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catalysts at 245° to 265° C. as caleulated by Eidus
higher than the value, 26-27, ealeulated by Weller % for
kieselguhr catalyst at 185% (3. '
formed by Myddleton ™
of renction fo temperature in the Fischer-Tropsch synthesis
ular heat-temperature enrves wore drawn for ench
product in the range, 25° Lo 250° €

of reactions in whieh earbon

of the appreciable quantitics predieted by [rec-energy relationships,

PROPERTIES OF FISCHER-TROPSCH SYNTHESIS PRODUCTS

Gasoline, Diesel fuel raill i

! e ', paraflin wax, lubricants, alcohols. and fatt
aeids ﬂ,.re%thg chief products obtainable from the Fisc[fm'—'l‘t'opsc{l
synthesis.” The synthetic oils are also valuable as substitutes for
glyeerides in paints and soaling solutiong. %

PRIMARY PRODUCTS
KOGASIN

. The pr}l}rnaryvproduct of the TFischer-Tropsch synthesis, labelad
Kogasin by Fischer, has been shown ¥ 1o contain lareely strai ht,
chain parallinic and olefinic hydrocarbons, with only ver lﬁim;
amounts of aromatic hydrocarbons, naphthenes, and o{go'ondted
organic compounds, ‘ o

r ., M

Fable 10 contains data on the boiling ranges and olefin contents
of various [ractions of the primary product obiained in Fischep's @
Inboratory from n cobalt eatalyvst. Gasoline boiling 1o 200° ' eq
stitules 60 percent, of the tofal produet. - o

m L. .
[Alfhl-} V0. —Com position of Ragrsin

Olefin eone
tent, volumo
pereent

Conslitnents Pereent by
woipht

Uusol (Cy4-Cp_
Gasoline Lo 150° ¢,
Gasoling 150°-200° (7,
Diesel oil_.

2 Work ciled in footnote 81, p.av.
:Ji }\\;orllfl(l'il.ml in fonthote 35, p, 44,
# Myddleton, W, W_, Application of Frea-Enerey 2o inre 3 '
- vele A , Adtd Enorpy Kanuliong | P ; '
cu‘l”h]u{ns lm_m Curbon I\-lm)m.\nlu and Hydvogen: Jogr, l|1lst. l)e!l‘;ol.(: T\'lL])lI. .‘3|ljmllaljrl4m;.;|:‘ 317 -y
Mo A ()]r‘l;n:cwsi(y: y L, Production of Synihetic Liguid Fuel from Natural s ["L';l'c)l-](;‘ﬂﬂl‘.i' |, 2
‘ﬁf;i’th. -I.(n}, p{[x .IJ!rJ)s. I[I'Jcelrui. B, vol. 16, No, 12, 1915, pp. 202, 204, 204 ’ o vol. 2,
B R wlinet M, The Coming Petroe feal Ml :

”m]' T Umer, H.OF, The Coming Petroclsensieal Dstey: Nat, Petrol. News, val, 38,
‘Ihoms .. GCEL 1 [t : :

e son, . EL, Mydrocarbon Synthesis: Brit, Conl Utillzation and Research Assor., vol, 8, 144, pp,
Woi 3 renting Ol

‘.':3(1,\;1:!'52'_ T 1L, Synthetic Lubricnting Ofls: Nal. Petrol, News, vol. 37, No, 27, 195, Dir. WAE2-514, 514, 518,
W illinms, AL 1, Synthetie rdrovyr < Ir Caler Chas: i
v Work i ot E;:i, lI’-l I{?S:!lmm hons Iram Water Gus: Paint Munuf., vel. 18, Y045, pp. 348-355,

Synthesis of Mydro-

was slightly
! cobalt—thoria- |
Other caleulations have been per-
who derived equations relating free encrpy
Moloc-
; o o reactant and
‘ v ) i analyzing the vesults, Myddle-
ton attributed to special cntalys{;t, surfaee conditions the su’ppr}cission '
. dioxide is formed, despite favorabls
[me~cn‘ergy changes; and to construction of hy(_lr’m-m'bon chains the
appearance of only traces of ethylene in the synthesis produets instead
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The date of table 10 are in accord with the staternent by Martin %
that the average olefin content of the product obtained in the plants
in operation up to August 1937, that used cobalt eatalysts throughout,
was 29 percent, the majority of the olefing being in the fraction
boiling below 200° C. The olefin content in the low-boiling fraction
conld be increased to 50 to 80 percent, according to an L. G. Farben-
industric A. G. patent, by operating with a 0.0-1.5 H;41C0 gas
mixture at atmospherie pressire and temperatures of 160° to 3560° (1.9

The gasoline fraction boiling [rom 30° to 200° C. is sometimes
called Kogasin I. The rest ol the liquid portion eomprises a Dicsel-oil
fraction, Kognsin IT, boiling between 200° and 320° C., and containing
a cerlain amount of soft paraflin wax,

DIESLEL OTL

The Diesel-oil fraction can be isolated from primary Kogasin by
simple distillalion and the ncid components neutralized by pereolating
- the oil at 120° to 150° C!, through iron oxide.! The Dicsel oil obtained
has a boiling range of about 200° to 360° C., specific gravity (at 20°
C.) 0.769, hydrogen content 15.2 percent, heal of combustion 10,470
to 11,300 kilocalories per kilogram (18,900-20,300 B. t. u. per pound),
and & cotene value of over 100. This malerial, because of its high
heat of combustion and high cetene number, is particularly suitable
for mixing with and mmproving oils of lower ignitibility, such as tar
oils,> and especially heavy petroleum oils.  Generally, an addition of
30 to 40 percent of Fischer-Tropsch 1iesel oil suflices.  For example,
if & Kogasin fraction with a ectene number of 120 is mixed with a tar
oil of 20 cetene number in o 38 : 62 ratio, there is abtained o Diescl
fuel of 60 cetene naumber equal in ignition qualities to eommereinl
- Diesel oil of petroleum origin,®

