily. possible. to.producs_.

-masses - with- porouitiem -of 708~ for-examplos- For-this- “purposs it wag -
‘énly necogsary to control: the reac‘oion of ‘the” mlcinod aoda with the ™

~water- of the Lauto- contao'bo e e

o
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This is accomplished in a simple manner if the soda is mixed -
previcusly with a suitable amount of pre~dried Lauta contact, that is,
Af 1% is first diluted and only then brought into contact with the T8~
maining wet mass, : ’ '

The complaté procedure is as follown:.

100 kg. of lauta contact with an alksli content of 2% and a ,
water content of 507 are divided into two portlons, portion 1 is dried,
mixed well with about 5 kg. of soda and then added to portion 2,

The crumbly mixture obtained, which contains about 25% water,
1s molstened by spraying with a water nist on the surface until a mold-
able consistency is obtained, then pressad through & wing press for rolding
passed through screens and finally dried. . .

==~ The"drying ocours preferably in two stages in that first at 60-800C

he ness. is pre-dried for hardening; the drying is then completed at & . :
~high temperature, There is produced from this 55 kg. of fine purified contact
with about 15% alkali and at least 70% porosity whose grain hardness of —
about-3-} kg, per square contimeter is sufficient for the operation. In

this example an alkalil content of 15¢ is mentionad becauge experimonts :

had shomn that alkali contents of this order of magnitude aro most. favorable.

 The comparisbn' of characteristic index numbera of the new firs purifier-
mass and previously prepared mass is shown in the following: -

(Tgble "‘on Freme 435)

" Snatter Welght Grein hardnoss Seds Fes0s Popas

“Previous mses T T.T . BT kg.Jomt 507 BF%L W_H

~ Now mass 05 = WwE o Wg o Gop
Those fig\iras show appreciable differenceavo." ‘ | ’

e Foi‘»aal-moré "-defailed"*,expiaﬁ&tion-t~ of- ‘Gheaa‘“difféiéﬁcw}* figiras from
~a comparative experiment with old and new mazses will be given hure using

_two fine purification units of the same ‘conatz;uc.i;ionpvN_:,;.v.,;

(Tablo on Frame 136)

'L'o%al»é_harge ©Alkadd - Ipon ealc.
‘ of purifior = ' calc. ag sodn . as Feq0y -

| 01d maes IVt B toms AT tens”

low usgn T tow 15 ten 338 tom |
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‘It 18 svident that in uasing ths new fine purifier mass, savings
of lLaute contact and soda result per volums wunit of -the fine ‘purifier,

. Against these advantages of lower shatterwsight and aoda content
of the new mess, thers da the disadventage of its lowered prain hardnees.

: Here too a fow figures from oparatiﬁg -experimenta are availeble,
We loaded two railvoad cars with highly porous masse and wnlosded them agein,
and then weighed the amount of dust of G-fma greln dismeter. ,

We obteined here 13.8% and 1_7._,0%'duét rospsctively, In o'
comparative experiment with old contact mass, under like conditions we
obtained 8.9% and 8.7% dust of the same grain size. .

- Supmarized, £rom the comparative figures of the shatter weight
and the grain breckdown of the meases it is evident that with ons tom of
highly porous fine purification mags about 20% more of purificetion apace .
‘can be filled than formerly. — - : ' . -

: v The poroeity of the new msss amounts to 70%, that is tho internal
surfaco of the iron compounds presentad to the gas during purification ia
~about 0% hlgher than in the case of & mass with a pore volume of only 50%.

It makes no differsnce here that the totel smount of iron in the
-fine purifier is ebout 8% lower than formérly, since according to-our-—- -~
- operating results in Schwarzheide fine purdfier magszon opn, the average
.can.be ssturated only up to about 10% with sulfur because above this -~ -
- other- Influences such as carbon deposit, crusting of the surface by
.condensate.residuss.-snd-the like, -make -the masses- prematurely-unsable;-
The purification resulis obtainaed up to the progent time with the new
masses confirm fhis opinlon, ‘ I, .

. In a laboratory experiment of over 6,000 hours duration, in.
vhick masses with 50% and with 70% pore volume were compared at equal
temporature and load, we found in the mass with 508 pore volume a residual...

“eontént of '1,0°g. organic gulfur psr 1000 cubicmeters of ges corrasponding
to a work-up of 70% of the total sulfur; while the mass with a pore volums
‘of 708 abgorbed the organic sulfur up to 96.8% and allowed only 0,1 g -
organic sulfur per 100 cubicmsters of gas to pass through. Both- experiments
- were mede with only one purifying tower, a gimplification which we frequently
nae: in the laboratory dn determining tha ugablld ine ‘ g“meﬂ‘é"

. WsYary soon deternined in addition that such good purifipsfier
-affocts could:also be obtained with:the new ‘mags &b lower temperatures than
-had- previously-been-customary -infine purdfleationgy o T e
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» The latter fact is significant in meby ways. There 1s a saving:
of heating gas, the apparatus-ie-spared and injurious side reactions of —
tho synthesls gasses are avoided, ‘for example, deposition of carbon, ro-
forming of condensate which previously have been observed in the fine
purification within the temperature range from 230-320C,

Viith regard to the gquestion of the tenporature drop and
gimultaneous better {ine purification of the synthesis gas, two opaerating
tests may heore be disclosed which, to be sire, are not yet concluded but
which have many quite significant 7igures. ’ o

: _ In one comparative test with old and new mass, during & running
time of 100 days up to the present, the following averags temperatures

“and average sulfur valuss have been obtained: ' :

oo nmess I with 507 porosity, the averaga temperaturs wss 2000C,.
in the A tower end 187°C,-in the B tower, with ths new mass IT 164°C1x
“tho A towsr and 156°C.  in the B tower. In epite of this with equal
chargs and gas characteristics; the average sulfur velue mag 0,21 go par
hundred cubicmeters after mass I and-only 0:9-gs per hundred cublcmoters
after mass II, ) ‘ ‘ ' : =

~ Tor the first tins 1t we possible in Schwershelde to obbain
“average sulfur valuss below 0.1 g, per hundred cublcmeters.of gas in -
operation, . , S _ : . S

. Still more significant ls the superiority of the newer mass in
an operating test of more recent date, in which-a fine purification system
was opsrated at 80°G, that is at a temperature of about 10090, lower tham
was heretofore customary, ' ST -

" After e ruming time of 23 days the highast sulfur value heretofors
obtainsd in purified synthesis gas was 0,11 g. per 100 cublcmetérs, the average
sulfur value was only 0.06 g. per 100 cubic neters, the average temperatury.

~in the A and B towers wore 879 and 819C respactively, '

. Unfortunately, concerning this test - which is intended patticularly
%o shor the high actlvity of “the new massE, < %5 c¢an report only corcerning an
_operating time of 23 days; however, the figures here given are already very
aignificanto o o P U A .

. Ve know that appraciably. more information must be:collected befora
a linel decision ls poseible concerning the new fing purdlying-nassy-—-however,—
‘advantages are already shown so ‘cloarly that thers is a well groundsd hopa " -
~that the sulfur value in the Sehwarzhelde synthesia gae may bs lowerad with the -
~new. ass, - dom - bo-partial- pregsures which.ere not injurious for the synthesls. =~

- catalysbo - -
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Discussion followas

Tha inquiry of Ritter sz %o whetlor these rorcus maem hed bmm
ugad for a purification of-a ges with high sulfur content was answerad in
whe. negative. Howevar, e:'peré.mmﬂ,.:\am under wa:; et Iutzkendor® which canmot

as vou bs raportcedo \ '

Weisst inquired whethor during ope:catmu the attrition of thws new
mass 13 not apprecisbly hlghw!‘ then with normal contacy and at the same tize
tho grsater hardnesa lg stated to bz lowsr. Attrition is provably higher
but no operating difficuliies ha.w resulted from this oause.

. To Braun's quc:, ion the charge of an gggrogate prsparad. with tho
new mags iz stated to bs normel, that is 115,000 oubicmaters por hour and.
tho oxygen addition is G. volwnes orior to fine pm‘if'cativno This oxyesn
additbn 1s necessary in Schwarzheide elthough 0,2<0.33 oxygen remaing in

..the. gyathesie gae after fins puvification, Any effsct upon the syntheais

~oontaet-hag-not-bean obaerved, - In rmall s cols experimonta -1t wag “provad that"
oniy oxygen contents of more than 0.5¢ ers injuriovs. Thoas observations
are confirmed in the expsrimental results in- the Chemische ’:’i@rk@; Eszmn
Stoinkobls and Ruhrbenzin, ' ' : ‘

: Schganks stated that 3% prazant an actlmwd chavaoal for v
praliminery purification of synthesis gas bofore fine purification is
planced ot his plant snd that.at the_ end.of the. year-probavly-cbservations -
-conceraing this pre-purification will be availeble. Sciwenke iaquired
whother the lnstallation of an activated charcosl plant foxr a removal of
condensats fractions is still under consideration at Schwarzheldo. —-
Hochschwonder answered bhis An the negatlve aince the sulfur purification
ney atiempied no longer maked this question ssem go- urgond 2y 1% hed: besn
8 ghors birs agos ~ Felast inquived whether with the condenzate proportions
in -the ayntheaia gan at- Solmamheide, anything hed changsd ‘through the
ubilization-of -the new-ex entacts  Prancke bellovad that d dosveéass could "
be shom bub iavestigatione on this ars still in procaas, 1L is intended
thet camplebe Faper ts will bs. made on this n mttssr lator, ' ‘

. tz.a .Lt-quircm vhothar hi 1ghdy . pox ous BASLSY snou 4 be introduced
in hot‘ towre of & Tine purifisebion syatem, or.in the {irst tower normal
. maoses and in he. seeond towar. the. DS mﬁmses, -and. whathor. the new nase.de -
appreciably more mam-vc In the cost of producticn. Hcrhwhaundar and
Kollmar- cxplain@d in this conngetion that a two-sbage’ method of operation
~1e not intended sud that on the eoonomic: side no Birmlv binding stetements
-can as yeb be made, - It 18, however, proposed thai somwwaat ig,mr costa of
* manufacture and an increass i‘fz price bacaude of *.,ha lowar Losd poasib‘tli’ﬁiem -
j ; : I, O BAVLAZ . 0L
heatingf gae becaase o* ‘ma lower oparabmg, i, a1 xx,t-mm .L{' mc«y arsa nob
e;memdado ‘ Lo .

G?'J.mm nroved tnat 4n opes*ating :r“inn pnrif‘icatinn s;i’uh thm a
custmary addision of axygen, the swlimy iz combined as sedivm svlfate,
Jm-bel"eved* B refore-thet-with-a-lowarad-sodit un*c..rbanato*zzdditinn‘in“‘t“ie
“NEW A, n_l:imits' ¢ bl WX gt be LowsT.. . 0. Schwarzheide™
up. to now. tm sa‘mmbion Zi:!,mits of t.lm nage have not, vet bwﬂ immmtz tra’r.e:i
fz‘am '611 T T S s
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T I.opm'mn beld eved that the dix‘mront bﬂhwior of many fjma B
pu,’ifi«ar—-svstems—eouldr—bz%racad—to—"mqutﬂ.ﬂiea in-tas—Line-purifying
mause Avove all, variations in porosity were proved, Hartin explained

~thase varlations by the changing quality of the subotence which sorved

es the raw materisl, which varies sharsly, particulerly in its mcoture
becsugo of shorage in the open adr, which ig at present the only possible
storage. A reexamination of this question is p"omiucado ‘

: Woitonhi..ler ahowsd that the higher the J.oadino of a single

gysten le maintalned eo much the better complets aaturatmn of the maaa
¢an be achieved, :

Kowalslki stated that at Schaffgotsch uhes removal of organic

eulfur (15 g. per 100 cublemsters synthesis gas) down to 0.3.-9,15 g,

per 100 cubic neters is succa.smully accomplighod, and a complete

__saturation of the contact mass is schieved. Here alsc it is thought: .
“that the sulfur is combined with the- eodium carbonatm Ay combination.

with the iron could not be proveds

The mquiry of Woltenhiller as to whether tha high porosity mass
can also be delivered to other plants was answered in the nogative, since
in the acope of the supply program; the entire production, &t least until
the end of the year, is allotted. According to thls prograsn the Lutgendorf

Werke e the only- i‘ozfe .on-plant which-1ig tsupgll@dc T

Freme Ll3~4l7, Influence of high aulfur
content upon the synthesis.
By Dy, Mobry, of Krmp
;r@ibstoiimrka

The_ Imat exchengers in the fing purification wnit.did not.

funetion properly and as a result 1t was .ampassible to maintein the
gulfur content withia the desired Iimits, Thie caused a2 decresas In
catalyet 1ifey atiempts o improve performance by increasing the
“temperaturs scaused a grester formation of methane. An &tuation for

determining the amount of excsss sulfur as comparad with cabalyast
officiency is given. Two figures, one a block chart and tho other

“araey ol curves; "indicate” the relationship batwéen speciiic” vwld

end sulfur- load over a period oi about ezlgnt mont‘mo

' Frama Lb&«l;S?, Formatlon of hydrogen suliide

in synthosis-gas;- from $he-sulfates-
Jn the ecoling water in direst’ £8e
- coolmrso Dre Fe igat; Ruhrbanzino

lft‘An und@mrabla i“ wmation of. h}fdx og&n sulfide. omm\,wd aurlng

‘,,t‘m pv-cpa;n -ation. of. syntheaisvfram This was-particulariy tronblesoms in
preparing-the ges. for medium prossure. s,smuheviao Iy, was. found thah a

definite increatae in suli'ur coni:a'lt onou.vmﬁ afmr ﬁh&gus_hadwmascd_.

T TP
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through & cooling tower in direct contact with cooling watss which coutained
a certiin amount of sulfaten. Tho presence of a sulf‘u*-»wn"arting straln of
bacterﬁa was auspsctad, ond later confirzmed.

Opemtﬂng cond itiona were hivhlv lworabla to the prowbth of such
organicme, The addition of slne chloride to the cooling water was effsctive
in checking the bacteriz) action. It was noted thet plants of other companiesd
had dirfficulties whlch m.a.ght be traced to the action oi‘ .m'f‘ur-»reducln
baoterxao

Fram:a h58~h63, Davclopmen* of the pressure .
-gynthesie to the olefin synthesls,
...By, DOr,. Daubm, Kubrbenzin

When in 1936 & plant waserected for the production cf motor fuels
from éarboi monoxlde and hydrogen, it was fold that the process would insurs
_the provision of supplieg of mineral oil, Thae. \.heniatry of the eliphatie .
‘hydrocarbons promised & 1ield as impoz*tart. ag that of aromsvics from coal
dlstillation. Sines the unseturated sliphatics were a desirable raw materisl
for synthesie operations, a definite effort was mady to produce whese une
saturates, R R : :

: An increase inm the CO concentration favors the production of
olefing, but_in low pressure cperaticn, increasing tio 0O ooncentration
“bevond a definite Jimlt causss qifficulties with the catalyst. If g
gas is diluted by recycling, thesa difficulties may Lo overcoms, but the
large volums of gae required necessibated the constrzction of ex’oramm,y
large énd expensive equipments - The unsatursted hydrocarbons-produced—
‘have 2 relatively low boiling poiat. However, the nsaturates, which 270
of cnsaﬁical Ainterest are those of- h;ghsr boiling TANgS,-. i

It wadv,..th&n found bhet.a. comparatnely smell.-increasge - in optmting
pr«asuz's would have decided influsnes on the nature of the. hydrocarbonsy
aceordi ngly plants wire consbtrictsd to operzie at med\um prossure. The
products from this typo of cpsration were cf much greater luterest the
thosa of normal pressure synthesis. . The primary products of modivm
prossure syathesis were pav*&ffiniﬂ in nature, but wers au axcellent

—Aniclal matarial for thermel- king %o product olefins. Hadium '
“progsive syathosis in 1ts pressnt stage can be consider@d ug a atep
izx tne ole;fin tzynthesia_oparatiam SRR : :

Operatim at nedium pregaurs Jhmred thati tha garaaous c:“nponen‘o
requu‘c,d a di.i’fcmz‘u mzuu.pulation *"rom thf..t of n.ormal px'vmx\xm zaymhwslm

T‘m reac’oion Ane norm&.. Progaurs s}rx'the;s*s Ry i‘oh.ow the CLuTae

l CO & QHQ ‘w HQO - (‘da

which would r@sul‘o in a c’iacreaw in the, H.Eémtmt»of uhﬁ m:sidual gaep notrw :
svertbdaop: heb%ﬂ-th&%mh,.oid tbeﬂga:a.mmm
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In pedivm pressure synibienss, tho resctlon appavenily Ffollowmy
squation X alwmoast exclusively, eso thab mck less Clp 18 formed. Charging
GO ond Hy ir the proportions of 1:2 doss not afford sufflzient hydrogen
to achlave complate conwersion of the 00. Ih was found nacessary-to
~ introdevce more water goa, with a lavger m'r,zn wolon of hydrogan, ab latar
- poduts in the cpamtion, Tha pmpm'tion i3 abum, J..:? 2.