The inereased olelin production in the Synthetic Oils process, whiels
results in a higher octane rating lor the gasoline produced, dlso eanses
the Dicscl-oil fraction to ltave a lower cetene number, but the quality
ig atill high; Myddleton * sives figures of 81 and 86 for the 200° (o
300° C. and 200° to 290° (. fraclions, respectively.  THydrogenation
will, of course, increase the celene number.®

8 Work eited in footnote 35, n, 7.
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Kehle end Eisenforsehmng Gesellsehafl [Divcsel Faell: French Patend 877,257, Daoe, 2, 1942,

Kneule, F. [Tendency to Carbonizalion of Diesel Fucl]: Brennstolf Chem,, vol, 23, 1942, p. 285,
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National Pefroleum Noews, Diesel O] lrom Fischier Process: Vol, 31, No, 28, 1939, p, 2490
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t Work cited in footnota 86, . M,

8 Work cited i footnole 28, p. i0.
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The yicld of oils boiling in the Diesel-fuel range may be increased
o 80 pereent of the total gynthests products by liquid-phase opern-
tion.* A periodie ellcali wash of the fiquid medinm deevenses the rate
of formation of solid paraffing. A Diosel fuel fraction of 85 ceteng
number can be prepared by eracking Fischer-Tropseh wax.

59

o hi i i as i s range 132° to 134° C, corres-
1: the highest melting point was in the range 132° to 1
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ponding to an average molecular weight of 23,000,

7 g o ffi % se of a ruthenium
"asLE 11,—Solveni exivaction of solid parvafin oblained by u f

calatyst at 1,000 atmospheres pressure!

PARATTIN WaX

The solid portion of the

. primary product consists of h
recovered from the catalyst b

. ard wax,
¥ solvent extraction. Gross and Grodde?

ive shown that the solid product obtained ig aliphatic, consisting
of & mixture of normal and isoparafling.  Paraffin wax with melting
poinls varying from 50° to 100° C. and with moleeular weights up
to 2,000 are produeed on cobalt, nickel, or iron catalysts ® 0 Tn 4.
study of the behavier of ruthenium, osmium, platinum’ iridium, and
palladium as eatalysts, Pichler showed ' that ruthenium is far more
eﬁ'ccti\‘m than iron, cobalt, or nickel in producing solid hydrocarbons
By a single pass of synthesis gas at 1 liter per gvam of vitheninm per
hour over the catalyst at 195° O, and 100 almospheres pressure, 100
grams of solid parallin and 50 grams of oil were obtained Per cubic
meterof gas. A G-month Lest showed no appreciable echange in catalyst -
netivity.  The solid parallin was stow white in the erude state and
metted to o clear liquid at 1189 (o 119eC,

With improved procedures, sueh as eontinuous removal of fhe
paraffin formed during the reaction, high soljd paraflin vields wers -
obtained from cobalt calalysts at pressires of 5 to 20 atmeospheres and
inereased contach time, 2

By solvent extraction it was possible (o isolate
paraflin hitherto unknown soljd paraffin hydrocarbons witl melling
points up to 132° (', qn moleceular weights of 7,000 (o 9,000, Addi
Lional information on the properties of the solid produets obtained by
the use of a rutheninm catalyst has been presentod by Pichior and
Bullleh," who separated the solid parafling by extraction with various
solvents, The physical properties of the fractions ape shown in table
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1 Work cited in footnote 14, p. 58,

TATTY ACIDS

The fatty acids formed in small quantities ilmin% t]mi iynitih-p?fqgf
\ensin amout : 35 pereent by weight, referred to the m
ogasin amount to aboul 0.35 p 3 zht, referr  themain
Ili(qlﬁd hydrocarbon product. By “,%Ii]?']m’lf}on’L{]()iig]f-,l%l'at(,l:(l}ur/ﬁigzﬁ
- ! . -+ - o et e I '0,_ . \‘ N X6 ,
i tyrie acids were detected.® Two- ;
D e le o i isted of acetie acid. No unsaturated
Tatty ac onsisted of acetie acid, |
ter-soluble latty acids consisted e acid, No 7
;:r(ids were found.  The [alty acids dissolved m[Lh(,L K({%asnl_tﬂ.mﬂutryitr‘i
b ¢ - sids of 5 ¢ sarbon atoms
5 0.06 pereent :onsisted of acids of 5 to 10 car
o about 0.06 percent and consi 5k | o
ter molecule, but acids of still larger molecular weight were dottl FL(;(}
R | Small amounts of Tatly acids \\relrcl]:soﬂa (,(f
' y "o large-ser ; v consisted chielly o
from the off-gases of a large-scalo plant. .;[‘hoy ‘ ted chielly of
saburanted monobasic acids of § and 6 cnrbon atoms n :

unsaburated [atly acids.t

SECONDARY PRODUCTS

GARSOL

ract ' ) o i ie ompression and
The gasol [raction (Cy4Cy) ean be iquelied by comy {

i ighting ‘o coal gug or cleclricity is not avail-
" sold for heating and lighting where coal gag or clectricity av

_able.

Alternatively, it may be subjected to isomeri}zm;i.onbijoL C:;:;i
to isol ¢, follow alloylati sweby isobutar

butane to isobutane, followed by l;\.ll\y]atxon, wherehy iso

butylene unite to form iso-oectanc.

GASOLINTG

Refining of Primary Gasoline,— For !notpl'-fucfe.l pm'posesllp [ (“IS(SII:];‘

inl i “ischer-Tropseh plant to provide for vefining, cracking, deby-
tial in o IFischer-Tropsch plant ' ning, cre e

drogenation, and re-lorming of the primary synthesis ])lO(l]ll(.Lb, uPl.lng

el ! } af g ) ' ‘L

the tecliniques well-known to the petroleum industry for the produe

B Koch, M., ichler, 11, and Koclhel, H, [Fatly Acids from Wisehor-Tropsch Synthesis): Bronnstofl
, Mo, Pichlar,- 11, an

, L1y 182- 347, L . ' ; s Fischor
Clzeérl{i;l:}rﬁll.(l!"\l:"f(}l?lg‘?,lI)E‘I')(“f(-l'l?:;rn:ll.iml of the Constitutien of the Fuily Acids Produced in the Fische
2 , 1T,

Tronsch Synihesis]: 'Peel, At Keuph, Forichungsber, vob, 5, 1912, pp. 336,

1 Xemp, L. C., Alotor-Fuel: U, 8, Paient 2,286,814, June 16, 1942,
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tion of antiknock gasoline™ Tl primary gasoline fraction boiling 163
t50° €., collected by adserption on active charcoal, hag p density o
0.680 at 20° C.; and despite an olefin con tent of 45 pereent, the oclan
rating is only about 55 Fischer ' claims that this rating may
increased to 72 by the addition of 0.5 eubie centimeter of tetracthy
lead per liter of gasoline. The only refining necessary is a wash with
allkall to remove traces of fatty acids,? Passage of svnthetie gasolingg
over fuller’s earth, silien gel, aluming, or active carbon was roporte
to result in improved oetane rating, apparently as a result of isomerizs
tion.”  When gasoline in the boiling range of 40° 1o 200° C. was
passed at 180° to 200° O ovor activated fullor's enrt]) af the rate of
400 cubie centimoeters per kilogram, per hour, the octane nuimber wag
raised [rom 44 to 5122

Cracking of Primary Liquid Products.—«_‘[nv:mtigatium in Fischer's
laboratory  an by Xeloff and his associntes *' showed that yields o
about 75 to 80 percent by weight may be obtained when the pri
product boiling ahove 2000 C. is cracked and the eracked pasolin
mixed with 42 (g 30 pereent of the primary Kogusin boiling to 200° 0
The finished gasoline hag an octane rating of 63-70. Aceording to:

illati ink ane nutnher
[ i t y endd poind, 68 octane nu ,
in,» s of 195° C. distillation e 5 octane nutiber,
ﬁMamn?:Q"sg?g]llsri]iiy at 150° C. was obtained. Dame? ro(é??a;i[gigng-
a?;ldgng Ll)lll-ﬂt designed by lTNiO Yfg)L{)l]E::E:g]’aL(t}(L{;?fn; ‘ fénodgmss
5l ischer-Tropsch plant at Obe sen, nany.  Snodgrass
o %G.Fxllsg;m)re%nlt some daba which wolcr(‘_)l)tﬁi{lre(l ;Yl]glﬁascgcon-
'.bndl' e”;imm--%r Fischer-Tropsch produet in a T 1'11}.116 lz%po s con-
'toollnlll%li% These results are reproduced in table 12. T
ir . These lts are
i it : 8 ig 62-75. n vl and
e o 1%1‘3681};0(&[12% amount of literature concerning Lﬂ(éldlﬁgé‘s ;mq
- 2 s .| s o A " ‘[‘ ‘ 5 ’ .
iR Ting of Tischer-Tropach primary synéhesis pl.. pefs has
Freial i}}'i{(., \i%; The amounts of gas and coke [)I;,O_(!U(fi( ¢ ary
e evatly rodue cording to one patent,® if the primary
: . ¢ greatly reduced, aceording putent,” if the primary
o ar i cf‘ g;ga ‘wjifd washed and treated with “blc ﬁ‘fzhmﬁ))roqqod
B ot of sscous and low-boiling products is also supy ssed
oy e ,‘:’.Jbtflli[;l reent of cyelie hydrocarbons or f.t.sh—f}( e
' iti 110 to 20 pereent yelie hyd b v asb-frec
by EPG ?5(1151}t;m(31!1108in1()11 M patented a mot,]|md 1m x\f]}l;]l;nl:ﬁfi ml’lm((l‘ur'ln”'
ar : isulflide eatalyst reduced gas Tormatio A
mt tungsten disulfide cataly Tuced gus Tormation curing
Pﬂ:rt]‘-Y il])((lg(t process.  This catalyst wis Iepol LlL d L? ¢ (E,.M}g_rcent el
5153518 oil o o 70-pereent yield of gasoline with only 6-perees
o N H : y
. g Tosts, i i ine s that
_ofé;ydlg(éa%)eo;; Stornge tests on synthetic gasoline showed
org — y tes

- . . ‘ _ ‘ | -' . "
B B it ' ure to light aceelerated peroxide formation, which was acco
cxposure ohl e )

hitse operaiton !

af Kogasin in Tyrue Vaps

- Q i 3, 190 . 442-440,
bl Cit\l}d 1’131{O-Hfmgul"i(:z”hlé;‘-?l"rnpsc]l {asoline: Ind. Chemisi, vol. 13, 1937, pp. .
o Wori i i ; . [ 1 11,8, Paient 2,264,427, Tee. 2, 1641,
n & gited in foolnote ‘J‘Z. Ih. ‘] . ! cide and Fsirogon: 0.5, Patent 2 hoe. 5 1941
5 K{:f}l"r;’ WO ]\ihii‘“r . |l|l:‘vl-{”glr1 (-:‘:ﬁnr[hl?r"'}l(Il\lirl?t]i?:l(()f CGasoline from 1 :\I.LlhilIi Residues from 8y
Porisev, . B., and Tvenlova, ’I, S, (