2mshage opsralion way carriad avt at Ruhrbenzin for ZLR Veam's,

- then a 34 stapge wes added. By mar.,fmn with & gos contalning 60% hydrogen
in the first stegs, & Rlcure of 1:l..55 was added when ths .n:f.tml ratio
dropped; in the second siage & mixbture af 121,65 @ad in the third of 1:1.75
was added. -This rasulted in a fined radio of 1:2.30, By this mosns, :
2lmost complete conversion - Paml,;r ;=953 ‘7 - wag abtalned wish vory 1ittle
ga sii‘:! cztion,

binw tha *esh nel ges conelstsd largely of inerie, sspscially
COp, & scrubber to romove thie materiel was inserted a.f."o tha sonvarter
gas comprassor. While a smsll povilorn of mgactive g;a,s 2 &lyo gerubbaed
out, the losza was co;nm;. ba'!.amwd by the ‘mvani,age of hlghca converaion,

is mulb:bvmmgfa prove 2 vemulbs in a congiderable Inoreasoe-in .-
—olefin. prud\_\,bionn -This-con-be- #5132 Porther-increasad -by-changing-to-the-
—af;e—ef—;—a%e?—*s@sa ‘ '

T

Experinants showed 708 olefing in the naphiha fraction, up to
200”‘3 ) Lt““' 1ln the oik ff‘éﬂi.i(m 2(}0—»"14.("00 . R

" Gontach’ ukmba'ma wore ths usual doubly tubea ) Bas p”f*’asaura 10

h
% X ~] 5
the ragular cobalb catalyst end catelyst 1ifs is SOmey "hat .u.o“mev' Lhan
previously, :

. ~Tha ;@i*rm"y preductn L som ’Gl"i‘i "cyga of- qvnt‘xezsm can be furthor
worked wp in various waye, to preduca h"t.ghcaccmne e‘viation gasoline,
lLbrivag—iia, attyraeids-or-other-dorivatives-of- the -aliphatio- snr:luso"‘
In :z«ll cavmx v thé‘ el afms are t‘rw-cammo"" nf *‘ahca ma'.cuiang

2

 Froe l;bhnh'?, , Advances I m@diuiivprw“mra wy%hu ig

B; e, (),mm Howeehbensin, L”.ramomziu

\

5y cuanp INFFED 'ma.c.mcn .Jc.*’ku.u...ot By pas"txlcmarly mth ref'w‘auf'a 7]
\1118 CO h rablo, and by edding & third stegs to Lhé conwr.sion, 1% wasg
possibl@ Yo inereass the ield of 1 iquld, woduet o by n’cont 15/» :

. m‘m:eci deaamabl« TS 'le ot of lﬂ'QdUCU qu,l l.ty,mjmw
'main alzr T Cmﬂn rabie &b eboaﬁ the sems: c‘"dm’ of magnitude in‘gll cstagfaa
“ox"ma*_")»eaf‘c opam GION  TAH Ugs oL NS o g 6y 11 1T YR A g SR (L

.80, from the convertsy. gal befors. At-dg- inw-aduwd into thamatarwaag@a,
haa promd h ph]y damimb!c‘.,
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Framo 1BO<UB7, The carbon monoxide ~ hydrogen balenss
. as an ald in synthesis control, .. ,
By Dr. Crimms, Yreibstolfyerk Rhcinpr‘;;u.'seem‘

)

A% prosent carbon belances are gonerally uwasd for the’
control of operating relationshipe In practically a1l eyvithesis plante,
The plent at. Brebag utilized such celculations quite early, while work
at Schrrarzheide showed definitely that the amounts of caryon introduced
into the syntheses and ths amounts of carbon removed fron the eystem as
reection products, including residuval gas, ara in agraowe:; with .each
other, R . e

. This ecoms to be a ssif-evident fact, whose confination never |
thelese causes difficulty even today ins ons plants, '

ST However after Schwarzheids obtainsd the ‘positive reivlt thet
the weight of the carbon in ths liquid, solid and gaseous prod ota removed
coincides with the woight of convertible carbon in the fasd gas, wo now

have a simpler method for determining the yield of reaction protvsts Ly
calculation, from the decrease in convertible carbon; instesd of by meagisce
ment. = As convertible curbon is assumed only the carbon in the caon HONOX=3g
and the carbon in any unsaturated hydrocarbong added. . The carbon ivessnd

~in CH, and higher. saturated hydrocarbons-and-in- C'Oé" isnobconsider i g
—convertible, — B B, i :

S - Under this hypothesis, which is.no longer quagtloned, by mumng
of exact gao anslysis of syntheeis gas and nstural gas semples, definite
predictlons can be made to the specific yields of gassous and liquid. .
pro_dvct‘sg ‘and as to the course cf the reaction during-the ‘synthesis.

ot o In this way ths Gontrel of U ndividual Surnsces for such otags
of the synthesis can be eccomplishsd either by itsslf or in combination -
with the enblre battery. - T i e e

Tho validity of the data thus doternined is dependent wpor tho
sampling of the gams end the correct end carefully detailed determination,
-during the gas. anelyses,-of-the-individual-constituents of ‘the gases, -

g Inothe type 6f balance caleulations whilch we -gelected, the .
‘oynthesis gas and the end gas in &ll csszas wore tested when cooled, before the
separatlon of nephtha, In controlling individual furnaces, this is the only
possibility, but even when controlling. snblre syntheels stapes we pref -

, tireT €ag.Travaer. vhan -the ‘regidual gag, e s

g Y

. o.....The tlme required for sempling, for.the sake of the uniforndty - -
.of two pevallol sanples, should not be too long,.and is 1imited to tesbe -
of & to 8 howra, I longer operating perlods are to be controlled; a division.
into individual vemples is recommended, with. subsequent mixing of the indi
vidval-semplos-to-obtatura ol ISEUINe sampLe.
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. The . volume of £as sasnplus rsqui:x ed ls depsndemt upon ths
nature of the analytical method selscted. It is not necessery, here,
o-go-into the-details of the analyticel method which is bazed on the
prineiple of Podblelniak distiilation with severs reflwxing of ths
condensed. ges. For each ultimats analysis, we reguire ‘about 100 liters
of gas in which CO,; H,, CO, CH. s N, Col), and CgBg, and perhaps also
"the Cals and. Ch’s ars etsrmmnz The ccmtsnt of aliphatic hydrocarbohs
in the end ges semples is not detormined.

"For the purpose of calculsting a balancz:, however, lt ig
absolutely necessary to inelude the fractions of the gaseous constituents
which are dlssolved in the condmsateo .

The experimentel errors for constituente prasent in greater
concentrations can be maintained within tho limits of 002% by volume,. a9
_Lontnolmaasures “have proved. _ » .

For constitnents presont in lower concantration, such CE:] mothane, '
ethana, propans and butane, the variation mast be correspondingly lower,

On the basis of such amﬂ,zmh&ﬂlel_smnplea.‘thajollomp
‘calculations can be derived: .

From the Nz contont ia developed th@ con‘tractlong or tha;
amount of ond gas which remains for ench unit of volume oi‘ “the
synthcaa:.s gas after the reaction.

e I"rom the appropiriate emomxt..; of "ynthnsis gaa and.ond gas,
and the CO-valuss of tio samples can bs calculated the totel CO .
-conversion... Furtheraore the COg,.CHy, aad CiHg. formation can be. Gald-.
culated for ssch unit volume of the & smbhegis gas. .The mount of, -
ethyleno, which according to.our observations alweys comprises: only
—a small percent of - ‘bhe ‘wthane formatn.on, is included in the 9thane
calculationo o C ‘

The. waigh'l. of’ carbon Wthh ws conteinad in the volmnsa i‘ormad

oE CH&, 00 and- CoHg, is caleuleted and converted to the corwaponding ’
volume of CO., S

‘ ; Aft@r subtraction of these mnounta of co consmned i thw form L
‘ mation of methans, carbon dioxidae and @thana, from the total CO. introducad,
the remainder corresponds to_the CO volums which.yas conaumad du
“production of hydrocarbons from Cq uprard,’ " T
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By miltiplication of the factor 0.63), long since introduced,
there is obtainod from this volume of GO the amount by woight of hghar
hydrocarbons formed," including gas. Variations. in tha ‘average molecular
wolght of the hydrocarbons formed and in the olefin content; scarcely
affect the magnitude of the factor nampad, , .

Tha'coz;rqactfnesa of this factor is shomn by the_good agreement,
with the calculated yields evidenced, when conpared with actual
_meamirad yields ﬁam.,opmrati_onsT-inArepgated—contrml_"exp@i‘W

. The sultability of yleld detarmination by caleulation ¢an be
1inereased st111 further when, in addition %o the GO balance, 2 hydrogen
telance iy deriymd;fromtheanalyses-ﬂﬂ-tﬁgfgmgyé_l_;_ o

o Hydzogenisconsumad in the formation of rethane, othane and
higher hydrocarbong, in proportions verying widely from thoss of the CO
which is converted at the same ¢ ime. T '

" Furthermors the simuiltansous fornation of hydrogan throughout

—the—cBﬁvéraiomreacﬁomatrbn—tak@—‘mtb*considemuon; this can ba
recognized by the formation of COp. .. S T O

- In general, éa.i_.d‘o frbm'thcg :tx_;gf.ntlxesid feactiom, hydrogen can
pariicipate ’infthe—'follmir;g—reautioris';

1. €O & 3Hy—wy CEIHD

\ v . ‘ .
2. 200-4 SHy -~Colg + 2Hp0

3o CO ¢ Hy0-w>00p s Hy

Yothane formation according to 1), end conversion according to 3) can be
combined into the reactiong . "o o TR

,\l e L‘oww 260 @2!{2 ._.;,GHE,B,;GQQUVIH. i o S S e

Ly 5 ”0‘2_ e».'zf{zm;zﬂzo e e e
_ From theso equations, in the basis of the smounts of methans,
ethene and (0, forimd, it iz ‘pozilble to calculats the consumpi f
-hydrogen—in—tho—gite- ons ard to-su ract that amount from the total" 1
‘hydrogen. consumption, in order %o deternine by difference the amount which 4u. . °
required for the formation of hipher hydrocarbona,... i

higher hydrocdrbons and water, the corresponding amount, by weight of . .~
ﬁh‘ydrdcarbojzxr.formgdr*iggiug&qgfg‘ oL, W apply the! Lscior-of-0.302 *
product £0r §ih nornal Liter of converbed hydrogens— This factor 1
for our conditions, where thoe ; : +0-hax

s ¢ the maua molecular wsight. from: Gy I-paraffin-
_corTesponds. approximately.to. G 4ad the -.reragér’clafiqcon% -about 244,

| Toonder to caloulate ‘ran tals volwmo 6f hydrogen convarted‘to
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 Por othsr mtk;aaie‘rproportiona s eltrpraﬁions in the abovs
named factor are indlspenseble. :

Tlold moasuremente carried out over ssverel months’ tine from
the conzumptlon of GO and Hy show exoellont ageosmont betwsen the yields.
Variatlone in the caloulation of specific yisid de not in generzl exceed
the valus of 1 g. producte for vach cubio meter of synthesis gaa,

: For the proper celeuletion of useful priméry'products_i‘rom '
C0 or Hy consumption-thers is required i genaral £or accurate analysis
_only the determination of (JHl-s and CoBg in the total hydrocerbon mixture,

. Waon sdditionsl indf¥idusl hydrocarbons are includd, the
Possibility for further prediotions is inoreesed widely. -

.~ Tho added deternination of G, and G, Rydrocarbons can bo accom-
plished without the expenditure .of mwg tize or trouble,

. From thia.‘ia doveloped the woight '(.:l‘bn'éar;t of gas oil in the end
a8, or in considering the contraction, tha Yield of gas-o0ll for esasch unit
by volume of synthesls chargeds S v

e Subbraotion -of “this gag el from $ho total’ yield of mimary
- products dedernined by calenlation of CO- or H, balance lsace to the yleld
of liquid hydrocarbons (ineluding peraffin), fouble control of the reaction
‘progross caleulated frem the (O balance and the hydrogen balance makes

—the. conclusions derivable from such ctlculatione appreclably more reliable,

_Some experisnces obiained in asversl enalysds will.bo described in more -
detail, T . ’

: .. In ceges vhers the contractions, determined from nitrogen do not
- agrse with.contraction indicated by ges contiraction, it oan be deoided, by
applying ths HQQGO valance which typs of contre ) re.nvarly corvech,
aince only vhen-the contraetion is correctly based can an agreement be

-reaohed batwoen the tvfo__;’r.{gé;d’cglculationa ft&\a €0 and Hyo

i Rhe T peod resilts of “the Hydrogen balanse calculation prove that
only elemsntal hydrogen pariicipates in the reseblon in the contast fwnace,
-and.no entreined hydrogen compounds in the synthssis’ gas, particulerly nons of = -
the steem reacts. This finding hoida true at least for. our ‘pravailing o
‘stean consentrations of 2h-lio ¢ in syathezls gas I, snd k0-50g in synthesis
gag JIo o oo i ' : '

- . Por the G0 ',con'\Erév_z*f;‘s:l;cszx"oﬁZ oh uhqveatlonably tekes place, and which
..can be rocognizsd by the regular formation of 0y, the vater ‘formed during S

- the reaction must be held responsible, - -



- T

Sinca the ‘hydrogen conaumation atands in the proportion of :
2 1:1 to the CO consumed in the formation of aliphatic hydrocarbons, this
leads to the recognized shifting of the CO: IvI2 ratlo in the end ges, as
contracted with the synthesis gas,  Thé dro drop“in the proportion is cor=
tainly further influenced by the side reactions of the gynthesis, where
CO-conversion causes hydrogen formation, thereby checking the accalerated
decreass in hydrogeno

In our operations, where in stagas I and II togather about 18%
of the CO introduced is converted-into- gassous products exclusive of gagol,
.60 5% dnto COp, 11% into CHy and 2% into GgHg, a decrease occurs in the
CO:HZ ratio of i 98 in the thesirs gas and 1.,3«1. i in end gus 1L,

This sharp decrease is completely confirmed in calculating the -
_amount, of hydrogen which ia required for. the production of. the Andividual .
“reaction progucts formed.

. In case the decroass from normal CO:HZ proportion In synthegis
gas to the proportion in the end gas is less severs, 1t must be concluded
that in such cases the formation of CO. and perhaps other aide reactiona '
must play a more important part than at our installation.

s B g ps)edng the“caleulation” of Co and Hz balance o s:lmultaneoualy-
oollacted seuples of gas from stage I and ond gas stage II, the reaction '
relationships for each stago can be followed in datailo

‘ _~ In thls case also additional mehsuramenta of gaswan be neglac oed '
-in the. calculat:.ono

" Sinco ..... in our. method of connecting the two- stages without -an--
intarmediata naphtha separator, it is imposeible to obtain a dirsct product
meagurement for each stage, it was only through a balance celculation ‘that
an accurate control of the individusl stages was possible for °
“mmsrous- comparative-measuremonts-in-our ‘plant; 1t is . clearly shown that the
total converaion in the a@cond sﬁagn ia ;]ust as great as in the i‘lrat atagee .

: o ba” sure, 3 carta:.n 'shift odcurs betwesn oconversion to uaeful
products and conversion to gaseous 3 byproducts, and we have obearved a aom- ,
“what- groater formation of ‘gaseons pcoducts :Ln atags L. i .

S With a leld of udeful prinary productzz (including gasol) in th@ '
ﬁr&t gtape amountin o 130 g/er noter 1den R o NG i) he..8s ond
: atage amounta on-the: ‘average: to’ 127 g/cu metaw :l.deal gaaa LT

ot Hare the GO:Hz ratio. drapa in: the i‘lrst atage from 2 to 108 \and" :
: in cha second stage from 1.8 to s 3, N o e
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- Probably the somswhat poorer liquefaction is caused by the
unfavorable COsHy proportion in synthesis gaa I, as compared with
synthesls gas I, That the ylold in the sscond stage is actuadly———
affected by the COsHp ratio, is shom by & comparigon of all such
balance msasurements whero difforences occur in tha composition of the
gas in ntage II. A sumary of such analytical evaluations show that
with COsHo ratio of .

1:1.6 about 105 g/cu moter of useful gaas
1:1.7 | 110 -

1!108 . 120 )

1:1.9 a maximum value of 130 go
132,05 shows a decreass to 120 g.

' Theos -observations are mentloned onlyto indicate how far the
_balance calculationa based on gas enalysis ensbled us to. meks-predictionss:
Since the corractness of thess predictions depends only upon ths
sultability of ‘the sampling and the aocurasy of the ges analysis - and thess
requirenents are not probloms for up ~ tho possibilities of arror wers no
groater than in the ocustomary method of msasuring yields,

- Thig paper is tollowed by 10 pages of gomfal discuaslon,

Fraus' 488-506. Dovelopment work in'the isld of iron catalysto.
. By Dr. Meyer. ‘ o ‘

, In a serles of studies on iron.catalysts, a specific aim was e
~the discovery of cetalysts which would .permit a regulation-of the synthesis
reaction in the direction of either light or haavy hydrocarbon products,

..Cobalb catelysta. at normal pressure-always. favor-the- production of-light -
‘naphthas, at redium pressure tho paraffin.wex products predominates. '

Tt ie Inown that inorsased tempsrature favors the production of
lighter products st the expenss of the higher ‘boiling matorials, Howsver
there 15 2lso the poswibility that carbon monoxide will be completely
broken down, with ths resultant formation of olemontal cerbom, . . ... ...

" T wag d@airé.bie{ ‘to obtain an iron eatélyat in such condit,idn that
its hydrogsnation efficlency could be regulated ‘o produce light. or hsavy. - -
‘hydrocarbons at the aame reaction temperature.  Thls was sffectod by a gas

pretroatment of .a spasific catalysbe

oo Since ylelds ab normal progeire vere inforior to thoss with cobalt
catalysts, stress was laid on developing materials for use in medium pressurs
-eyntheals. - It was found that-cetalysts with higher 4ron content(i.e. without .
carriers)-tend to-direct tho medium’ prossure reaction toward the formation of -
peraffinle compounds, while catalysts which inoluda sarriers, varticularly .
kegelguhr, lead 4o »'th@,;.formfg,t;l.gngci;;mphthéaa@kbmcatﬂ.yats“fregfﬁroﬁmmiera*~~
~.are.groatly influsnced. by aliwl: co‘ntant;«}pmtreatmm@—f-and*"-‘ﬂta;;_;pr‘f“qpézﬁapibhsa“.

Tz pine s

AR ,g;ﬁa{:alyétsﬁivare -preparsd- almost - exclusively-
""" sods 7rom & aolution of tron in nitrio or o

ively by prooipitation mith™
ther acddo o




";“6 .

- Particularly good results were obtained with two catalysts
. containing copper, and deslgnated as My end Mz. By subjecting. these
catelysts to thermil pretreatment, it was possible to shift ths reaction
sharply from the production of light to heavy hydrocarbons. . Both.catalysts
~alsocontained very alisht amounts of alkali, . ‘

- The synthesis gas used, for medium pressurs gynthesis with iron
- catelysts, comprised a CO-rich gas of approximately 1.6-1.7 COs1ily pro-
~portions. “Using-ths M, oatalyst in smell scale tosts, it was possible to
obteln up to 180g liquid product (including gasol) for each cubic meter. ‘
of .synthesis gas., at a CO conversion of about 75-85% voluma.. The average
yield duping a 3-months run without regeneration, corresponded to a CO
conversion of 84% liquid product. - o :

. Tests ware made to determine the effect .of increaning. the temperaturs.
“Raising reaction temperaturss from 253 to 2959C did not injure the catalyst. -
Stabilized gasoline produced in theas small scale experiments hdd an octane
number-73-and-contained 56%-otefing,———— R S

A study on tho effect of pressure’indicated that optimum activity
was reached betweon 10-15 atmospheres. With increasing pressure, the
paraffin fraction increased, _ - o o

A third catalyst, M3, which contained a small amount of alkali in
addition to iron, favored the production of heavier paraffins, _

" A catalyst was tested which was prepared from"Lautamasse®, a by=
product of the ,alwxinum_industryo-.',_This.‘contaimd,ein-_addition'»‘aw»vironw e
oxide, considerable amounts of alumiinum oxide, titanium oxide, and caleium
oxlds, with smaller qu{ggqu;pﬁ_gili@iqﬁaoid,,.magnaium.‘pxide,.,,.mﬂfatos - and -
phosphates.  Crude Leutamasse at temperatures of 250-260° ghowed: good activity
for medium preasure synthesis. The olefin content of conversion products
obtained with it is appraciably grsater than in-the prodicts obteined with.
~other iron catalysts, . _ L : S :

It was found that incorporation of considerable amouats  of

‘ €0y dn
~¥he. catalyst mags-led -to-the formation of oxygen ¢ onpounds, part ";-;gurgﬁﬁ-‘ 3 i
alcohols, i T R

Bt ‘The‘ant'ire saries of oxperiments led to the idexfelé';.mér‘nt of iron
catalystn which were suitable for varicus purposes, - .. . . .