Charge

Reducod erude, sp. pr. 0,760 Untnppvl{; %151(]@, sp.ar,

Cracked gasoling:
Yisld, volume peresnt

; 2, 1039, pp, 4i-45, . i
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G sluele ., Bepar iAo
' Work sited in footnoto 82, p, 14, Gelseler, Dr
—_—

. 1 t, of Lhe Morse mnonin ant, Apr. 1943, 2 liee of Publication Beard
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11, from the Laboratory ]
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carbon than minernl lubrieating oils.  Similar results \\’(‘-[r(ih()‘l)‘l;{l-]lgl({((l
n tests on tubricating oils produced by ])Qlyrtlt'ljza,ltl?{fa‘ n\ ](1 (er.d
140"‘0 —Iognsin raction made in the British Fuel Researe . -l‘ d
Taboratories * and of the 150° to 200° C. fraction of the pI]O(tl']L
aboratories * ¢ f the 150° . n o Drouce
obtained by Synthetic Oils, Ll;dl.” _d\gm% by] t;;-?)(g::é!{zm:? s(::nll(])ﬂl(\ n
: ' : tred with natura 8, i le of
test ¥ showed that, as compr natural (cts, o sample of
! ieating oil gave upon oxidation a large inereas )
the synthetic lubricating oil ga _ : e marense of
fiscosity t s associated with the formation of ae §
Yiscosity that wag assoc _ prjuendic and saponi.
1 : though the mts of asphalt or cok
lo substances, although the amon n; wsphalt o ‘ ed
Er’;];')eec‘(tremo]y small. According to Fischer,™ very L!mf(')}“]%h q}:)y{i}x} :1)1
‘genation of tho synthetic oils increased the chemical stlal )[1 13] so thal
‘igc‘) attack by oxyeen or coneentrated sulfurie acid C()il d be ((‘ cle Lo,
and no corrogion of motor metal parts was observable in a 6-mo
ad test. ' o itesous
mAccording to the Rulirehemie fl\ G.I]{)a.tonps, 1_ ]Lui\ {}\(111:2‘1?(:-{}1{1%{1}'03111{3
thesis of lubricating ofl from Kogasin, to nse o ,
1 the synthesis of lubricating : ) use enoug ho
polvm(‘,f?irzing agent (usually alumivum (tltlr)ltll(la)tpo 1{) ([\];(g\fiﬁuto(”r?l?g((l }1_
et ingle ¢ ralure and fo raise the tem Y @
reaction at a single tempera (e tempernture gradu-
Lolly during the process, The polymerizing ugr,;lll, 1;:1@3(1 ) Usecl move
“than once. The properties of the lubrieating oil ob .fmr‘ec.} lepend to
o large extent on the boiling range and olefin colntcn-tlol_lt.,. lﬁ Kg%ﬁ;m
raction {HO(I Koel’s results ¥ show that the highor- gmlmh Ug;ll’;)r
ractions yiclded Iubrieating oils ol highest vmcols‘sfi_:y inc {E‘znt Unfor-
“tunately, the yield is small because of the low olefin conten
“high-boiling Kogasin fractions. ) o . o e
" gKoch 1 fomd that the synthetice lubmcm.mf. oil C'Of;rllm(l}(l?o(;ﬂf‘qﬁ]b\tr‘z(l
“do 3 er wule, and solvent extraction with acet ¢ 5107
double bonds per molecule,.anc , with acetone showod
' tee 6l unsaturation was about the same {o he )
that the degree 6l unsaburat ¢ ut th e Torall tho fractions
Y s ol the oil by Waterman’s method « ¢
thus obtained. Analysis o il b rerman’s method showed the
pr se of {, one naphthenie ring per molecule. S o 8
e oo i Ieetively exirncted by acetone, pure
v fraet seleelively extract ¥y mne, M
ctrue for all of the fractions scle ; cbed b : o
';E:*:Olgar‘l.[ﬁns- were present in only :imall t])1 Otpm?](?\]fc.) cg;;;ﬁ?;ly
pined sthemies 1 physieal constants of t \
determined the chemieal and phy. of bwo completely
Lubrieating btained by polymerizatio oy
hydrogenated lubricating oils o . olymc on of Rogasin
i it ogenation.  Ho finds tha L
: s and subscquent hydrogena . Ho finds that about
ﬁ(f;c('fi‘lgg of the earhon atoms in the synthetic oils oceur 04(11 nln; b[l?;l(‘,\lrl]({‘ﬂ
ol shams.  This is in marked contrast to Kocl’s # resuls it
plm.nfﬁn : liﬂJ 1)1.. ol oils before hydrogenation.  The hydrogenated oils,
he same type s before g : ' ydrogenated oils,
flpon nnalygs by the Waterman method, showed 1.2 t{)} 1'.8 fll;-iiiqpig
molecule, but from parachor measurcments the number o gs s
b
'2‘31(1&{‘& and Gillert ® and Koch and IEilberath 1‘:‘ stll‘dmd Lh(,1]1)!1 c(q(a{cflltg;?
1 : ization of Kogasin fractions produce ]
f oils produeed by polymerizati Kogas 7 18 pro v
%fd) : I']Ig and from CO: 2H, Fractions from the CO : I, Kogasin
: i X i Mydrocarhons and the Production of Llllhaflcnlinu
Olgln‘i'a{fél[tm]r}trIi‘clr‘l\'”llhtlj IY]"i}nf‘t?:isl(:ﬁlrf;]hrrl;::l{lurl?'I Q?!%],“]::Il:}:lﬁrI(")nj:\su‘is‘f Slullimlury Ottiee, Lowdon, pp. 186-208,