. of exisbing synthosis planta, : S

~Frams ;567;51'100ff‘»'vInoreaem'of paraffin fraction in‘the products ™
.. By Dm, .Roolem.. . - -

i

. Txperimonts| wore nade with cobalt catalysts, for the purposo of -
 inoreasing the pareffin fraction in medium pressure syntheslg. .This result.
~was - achloved by~ i€ Uge~of concentrated .cobalt -catalysts-in-combination -

;jw‘;th ,.,ag_tjl.yatgr.;_auqh-»-\agkthorium«p'_,r’mngan'o“se-’;;"f‘*
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I'ITM 125 IQ{OCK JIETERHINATION or SINTHE’J‘IG GASOLINE
Rrene S11-548, March 9, 19hh° :

- " A séries of cooperative tests on synthatic gaaol‘.\na was made
by geven orgenizations including Brabiag, Hocsch, Erupp end Ruhrchemie, -
Unfortunately the film is mo thin that most of tho report is practically

Allegible, - , : ‘

: Evalue.tlng tasts wors mado ong tendency toward peroxlde
formation, relationship betwecn psroxide number and octans. numbsy,
comparigon of methoda for knock evaluation and distribution of

‘detonating effect. A series of tables gives the results of the tosta,
and 6 shasts of curves reproduce graphically the results obtained at
mthe va.rious testing laboratoriss, S S

ITEM 196,

; r'rm 5h9° netmming activity of the synthesis cattﬂyst
_July. 24,43.9112° :

: This s & requaat for pemiaaion to study mnthods for dotm'mining "~“
--gatalyst- activity, -with- the aim of- ate.nd&rdizing tmch a mthod Tor” general
uge, . e _ ‘

. ITEM 127. GAMUD\TIONS OF REBIDUAL GAS ANALYSIS IN PRL‘SSURE SYNTHESL

_Framm 550=555 _ Extenple of the evaluation of a residual _
: L gag armlyaria in pmg:sure synthoaia : '
- Mnrch 28,2940 I

- This mport eonsiats in an emmple of the method of caloulationa ‘
used in ava]m‘blng an analyoiao :

vITEH 1285 ALCOHOLS’ F'ROM MEDIUM PRESSURE SYNTHBSIS., ’, ‘
F‘ram 556=557° ALcoholéf from edlun’ presaum aynthwia:
: Dacembar 28 19L,3 g

B A mchod ig noted for ineraaaing th@ concentration of aloohola
“racovered from tho products of prersaura aynthmsia, through carefully
regulatmd fractiona‘bio o

ToEN 1 129° 15T oza szzouons or mmcumm

{L-;mma sraa 590 I
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T 130. MONTHLY SUMMARIES OF DATA, 1930-19L1,
" FOR ALL LARGE-SCALE CERMAN PLANTS,
Frames 561-606. -

- ‘Thess reports ars in the form of tables glving the average
production, month by month, of the various units. The dates of tho
tables are: March 1940; November 1939; Gotober 1939; September 1939;
July 1939; Juns 1939; May 39393 April 1939; arch 1939; February 1939;

- Qctober 1938; September 1938; August 19385 July 1938; Juie 1938; May 1938;
Jamusry 1938, and & combined summary for 1937. :

TTEM 131,

Framo 607, Preparation of mechanically strong synthesis catalyst
» January 23, 1943. ‘ '

- Directions are given for thé prapar@tion of the cobalt-thoria-
kleselguhr catalyst, mixed with protreated silica gel. Varying the
__proportion of kieselguhr to éilica gel results in the formation of-a

softer ‘or harder cetalyst,
TIRM- 132, -

C e

Frame 608-609. Polymerization of dlessl oil fractions.
’ . Jln:y 1">19k1 g - - ..‘.“. PR (ORI . e .
L A ezomple of dlesel oil woa polymerized in two lots with 5% A1CL,
«-6ashs~-The-polymerization- products were examined: ~The lubricating 611~

fraction above 370°C shows not only & high specific gravity but an extromely
high viscosity pole height. It cannot be used for a lub:icating oll, .

Frane 610 gives the idontification of Bag 3hk6 (CI0S Target 30/5.01. Ruhrohente.
_Frang 611-612, Indox of docussnte.in Bog IS - oo

It may be noted that T0M Real )5 inoludes only tho first 23.of the

.',‘aacumenta"h@re111@%:1;;

'BAG 3446, ITEM 1. LUBRICATING OI SYNTHESIS RESEARCH REPORTS

‘Frame 613-614. A brief note dated Maroh 17, 1943, sccompaniss a shest of
cursss which indlcate the relationghip betwsen viscosity pole height, .

_ volatility and flash polut of a aynthetio oil,

Frame 617621, 0il syntheais, using a C7 fraction of active-carbon: naphtha
it QB ARORONATRA. F b1 DIOMN g e .

_, 7 18 rac ; “gasoline was dehydro~
~genated by means-of bromine ‘over prnice, and @ normal héptane Zrom I.G. was .
‘oinllarly treated. . The olefins obtained were then introduced into.the unit
for the syntheais of lubricating olls. - Previous findings ,wmi onfirmed - -

nated fraction from synthes




L9~

that the fraction from the activated charcoal synthesis gasoline gave
poorer yields and of inferior quelity. This is probably due to the
position of the double bond in vhe_garbon chain, —Any—isomerization—
during dehydrogenation with halogens ssems highly improbablm Experi-
montal results ere givon in three tableso : A : :

Frams 622-6ll, Eh:perimental reaulta on tha olofin balance
« ' of the Dubbs oracking units,
, Novesmber l9h2 and Jamary 1943,

Frame 645-6L9. Investigation of the exhaust gas from
lubricating oil synthesis operationao
January 5, J.9142c

Analyses wera-mada-on-ths- e:che.ust 35535 from the dechlorinatiﬁg
tower, the end gagez, and the gases obtainsd on atmospheric final
distillation. The latter. gases showed high olefin content. Tablee are
given which show the results of the analyaaso

Frame 650~653a Proliminary troatment of the nrimary products B
: : for lubricating oil synthesis.
Novamber 21,, 1%1 ,

A mathod for tha protreatman’o of fesd atocka for lubricating
oil synthesis muet aatisfy 'avo conditionm
1) The }wdroxyl numbm‘ m\mt bo reduced to about 1. Normally the OH

nu{nbers of -the 60200°C £raction of .recycle naphtha arc around 25, -
In other words, ’ a 95-98% Mmoval of aloohols msh t&k@
Y placeo e g et e rt i : e

’

2) The process by Whlch hhis removal is accomplished muat bs 80
"~ adjusted that, so far as posaible, no shift occurs in th@ poaition
. of the double bondo‘ St - S } '

) Five _processos | hav@ bean developad by which it 13 poaaibla thus to
pretraat ‘naphthas and meet tha cited mqulramantso Of theaag ‘methods, thres

are hot and two are c:;cJ.do o

"'l'he hot methods are; | .
—L)—Passd.ng—-the-naphthaa,—-in—vapee-phae For:
2) Pass:!.ngl it through an 80% aaolutiom of‘ phoaphoric aci&"'E‘i‘L}B'é

rfv,"Pasaing ‘bhrough atl 80% so’lu‘bion 'o f:.ZnGlz a:b 150°

"Tha»cgchmathoda *nona:.ch&extractiomwithgw :

) Zino ohloride o ution

2) ;Phomphoric mcido
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Soms other extraction agents have alsc bsen used, and &
aunber of other solid materials, but technical defects wors such that
they will not be discussed. Detailed instructions are glven for the
procedurs in each of-the five ceses. In &ll cases a neutralization of
ths naphtha by treatment in the vapor phase with moda~limo muet precede
its introduction into the synthesic unit. SR ‘

Fremo 654661, Extraction of the contact oil hydrooarbona
’ and thoir convorsion into usable lubricating oil.
Octobar 28, 1911 .

_Tho material designated as "contact oil" which is the actual
catalyst in polymsrization reactions, is a complex of AlCly end olefinic -
hydrocerbons. This complex is produced in considerable exceus durlng
-the polymerization of. cracked gascline to producs -lubricabing oils, -Since-

- & conalderable amount of hydrocarbons, as well as 30-35% of inorganic
material, are prosent in this oil, soms type of reclamation should bo
practiced. o - '

. -Extraction with organic solvents is not satisfastory, nor ie a
decomposition in aqueous phase with caustic soda, sulfuric acid and water,

S "‘”“"M""T&d""'éﬁiples of “the “contact 0il" wore studied. The properties
of the original complex are given and the properties after treatment for
3 hours with 1% Tonsil and 1% ZnCly, :

A suggostion is mede that the hydrocarbone A1013 complex itself
‘be-used as a catalyat. -Deteiled description is given of & serlos of *
cxperiments along these lines. The properties of. the ragulting products
808 -raporteds Framas~66oo661»reproduco~ a-tabulation-of the results,

Frama 6'6246670' Eetinates on Iubricating oil production
‘ : - from the products of .an iron catalyst synthesis.
- August 15,190 o L

_Primary products from synthoses using ivon catalysts are better.

“suited Por lubricant memufecture than those from syntheses with cobalt
catalysts., Experimentsl results from two cases are msde the basis for

coat oatimates on the process. . .

in tho- Dubbsundfy—

Frems 669-672, Toata : |
R , ‘ . Mm‘chBalO, 19!410 e \ e L

on c'z?ac‘kéd: gas mc"ru‘obinvg‘ -

0y hydr. ocarbons;-a’ zerubbing _prosess” for cracked gases is” Iii‘éiib'ééd‘o"°‘?h'
-operates at 3.5 atmosphores and usea stabilized activated carbon naphtha’
w@&&gmﬁh.mga.liﬂuido@A-flOWadmg;‘mOﬁtilﬂkaOQQ35_;gf?moluded.sw ‘

In order to incre‘ase“‘tha“éti')yl’eaimi content; and Témove the C and
is
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Praue 673-679. Analyses of oraoked products
., © Maxch 28, 1941

: Semples wers teken of cracked naphtha, rofrigeratsd naphtha,
‘rosidual gas and bottoms. These samples ware carofully fractionated :
and broken down into individusl compounds. Tho numeric data of the. fractiona~
tions are glven in a geries of table. ' : co

Frame 680-683. Study of oracked products from Dubbs unit
March 15, 19l . : -

In order to develop an accurate carbon balance, a study was
mado on cracked gas and cracked naphtha. The gas was subjected to low
temperature distillation and the gasolins to closze fractionation: -The
-analytical data:are-sumarized-in-three tables, = = === o=

Frams 684, Burning tests with decomposed "contact oil"
rApril 23, 1911 :

Decompossd hydrocarbon-A1C), complex was tested as a fire
hagard, While phosphorus was not capable of igniting it, an elsctron-
__thermite torch caused the mass to burn on the surface, while. intensified .
- torches kindled the oil more quickly. It is evident that a pool of such

material would form a decided fire hazard, - - C

Frame 685-689. Iubricating ol plant . :
o April 8, 191, o

~ Distillation of the residus from two types of gpindle oils
—f{rom-the lurgi-plant-are-given; along with complete distillation
analyses. - - Lol LT

Frame 690-691. Results in soperation tosts at Krupp and Bergedors -
. March 24, 292 =~ -« o ST TR T

. -Soaplo separation testy were mede by Krupp.at Essen.and by the. .
Borgedorf Iron Worke in Hamburg, using 200 liter samples consigting of-a
mixture.of 2/3 upper lsyer end 1/3 contact oll. The separation in both cages
yielded 3 componentss. 1). a naphthe-oil mixture (upper layer), 2) contact
0il, and 3) a solid asphaltic rosidue from the contact oil. : Rt

A dofinite connsctlon was noted between rotation spsed and the ‘amount of ‘

‘asphalt soparation. The contact oil flowed fyom the drum more rapidly at™ =~
5500'REM than st 8000 RFM.' It wag proposed that tWo contrifuges be conneoted
"in series, the first with a large sludge chember and slow rotation spaad,

* the second of normsl construction, £or fino purificetion, =~ = =
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Frams 692-693, Refining of combact oil
IR ~ Fobruary 10, 19l1,

The contact oil consisted of 77.5% hydrocarbone and 22,53
AlCly, By decomposition with water, 77.5% hydrocarbons were recovered:
- from™the oll, Distillation of the oil fraction, disrogarding losses,
yéolded 55.5% hydrocarbons boiling above 360° and 18.9% boiling up to
3 000 R ' 4 o . .

The progodurc for bresking down the contac_f. oii is doscribed;

Frane 694695, Cg content of refrigoration naphtha
- end heavy naphtha -~ '
Dacomber .21, 1940

 Wephtha samplos fren various units wero tested for difforent
hydrocarbonss : ‘

At 7096 ey g Cg— Resid.

~ Refrigeration nephtha 13.5% 2005 2067 45,3
. Hoavy naphtha 09 . 81 kel | 929

At 1009¢ .

Refrigoration msphtha 9.4 179 16,7 56
Hoavy maphtha 07 " 1k 3.0  95.2

Frame 696Aoid conwncoi‘ cracked naphtha
e g e Decom}mr% 1940 - i

Acid numberg of water and naphths were detormined on the contonbe
of Receivers 1 and 3 as followa: : o -

: . Weter " Weohthe
Recedverl 1509 mgOR/g . 0.7-0.9 mgRoWfg.
CRSGslver’3 T g T g 00,9 |

© " This high scidity rosulted in the recommendation $o uso acideropistant
materials in the condengar tubes. - i ‘ _ e

. . v ¢ A. : 19 0 5 o ‘ a & .
e -'ngacembar'ﬁp.”l?ho B T =
el ;..i,,~:ﬁ¢’f;,iig-‘_‘-f;f,fj.(:hf%imm ‘tostod for jjflégh*point"imth ‘Opém and "ﬂom‘éld

-cup ‘apparatus-showed & differonco-of ‘around 650 n the results of the two

- mothods.  The.more viscous oil (L4BOE) was subjected fo distillationat -
Qolym progsure until €2 had been sengoved...The.rosidue. showed. tho.following.
‘‘‘‘‘ charaat ‘ L

: .,’:vs_ o slosoE v

S e
*Flash-olosed sup
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- Frams 698-699. Preparation of wniform motor 01l from 2X oil,
- 3K oil and synthssis oil.
Novembor 16, 1940

, Mixtures of these oils were prépared in an attenﬁpt to produce
2 good motor oil. While the propertios of the 2% and 3X oils ars noted,
no information 1s given asto thoir origin, :

Framo 700 - Chlorine content of the dechlorinated upper layer
November 12, 1940

__Two samples of the upper layer, after desoidifying, wers.
-oxanined. with regard-to-chlorine: content:™ Tt ‘was found that soms
chlorine wag pressnt and could bs released as hydrogen chloride gas.

Frams 701, Vblatﬁi‘by of motor oll
November 7, 1940 ‘

C . Mixtures of oil s tocks wore blended with varying porcentagaes
of spindle oll in an attamptﬁo,h.,produce.,anﬂ.allw-purpoaem;noton»»oil-wmich"‘
" "should not evaporate too rapidly, U N o

Framo 702-703. Mixtures of spindle oil and motor oil
October 31, 1940 S

Cwhe opeeq Spindle oil was mixed with motor oil i the proportion of 1310,
! The mixed oil shows an evaporation 'loss of 108, This satisfies the '
Frméf'?bhm'?ogo ,Dachlorination in oil ‘éynthesis

October 15,° 1940 . . . o

o A very brlef desoription, accompanied by a sketoh, of & device
for removing chlorine from the Jubricating.oil. installation,-in-ordor-to
" reduce corrosion, T i BN .

Frame 706708, | Mamiifastirs of 150 tons of 5B, oil .
R Soptember 1, 1940, . - . .

____Jm“k—wae—&ﬂﬂignemWﬂMOI ST th:a~ viseoeity:
“of 4L, "The 6il would have to be & distillate since the evaporation test o
could riot be too high, During the period: from Saptember 7 %o 11, cruds oil . .

pe

‘Tag distilled to a resid of 2L (£lash polnt 310°C, oil 308, Tank '§9) -and’

“the distillato oil of 3-I°F (flash point 210°). This distillation didmot

yield & sufficient amount of 6il. ~Other oils were distilled and the

Mj.uzzqabzought;io_is;munif,om«@visc}qgityfbyrcnm:atrﬂn”mpmg;_‘;;‘,_Thé_.réaulténiﬁ
‘ y This_h,..wgs;,to.,,vba:-:.added::ftonrqgeneraﬁor;’-*oi;js,;:‘fj’ij“‘fj“"

Product wag designnted 011309

‘to prodice an all-p
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Prame 709. letter trancmitting a report on "Msans for producing
lubricating oils with viscosity index of ‘120 from
cracked product#? R o "
September 12, 1940

. Fromo 710-715. Measures for the preparstion of lubricating oils
with an index of 120 from cracked products
Septomber 12, 1940 :

‘Iubricating oile with an index of 120 corrospondts & polo

height of 1.50.

According to our experiencs, such oils, from high

bolling cracked products, can be polymerized above 200°C. Tha*cracking

stock should have an initial boiling point of about 2609C, The solidi

~£ying point of this material is around $28 o $32°C.

Cracking such a product yiolds the fol_lowiné productss

Cracked naphths R R

‘Refrigorent 11,8
Total naphtha 1%

Cracked gan 21,88

Rosid, 0.5

: The total naphtha 1is cut into difforent fractionuvﬁhioh are
polymerized individually, The results are sumarized in an accempanying.
table, The high-boiling fraction, 220-275°, produces an oil with sn _

index above 120,

Through tho effect of this fraction, olls with the .

~-desired-index-6£-120"cen be produced from a cracked naphtha having an
initial boiling point above at lesst 100% Tho entire yield of cracked
- naphtha must be fractionated. If the nophtha is divided into two fractions,
one comprising refrigoration naphtha and othor products up %o 1509, and tho
. other f£rom 150° up, the lower fraction can bs polymerized to lubricents

vith higher vlscosity index, The higher bolling fraction comprisos the 22 ,
%063, ~-hydrooarbone¢-~~,~»By;vcombining'-:thq»producta;“blends“"ca.n"‘be“”"pmpmréd”‘ th”
e gatlsfootory index, Two tables of date are given, e

 Frams 716=722. - Dochlorination in ol synbhosis < Goteber 12, 1940

Dechlorination in oil synthesis is etudied by means of an indirsct
analytieal msthod, 1n which -0he_neutralivation numbers are detormined. Y
difforent method was under development in which a dotermination wis mado of
. the hydrochloric scid which could be mplit cut by steam distillstior. This -
.18 of direct technical intorest,. since HOL. is. eplit out in atmospheric ag - -
_woll aa in stoam distillation, Dechlorination may. cauge. soms difficulties, . .
“but, there wap. genéral agreoment that it had accomplished what had been_expsctad.

~Poor-resulisie

-Molst-products-are extramsly-hard-to-dechlorinate;

8. obtained When_charges.from.leaky




%

Continuoua dechlorination was under conaideration at
Ruhrbanzin.. Hers, for a periocd of tims sufficient Tonsil-zine oxide
packing would be disposed in a large tower and the uppsr layer of producb»
which was to be dechlorinated, would be pasgsed through ths towsr. It wae .
pointed out that there was danger of poor distribution of liquid, becauss
of the possibility of channeling, egglomeration, etc. The use of metallic
_zinc in oombination with Tonail was proposed as a dechlorinating agent. A -

p about-10 pac was roposed, to study a contimious-
deohlorination procosso S :

Franme 723-732° August 5, 19&0

Oporating data for a full scale. 1ubrica’oing oil plant are
smarizod, ‘with referenco” to guarantess for Japenese liosnsing. Thin

was & synthetic process for making lubricating oils by polymerizing tho
producta from a cracked naphtha., )

mu 2. WATER GAS ammcumxon " PRODUCT ANALYSIS
‘_'Framo 733-?35 Product analysis of & synthosie

oo .. with water-gas: circulation .-
. o Septeuber 17, 19h0

be -

" This maroly gives a product analysis, but no information con=
cerning the conditions of the oporation., '

~ITEM 3. BLACK' WAX

o PBME” 736 ~Investigation of blagk wax’
_ March 20, 1940 - ‘

The wax was subjected to exhsustive extraction with othanol and
“with acetono. The residues wore tested for bengene solubility ard the

final resid to acid dacomposition. A complete removal of mllfates waa
,V.obtained from the. organio fraotion-dissolved- in -bengody- o

’Frame 737, Studies of Lﬂackwax T N e
o BamhBial0

Summary of~ the rosulta of atudios on black wax indicatad that
, . -~ Bolvenua, &N 1nsoluvle,: ash=rich residue-
.can bo rocovoz'edo ‘Thig’ was decomposed with sulfuric acid into the sulfates

_of cobalt, thorium and magnesium, and an orgenic. fraction which wag. now
. soluble in solventm’ Work on bla,ck wax had to. bo intorruptodo

‘TFrome' 738-=?hlo P"oviousx reoults of studiss in the black wax

“ wvain@d*“frbm“bp@r&tion 2 the pragsure. synthsais
furna,oos - ldarch 5, 19h0 Lo -




‘..,55.,,

mA~A“:Biuckmmroduoed”ﬁ-om‘fuz‘xrsi:c‘e‘zoh‘was subjected to
investigation. Tho wax was decp black and hed an odor of amino compounds,
- The water-content wan 6.08, tho ash content, 5.5%. '

Extraction: e T

v - An attempt to extract with bonzol in a Soxhlet or Poters

extractor was not succesaful, because ths wax ewells on contact with

tho solvent, then rendering the filter- impormesble. A suggostion that

benzol extraction might be hindered by the water _content_of the wax led
“to the proposal for using a water-soluble or water~dissolving material

a8 @ golvent.. Such solvents ars asetons or othanol, - ’

' Black wax can be extracted with both solvents without difficulty,
and a white paraffin ie recovered; the pigmenting constituents remain in
~-.the extraction capavle. . Both.acetons and sthanol-have-only-slight capacity"
for paraffin, therefore a complets extraction would ba time-consuming, = -

- The assumption that the more favorablse behavior of acetone and
- alcohol was due to their vator-golvent capasity, proved to be erronecous.

Solution: : - P . . . B ’

_ With bensol, Wax wag boiled with tensol goveral times;. [00. grans. -
“wera hoated with 2 1iters of benzol and refluxed for 2 hours, and the
solution was cooled;' the residual wax wes guctioned off and again treated
. with benzol. After distilling off the benzol, the amount of paraffin

disgolved was determined, ) T

N

o . ) [T : . - -
G e THO. rﬂﬂidUwa&B dried in vacuum atr‘50°5 Tt was & harddry o l@!‘
of dark brown color. The insoluble residue awounted to about 253 by welght
..of thepm‘affin -. appreoiablyhigh,rthantho "‘”h""cont@nt"&”” NN S A, SN

Extraction with Garbon Tetrachlorides

~_ Whon black wax iz boiled with CCl); a rosult was obtained similay .
‘to that found with benzol. By 5 to 6 treatments, the most of the paraffin
was brought into solution. The final residue from CCly, troatment.was.of. ..
“dry -powdery consistensy and gray in colors = . | R :

‘sgttligg‘taﬂtéft‘“ [P T

. Black wax d'ia%aoivéd;.’m' cold benzol Iiroduccbs a ‘dark opaquo sclution.
‘black ‘to dark brown, then 1ight brown and bocomos more transperent. Whon the
bengol is distilled off, & white psraffin ig left. The bleck, bonzol-insoluble
wepidun,” aftor drying vith voowm, vap o dark brom hard B

powder, .

’?ropértiééof‘ ingoluble rdaiduea‘z L

‘%o incandoscencs, was ...

(cobalt) went, dnto solutdon;

troated hot with 10£'H,50;,, Iiorganis oo ;
& dark-cake, romained wnich molted when heated,
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Analysis of 20 g of the residus showeds

‘organics - oTg
inorganics = boly
klesslguhr and loss 3.9
- Total h 20.0g

] 'I.'ho resid contains cobalt,#thoriumﬁndmagnesiumr

The cake, purified with Tonsil, was faintly brown in color,
practicaﬂy odorless and had the character of a high»;nalting paraffin,

Frams 742, Black wax, plant scale. -
7:7—;—,3‘ o Decembél‘— 22, 1939: RS T B St TSSO LN T SRR

An ultivate analysis off the sample gaves

75658 ¢C
"13.15 H

k.65 0
L0l N
sniapante s 5" 5hj.—,,. - ..,Ré.—t&l" .

. This mdicatas considerable nitrogen, which oould be noticed
~ from the odor of amings, =

. ITEH L. _MEDIUM FR PRESSURE PARAFFINS

Framo. M3=Thlso. Mediun. pressure paraffin. z’amplea°
January 12, 1939 .

Samples of paraffin from tho pressure cycling furnace; and
from a normal’ Turnace, were submitted for study. The operating datn
on the furnaces were: Furnace No. 2: 2169, circulation 1: water £88,3
presanre 7 atmoaphoraaa A collective samplo was. uemd,,

Tho producte fron the run weres -

“Active carbon naphtha . 68.6%
011 condengate - 28,8 -
: mefin LT S eoé_-

“Furnace Noe‘"B: Daily sample Deco 10~11, 1938 189-».191.,5",‘ gynthesls 2an, |
-6 atmoopher@e, 1580 houru of oparationo R T e eI

Products from th@ run

Ac‘bive carbon (Aa"Ko 1)
== QL eond@nsata :
- Paratfin -




k-s—58—-s,
' 8ince the condensate oll contains small avoun'bs of m,,
this zust be taken into conagideration dur:!.ng mixing,

I‘urna«o Noo ks Daily sampls, ero 6=T, 1939, Tempecat\.«g, 192,70,
921;‘.‘.}1 hour of oporation; 5 atmosphersss =

Productss Active’ carbon naphtha I g
0il condensate ' 32,7
i . Par&ffin 5209

. The entire fmction‘. boiling above 320° is_included . th the
naphtha, _ : .

Furnace Hoo 8. 7—dny uampla, January 2-3, 1939, ,
“Temperature 199. 5%, 5 atmosphormthsaiaWﬁ HB 1‘ operation.,r
Oparation with rovarsed flow, from bottom ’co topo

Active oarbon ne.phtha. 33,74
011 condengate 346

Peraffin - N |

Frams Ti5,  Soft wax
Nov._17, 191;1 '

Ths amount of soft ;nraffin in 'bh@ products of medium prossure
nyntheaia at Ruhrbenzin could not be stated.  Tho Hoesch plant produces - -
a soft paraffin content boiling betweon 320 and hSo°c of about 16.,8% of the
.. Yotal product,: e . -

e cepe e e PR — -

In watar gas circuhtion, a n’oft wax fractionboiling 320=}600
amounted to 17, Sm

Frame 7h6=7l;7° Pa\mffin product:lon with wator gas cycling
' , Novembar 3, J.9hl '

v In a wator gan reoycling planf., uaing & uobalt m:h:ad csrbalyst9
2).;&% of paraffin was; produced - 6.,5 hard wax and 17.5% soft vax (boillng
‘range 320«=h60 Do o

F‘iguras are given f‘or Rubrb"m l .1 ‘

TTRY 5, mocnam FOR man.mm PRESSURE RESEARCH May 27, 19.!42., .
,‘*‘_Frmne 7!48»750

o Aftnr a list of proj@cta im gjmng—t);efamtemnt:is_mdmthat«
$he. purposoa of all pilot plant: synthasis -experiments-are- to° ‘inorease
yields e.nd recover the moat valuable pm' Lns products, theao ara
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Frame 751=753. Status of exparimental progrem as_of January 20, 1942,
The tests cwrrently running weres '

1. A life test of more than li months, with m iron catalyst, and
using water gas makeup, :

2, Study of the offect of Hz/co ratio in the uyntheai.s gas on modimn
pressure ayntheaan with dirsct pasaago ‘ovor oobalt—eatalysto :

Certain toata which are . acheduled for early studr include a _
6-months run in & doubls tube furnace, cobalt catalysts, water gas rocyclos
the use of residual ges from water gas recycle as the sscond stage gas over
cobalt, -and-experizents on- shutdcwn, and-iron cataly,aimthqaim_______

Frams 75h~755o Erparimantal program of DVA, July 21, 191;1., Status of tosts.
, Frames 766-167. Eb:porimmntal program of DVA, July 21,‘ 19hlo _ Status of tests,

Frams 758-759o Resoarch program of medium pressure synthesis p plan‘o.,
e SUNG. 20, 19K1s. Report.of. status of worko—.. .-

Frames 760761 are duplicatos of 758»755%
ITEM- 6 MEDIUM PRESSURE SINTHESISo
Frame 762, Imttar dated August 8, 1939, ‘suggesting that a euteetin
‘mixture of diphenyl and diphenyl oxide might be used ag
e heat*tmnafor ‘agent iniron catalyst exporiments,

mem 7630 Olafin aynth@aia a%. normalﬁpraasure in_ diract -passago-with-
gasos rich—in inerts, Dacsmbsr 1)4, 191;2° 5

o A letter tranmmitting data obtaimd in noz'mal prossurs synthaaia
with a vertical finned tube. furnacs... Frames. 7614-765 give the-numeric -
results and a achamtie diagrmm co .

Frame 766&76% Influencc of the conbent of 1nerta and CO/qupon uynthmaiso
i o Novembar 22, 19h0

in the fresh gas, the unit to be opere.tad first with Ruhrbanzin maidmal gaas
- then after 5 days converted to oparation with gynthesis gas, mixed gas and .
water gag, The shift in the C0/Hy content from 1,26 t0 1,55 and 2,0 can be
"recognized by the charige dn’ olefin formation in the l:lquid produota, in tho

gs.aifieation ‘and other mthaais charaotoriaticm . -

In-a* aecond' eriaa oL t_“:“ts 1t is propoaexd to vary the amount of .

inerte :Ln the fmah gaﬂo
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Frams 768. Gasification of catalyst in medium pressurs.syntheols
Aprdl 17, 1939 o . :

A table chovn the results with several mixed catalysts,
largely magnesiathoria complaxes. o

Frame 769~770. Carbon inonoxide balance for medium pressure 3yntheaia'
; January 31,-1939 ’

A letter tranamitting data on the results from 3 types ofi'_v
nperation: dirsct passage with 75§ CO conversionj recycling, also with
75% CO convsraion, -and higher temperature rocycling with 9% CO converaion.

Freme 771~773, Furnaces for olefin -'-bynﬁhésis' —
T '3;»;:;;;;.5: A DGOGEBG?BG, = lghl SHERRITIEA ‘ SEITEER AL

. The charge of the unit for olefin synthesis was sslected under
the assumption that the same converter capacity would be achisved as that-
given by Rubrbensin, with a conversion of 92-95¢, The most important task
wag to produce a spscified amount and typs of olefins. Two tests, extending

“over several months, were made, ons with 1000 and the other with 800 cublc
,_,fmataz'.s.;oi’,fsynthesis_.;gaso,..m.'.‘[t,‘.ms.,found».that.».v.the.:smaller»-lload»-was—proforab_le,
sinco it produced a largor ylield with higher olefin content. B

"It 15 also stated that the pararein- content-can- goarcoly be
increased, if the Kreatest capacity of the unit is o 'be utilized,

- Frams 77l Neutra{l.izaﬁion hunbers of products from the olefin eynthesis,
: water gas racycled 1:3 at pressures of 7 atmospheres, uging
woee-cobalt mixed “catelysts  June 6, 19N, T

| N@utralization' munbers of vth’@_ ;products £rom water gas rég_ycl@
-gynthosls. wers determined as followss . ’ :

: AoKo n&pl_’{'!}ha - '0002"01010. mg KOH/g -
011 condonsate. . . .. ile2 mloT
Paraffin scale : 10
Wator of reaction . =~ 1.2 =1.h. .
A.K, Wa%r e - o . 091 ”0015

The produst distribution was as follows;
A.K. naphtha : 33 ke
0il condensate. B0

Paraffingoale - 17
. Water of reaction R LT
“ A{oK\o Watgr' R .l‘ o 96 ’ s

A noutraligstion muiber of 118 mg KOH/g for the ontive 1iqul

_product was obtained,
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ITEM 7. WAX FROM TRON CATALYST SINTHESIS.

 Frame 775-7760. Peraffin from iron synthesis
R  Jemuary 19, 1942 .

e Tho statement has baon made that the initially high paraffin
content decreases more and more as the catalyat ages, independent of
conversion and temporature, This is not affected by stopping the
opsration. The curves of paraffin content show a constant downward
direction with incroesing sge of catalyst. .. = :

Frame 777«-77& Attempts to reé&re,roruda wax with iron catalysta.
November 18, 1940 o

ceevieene - JEOR- 081y ata, introduced for-the -r’parjscse :of ':%cewring
crude wax to bs used in the synthesis of fatty acids,-pwgduced various

results,

: - The largest amount of cruds paraffin boiling above 320°C was "
obtained with the last introduced catslyst in Furnace 11 - 100 Fe, 10 Cq,
;S_Gu,_loo_-kiaaolguhzs,—precipi:tated—with—KQHQ——ImG’i—dawaFOparatibn';*abbu'tr
L% (woight) of material boiling sbove 320° was produced. Of. this,..32%...

“comprised eoft wax and 68% hard wax. ' ‘

Therefors approximately 1L% of the tobal produst would be
directly applicable to fatty acid synthosis, while 30% oould bo made
evailable by crecking, =~ - i ' ‘

TTEM 8. COBAT? CATALYST RECTROULATION
Fram?ﬂ()»?&ln Waﬁer gas recycle
May 159 1939 -

. A sample of naphtha, produced with dilute cobalt catalyst was ,
analyzed, The conditions were, 20 atmospheres prossure.and 237¢C tamperature,

recycled wator gas feod. Analybicel date ere.givon in Frame 781, .. ...

Frame. 782, 'l‘Wateri‘ga's;naphﬁha,‘_Lg;pgj., L
BT May 17, 1939 7»:.“ e, e

-~ The ootane mumber wes compared to that of untroated naphtha;
0.ah Lor-reaction-bemperatures-atone-cansad-no-ohangetwtho- .
properties of the olefins. Undoubtedly tho octame number would be altered
by treatment with tleaching serths.- i e

© November 2lj, 1938 < o o

: Using a*Co=Tho; “eataly W : ,
aynthosis gds per kg Co/hour,

Fram:“7835':'"“Rebydld"'wp@i' h rimmntswithayn
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B
convorsion of the carbon monox‘lda ‘charged was achieved, a.nd a yleld of 1149.,0 g.
liquid product for esch cubic meter of idaal gas,

The product had the following prop@rtioax .

Initiel boiling point 300¢
up to 1009 27.4%
' 120 ) . ' 3hoh

U0 | 2.2

160 R 'Y {8

200 58,8

320 . B7.6

360 93.4

-The -fraction- upto lh0°G -contained-37.0% (volume) olefing: - “The
oil fraction, 200~320°C contained 15% olefin; the octans number of the .
gasoline fraction (up to 200°C) was 42.0, and after chemical treatment,
50,0, The fraction up to 1759 had a direct octans mizber of 60.

Frams 784, Comparison of gasoline production by presaure gynthesis,
- —using-the-two~stage-msthod or the- rocycle method,
October 18 1938 .

A comment on a raport states that an error has been made in
-caleulating the coata for the twOastago process.

Frame 785—787° Exoorpt from report: Comparison of gasoline from amatelg@
: -and recycle procesao Octobor 19, 1938 -

~-The- matarial ‘balance-is-given- for a" plant to-utilize h1700 ‘cubie
matara hourly Cogts are given on Frame 786 and a aeries of curves on ?870

ITMIRON GATAL‘.(S’LSINTIESIS o

Frame ?885 Production and composition of Ga.sol with 1ron ce.tslyat :
Moy 29, 1913 T ;

. - In syntheses uaing iron catalyats, and: oparating at around 250°Co 'y
with an ‘oporating tima of l; months, th@ ga.sol forms about 12% of the total -
product., o e o

439&99, ‘ ight-parcent)
Propylens —rang
Propame e o =
Butylong T g

) ‘E;;;psriments with lcm' t@mpsratum iro ye
ndvancsd to '“allow the drawing of genoral conclusionao .

; sufficiently




. Frame 789.790. Iron catalysts
© . Msy 20, 19k

A conmplaint is noted that iron catalyst No. 1552 had not fulfilled
the desired performance in one of ths units at' DVA. Part of the reason for:
this lies In the type of furnace. It is probablg that improvements in
furnacs design end opsration should bs made befor e making further sttempts
at catalyst improvement. : o ' .

: An iron catelyst with lower copper content has been gtudied.
Deoreasing the amount of copper quite regularly causes a diminuticn of -
the paraffin fraction. Other propossd catalyst components; suoh as oilver
and iron, have not proved matisfactory. : o '
szam ;17.9]?9.:15 Ironc&t&lyﬂts :,fGI‘,;DVAo': T e A R T T P R R R
’ April 25, 191]20 - [T

The request for a new supply of iron catalyst tobe used in
the Mannoamann furnace is not considersd to be Justified, Development
of wax producing oatalysts has largely been discontinued - because of.
the groater need for catalysts te favor motor fuel production. .

““““ Frans 792 o -~ Tron oatalysts LA,
' April 1k, 1942 -

' ' The following rosults fxave bm‘an'obtained in the Mannesmann
furnace with iron catalyst F 1552; - " ,.
- Ii@ld, including gasol Guarentead ' Obtained -

' ‘ - : S S - 12g gasol

b) at 90% convaraion

Totelylald ¢ Uog . 1d0g
‘ F i

o e
The guarentoed ylelds heve bosn mst and excetded oaatly.
.Fz*&mb 7930  Yi@ldu ‘obtainablo in iron. syzith!esim‘ i

. . Tho commoreisl units with tmo-stage operation produced s
ainimum '%1@.1‘1 of 145,0g with convergion of CO ¢ Hy in both'steges equal .

. Vater gas recyole bzi@ﬁ&@jnjnihli,gomn_:lx’!b'moém#éta;in*
12hdayashmdaconmrsionofﬁ%o e e e
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Frame 79, Guaranteed yield.
June 27, 191 ;

-+ The possible psrfomance which might bo guaranteed under
differont methods of procedure are given. The methods include use of
iron catalyst end msdium presgure, and use of cobalt ca‘balyat ab
normal pressure, _

“Frame !96—800,, CRaFsctor of products from aynthesia with water
gas over iron catalysts (Furnace 11, Tth rnn)
-November 20, 1940, . .