& cited §  8hi, 11, 16, o ) e e o,
:: }‘gz?(llhlglmg "I]Ir.n[":]t‘:}.é]ltilng ::riﬁynltlmtic Tathrieants]: Chem. Ztg., vol. 62, 1938, pp. 61181
B Work uiljm]'in fl!(l[‘ll()ll‘(‘.l!'i"rﬁl I, ([;L ‘
A0 Work cited in footnole 35, p. e ennstoff Chem,, vol. 19, LES, pp. 337-433, ! -
:IE {gm‘lll:llt‘:ll”Ip‘llmgs “[.(Ilf::III:':i((l'E:Ill?l]ll;:]EJIILI':'i]':)IIE‘; lseher-'Fropseh Synthegis]: Chem. Weekblad, vol. 25, 1538,
o » L3l .

1 Kae 1 o WY ¥l of Lathric S o 4 I|: Brenngtoll Chemn
o bl Jils fram Clefing of Kognsin, )
vol Z[; 1038, pp. l;ﬁ—l,_’l Hy l‘I, sy \( ; auhric g Ofls from Cleling of Kogasin, 11}: Breonstoft Chem
-

21, 130, pp. 1-7. .
. voll‘ %Vork (:itlo.(l in foolnele 21, p. 4.

panied by a decrease in octane number.  o-Cresol inhibited peroxids
formation. ahnost cotbletely during o storaga period of 2 years,
Lvaporation losses o the extent of 2 pereent by weight and a redyes
tion in the Reid pressure of 0,04 eansed 2 lowering of the octanp;
rating,*

Determination of Octane Number.—A method for the analyties
arithmetienl determination of the research octane number of gasolines:
from the Fischer-Tropseh synthesis was reported by Hammerieh
The octane numbey =0.7X0.4% (olefin index)--0.69% {(“vaporizabil.
ity”), the olofin index being equal to (iodine number X boiling index)
100, and “vaporizability’” the menn of constituents boiling betwe
60° and 100° %

LUBRICATING OIL

The primary product of the Fischer-Tropsch synthesis does no
contain any tubricating-oil fractions, but it does contain large 4
amounts of olefing which ean Do readily polymerized to vield good
lubricating ol 3 Several possible procedures for the production of
lubrieating oil from the hydrocarbon synthesis produets have heen
bested, namely: (1) Chlorination of the gas-oll fraction {(boiling
point, 200° .Y any mixing the products wilh aronntic hydrocarbons
in the presence of aluminim choride; (2) ehlorination of the ors-0il
fraction and polymerization without, addition of aromatic hydroenr.
hons: (3) direct catalytic polymerization of the olefins produced in
the synthesis: and (4) chlorination of the paraffin wax, followed by
climimation of hydrochlorie acid and polymerization of the resulting
olefins,  OF iipgp Procedures, the third Lhs recoived most attention®
Pichler’s results % show that oils prepared from the olefing in TWogasin
by the aetion of anhydeous aluminum chloride had flag viscosity-
temperature curves (viscosily mdex, 90-100); and for the same
viscosity they had a Ligher mean moleenlnr weight than paraffin-base
niineral lubricating oils. The viscositios of the freetions and residue.
obtained on distillation of the oil 4 pacuo increased regularly with
the molecular weight.  I'he olefinie honds in the lubrieating oils werg
readily hydrogenated, for example, by the action of hydrogen at180°
C. and 100 atmospheres, in the presence of a nickel entalyst,

The lubrienting oils wore as stable toward air and light s mineral :
Tubricating oils; their stability was inereased by liydrogenation,
Subjected to the Tritish Ajp Ministry oxidation test, the oils showed +
A greater inerense in viscosity but & smaller nerease in- Conradson

2 Dannefelser, W, [Knogk Measuremnents on Synihelic Gasoline]: Oel . Kohle, vol. 38, 1042, pp. 363-
365, [Notes on the Examinalion of Svulhetio Henzine]: Ol u, Kohle, vol. 29, 1M, pp. 903-010,
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Iinel: Ocefu, Kohla, vol, J4n, 1544, b, 10 -18.

3 Mummerien, T, [Analyr frebienl Determination of the Rosearch Octane Number of Casoling
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Rrenngtof? Chom,, val. 15, 1931, pp. AL Potrol, Reltner, vol, 28, 1911, pps. 3I2-316,
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Ing Oils: ettish Patent HHLB5T, Ocl, 28, 1y,
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185-191),