A 72-=day run gava thm following ronultux 7'
1) Ole.fin content (Pgog-»HgSOh aolublc)

 Qasol 708
Naphtha wZOOC : 78
011, 200-3200 68

”) ) c:ld oontentx

Noutralisstion mumbor ALK naphtha . 0.05 mgKOH/g
0il condensate = 6,0 - . -
Reaction water  11.0

:S.n naphtha distillate R
‘up to 200°c 8.7
- oL~ diatillatc 200:32000 0.9

3) Water-»nolubl@ products

20g/11ter watar of Teaction & zolag/cubio neter water gaao

The geaol, W:lth ite high olefin content_of. around. 70%, -1s particularly
“guitable for the production of" polymmr gaaolineo Speoific r:lguraa aqd
tablos are given, - . , _ R SR

Framg. 801«:8039 ! Gompcmii;ion of produots i'rom tha ’toat with reeycling
S T watber gas over a. precipitatad iron catalysto :
—Septenber—17- 1‘,‘&3 w—— -

A products from Run 1, furnaco 11, 4in the period Augnst 29
- to-September 10, 1940, wors collected and given, partly tc 0_one group. for
""'inapaction and partly aen‘b to othar groups for work in the, Oxo aynthswiao
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'rhe ;&iﬁﬁiﬂgﬁréonditiéria worasg

" Charge : 1,02 cu risters water gasn/ normel value
Gas pregsure._. . o - --19=20 atmospheres
_Circulation— | 10 2.7 |
Temperature . _ 2)2° average
Contraction ‘ ' : .
GO ¢ By conversion - - 17.5%
" €0 ¢ Hp degres of liquofaotion, _ 5'602%;
CO conversion , 80.5%

The yield of liquid produota was 11l g/cu moter gas. A complato
digtillation analyeis is given, as well as other propertiecs such as aniline
point, specific gravity, Reid mpor preusum, oc:‘aam numbar, iodim number

end. refrastive indew.- :

. Fram 80}4»805 Regults of tests with iron catelysts

S@ptc:mber 3, 1940

Framo 806, Introduction of iron catalyat i‘rom the Research I.a‘noratory of DVA
' Harch 18, 1940 ,

An iron catalyst wag prepared which contained 207 kieaalguhr, and
wes suppliod in the form of grenules. The individual conditions of memufacturo
mist be given further study and reported later.

"Frame 807., Mulheim iron catalyst
R - Fobruary 1k, 1940 - -

- —-A-note-from an- unpublishad mmuacript ‘statos that Mulhsis has™
baen asaigned the task of developing an iron catalyst which should produce

the highest possible yislds from synthesis gas (30% O, 60% By, remainder
inerts), and have aatisi’a(.tory cats]yst Life.

S _ Certain’ points of v'iem goon valid and aiguiﬁc.antx 1) th@ 8o oi‘
_precipitation catalysts; 2) . the Amportance. of: alkalization. nnci reoidual .
alkali contonty 3) tulhoin catalymt oporated without pressurs snd producead
50 g 1iquid/cu. mstor mined gasy—L) starting the catalyst with mixad gmu and .
.regenerating. by oxidation ai‘t@r a pr@limhmry er’oraotiono e

'rmme 808,  Iron ‘catalyat. Janum'y sy 190 -

"Trome 809-810. Test with iron catalyat oi‘ tha H@aaarch L&bora‘bory
‘ : January 1, 19110 o v

Bacaue@ of la(ck or @quipmant for opaz*m;ing ab 20 atmowpheraa, :
i’o Wae necossary to make tests’ at presoures: of 8«9 atmoaph@mm Mention 1s
.mda Qi‘“thaﬁumtuﬁavmablm-andu.th&a djuatments»msdsd»fow uaa»in«»thuaaw teamo
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TTEM 10, LURGI IRON CATALYST

Frame 811812, ILurgi catalysts.
: Dac, 8, 1939

Attempts to prepare iron catalysts on a largo scale, according
to the specifications given by ILurgl were not satisfactory. The
catalyat proved to be difficult to filter and wash, and when it was
distributed over a large filter surface, the washed cake had a gummy
quality which made 1t hard to shape. T

Fr&m 813-81l. Iurgl ii*on oatanéts '
November 3, 1939

~ " Vork at Ruhrbenzin with the iron talyst, prepared according
to Lurgi instructions, did not produce the ylelds which Iurgl claimed.
-Iater-Iurgl-confirmed-thepoor results obtained when using the aame
catalyst, but suggested that the presence of emall amounts of nickel in
the catalyst might bo causing the trouble. Howsver no nickel ocould be
detocted in the catalyst. ; . [

w- = lurgl-then-agrosd to furnish somples 6f thieir Gin catalyat for
further teating, ~ - ; C . ,

- A dilute cobalt catalyst manufactured for Hoesch was not ful~
f111ing expectations..  Howaver this shipment had been hastily\prepared
and was later stored in papsr sacks, so it had probably deberiorated
considerably, B : ,

“Frems 815. Iron catalyst, L - : _—
. - Qotober 26, 1939 ‘ L

' - -A lotter from Dr, Herbert (of Lurgi) stated that the catalyst
to be furnished Ruhrbenzin could not be aent for some time, and therefors
suggested postponement, of further teetp, S0

Frams 816, Catelysts,
Y m@mormdum»conoarnsa‘télephonavconveraatibh in which & proposal
~fisa_madeto-aliorthe-operation-of-recyele-procons-mith-turgt-vataly sty
‘decraasing the recycle to 1:1.5 in order to reduce hydrogen consumption.,

Froms-817. -Table showing the performancs 6f iFon catalyst 17 Stags T,
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Prame 818819, Previous experimental results with I.urgi iron catalyst
4 October 1l, 1939

. A aample:of iron catalyst, pwopared by tha ‘Rogearch Lnbora'oory
according to Lurgl specifications (100 Fe, 5 Cu, 941,03 120 Ilessl guhr)

was delivered to Iurgi, This _catalyst was more active than the samplo
propared by Iurgli itself. It oporated at about 8° lower temperature but
. oaused. higher gasification. It did not, hdwover, cause such a high degres

of liquefaction. This . may be due to the use of a difforent kieselguhr or other

ravy ma.terialu, or to individual differonce in the mothod of catalyat pmccipiv;é
.tahiono ) . ) ‘

: Additional toats weres to be mado by both- Lurgi aud Ruhrbensin in an
attompt to obtain concordant resultao e
"Frm 820-821. Experiments with 1ron catalystso :
October 7, 1939

The results of a test with an iron catalyat are givon:
- Opsrating oonditiom-

Catalyst chanber diamat@r, T meters

Dopth of bed 3o
PFrossuro . 20 atmonpheraa
Temperature . gxec
Recyole S el
G“’ “"“””i” Pood gas Rosid Gas_
CCa 0 15.8
Onlly 0 0.2
02 0.3 - 0.3
co 3900 2!‘00' :
~Hg - 5005 -34S
cHl& . 250
1002 22,3

- cmnumber e 1,10
Co @ Hy converaion 0 %

'QOmPOUition of produstes - .-

Nephtha w2000 31%

UL 032006 e
 Paraffin’

The pamffin ia pure white, th@ oil- and naphthas aro colorloaao

“Frems 82 ’j‘;; Gaaol.ine :synth@‘ g
"7”'Octobar 2, 1939

S 'ﬁyi‘f i lottar from Dro Harbert of Lurgif tranmnitting a 1ottqr to
Rulwchemie concoming iron cata.lystm
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Frame 823, "Iron catalyst ‘
October 2, 1939

pe s g iron cataiyet sent to Lurgl by Ruhrchemie had practically
the same activity as the catelyst prepared by Iurgi, but caused higher
- methane formation. ,

- Frame 321;»825. Lurgl expsrimentsl progran
" July 10, 1939

.3 pwpuf@d‘iroéram Tor oooboration between Dr. Bé.hr and

' Dr. Herbert is given. This would include the preparation of a
eynthesis gas with a COsHy ratio of 1.8:1 in unit 3. The arrangement of
Conmpreseors and catalyst.chambers. ghonld produce-a pressurs-of 20 to 25

~ ztmospheres in the catalyst chamber, A water wash of the gas, eithor
befora its Intvoduction into unit 3; or of the residual gas from this
“unit before its release, : o _

. The finned unit (Lamollenofen) should subsequently be connected
into the recyole operation, ' — L

‘Frame 8264 Lurgl dvon catalyst
: - August 10, 1939 o

A sample of reduced iron catalyst was furnished by Lurgi to
Ruhrchonie, Thlg catalyst was to be ussd with a ges mixture of 60%
CO and 1% Hy; the remainder being Ngvand‘ 002. - The prosgure was 20
atmosphsres, “initial temporaturs 235 C; charge 9.1 liters/hour for 100ce:
of catalyst. Within 2 days. the temporature o be -increased- until a con=
“version of 75% is reached, Oporating temperature is then 252509, the
yleld about 130-135g/0u moter of inert-fres feed gas, S

Fremo 827-828, Results of tests with Lared iron catalyst
© 0 Merch b, 1939 e

e Samples of & Largt Gatilyst vors tasted in Sho Taboratory of
+Ruhrchemia, The rosults which wors: reported were not favorable, and did

‘not agroe with those: obtained in Frankfort, Tt wao agreed that.-Imrgl
should bs asked to furnish another sample, this time in the reduced state. -

Prams 829-830. Proparation of an iren satalyst—no-dstor
 Thore 1s reqaiFed’a solution congistinazé? B

A0 eRemg wome
188 g M(N03)3 x SHa0
~— 328 Cull03)p 2 30—

‘dissolved in water and made up to 1 liter
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22,  oaugtic potash dimsolved in wator and made upto 1 1iter.
40 g kicselguhr ' N - :

1 £ilm colorimeter ~ ‘ : ,

1 nutsch (suction) £ilter of 30 om dismeter, with a linen f4lter cloth
1 iron pot of L~5 liters capacity _ S
1 onamel pot of 2 liters capacity

Proceduros

——

' One liter each of-the-nitrate—solution-and the caustic are heated
to bolling, The nitrate solution, except for a remnainder of 20cc, is :
poured into the bolling solution of caustic. The PH is doterwined as quickly
=28 poegible by spot.tests on-an: indlcator £ilm; ~Then ‘mitrate solution is
added until a pH valus of 9.2 is roached. Thew into the catalyst slurry, L0 g
of kleselguhr are stirred and the entire mass is dumped into the nutsch which
has beon preheatod with steam. Wesk suction is-applied for half a mimite,

~then strong suction until the liquid has almost disappearsd, so that cracks
appear in the filter cake ag a result of further suction. 800 co of boiling -
wator are thon added to the mutsch, the precipitate ia thoroughly kneaded on
tho nutsch with this water end 15 _sgain washed with-800-cc of boiling water.-

- Tho £ilter cake is then sharply sucked dry, passed through an -
oxtrusion press at 110° and dried to surface drynsss. Then at 250 and in
& thin layer, it is reduced with hydrogen, using 2 eu. meters of hydrogen
per hour psr 100 cc of catalyst. The reduction valus of the finighod

-oatalyst should amount to 2.5% of: raw theoretically reducible iron, An
anount of 53 should not be excecded. Catalyats having reduction values of

IR 'Aocordi;i;g to the sbove directions, from the given amount of =
chomicals, approximately 200cc .220 ‘g of green catalyst wos obtained. Tho
iron content wae 27%. e

Fram 831-837.  Operating data of the I.G.. Procosa. . . ... ... ... .. .

Framo 838, -Obtaining a gas rich in carbon monoxide for tho facd gas in 'tho
.o Iorgd Yosts with iron catalyst. January 27, 1939 e o

.. - . The uge of an Otto generator was proposed in the production of &
_.faad_gas..lmvj,n GdsHa-ratio-of-2ri—moh 3o royuired OF Prossure. . - . - .
‘synthesis with iron catalysts, The details of opsration make this too oxpensive
~to be considered. By mixing wator gds and carbon monoxide, the desired GO-rich
food gas cam be producad, oo TR

Framo 839, Proceduro with Lurgl iron catelyst No, 2
e JATATY- 20, 19395

" “Operation should be as follows; Food gas, C0sH, ratdo 2:1, 2 gap.
i hf'fé‘?%jffg‘?;??ﬁ'3'.33%?Hsz"lmdfJ-Q%.ffﬂ#;?::o,g@g_@_a.,.:nsa;do; ..... Experimental -pressure. of 10 -
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atmospheres, or bgtteor, 20 atmoaphereas. The catalyst is charged by
volume, and used for single paso operation, As initial temperatures,
220% was chosen; temparature can then be raised rather quickly to
2409C, It 19 increassd until 75% conversion of the carbon monoxide
Is achieved. Operating in this manner, Dr. Herbert obtains a yicld of
110-220 g liquid product for each cubic metor of inert-fres gag.

ITEM 11, IRON CATALYSTS MISCELLANEOUS

Frams ‘82;1-850,, Iron catalysts, raport of conforonce
May 8,-1943

: Repressntativas of several organizations discussed possible
_emall-geals and pilot plant tests on catalysts which vers ‘intended to
replace the cobalt cata.lysts in soms . of “the™ syntheaes., T

Frams 851»8520 Iron catelyst s;mthesin
: Jamuary 18, 1943

- .In applying an iron c&tnlyst in the operatlon of proasura
.units, tha i’ollming points may ba no‘bedv

1 Cool:mg in ‘the heat axchangars oi‘ the mrnaces, by means of
low pressurs stoam cannot be considered, since tremendous -
quantitieos would bo required, and sicam distribution in fur~
‘naces of these hmensicmqunter dn,i‘ficultmsu

e A
2 The same obgectiona notud under 1 aro a.lso true for th@ uso oi‘
alr. Horeover the difference in tempsrature between catalyst

"and heat transfer madium mighb bacone too great oven for iron
catalystso

30 The proposa.l to, £111 the pr@saure unltg with a nltrate melt, and
by injecting air or inert- gases to ramove the resulting haat,
. wlth simultaneous vigorous agltation,, requims 2 consumption of
~energy- which ‘geons- unjuatiﬂablea o e

bo \Apparantly the: only solution renaining- ia the possiblli.ty of
recivculating large amounts of ligquid, elther niirate-nitrite
melts or o;l., to carry aw&y the hea\, of rcaac:‘i'.iono o :

'Tmrw 653° Tron- catalyst. manuracture at Rheinprenssenw -
- Jamuary 18, »—191.;3 .

Appamn?ly th@ "yn’cheeis mtn iron cata];ys s e.t Rhampmuesan
was & l:lquid phase Qpam‘c.iono .The application of this mothod to low
ptreeaemrca\ and medimn regsure aynthesis saoms :l.mpracticableo '

T
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Frams 854-855. Iron caﬁ&lyst gynthesis,
. January 12,1943 - -

The advantages claimed for catalysts developed by Rheinpreussen
aro quostioned, and their defects are pointed out. The Ruhrohemie
catalysts were developsd to operate under conditions where temperature
was not the most important factor. - g ' .

Frams 856. Iron catalysts o e
) Jan. 11, 1943

» " Tt was stated that Rheinproussen has succeedsd’ '»i';{demlbping '
an iron catalyst which would operate at practically the same - tamperature

‘s the cobalt catalysts, i.e, temperatures betwsen 200 and 220°C.

Frame -857-860. Cooling liquid for synthesis units using
iron catalysts. :
March 31, 1942

. In order to loarn the extent of possiblo corrosion caused by

-.the use. of a salt bath-for-a- cooling medium,- tests wera made in-iron
tubes, The salt melt consisted of 7% NaNO3. LO% WalOp, and 53% KNO3,

- This mixture was introduced into three difforent tubes, whose inner = _
surfeces had bosn polished. To the salt mixes was added 1, 2 and %
water, the tubes were sealed and exposed for 1100 hours to tomboratures
of 270-280% It was found that under the doscribed experimemtsl

~conditlons, the amount of iron taken up by the salt was excesdingly -
slight, and practically without significance for corrosion.  ~

Framo 861. Inspection of catalyst chamber
. for_iron catalyst synthesis

: A report on the condition of oquipment which had not yot bsen
placed in operation, ‘ AR

Frave 862-865, Variation of octans mumber of iron catalyst gasoline’
. with end boiling poinbs . . . . oo -
- dJemuary 5, 1942

- To ascertain the relationship betwsen octane number and boiling
‘ 5 tie— . 1ron Unit Ij (Ruhrchemie iron catalyst unit) was -
fractionated. As might bo axpacted,-the-octans mmbers ross. appreciably
with decreasing boiling point. However a comparison wlth.:the.corresponding
.eurvos for cobalt gasoling showed.that tho rise is pragtically parallel - -
with that of other curves, An octene mumber of 63 was reached with index
96, which corresponds to-an end point of 165<170°. There are thrse sheets
~of-gumarized-datas- T T
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~ Frane 866-867. Iron catalyst furnaces.
Jenuary 2, 1942,

. These are practically illegible.

Frame 868. Iron catalyst furnace

January 2, 1942 7
. This %00 is almost illegible, but seems to be a repbrt. on tho
‘condition of the units, e Lo .

Freme 869-871. Uso of domed unit for iron catalyst synthesis
Dacember 22, 19k1 = -

, The use of a piece oii:”équifmmt for iron catalyst synthesis
is puggested. This would be pperated as a waste heat boiler. A

-

skeich of the proposed schems ‘is added,
‘Freme 872, ‘Construction of abl_arge ‘gcale experimontal plant
for carrying out iron catalyst synthesis i

. February 18, 1903 . -~

Interest in iron catalyst synthesis has inereased to the point
vhere 1t is necessary to have an expsrimental unit which corregponds to a
tochnical installation, 'Details of furnace construction and operation
could then be studied.. The unit should be operated on the 2-stage plan,

‘removing CO, betwsen the two stages. -

“Frame- 8'"_‘.,877‘, ~Tron- camystﬂynthGSiB '._L._* e
- ' ~February 15, 1941 ‘ : . =

Estimates are given for tlo cost of constructing vertical and
horizontal type units.  The vertical _typs is sald to cost H6700 per cubic

- meter of converter space. Horizontal units with fin cooling equipment .
. would cost, around Mi900 per cubic meter capacityo ... oo

. under prossurs. - : —
February 4, 1941

1. Pretreatument of naphtha; N

Frams 878, 01l from naphtha produced on iron catalyst =

F OW&VS\

© 7 The 701809 fraction of ‘a napliths was used as starting material,
1t had an extremsly high hydroxyl number of 57, which nocessitated
Antenglve. pretroating... It was-stirred-with-107-Fols;-distilled-of
‘the- chloride-amd rofluxed for 2 hours at 80-90° with 5% soda-Litie

remove saponifiablo constituents, The naphtha now had the following valuos:

poutralisation muber 0,02
‘saponification number 2,96
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2. 01l gynthesin:

Conditions: stirred at 9500 for 12 hours with 53 A1£:133
Initial 0oil 11.8% fluid, —

Dochlorination with "Tonsil® ¢ 2% Zn0 for 2 hours at 180°
atmospheric distillation up to 2009, :

- Olefins in the reaidual naphtha 8% (volums)
Vacuun distillation to 1500 3.7% (weight)
Vacuun distillation to 150-200° ~ L2 »
Residuum 2000 . b5.6 L

EFra;_v-.as 879- A881 ~Tren: cat&lyst syntheais T s
: Dec@mber 12, 1940

N
i

" The data ‘are given on one run in Unit 11, using water gas,
racycled, and an iron catalyst, composed of 100 Fe, 10 Ca, S Cu and
100 ki.esalguhr pwecipitated with KOHo ,

The 1life of ‘tho iron catalyst is shortor than. that of a.
"“cobalt catalyst, however an effective life of about four montha oan

be expected, according to the activity curve fron a 10-~day t-osto .

" The tampsrature range ghould be botman 235-260°C (30-50"
atmospheres stoam pressure). Cas pressure around 20 atmospheres. With -
. improved -catalysts it may be posgible to decrease thiss—The recycle
makeup should be 1 ¢ 3 in ordar to mainta:\.n the correct CO:Hg ratio,

Framn 882. Synthesis with iron cat&lyst -
 October 2k, 1940

Thiﬂ I‘ra.me 13 scm‘caly lcag.’fn:!.tao _

Framo 883 1s & lettar dat@d Saptamber 11, 191;0, tran..mitting 8. raport
“which™ summarizes the synthmsis work wi’r,h iron catalysf.so -

“Frame 88h=-889o Goneral obaarvations on tests made up ’oo ‘
~ . the present with iron catalyatm S
EE T Ssptember 11, 1940~ s o

“In the pressure test installations, six experimnnts wore made .

with iron catalysts of varying composition and produced by different =~
- methods. - Cortain rogularities in behavior l@d to the suggestion that o
“somg general conclusions might be” drams - '
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‘The following points are considered:

1. Comparison with previous tests

2. Pre-reduction of the catalyst

3. FKiesslguhr content and recycling -

L. Composition and olefin content of products,

A table (frams 889) giveé comparisons with pravious results.

Two catalysts were charged in the unreduced state; no definite
' conclusions could be drawn from the resulta,

- With regard te *leeslpguhr-and- recym,iﬁg, -it-was Lound that~
increased kieselguhr content as well as increased recyclo resulted in
a highor consumption ratioo This is “arulcoj arl;y important when water

gas is processed, = .~ .

It was found that increase in circulation m all cases - as
has been disclosed in water gas syntheais ‘uging cobalt catalysts - wag
always accompanicd by an incredse in the olefin content. Fractions .
~ from iron catalyst synthesis which had formsrly dasignated as olefina
were found actually to conaist in- part of o:wgan—coutaming products.

ITEM 12, TEST COMPARISON OF TWO OVENS. .,

Framo 890.,- Experimentsl results on o furnaces of
' differont conatruction U

S Tests wore made undsr 11ko conditiona,, with water gas recycls .
143 It ig shown that a graater heat conducting aurfaces in the furzw.ce
has a most favorable effect on the synthesis.

_Frams 891-’8930 ~ ‘Comparison of t.he U tube. furnaca (11) with a
" normal lm-el‘x{annesmann doubla tube furnace (10)
March 6, 1911 -

The 8th rtm on furnace 11 3 was mado with & normal cobalt mimd
. caﬂ'.anrs‘o° - It was the purpoge of the experimmt to detarmina vhether

s-heal—condu :
“its productlon capaci.ty, to the normal synthwis furnacm

e F‘urnaca 11 containg 267 tubes of ll;nm diameter, I‘Il‘oh & Langth' ‘
-thamt‘ore of" 3080mm, “theve: i3 a ‘Turnace volume of 127 1iters, Thus for
eacl;_;itar of contact apace, thers is 3 cooling surface of 00286" 5. mt@rm

Furme 10 contains “at ';sant; 27 normal double‘ tubes, in which ™

?«the inner-tubs-is: 2l mms--For- tha lengbh of “Lo00m, oh@ furns,ce Folims: is
"3?0 litarao Accordingly 2,11 zsqo mewrs of cooﬂing sm'face 13 avullam@
for aach lite)r of contact sxxm.cca.a o e
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The furnaces were operated under conditions as near ldentical
2s possible. It was recognized, after 12 days* operation of furnace 10,
and 31 days of furnace 11, that furnace 11 was essontially better, The
practical degres of liquefaction was so much better that, in spite of a
coniversion about 3% lower, a higher yield was obtained in furnace 11, All
results showed that Unit 11 was not only equal but superior to the normal
synthesis furnace in its heat conductivity, - '

TTEM 13, REFINING OF IRON PARAFFIN,

Frams 89k, Iron paraffin
: August 27, 19l2

s Togbe were made-on the ‘Telining -of a hard paraffin wax, which
had been recovered from furnace 1la of DVA in the period from January to
June 1942, This furnace had beon operated with water gas recycled over
a paraffin-forming iron catalyst. The amount of paraffin formed at first
amounted to over 4OF, but toward the end of the period it dropped about
5%, Two mixtures were made for testing, dosignated as Sample X and Samplo .
II. Both samples were yellowlsh bromn, Sample I somewhat darker, Sample II

with a cast toward the reddish, Sample I was very difficult to -refingy -
only by treating with 25% Tonsil < carbon, in the proportion of 90:10 could
a gomswhat brighter color tone be reached. Sample IT, on the other hand, .
was easlly refined; with 103 Tonsil & carbon an entirely white pareffin was

-obtained, L : ‘ : ' .

- In former paraffin tests with furnace peraffin from cobalt syntheais,
& proliminary treatmsnt with H250], had proved desirable. - This was now tested
‘with-iron-paraffin;-the paraffin was stirred with 507 sulfuric acid for 1/2
hour at 100 The paraffin was then washed with water and dried. The sulfuric
- acld treatmont, which caused a loss of 1,5-2%, produced acarcely any changs in.

the color of -the wax. However so nany disturbing elements wore romoved, that
‘subsequent treating with 10% Tonsil o.carbon -produced the same result thas

had beon obtained on the untreated wax with 25% Tonsil ¢ carbon. .The second
..sample, vhich had been refined: easily without pretreatment, was -alzo-rafined-
‘with Has0). No improvement in refining quality could be accomplished,

~ November L, 19k2

— ey ~run-of- %11 ContINed T¥om February 22 To Jums 30
under normal operating conditions, with water gas recyclo of sboub 1 o 2,53,
The following product distribution remited; =~ |

- Mgt
Diegel oil
~80L%-paraffin-(279)-
“Plate paraffin (50/52)
“Hard paraffin (above 85)

'Frizmam8‘95° “Paréffih‘-‘p&'bdﬁctioﬂ in iron céﬁ#l&éf";sjnﬁhwia

28 (o

e 7 TP

T
20,
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‘Frame 896-897, Refining paraffin from iron catalyst synthesis
July 30, 1911 .

The total amount of paraffin is-dependent to a great degree
upon the age of the catalyst; paraffin above 320° decreases from 68% at
227 hours operation to 25% at 289 hours. If the average is calculated
over the operating period, the following yields ars obtained: -

Total paraffin, above 320°0 3%
paraffin 320-460 . - 17.9
Plate paraffin 3.9
* cold press oil v 1.0
“hard paraffin (above L60) T 23,3

: With regard %o wax properties, the hardening point of the total
wax and that of hard paraffin drops slowly, for total wax from 90 to 70° and
for hard paraffin from 93 to 83% Corresponding to tho decreasos in -
hardening point, the material grows softer and tha pshetration munber incrosses.

Up to the pressnt time, a complotely satisfactory product has been
obtained only by way of hydrogenation whers the hydrogenationwas effected
with cobalt catalyst after once refining with 1% Toneil; the operating
conditions warse, 200° temperaturs, 100 atmospheres nitrogen~hydrogen during
ki hours opsration. Attempts wore to be made to see whether it might be
-possible-to shorten the reaction time by using nickel catalysts.

‘Frame 898-902, Paraffin synthesis with iron catalyst
March 3, 1911 ‘

- Catalysts ' ', o

For the production of paraffin, the best catalyst has proved to |
be one havigg the folloming compositon: : Cal
A 100 Fo, 5 Cu, 10 Ca0, 150 kieselguhr.

‘Tnéroasing the Kleselguhr from 100 to 1500 introduces  bhroofold improvp-
mant in the catalyet: ~~ - .o
1. Beproduciﬁility in 'pro'dalx"c'tion is Iaéilitatcd Yoy better

2. Heat distribution during the synthesis ig improved,
. resultling in less gasification and higher yield.

‘3. Comt of -catalyst undergoes ‘& lomoring; which corresponds
- to the higher proportion of kiesélgwhr, -~ -

e ARl Ty ey posigiating T ot evven v

9574 KOH upon Ielesel gub + which hag Just proviously b dored &llaline,
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Cleaning the filter press requires about 30 minutes, and is thus ‘
somewhat glower than washing out ‘cobalt catalyst which requires around
25 minutes, The longer time is probably due to the structural difference
botwesn hydroxlde and carbomate precipitates. Increasing the cleaning -
time boyond the stated perioed brings no notable improvoment in the
scrubbing effect, and shortening the tiwe seems wndesirable for safety
rgasons, : L

Roproducibility of the catalyst depends strictly upon the
accurate maintenance of fawvorable precipitation and washing conditions,
- Dovlations cause an immediate decrease in Jield; change in the composition
of the products, shifts in the C0:H, ratlo, otc. ‘ '

Yolding or shaping of the catalyst has been exclusively in the
} Reduction of the catalyst occurs on a small scale at 3009C in a
half-hour's time. Reduction in large scale must follow clogely that . of
laboratory oporation if complete catalyst activity is tobe obtainsd,
Further tests on large scale reduction seem desirable. '

e - The reduced catalyst has an oxcellent grain hardness, Confirmatory
tests with tho catalyst manufacturer have s : o_drum attrition

of .the catalyst is 2-f as commred with 15-20% for the best cobalt catalysts.,
This property of grain hardness insures a smooth and uniform charging into
the furnaca, - — e ‘ ‘ \

The welght of ‘ono liter of the iron catalyet is around 400 g, tho -

iton amounts to 125-130g Fo/liter. -

Synthesis:

———- . Poraffin gynthesis with iron catalyst is preferably effected with
- dater gas at & prossure of 10 to 20 atuospheres; usually 15 atmospherss
was used, Operating temporature was between 225 and 250°C. Introduction -
of gas into the recycle seems to increase the catalyst.life.. The nogmal .
“charge operdtes with a recycloof 1 ¢ 2 or1 ¢ 3o - ‘

"_'j_‘j‘—fi"ﬁéi"m is .also_th'o‘ 'poaéibility of oporating with direct single -
paga procedure, since the principal objection -~ namely the masntenance
~of"proper CO:Hp ratio in the end gas for the sscond stage =~ ig eliminated

with ¥ g-oxanple—indicabes-thinr—
\ . M - . . .
: -Water gas ~ -~ FEnd Gas ‘ :
‘ Sy g T e e
—G0o_ 6.3
. Cnfm. Qe
.]CO.;E ,;330 9--
M. 18.8 "
oHy 0.5
Mo 5.8

: RatioCDzHg E 26
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This method of treating the gas, which s regulated by catalyst mamufactyre,
complatoly obviates the necossity for adding amother gas which may be . -
richer in CO,-and-makes-possible the operation with water gas, even when:
variations occur in the CO:Ha ratio during gas production.

Catalyst life can be considered equal to that of the cobalt
catalyst, that is, around 4 months, Removal of gpent catalyst, after
carsful deparaffination, can be effectesd without difficulty, The :
catalyst after dewaxing was still granular and hard, and flowad smoothly
-80 that a subsequent clsaning of the individual tubes was practically
unnecessary. , ST

Yield and Products: o

With the above descriﬂeﬁdwcétalyst the £ o)1owing excollent yields
were obtained, from a one-stage recycls operation: : '

CO ‘conversion _ 674
Hy conversion  68%
Consumption ratio:CO:Hp 1:1.29
Gagification (CH)-- 2y 53

] Ledg
Yield, “gasol"products _ 6g

~ On further working up in a second stage, wp to 90% conversion
- of CO is achi’eved’w;thv_a.’ yield of about 170g including;'gasole,, ,

Boiling range of tho products: '

Naphtha (up to 200°¢) - 15%
—-011... 200~320°C 158 ,
Paraffin 320% 708 (up to 75%,

: The average composition of the paraffin is 1 part soft wax
—and-3-parts-hards- its.color-is -pure whites -In-the course of ‘géveral
waeke, the paraffin fraction of the products undergods a gradual dsereage
%o 65-60%. During 2-1/2 months operation, an average of 60g paraffin
- could be produced, o ERERCANE :

The naphtha and oil are mﬁer»ﬁhita;"tests‘for olefin show:

. Naphtha  to200%  72fsp,
o oan o 200~320°C. . 65% SPL.

_On tho baola of Jndire-thiooyanate mumber, the brue olefin.
.content 4g:- . T ‘ L N
- ===Naphtha-~ Y

il s
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Tt may be mentioned that it s possible to convert tho
paraffin producing catalyst into one which forms gasoline pro-

dominantly by a simple change in the precipitation agent, e.g. from
HO0H to NagC0q. o -

TTEM 1h.. LUBRICITING OILS, MOTOR TESTS.

-Frana 903-909. - Hotor oil tests on the Opel 1.3 liter test engine
| May 8,1939 | - » -

Fifteen life tosts were made using various motor oils as
follows: . & residual oll from the synthesis process, without further .
freaimant; the sams o0il treated with granosil; .a residual oill treated-
on seml-technical scale with AlC13; a mixture of 80 parts residus
oil and 20 parts distillath;"AlCl:; oil from largs scale operation,
rocovered from the cold pross ol and treated with 1.5% A1Cl3; a nixture
of two "Gargoyle" oils; Essolube engine oil 4O, ‘

{

‘The oila wars tosted undor tho following conditions:

REM . 2200 <
M.E.P.  5.6kg/eg. em. o
tomporature,’ cooling water - 50°

- temperature, gump_ . 000

Rung 'wers continuous for 72 hours, The folloming points wore observed
for evaluation; © . |

1o ‘Abragion
-2, —Aging(viscoslty rise)
. 3o Conpumption
k. Piston ring sticking .

Tho rosults of those tests-are tabulated-in Framo 9095
Frame 910-920, . Progress report on motor oll tests
v o--in the Gpel 1.3 liter engine .
February 19, 1938 C

,“*mhod oﬁﬁv cpndué,iii;n’g ‘the tests are-described,
and the results are plotted in a series of curves. The oils are identified

by code mumber, .

YOEM 15, OCTANE AND GEPANE WDMBER TESTS ON PRODUGES

"FM##-92'2‘"9253%&‘:1“&@;3??:9!;: ‘
T TR Mareh. 16,1943,

i s

SITEraLt dieae] engine
.-.»..»,:_‘-,v‘:_,».: ,\ i Sy it i .jiv.:z'.l.»..-‘:

1t oo o o st ot e ey, g o
‘wag. performed under heavy load condibions. -The following results wore

noted: Residue formation. 4 test y;iﬁh,Lsynthgtie,‘oufsslsoa;;(g'st;ep.oi:g).
- &nd pursly synthetic fuel from Ruhrchemie showed sxcoedingly low. formation

‘of dopoBita, Certain other combinations of lubricant, and fuel produced -
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mich more engine carbon. The effsct of the lubricating oil on

combustion ring wear was very slight. .

Framo 926-927. Discussion on knock tosting, Ludwigshaven,
February 23, 1943

Framo 928929, Difforences in octans number determination botween
: “the Benzol:Vorbaid: and Ruhrchcmia
Septomber 2, 1938

A sample from tank car NOo 591,766 was testsd by Banzol-Voroand
and assipned an octane number of 58.8; Ruhrbenzin tests had aseribed to
the samo fuel an octane number of -84 Cooporativs tests-were-made-to

adjust- tha difficnlty, ta'o tesis using the CFR- sngma “and twothe T.G."
‘engine,

Framo 930. Supplement %o the previous report which gives the results
B of tosts on 3 additional samples.- ,

WB%ComparisomfmctammWﬁmimthdﬁth
e .ongineg, A ta.bleo —

Frane 932«-9149» Deternination of c@tarm ‘mmber
April 21, 19%

Cotane numbers were datsrmined for 21 unhydrogenated end 1l
- hydrogenated fractions from Pischer-Tropsch synthetic oils. It wag
found_that for both types of oils, the cetans number is depmndan’b aolely
“~on the average boiling point designated as=-boiling index. . Cetdne humbers
- rise almost linearly up to about 300° and from that point remain at around .
. 100 for both series, The cetans numbers of the unlvdrogemtad oils aro.
psomswvhat lower than for the hydrogenated, . i
Yo comparison 1s possible between cotane numbers obta.:mad by
,,Hseveral difforemt methods....10. framss. of . tables. and. curvos. follcm

Frm 950«-951;01 Dependence of octane numb@r on aniline point’
‘ in cracked gasoline.
_March 2L, 198

confirmation of the pmviously observad relationahip batwaan octane.
“'number and an:lline pointo ‘The results of thg W?W are p‘_.l‘.qttcd‘ in a
sordes of eurves, . . T
‘Frama 955'==956 Octane number of Ruhrbenzin crackcod gasolin@

r e ‘*aptombez'— 20, 1937

) ev‘:n @r' of an unrefmed cf* ko gasol
“";60059 vhich™ “might hold promise of a botter valus. a.t‘ter
‘vtraatmento Framo 996 givces analyticai dats, =
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Frams 957-958. Impm'oving the knock atability of primary gaaolina,
4 first by the addition of B.V. Bengol and second by
. the addition of BaVoBenzol and lead tetrasthyl.

‘September 6, 1937
| ‘ Octene mumbers (motor mothod)
I. . Fractionup to Ii., Frac n up- to
100°

- 120° ,
'Origiilel gaaolinc | 71,0 ‘ 05
Original gasoline ¢ 203 benzol 75.0 70.5
3 30% benzol . 77,0 - 73.5
. _'9‘ hO% b@nﬁﬁl ST _';79,05:‘-‘»':—_—: LA "5:2-1:7665'
o 20% bensol & 9ec PbEth ‘ -
per 1iter 8.0 - . 835
& 307 benzol & 9cc PbEY) 85,5 ~ BLs
o 403 benzol & Scc PHEL) - 86,0 - 85,5

MFRWSMWW—— ,,

Freme 959960, Hmutea of discussion on high temparature mﬁ.ning of
products, and the product’lon of suitable catalysts foi
that purpose, -

ITEM 17. QLEFE:SYNZHESIS@WATERGAS..

Frema 962, 20 pressure furnaces. .
RN Deconbor 9, 1943

A change of opsration from a thronghput of
per furnace to 890 cubic msters showad conaidarable‘ advantage in the
inereased production of valugble matarialso -

=

~Frame 963~965, Procezaing 80,000 cubie meters T
| ' introduction of water gas aynt,hemis
Novembor 22, 191,,3 =

. Tha oparating condi’o:lons for this mthod ars nomdo

'I*‘ram 966«9670 ‘Processing 70,,000 cublc metars oi‘ water | gaso
Novembar 17, 19143 .

e Thiz raport 8 pplements one- which was" Bubmittad on Qc‘boban 29, 19);30-
The fo].'l.owlng subjects are disoussed: 1) Turbooompreasors, 2) Prossurg -
synthesis; 3) Pressure condensation and activated_carbon. plants-))-Tow

“ProEsire sym;heam; ondonaatiqn»—(low )

M_:,We.tar gas. racycle
Octaber 16, l9h3

‘ Ca.lcula.tionn are giwan for. opnrating a battory of 62 furnaccaa for
a water gas recyclo synth@si ‘



Frams 969. Caleulation of water gas rscycle.
o " October Ly 1943 (practically illegible)
Frams 970-9T1. Considerations on converting prcséure synth@ais' to
-water gas recycle, for gasoline production
May 12, 192;3 :

Procedurag are outlined for gtarting operations after a shut-dowrie

Freme 972-975. Processing and yield of gas from water gas syni}hesis
- Fobruary 23, 1943 - . :

_ Thras cases are proposod for the working up of the end gas from
—weter gas-synthesis. In Case I, using figures for normal pressure synthegls, .
with an input of 75,000 cu meters of water gas, the residual gas amounts to 37,000
cu meters.- OFf this, 20,000 cn meters can goto the conversicn unit, producing
around 27,000 cu. meters of converter gas. This, with the remaining 17,500 -

cu. meters, gives a throughput of 15,000 cu. meters of synthesis gas having

a CO:Hz ratio of 1:2. A ons-stege operation is preferable with this typs of
mzterial, L R e ' _ :

Case IT. 18,000 cu. meters of the aforesaid converter gas are compressed at
~10-atmoppheres and passed through the CO2 scrubber, where 6000 cu. msters
of G0y ar’s romoved; combinsd with the rest of the gas, thig results in an
amount of 39,000 cu. meters of gynthesls gas to be converted in two stages .
and at normgl pressura. S Y IR

Case III, The amount of gas required for conversion is passed throush.
~ the pressure activated carbon plant and froed from CO2 in a prossure
-scrubber, . R o .