Piehler, Y. [Syithesis of CGisaline]: Zisolyp, Ver, dent, Ty, vol, 0
Ritheeliomie &, (. Ihube Ofs]: Irenel I'tent S Fob, i
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igher Paraflinic Hydrocarbons]:

sof the Hydrogenation of Carben 5
» Munulneture of Lubricating Gils: U, 8, Patent 2,100,200, Apr,
I,ml;'\ua, A.P., While, E, W., and Imperint Chernieal T
3,81
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oit was chlorinated, and then rescted with benzol-dichlorethane mix-
ture in the presence of aluminum elloride for 6 hiours at _70"' to 110° .
The products were rvonghly 20 pereent recyele gas oil, 30 perecut
transformer oil, 30 percent turbine oil, and 20 pereent steam-cylinder
oil. At the Kuhlmann Co. at Harnes, Fischer-Tropsch gasoline was
freated with 3 percent aluminum ehloride for 5 hours at room tem-
pernture,  The quality of the lubrieating oils thus obtained was not
good. The I G. Farbenindustric A. G. has patented o process for
lubricatimg-oil production in which a Kogasin fraction boiling between
170° and 250° C. is subjected to high-frequency silent clectrie dis-
charge, for example, 7,000 volts and 1,000 eyeles, for 20 hours at
pressure of 2 to 5 millimeters of mereary.®  Sustmann reported incon-
clusive results from an attempt to ‘produce lubricating oil by poly-
“merizing the unsatueates in a 50° to 250° C. {raction of Kogasin
contained in a lead or zine-plaled lead tnbe under pressures of 5,000
and 11,700 kilograms per square contimeter.®

FATTY ACIDE AND RELATED PRODUCTS

Since 1936 there has been rapid development, particularly in
Germany, of the art of produetion of faity acids by the 'ODSlltiéltIOIl
of the parallin wax produced in the Tischer-Tropsch syntlms:;s.d # In
1938 two plants, cach of 20,000 fons per year, were reported.®  During
"World War 1T more than 80,000 tons per yoar of synthetic fatty acids

L henindusivie A. ., Lubrieating Gils: British Patent 485,478, May 20, 193?.. ) !
Ly éu%lrﬁmu,[‘?l“?m:lpm;}n.s 10 '(')Entlge Properties of Kapasiu by Crnﬁpre’.«‘s-'1011 up to 12,000 Atmospheres]:
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if A0, 1838, pp. 629630, o
Eell-I?;xlfh\IJl?:ln, ft. [l*‘att[_»! Au:lds]lz Riv.ital essenze prorumle_[nan_tc offie., vol, 26,1098, bp. 226237, 3114:305.
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g Imhm'mcn, A. [Coulas Kaw Malerial for Soaps): Fetteu, Seifen, vol, 44, 1937, pp. 411415, [Soaps from
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—340. {deut. Apeth-Zte., vol, 78, 1938, pp, 47- 149, N
EBSSc:ﬁ?mtﬁt,"\\(’l.I[I.L;‘_vnI],Iu'Lic I';Lty Acids mul'Snaps fram Coall: (Jlmm,‘ZLu.. vol. 63, 1939, pp, 274-278.
i V. AL [Boap frem Coall: Rundsehan deut, 'Tech,, vol. I8, 1414, 1. 9. 5270
Bou ¢ |\’I‘hv synthesis of Fut Acids]: Clein, Votien Gliezaden., vol. 26, 1042, oo, 245-247, 2?;.:—~2.( ).
Wietzef, &3, {The Syntl of IFatly Acids by Oxidation of FHydrocarbonsl Anpew, Cliew., w_;l; 51, 1438,
ph 31537, [T'he Tveparalion of Synihetic Fatty Aeids for the Manufacture of Smu‘)]: K]u[lzlg‘s Pextil-
ztsl:hr. val, 41, 1948, pp. 5255 Synihetic Fatty Acids: Chem, Age, vol. 39, 1038, pp. 278-280.  [Synthelie
TFatty Aetds fron ffin}: Iretin lI.! ?tiifvn, vuliflllzi(3 l]!ll:li‘;ld PR 21—2‘."'1’i
S Futly Acids]: Preemys! Cliemn,, val, 23, 1039, pp. . . . o
J\ﬂvlollg;l\'lgl i& l[l'til:‘., (I‘r. m,]h. 11, [ Ensily ()\id'i‘ hle I’nrurlmsg: IFreneh Patent 850,750, [)e({. 26, 1939,
Iawat, S. [Synthetic I o Acidl Induss “hem, Rev, (apan), vul.?\, 1941, pp. 117-120,
Murkisele SoiferTndustric [Futiv Acids): German Patent 732,719, Feb, 11, 1043, [High-Meleeular
vids]: Grerman Patend 714, 375, Nov,'13, 191, . . .
Fl}\%:’(rﬁ:ﬁ:(i?‘]. tSynthetie l‘nmﬂ"ms' for ,I.hc l'rep;n'ntiun of Fally Acids]: Fette u, Seifen, vol, 48, 1941, pp.
305-398. o . ) w37 3
{ . theiie Aliphatic Acids]: Soap, vol, 16, No, 8, 104, pp. 28-32, 73. No. 9, pp. ¢ 7,73,
[P:z(l‘ltlglgé]i:ﬂ; r;f[fﬂ'(l!} l[Li_Hﬁl‘l‘ Flntty Ackls I!y Oxidation of Bydracnrl)(mg]: Moderne fetischemisehe Toehe
efe, part 2, 140, T67 py. . ;
noeluohm'liml,ull‘.€‘!|e;|lilz[U tilization of Paradlin Wax for Seap Making): Vol, 10, m.{.ﬂ, . WS;
Ponlon, A, How Qermany is Synthesizing Soap Fats: M, Purfumer, vol. 4, IU.II!)._ml_. 160151, pledt:
Tndustrial ind Tngineering Chemistry, News Edition, Soap Production from Paraflin Lo be Donbled:
3, TORK, Db 193- 191, o o I
V({{;i]tléiﬁlmfsi‘f‘.lill]lccunt Advanees in the Field of Parafin Oxidation]: Scifensieder-Zti,, vol, 66, 1050, pp.
886-068,




AT ' LITERATURE 67
66 SYNTHETIC FURLS FROM T1 YDROGENATION OF CO—PART 1 REVIEW OF LETERATURT .

were produeed.™ % The Markisehe Seifen-Industrie had an annual
vaw-material capacity of 40,000 tons. Three other plants had the
following eapacitios: Oppau, 20,000 tons; Heydebrach, 20,000 tons;

and Magdeburg, 12,000 tons. About 150 1o 200 tons of fatty acids
per reonth was the maximum used for the nroduction of synthetie
fats and marearine. The fatty acids were utilized ns follows: Formie
acid for treatment of foddor silos; neetie and bu tvrie acids for esterifiog. ;
tion of cellulose; propionic acid, in the form of ealcium salt, as bread
preservative; C—(1; acids for hydrogenntion (o (he corresponding
aleohols for glyptal-typoe vesin production; C—Cy acids for IFoamite-
type fire extinguishoers; Co-Cyy avids Tor mineral flotntion; -0y,
acida for soap production; and Cy—Cyy neids for synthetie edible fats,
which wore of exeallent quality s 5 CeCy,y acids wore used in the
forn of salts for lubricating greases, soflening agents for leather, and
lubricants for plastic moldings; and the piteh residues after ketoniza-
tion and hydrogenation for petrolenm-jelly substitutes.

Other uses for the oxidntion products of synthetic parailin wax
were as emmlsifiers for the manufacture of cutting oils  and plastici-
zers . Parafling can be oxidized by air.  The reaction is strongly
exothermic, but when carefully controlied, mainly monocarhoxylie
acids are produced, along with minor amounts of aleoliols,  Tha
wddition of up to 50 percont by weight of partly oxidized parafling
fo the raw material accelerntes the reaction. ®  DParafling with over
34 carbons are most suitahle for the process.  Ope ating conditions
are 100° to 140° C., 1 eubic moeler of gir per kilogram of wax, % and
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Chem. };ml Met. Eng., vol, 52, No. 12, HM5, pp. 178, 182, 184, Oflice of Publichiion Boar! RReport 6, May
8, 145, 3 pp.

Baldeschwitler, T, L., Production of Synthetic Fatty Acids and dible Fatsat Deurscho FPetdsan rewers
ke, Witken: Combined Intelligence Objoctives Snbeormmittop Report 22, 96450, 1945, 1y D

Mannes, 1,. Flhe By prodyers of Paslin Oxldution]: e Chemis, vol. 57, No. 179, 1941, pp. 6-11,

Muarkley, K. 8., and Lioss, W, I, ‘The Marl sehe Seifen [ndusieie: British Intelligence Ohjeetives Sul.
eornnitiee Report 22, 3145, 1045, Bub-1lepart 12, np. 4 2

Paveek, P10, Mroduetion of Fatiy Acids from 13
[urelligenee Ohjoetives Bubcontinitfee Report 22, 28045, 1045 3.

Rubrehemiv A, G, [Oxidation of Purntlin]: Norweginn Pafont HE TN, Alay 8, 1041,

Blranss, B[ Fatly Achig by Oxidation of Ilydrocichbons): Fotte . Heilen, Noo 1, 1486, n.200. Tetrol.
Refiner, vol, 24, No. 2, M5, . T3-TH, T17-147),

The Chemical Trade Totrnai and Chemicn] Fopineer, Chemicals i Wartine German Terhnieat and
Industeinl Developments, Uses of Synthetic Ruity Acids: Vol, 17, 1945, oy, Fatty Avids from Paraf-
fins, Goerman Experience with War-'I'ime Proeess) Vol, LIG, J95, pp, 308-311 .

Witlka, I [Modern Fat-Aejd Bynthesis): Se nsieder-Zte., Allgen. Gel-y Fett-Zy., vol, 1o, 1943, pp.
AU-51, 8-69.

® NMuyor, Y., Byuthelle Fatg: Revue Sei, vol, T8, 1910, po14n,

Willinins, A, 15, Synthetic Food Fats: Tond Mir., vol, 16, 141, pp., 161-188. Foud frem Conl: Coka
Bmokeless-Fnel Ape, vol, 3, 1941, pp. 187-1RG,

8 Work cited in Tootnoto &,

 Arnndda, Voo, Phe A HI L Ton, vol. 1, No, 2, HOIT, e, 18-,

gpirk, L. [Soap Prodoction Iram NMixitres of Natural and Synthetic Oleflnie Hydroearbons]: Chem,
Zentr., 194%,71, p. 20,

The Chenteal Tracde Journal andd Chemical Engineer, Bdible Fat from FPlseher=Tropseh Wax: Vol, 105,
1940, p., 245,

¥ Raoleau, W. [New OQils and Cotpounds for Metal Workingl: Oclu. Kobhlo, vol. S 1, pp. 416418,
Mllnul.ru:h,'\‘.’., Falnnu, ©. AL, and Jakob, W., Praducticn of IP'atty Alechol Sulfanares: 7, HOADPC 132,770,

Aar. 24, 1917,

® Chemieal and Wngineoring News, IKetonas from Figehor-Tropsch Proeess: Vol, 28 N0 2, 1014, pL 2T,

(Hoor, W, 1., Notes on 1 he Brevelapment. of Profeel jve Contines in fhermany: AL Paint Jour,, vol. 3o,
Moo B2 s, p. s o,

Ohae, W, "i‘lm Canverslon of Fal Acids trom the Itiseher-Tropsch Synthesis to Ketones]: Oel 1. 1 ohle,
vol. 40, 1914, pp, 87-80.