~Framo976=989. Developuent from m@eaﬁf&“@ﬁthosi& to olefin synthesis
- Qctobor 2, 191 ‘ o ' N

vt e Yhon-An-1936 -the - attompt was madeto-develop a large scale "
‘plant for the production of motor fusls from carbon monoxide and hydrogen,
1t wos realizod that investigation of. the chemistry of aliphatic hydro-
carbons might lead Yo the discovery of a raw material for chemical synthesis
comparable to the sromatics from ceal tar distillates: This was particularly
the case with the unsaturates, therefora the effort vag made to produce tho
Targest possible amount of unsaturated hydrocarbong, « -

... . By increasing the.concentration of CO, it is.possible to-raise the -
.0lefin conteont, but. in low pregsure.operation, difficulties arlse with the
catalyst, These difficulties can be overcome by diluting the gases or by
recycling, but this solution necessitates the use of disproportionately large:
“andexpsnsive apparatus;  THe-unsaturatos. produced. have. a_rather.low-boiling.-

rangs, whilo the higher-boiling ungaturates-are of moet interest'ss ram

ratorigle for further synthegis. . It.was then found.that a relatively- amall -
;increage- in gas- prossurs resulted: in a favorable offect on 'the boiling range
“of the products. o o e T R
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~ Mgdium pressure synthesis gave larger yields of liquid
products. Primardly, larger amounts of saturated products are -
obtained by medium pressure synthesis than by normal pressurs,’'
however thess form an excellent starting material. for thermal cracking
to product olefins, . . C

- In the operation of medium pressurs synthesis, it developed
that the gas components CO and By wero combined in a manner differing
-from-that of normal pressure. The proportion of 2,18-2.2 hydrogen to
1C was obtalned in the medium-boiling products of both typss of
synthesis, : ; o '

It was found that in normal pressure operation, the conversion
_Froceaded according %o two different cquatlonms. . ... ..o

T, 1C0 ¢ 2H2 = H2O o CHp -

: d
IIL. 200 ¢ By'm COp = CH

Tn medium prossure synthesis, the conversion is almost exclusively
that shown in equatiorf I e v

"+ In order to accomplish. the best conversion to.the most desired
products, a third stage was added, so that the proportion of CO:Hp might
_bo kopt at the optimum level, In the first stage the CO:Ho ratio g
1:1.55 in the second, 151.65, and in.the third, 1:1.75. This rosults.in
@ total conversion of 94=95%. In the-end gas, there still remains & -
amall amount of convertible gases while the remainder consists of inerts,
B mj,nly,,nitrogen,wmathane 8N CRILON- ALORIA@ g e emsmam i e e i

. With the abowwd@séribed mliti;féiiag“o process, thero is a
‘considerable enrichment of olefins, In order to increase them atill
further, the ond ges which is rich in CD is recyclod with fresh water
gBSO'” R et . AR : :

et T techiiieal experimshts on this olefin synthesis, it was
found that in the naphtha fraction (200-320°) L5SZ olefins could bs
9‘2&3‘!:&9,(3@,;_; L e e e T

B Ordinary double tubs furnaces wore used as catalyst chambers,
The gas pressure was , 1, poratures-wero-sonswhat-higher-
than heretofors, but an end tempsrature of 225° 1s sufficient. The

c;;!talyat‘vau ‘the usual coba}t“qatalysto‘_ ’

LA L ,Tlli@‘, primary pmauct_a »i&sﬁlﬁixig -'froﬁ ‘vtho : olefin[‘é}nthe‘sié‘fjﬁst”
deseribed can be further developed into a variety of materisls 5 such ag
“high octane aviation gasolina, lubricating oils, highor aleohols, fatiy—

861ds or. dotlergents, .. The bearara of all these reactionsare tho-olofing,
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Frame 982-988 describe the first axporimantal operation of unit 10C¢ D
_with single pass, as compared with recycle unit 10A.

Frame 989 reproduces a aerms of curvos ghowing results obtained trlth
' normal and medium preswsure operationat Rubrbensinand Rheinpmusson,

Franms 990--9910 Flow zhosts showing Wator -gas- aynthasis statm:
Februa.ry, 19h3o_ _

' Framc 992 givea the samo informa.tion for Dacembar, 19lslo _

Framos 993«995 are sots of curves mth practical]y undaciphara.ble legondso
‘Framo 996-997.  Production dlsgrems

-Frams—998——l’*‘low—dizgram—of waﬁargarsyntham, danuary 10, 19143

Frame 999, Manuacript noteso

Frmne 1000, A aerins of timee-prcduct chartao o

Fram 1001-1006 Preliminary rosults with :\njactor circulation
D@cember 7, 1940

Teats wero made wi’oh wiits 131 and 132, using an injector pump
to circulatm the synthesis gas. The method of . oparating. the units is
described and the results are noted. In addition to the two units above
_named, injection pumps were installed in units in soveral more blockso-.-

Frams 1007-1018° Second Lurgi test, high tamparature rscycle with
_synthegls gas and cobalt-thoria catalysta
A January 23, 1939 ,

A sories of tosts, covoring the p-riod from May to July 1938,
-was-made-to-determine whether the “second ‘synthesis stape could be omitted
in high tempsrature recycle operation. The catalyst was the normel cobalt-
thoria product (100 CO, 15 ThOp, 200 kiogelguhr) used in the form of 2. Sm
pollets.  The furnace contained 35. Skg Co. The initiel temperatura was 200,40,
; Reporta of the individual test par:.ods follow-

Pcriods 1 and 2 (25 days oparation) R '
. . ..Gas. chargw, 1.13. quovmobwrs/lcg Co/hr.; recycle ratio 132, 22., :
At first a. 973" conversion. vias-atteined, toward the end -of ‘the - sacond- p'ariod
it was 92.5, giving aw-awsrage conversion of 96%. In the second period, .
152 of wator gas was added in order to increase the olefin content, of th,;s‘
Haphthes THe. COzHy Tatlo Was.raised. 1Tom. Lz le96.50.1s100ke A- cortain -
increase: in -olefin value- rasultad, but the- ‘naphtha fractlon in“the" total
oroduct was d@greased, .80.the.. totsl changa‘waa sllghf.o
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Gas conversion was aa‘bisfactory-in,'the £irst two periods,
~and would make possible the olimination of a sscond stage. Calculated
%o 75%.C0 conversion, the yisld was 145% of normal. '

' Thé yield was an average of 149.Lg/cu. moter ideal gas.
The product has the following propsrtiess

Naphtha (up to 195%C) 5% (vol.)  39.6% olefins
011 (195-320°C) B -4 18,47 olefins
Paraffin 3209 - g =

Poriod 3 (1k days Juno 2-26, 19383)

e oo UNder-otherwise equal conditions,-the -3Verage co- conversion’”
in thig period amountsd to 89.43. The yield £ell to 140.7g/cu. meter
ideal gas. The product had the following compositions :

Raphﬁm (up to 1950 ) is9o5% (olefins h1,1%)
0l (195-320° ) - 29,2 (olofine 19.8%) |
Paraffin = . T@e3 T .

" When the first thres pericds are combined, the folloming
results are obtained during 39 days. With 93% CO procesaing, a yield
of 145:6 g/cu. moter ideal gas was obtained. In these 39 days, the
avorage CO conversion dropped from.98.5 in the £irat period to 89.2 '
in the third. With this operation, a second stage .could not be eliminated,
- The cause for the dscrease in convorsion could not be definitely determined. -

) POI‘iOdS(GdﬂFSg -June-28 %0 ;‘J“‘ly' l‘s 1938) e e e o et e e e e e

- After the original COsN, ratio of 1:1.93 had boen reestalishod
in the synthesis gas, the yield increased again frem 1llg/cu. meters idea?
ges up to 135, “An average of 132g was obtained: The product had the
following ,compositior_lz; . ' . ’ o

*Maphtha (apto T95°) 637 . Olefins %88

0il (195-320) """ " ' 2l . oOlofins 182

=7 The carbon monoxide ,éEzFérs;ldn in this’pmfiod was 90% and
" of liquefaction had beon lowored about 9 units to 73 by the increass

in temporature. - IR S o

e Th same- goneral type of infbmatioﬁ"is”fgﬁéi; on the results of =
four more periods.  Tho resulis of the éntire serles of tests are summarized
‘&8 followss : i L i L SO RIS,

i

-~ Opsrating with high tonges S1ing (2000) witha mhop
catalyst and gynthenls-gas; at-an averaga 00 converslon of 93% & yield of
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"146g/1iquid product per cubic mster of idesl gas was obtained during
a 39 day test. The unit in these 39 days produced Just as much liquid
product as a normally-operating unit with 75% conversion would yield
in 56 days. The CO conversicn at the boginning of ths period amounted
to 99%, and at the end to 89%. According to thess results it is not
poasible to dispense entiroly with a second stage in high tempeorature
racycling. Catalyst lifo could not be accurately determined in tho
presont soriss, of experiments becauss of technical disturbances. If
the first stags is operated until CO conversion has fallen to around
60%, with careful shielding a catalyst 1ife of 3-1/2 to | months may
bo ‘agsumed, and perhaps. even 5 to 6 months. The liquid products had
the following composition; '

= Haphﬁha (upto:}.?;o) e 53"—; rmmmsi g P Rg” ﬁU,‘?i R A
o1 (295-320°) S 30 olefing 19
Paraffin . - 17

In tho untreated stato, about 26¢ of this product can bo ussd
directly as a motor fuel with an octane number of 60, and about 22%
~at an octane mumber of 6lj, After chemical treatmont, this amount rises
Yo 15% and LOF by weight respectdvely. ... ... oo

By the addition of water gas (about 15%) to the synthesis gas,
the olefin number of the naphtha is somewhat increased. Howover under
prosent oporating conditions the amount of naphtha decroassd, so that
less of the primary product could bs used directly.

Increasing the tempsrature to 210°G proved undesireble because
-of-the-great-increase-in-gasification; —Allowing “the naphtha to remain in
the recycle gas is not recommendsd in high temporature recycls operation,
sines both the amount of gasification and the degreo of saturation of the
naphtha are increased theraby, ‘ S

‘Frames 1013-1018. Tables and curves ropresenting dats from DVA' synthosia
el vt 00, 390 . Docember..30,. 19380 4o

TTEM 18. NEW RUHRBENZIN PROJECT .FOR VATER GAS SYNIHESIS (1941)

Frame 1019-1020. Activated Garbon Flant for water gas synthosis
SR March 5, 1941 ' L L

. A brief note on a proposed arrangement of édsbrbei-,' dryor end
heat exchange systém which would result in a high butane yield and provent
any break~through of Gg hydrocarbons, ~~ . - i

)
)

i

Fram 1021-1026, New Ruhrbonain project. -

L anuary-1hy, 1911 por

~developronts at Ruhrbenzi 0, Inéraased, cogt. of coal ‘places. this.plant at -

a disadvantage when compared to installations.which.wore connected with
‘coke oven or brown coal tar plants. New equipment required would include -
+3 generators which might be made available in a poriod of 15 months, -

Sl



- 87 '.°

Apparatus for rocycling in madium prossure ayntheaia should
be given priority in order to atart the Oxo process. Soms atatemonts
-are made concerning the fuel and cnorgy balance. ' n

A summary of results from a 116~dsy run with masure-—wator
gas circulation at a temperaturs range of 193-209°, showsd a CO converaion
of 47.6%, Ho converaion 7h 6% and produccd:

Naphtha 50.3% (60, 5% olefina)
01l 200-320 25.9% 42.0% olefin
Paraffin o

above 320 23, 8;8

The materials which migh{& bo obtainad i‘rom ﬁha various primary
'products wors discussed, '

Frane 1027-1029 give the enorgy raqulrements for cons uructiono Framos
1030-1040 are concerned with convarters, fine puriflcation, comprossors—
curront consumption and cooling water--synthoses (pressure synthesis and
low pressure operation) feed water, condensation, activated carbon plant,
new distillation, fractionation and stabilization, lubricating oil
-mamufacture;-and- rofrigorationo """"" In- all ‘cases proaent and proposed Tuture”
conditions are _noted,

ITEM 19, FRODYCT DISTRIBUTION AND OCTANE NUMBER OF HIIMARY NAPHTHA

me lohlo Product distribution and octans mumber
. of primary naphtha-from Krupp Wanne»Eickﬂl plsnt B
 November 2, 1942, ‘

BE)

The following product dist.ribution of atabilizod primary
naphtha is given: -

Boiling po:lnt . Co Octano‘ numhaz_-' |

np to 100 - 29.5% -m K
.qlho‘ b3 55

- ‘180 ’ '5505 ' hO ’
200 . Lo 605 ,26,

uo,,ooo tons per year are availabla boil:i.ng up to 2000
. ITEM. 200 M'I‘HATION OF TOLUENE i

FI'&IH@ 10)-&20 Trinitrotoluene., e
. October 19,, 1942 -

Lt Tt has been- statod that 8- tolnene plant in: Kraanoda.r produc@d
‘,;'_,toluene f‘rom a Maikop potrol@ .
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, . After distillation of the toluene fraction, this fraction
wag nitrated to a mononitro toluene, which-was-then-separated—from—
the othor hydrocarbons. After purification it was converted to
trinitrotoluol, - R

Tests are proposed to determine whethor, by using a spscific
concentration of nitric acid, it might be possible to produce mononitro-
toluene without attacking the other hydrocarbons present,

Frame 1043-1050. Production of o and pwnitrotoluens from crude
I tochnical toluene by treatment with highly concentratod
nitric acid at olovated tempsraturos and in counter-
curraat. :
o October L, A9K3

In the production of nitrotoluens, it has been necessary to
_ start with pure tolucne, since soms of the hydrocarbons which may be
present in the crude technical product are attacked by the nitrating
acld, with a resulting formation of tetranitromethana., Purification ,
of toluene by close fractionation encountors the difficulty that isooctans
-has approximately the sams boiling point and cannot be readily romoved,
“Extraction with 13quid S0, gives a befier yiold, but is exponsive, and
thore is always the possibility that tracos of isoparaffins may st11l bo
prosant, ' ' ' : o

L

! A sories of oxperiments was undertaken %o dotermine whethsr it
might be posaiblo to use concenirated nitric acid at high temperatures,
instoad of nitration acid at low tempsratures. It was found that mitration

~-acid.attacks.-lsoparaffins more-aseveraely than-does fuming nitric-acid:
Aftor oporating in laboratory appsratus glass epparatus at’ 90-1100C; it wes
decidsd to make tests on a larger scale. e ‘

.. The nitric acid was 83-30% concentration with a specific gravity
of Loh7-1.49. The results of the tests showed that conversion is largely
dependent on the HNO3 concentration, The amount of nitric acid was consbant
“in &11 experimonts, ~With concentrated acid, 598 nitrotolusne was obtained,
with 327 acid on the other hand, only 3. The rssilts of these tests led
Yo a study of nitrating toluens in a contimous process. It was found that “stch
procedurs was possible, but only with highly concentrated acid, -

o T low concontration. e -

August 28, 19hh

~ oo In order to-save  highly concentrated nitric acid, tésts vere made
~on"the nitration of a crude toluol. having en lsoperaffin content of
3-58, using dilute HNO3. =~ o L
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Small scale glass apparatus was used. The toluol and acid
wore heated to boiling for a specified number of hours. The excess
of nitric acid amounted to 50-100% of the theorstical. When 40Z .

HNO3 was used, no appreociable conversion to nitrotoluens was obgerved.
Using 48% acid, conversions of 35% ware attained, and by increasing
the acid concentration to 55%, a.conversion of 50-53% was reached.
Extending the reaction time brought some increase in conversion,

ITEM 21, DEHYDROGENATION OF HYDROCARBOHS.

Framo 1054~1058, Daky_dmgenaiign_ox_lmﬁolndnlar_hydmcarbons,
: using Halogen. Exporiments with heptane »
February 25, 194l Cin

o s=eo The - dehiydrogenation of heptane by means of Bromine and chloring
wag studled in the temperaturs range botwson 400 and 550°, using various ‘
catalysts, ‘ e ' Co

. hpplylng 70% of tho theoretical amount of bromine (calculaved
upon guantitatlve conversion to olefins) the olefin yield in the liquid
product amounted to LO~U3%. 567 of theoretical bromine produced 30-35%.

-Carbon. loases . aro.betwoen.0.3-and.0,6%. by weight-of -the-charge, the — -
amount, of cracked gas and cracked naphths is sbout 2% by weight.

It was possible to convert the monobromides into olefins, the
polybromides amounting to less thin 2% ars congidered as losss .

— The resulting (7 clofifin hava the doublo bond in the 3ok and 243
positions for tho most part, - -

 Fron the hydrogen bromids formed, 93-06% olemental brémine could
be racovered by treating with air in the praesence of catalysts.
Frame 1059~1063, Dohydrogenation of high molecular hydrocarbons

, _ (cetane) with halogens, particularly bromine,
i Bolruary. 20, 19kl - TR

S The d@h;y"drog’ena.tioniof High molecular hydrocarbons was studicd,

uging chlorine and bromine,

st

" Opttma soaction tomporatares vore arowd %0,

" 0f the catalysts tosted, aluninum oride (sinber corundum) ard.
"Sterchamol” gave the best results JFith regard to olefin formation. -

———————Qlofin-yioldo; roformdto-the-bromine; -amounted to i uclmn of
60% ith 100% of ‘the amount of bromine necessary-for.complete-conversion-to-.
olefins,s using chlorine, a comversion up to 50% was obtained, . Tho reaction
conditlons were 100m absolute_presaurs,.and-a-contact-load-bebwe on-1000 -

and 1300 volume % 1iquid charge, ..
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Analytical data showed that tho olefins consisted, predominantly,
_of mid-position double bond compounds; iso-olefins wore prosent to only
“a very slight degres.

Lubricating oils synthesized from the above noted olefing
showed pole heights of 1.5 and 1.6, and yields batween L0% and 60%.

The bromine can be almost quantitatively reclaimed from the
hydrogen bromide formed using suitable catalysts at temporatures
between 400 and 500°, with air introduced.

: |
Frame 106l=1065, D@hydrogonation of low~-molacular hydrocarbons,
' particularly hexane, heptane, octane and nonans,
.Fobruary 2h. 19h) , e

. Parallel with the axparimants on the catalytlc dohydrogmnatn.on
of high molecular hydrocarbons, an analogous series of tests was made
uging the lower molocular hydrocarbonso At first the same catalysts
were used which had proved to give optimum yields with cotane; it was-
soon learned, however, that these spacific catalysts wors not of equa.l
valuo in dehydrogenating short-chained molecwles. Thareafter the normal

~aromatization catalysts wore useds 'Theso conalsted of 208 A1203, 18 5%
Gr203 and 1,5% Ne20. ' _ _

t

Hexa.no scemad 'bo b tha most rosistant to d@hydrogmatlon' heptane
gave fairly good yields, octane was more difficult and nonans again gave.
botter olsfin ylolds. The .carbon loss was very slight.in all cases. -Tho -
entire series of experiments indicated, however, that dehydrogenation of

hydrocarbons boiling between 60 and. 150°G was not aatmfactory with tha
catalysts in current ussc. ,

Frams 1066, letter dated Fobrum'y 23, 194k, t.ransmittihg a report o’ the
d@lwdrogenwion of hydrocarbons boiling above 250°C,, :

Framo 1067-1070., The- [dshydrogenation of hydrocarbons bo:.ling abovo 250"
T espetially the dehydrogenation of cotéme
'”’,i 3 February 22, 19hh

o ) This rmport containg ‘the roesults which wora: obt&ﬁncd in the
catalytic dehydrogenation of C36s. 03_7, and 018 l'wdrocarbone, to producau
olefinso - — =

l

vaioumxpuri:am—inmromtimtim*m*takun‘into consideration
-In.ragard .to. catalyst choice and manipulation: - The fact:that acid-carrier -
-materials such-as silicates and- -pumice-produced -catalysts with scant: m'omatl-'
zation activity led to the use of these substances as carriers.for dehydro~ -
gonation catalyatso So_ It had bmn found that small amounts of alkeli decreass.
“earbon d@position, “while larger. eamounts. - SUPPross. aromatization... It -was- -also-
-previously known-that-chromium-oxide was-the*beat- catalyst for ‘splitting out"
hydrogen;- Most of the catalysts. which.wor .used in i;hea dehydrogenation t@cts
were pmpared with thasa facts An- mind e
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The £irst exporiments wers mads in & emall reactor which could
hold a catalyst volume of 30 cco The throughput of 6 cu, netora/hour
was too small to permit the drawing of an accurate balance, Several :
catalysts were tested and rojected before the remsinder wore exanined in a
. darger unit which hed a catalyst capacity of 250 ces -

The catalyst tube(18-20 mm in dismeter) was placed in a vertical
furnace 1,300 mn long; this was filled with catalyst for the length of
90cmo, 8o that 250-270 cc of catalyst was present. The catalyst was
disposed in a bed on quartz chips. The arrangement of apparatus and the -
mathod of opsration are noted, . , '_ | » :

Final resulls are summarized as followss

1o ~The dehydrogenation of higher boiling hydrosarbons, particularly
: in the bolling rangs of 280~310°C was studied.

2, The best values were obtained with catalysts which-consisted of
highly heated aluminum silicates which were Antimately mixed
with chromium nitrate and small amounts of coppor and alkali nitrate, -

» Gried; and- decoitposed ab 600°C. - ' ‘

3. At prosent, with eingle pass oporationiat 530°, a 20% olefin
. formation was obtained with a catalyst loss.of-25-303-liquid
food,  Under these conditions, the loss in cracked gas and
c¢racked naphtha was 7-10%. , o
Frame 1071-1072. Production of olefins -
- February 22, 19L)

- Fowr posaible methods imr@ studied for the production of olofing,
aside from. the thermal or catalytic splitting out of hydrogen. . Thege wora:

Lo Treatmont of cotane in liquid or: vapor ‘phase with sulfur; :
2o Treatuent of cetane with hydrogen chloride end air or with alr
Jo Treatment with chlorine; =~ .
bo' Troatment with chlorine and air. : g o
1o Liquid phase treatment, roflwring the cetene-gulfur mixtwro
“resulted in almost quantitative aplitting out of »So._Howaver the
u : Wors. wel's low, -and.considerable gas and -tar formation occurred.
gavé improved lodine number, but other physical
constants of the product were unfavorables . . . ... ... ...

20 The use of different catalysts, such as bauxite, cobalt chloride,
copper chloride and the-ldke, produced no special differences when cetane=
-airéo_xf*cataqgﬁairoﬁh‘ydrd’g’bh“élil‘b”rldé;‘mlxtut@swmm,..)pasued:.ovon.th@mo»v-‘»wi‘ha;w«—-
if&éﬁimd.;Ax'vea'c:_tiqux},m_ production-of-nascont:chlorine-~ ~(2HC1% 0s"Ha0 9" C13)

gould not b d, instead, the oxygen reacted directly.with the- cetana,
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3. Dehydrogenation with chlorine 2 32012 ¢a carrimr ‘gas producod
at 300-3509C compounds which still contained combinsd chlorine. The
method of simultanscous attachment and splitting out of chlorins gave
better results, although it ig possiblo that diolefins and cyclo}vdro-
_carbons may be formed. -

ho Treatment with chlorine and air was accompllshod in two stages.
Accurate dosage. of chlorine and ‘oxygen gave good yields of clofins, The
tests were discontinued bccauso of the difficulty in obtaining supplies .
of chlorine, -

Framo 1073~=»1()81o Dnhydrogenation of longechainad paraffin lvdrocarbons
: - February 12, 194l

The following plan was devoloped for solving the problam of
. 0lefin production from h1gh~mol@cular hydrocarbone-" Lo P

vlo' Devalop catalysts and meth ds for. tho proparation of olofms
~ without considaratzon of_

2. ”Invastigate the naturaro the olef s, with spooial regard to.

_ their applicability i‘or se if Oxo and lubricant synthesis;
3. Study side raactions and if -possibla prevent or diminish them.

“Thé ‘clromites of metala such as zinc, thorium,, copper, silver,
nickol, ytrontium,, ba.rium and the like are fa.vorable for use as catalystas,

Framos 1076—1081 raproduca tablos ‘and curves representing tha data obtainndo
TTEM 22, AROEATIZATION - PATENT CIAIMS . —

‘Framo 1083«108!;0 Aromatlzatlon cata.lysts, Co ~— - T

: A nota 6 gnthe product:.on of\ aromatization catalyat by decompositlon
: -of nltratas at d@i‘ ites temparaturas., : : ‘

Frame 1085-1086 Evaluation of U Se patent 218)4,235 on delvdrogenation ‘
T casaiysts -Apru Ty T _ .

‘ 1087~1087B°3 Aromatization catalysts, pa*t.ent dlsclosum i
o October 30 19&2 AT

i

o main patemt (not further idmn’cifimd) dwcrlbms aromatmation
-ucatalysts~which~conaist~of-chromum*o&idﬂ**aluminum“ oxddewitha-gHall
~amount™of #1keline earth.  This disclosure. Proposes, .as.an: improvomonp,
. tho-a on of small amounts of manganese. Such an.addition causes a
ff"j’d@crcasa;in s dopositlon of ‘carbon. ..This. in turn permits easier cata.’lyst»
_regeneration, The proposed\claim is for an alkalized chromium oxide = -
“Taluminum oxide catalyst conta.in:.ng in thu finish@d catalyqt about 1--2% of
o manganesa Coxide,.
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Freme 1088-1093, Process for the aromatization or dehydrogenation
‘ .of hydrocarbons : _
August 13, 1943 (proposed patent application)

Claim:

Aromatization or dehydrogenation catalysts according to the
main application (not identified) characterized in that aluminum oxide
was used which had been.precipitated with acld from sodium sluminate
solution, under preclse conditions of concentration and tempsrature,
and immediately after precipitation, had been freed from any alkali by
washing; thereaftsr a calcination of controlled duration and temporature
produced a starch-like material which was plaaticiged with chromium
-nitrate and alkali, molded; and;- after slow-hesting-to-a ‘preliminary:
tomperature, was completely calcined at a definito temperature.

Framo 109, Catalysts.
) December 9, 1939 -

A lottor gives information on the proparation of a catalyst,
with particular reforence to the temperature relationships. .

TTEH 23, AROMATIZATION REPORTS.

Fraze 1097-1100, —Four frames of photographs of the precipitetes cbtained
- in the manufacture of catalysts. o

FramllOlo( Afom#ti_zation column ' _ \ ' .

An aromatization column consists of L heat exchange units altor-
nating with l catalyst chambers, having flange threaded connections in
both directions. Introduction of naphtha vapor, flus gas, air and hydrogon
takes place at the top of the uppermost exchanger. The catalyst chambor
s a tube 80 mw in diameter and 200 rxm long, provided with thermel insulation
and heated externally by electricity, Tempsrature control is efiozted by
‘thernoelements inserted through the insulation. g e

Frams 1102-1104, Aromatization tosts with the 64-69° fraction of a
oo . -Hungerian petroleum distillate - - o

— Febru

' - Attempts to aromatizo a naphtha (6l ~ 69°) from Hungarian ‘
patroleum were unsuccesaful. Then a study of ‘the naphths indicated that
“appreclable amounts of benzene and naphthenes ‘wére present. After those
- constitients had been removed by golvent extraction, the rosidnal hexane
~could. be. convericd.into. bangong,..although-considerable-gasification-and-
- carbon- deposition-occurrads— T ’ '
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Frame 1106~1107. Aromatization axperiments with different fractions
in the C7 range of a Rumanian petroleum naphtha
August 21 1943

In the search for a suitable rew matorial for the manufacture
of aviation gasoline, tests similar to those on Hungarian naphtha were
‘made on a Rumanian gaaoline., ‘

Frams 1108-1113. Aromatization of the C7 fraction of active carbon
naphtha, for forming toluene, using alkalized
chromia~aluming catalyst Lifo test,

October 2, l9h3

. Life tosts were made on aromatization catalysts propsrod as

-followss--Caleined,-alkali-freo- A1p03 was mixed with the equivaleni amounts:
of chromium nitrate, alkall nitrate, and——in one instance-—manganesc
‘nitrate, gontly heated and vigorously stirred with a little wator to form.

a homogenzoug paste, The pasis was poured onto a plats, forming a thin .
layer about 5-8mm deep. After a 2<hour drying pariod at 150-175°, it was
heated in a miffle furnace to 600° within 99 minutes, and then caleined at
600°, After they had been coolod, the sheots of catalyst wers broken up ;
{(1=3mm_grain sizae). -and_gereensd frae.of. duato I

Daacriptions are given of the apparatus and the feed atock uged,
The reaction time was 60 minutes, followed by 5 minutes shutdosm, then
5 minutes blowing with nitrogen and 25 minutes with air, anothor 5-minutos
with nitrogen and finally 5 minutses with hydrogen. Thus tho regencration
time amounted to 45 minutes and the ratio of raaction’ time" to regenera’oion
timo was 1033 lo

The rosults show that within one year, almost 3600 hours of purs
reastion occurred. Frames 1111-1113 give numeric data on th@sc toste,

“Frame 1114~1115. Aromatization tests with 05 and Cq fractions of
Hungarian benzine ‘
...August 20, 1943 e e e

~ This is a report on work similar to that. mported in framws 1102-=110ho

Frama 1117—112h° Beparation of h@ptane-toluol mixturcs by distillation
R April 28, 1943 -

' . Tests mrc mado with a 50:50 mixtur@ or haptane and toluol in an
att@mpt %o separate them S0 complet@ly that no more than 0.2% heptang should
romain in the tolusns, discontinuous bubblm towor aoparation geemod. -
‘desirable, The rosults are rmpwsanted in 1 tabl@ and } pagos of curms° /
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Frame 1125-1127. Second report on the 'hromatization of foreign

naphthas.
. November 20, 1942 .

, Results are given of experimenta with "Reitbrook naphtha®,
This naphtha was treated over a mixad catalyst comprising one volume
of aromatization catalyst and one volume ‘of cracking catalyst.

Tho rosults showed that aromatization with a mixed catalyst
produced a motor gasoline which could be ussd without lead addition;
the addition of 1.2 lead gave a product of almost aviation quality.

‘Frame 1129~1175. Tho dependence of the formation of arcmatics and
cracked gas upon the temperaturs of the reaction; - algo
some spacial experiments in the scops of the aromati~
.zation program. : '

Yay 8, 1942
> :

Soveral series of experiments were mado using laboratory
---apparetus and-procedure. - The units ‘were eloctrically hesated, the
catalysts were regoneratesd by gweoping with nltrogen, air and hydrogon.
'The composition of the catalyst was: Aly03 76%; Orp03 22.6%, Ni 1.3%
and ¥n0'0.1%. No molding or sheping of the cafalyst was practiced.

. The aluminum oxide was calcined at 700° befors the manufacture -
of the catalyst, while chromium, nickel and manganose were applied in tho
_forn of their nitrates, The curves reproduced in Fig. 1 show the . .. . ..
relationship between contact load and arometization at different tempora-~
‘tures. It may be noted that with diminishing catalyst load (i.e. with
increasing reaction time) the formation of aromatics increases.

; ~Flgure 3 shows caﬂ;on content in aro:hatiéa‘cion at conéfant ,
temperature as-dopendent on the aromatic content of the liquid product.

e Figure 5 shows the relationship of cracked gas formation to the

- aromatic content of the liquid product, or the reaction duration at
different temperatures. With riaing tempsrature, the amount of cracked

' gas is sgon to increase sharply. A serics of equations is developed, for
calculating the formation of cracked gas :

‘aromatics in tho liquid product at different temperaturss,

R Additiondl..éxpepiments:w‘erg'ma“tri@ ‘f.o-faa_éurté.in‘the ‘course of
.reaction . time, . .It.was. found that aromatic yields dropped.sharply with— -

“increased contact duratlons . . ‘ =

Ry

A conwiderable Humber. of tables,  graphs and charts give graphic -
- Tepresentation: to'the-remults mhich wers obtained fron tho expariicits,
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~

Frame 1176-1185, Aromatization oiparimonts with foreign naphthas
, February 25, 1942 - .

The properties are given of three petroleum distillates in
the gasoline boiling range. These were studied to learn whether they
could be converted into aromatic products which might be used as highe
octane motor or aviation-gasoline, -Although geveral methods of
conversion were tried, the results were not satisfactory.

Frame 1186-~1193. The aromatization of iron catalyst recycle naphtha
_ August 1, 19)1 : -

A study was made of problems wh:j,ch_,might,az;_viaro;in;thq aromati- .

~-zation-of ‘@ recycle naphtha produced with ironcatalyst. This product
has a composition quite differcnt from that of the C7 fraction of active
carbon naphtha, therefore difficulties wore to be oxpacted, The iron
catalyst recycle naphtha contains appreciable amounts of alcohols which
would be dohydrated by = contact with ths A1203-Cr203 catalyst; this
would be detrimental since the aromatization catalysts ars extremoly sensi-
tive to water. Tho presence of aldehydes, acids and esters might likewise
_bo_unfavorable to aromatization, - S B

_ The feed stock was an iron catalyst recycle naphtha produced
from December 1940 to Jamiary 1911 by the pressure-unit.—Fromthis-4n-a-
1000 1iter still, a fraction was cut With the boiling range of 80-2000,
The following constants wero determined: '

N

Boiling 133

Dy
Jodine No, 3
Neutralization No. 0,27
CO - number .
OH - number. . 68

Saponification No. - 5,3

o TableIgives in essonce the exper'immntsj;h&ich,,did...not produce
the dosired results, i.e. the yields were too low, becauge of aigh
¢arbon and gas format_ion.s' crs DR : b

i

Later some tests wore made, in which the recycle nanhthn.méz,
‘ 3 ~Lreatment. These also were not satisfactory.

. Tabiq II shows a series ,of _ éXperimcnts -which were: mé;dé‘ for
“the" purpose of explaining the .@ifficulties which had- oceurred, —Tha: -
first experiment was made with the Co fraction of roculsr active carbon

naphtha; results were normal; liquid'yield of 908, LUZ volume aromatica,.
elh-by-weight-oi-carbon,— T =)
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o Another test was made, adding methyl ethyl ketono to the ‘
. C7 fraction. This resulted in a decided decreass in liquid yield
‘and in’ aromatic content, while carbonization losses increased about
lo%o T -

' A test was made with heptene having an iodine number of
222, (corresponding to olefin content of 85%) » and boiling 92,5-93,5°,
The results confirmed the opinion that olefinic products ara difficult
to arcmatize. , ' ‘ ‘ :

In some of the oxpériments, .a-carcior gas was used, bubt no
‘porcoptible offect was achieved.

The exporiments which produced the bsst resulis are contained

in T@Ri@,!a,,?ho foed stocks wore subjocted to. protroatment over caleined
“A1203 a8 uged for aromatization;the roaction temperatures varied botwoon -
"350 to 380°, the load betweon 50 and 100 liquid chacge, The reaction
product resulting from this protreatment contalned notable amounts of

water of reaction. This may have originated from ths dshydration of '
alcohols. The recycle naphtha, after this proliminary treatment, proved to be
absolutoly free from all oxygen-compounds. After removing the water of -
reaction and briecfly drying over CaCl,, this product was introduced to the
-aromatization unit: At 4600 the resu b9 were quite satisfactory with rogard
to 1iquid yield and carbon content. o .

e
o

Frame 1194~1198. Investigation of aromatizad nonane e
- August 11, 1938 e A ;

A sample of }j50cc of aromatized nonans was subjected to fine

- fractionation in the 2.5 moter -fractionating column.--Separation-into--
individual constituents is faulty, Thoreforc the fractions 92~118°,
118-13)°, 134-~110°, 140-150°, 150-160° and 160-170° wore individually
subjocted to further fractionation, o ’ '

: After various tests, the following probable composition was
ascribed to the sanplo of aromatised nonans (all porosmtagos e by voluo):

Aromatics Pn

-—Tj-:gag-—- Toluol e B
5.0 ' Ethylbsnsens and Xylols
2300 (Propyl bensens, octhyl “toluena, .

(Trimethyl bonzeno and higher homologs
TITE T T e S

... Nonené and other.‘compounds Lt
. &bout 500% e unlmownprgliminmvy cut .

5.0 ~ octane-octene -
57:3  nonane-nonsne -
sodkold .. .. Viscoug.black g
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Freme 1197 - Tablo; 1198 curves

Frame 1199-1200. Exporiments on the aromatization of heptano
. and haptano
. Fabruary .2, 1938

Apparatuas:

An olectrically hsated oven, with 50 .1ma._diamebor inner tuba,
in which a 20 mm glass tubs wey placod, secured at both ends, This .-
glass tube was equippsd with grownd glass connzeblons at cach ond and
was connaected at the front snd wita the gesllication apprratvs and ab
the roar with a condenser. The gazification aspurotus consgizte
250cc flagk with gas inlet and equipped with o buretie froz ehish the-
‘hépﬁbnmiWésfdoliﬁéfédédfdp4ﬁ$%drapg Veporizatlcon 6T the Heplens vas
accomplished by heating.  Tho primary receptacle collected nost of the
‘resulting liquid products. The tluid wes suetioned off every hour in
two condensers connected in-gerios, the firsh of whileh was ccolad to
«30° and the second to -150°, tho “renaining heptens and toluens fractions
wore retained, Hers too wore groarated or disaclved 211 tho o racked gases
oxcept Hp, CH), and small smounte of Colig> Sy u&u@iouﬂ'@armingﬂgﬁmthgmwwﬂJ
--condenser-to-40%;- these- cracked pasas vioia aporizena aad capturod in a
calibrated flask over saitvrated salt solution, :

o Only the first two pages of & 50 poage repoi are included in
frames 1199-1200 of Reol 451, The roport iz concludsde-after 2 feu
proliminary frames--in Resl L6,