® Markisehe Seifon Industyie [1*ak Aeids]: German Tatenl 7 71, May 13, 1943,

Vereiniple Oclfabreiken Flobibo and Wrenholiz, Ofene 11 slebsresollsenaft [ty Aolds anl Patty
Alealinlsl; Qerinan Patent THLOT0, Aug. @2, o, tFatty Acids from Aliphatie Hydroearbans): German
Palent 712,054, Oci. 7, 1.

S Pardun, Tt {T'he Dependenee af the Yield of Fally Acid Upon the Btage of Oxidation of Aliphatie
Hydroenrbon, "ot Lo n. Neifen, vol, A8, 1911, bp. 397-1

I'urdean, 1., unad Kaehirka, It (Oxidation of Puralling]: Fotie 1. Selfen, vol, 40, 1012, pp. 441148,

s atalysls such as manganese ®® and other metal

ggﬁ;spza?(%gsgyog(;dﬂ. y’.Ehc (l‘,rgde s_fl\,pontiﬁ(ultim; _}';1‘]06(}11(:15 is purified by
ith steam ® and by solvent extractior .
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MISCELLANEOURS IPRODUCTS

The oxidation of Wischer-Tropsch olefing containing morc{thqn}ﬁ
carbon atoms using hydrogen pereoxide yields soap-forming carboxy *ic
acids ®. Recovery of higher oxygen-containing organic conuﬁn_un&t 8
[roms synthet ¢ oils 12;, extracting with isopentanc-polassium carbonate
mixture is reported. _ ) o "

An important process was developed at L}]E I. G. Far buun_d.us‘ul(f
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Experiments on the eyclodehydrogenation of synthelic paraflin g
hydrocatbons were reported by several Russian investigators.”™ 'The
C; to C; fraction of primary oil with ALO~Cr,04-Co0 and Cr,0y Col
eatalysts at 475° C. yielded products that were at loast 50 percent
arematic. Combination of these aromatic products with the produet
resulting from polymerization and hydrogenation of the ¢y to
fraction of the primary product yields high-grade fuels.™
Therestdual gas from the Fischer-Tropsch reactors containing about
21.3 percent carbon monoxide, 37.5 pereent hydrogen, 23.6 porcent
methane, 8.1 percent carbon dioxide, and 8.5 pereent nilrogen wag
mix%dmwith water gas or coke-oven gas for utilization as illuminating
as.

FISCHER-TROPSCH COST ESTIMATES

Farish  presented raw material and over-all steel requirements,
well as investment and operating costs for synthetic liquid fuel
roduction from hydregenation of hoth coal and carbon monexide.
he estimates based on 1942 prices in the United States are shown in
fable 14, Ficldner ™ reported that Burean of Mines estimates for
iteel requirements are 8.8 and 14.3, whereas Farish’s estimates are
4.1 and 8.9 tons per bareel per day for the hydrogenation of coal and
of carbon monoxide (Ruhrchemic process), respectively.
The cost of gagoline production, using natural gas at 3 t0 5 conts
er 1,000 cubic fect as raw material and a radieally new process
esigned by United States engineers, was reporied by Russell 0 and
%31 to be close to the present cost of production of gasoline from
petroleum. A summary of recent cost estimates was prepared by the
Gulf Research & Development Co 2 and is presented n table 15.

Cost cstimates based on the Rubrchemie process as of 1938 and on
prewar (1940) prices in the United States were presented by Williams™:
before o United States Senate subcommitteoe in 1943, Theso estimates,

:\BLE 14.—Cost estimutes on synthefic liquid-fuel processes if operated in the
Uniled States in 1942

for a plant producing 2,494 barrels of primary product per day, from 3 Arsorond
P : : E . Y i~
any one of three raw materials—coke, subbituminons coal, and natural Approxi- | Approxt- [ ndd eos of e L v
- : i o - ) ant L A IS
gas-—are summarized in table 13. The use of cheap subbituminons. Tivostment | | stee) por fasaline ] total cost
» |y ] . 3 . gy 11 gy 1 wer barrel barrel of i . inehuling
coals or lignites and l’I’l_O‘(.](‘.l n coptmuously operating gas generato S enenline | snaotine per without de- | g opreciution,
may reduce the cost of Fischer -Tropsch produets {rom coal,™ er day day e cents
TaBLE 18.~~Cost estimaies on Rulrehemie process if operated in the ITniled Stater Migh-pressure enal hydrogenation.. . ... $12, 800 14, 1 15.¢ 22,6
in 1840, cenis Fiseher prog uropean des roin coal. . 7, B0 8.4 14,7 1.2
h ; g Fueher pro urepean design, nataral
’ — ; gos nt & eont Duenbicfeet ... ... ) 4, 15 [ 6.0 8.8
Cost of syn- Cost af 1 Casi, of 1 M(lilel'l'll high-pressure  hydrogenation  of L L4 is -
esls “ost o e . petrolouin I . , 15 . .
Raw material [lép(;\li’]f:sof gal_lnn of Fl"{:llllg;]le:ir Madorn oil r 0Ty crade ol $1.20 per barred, 7 i1 5.3
|1r_in|mr§l' l;:]rlz:(lllilit:‘lf Synthgtic M%:Fé;}‘:{gllc:l(?’h;ll({;; r-mlv al $2.IVHE17]1(",I'7hm"r(}l, o ’ ’ -
pratdue Kasoling therimal eraeking. .. ..o ... .. . 700 T B.3 8.5
Coke_. - 12,2 4. 6 e e T
] i .. a % Ttems 1 and 2 are for plants of 2,050 barrels and 3,960 barvels produetton capacity perdny, respeetively.
'I‘:Il::(lhl"nllu;]:ll}:n“ zif {';3 For larger planis— for ox!mmlv, JOL000 fo he costs would be stightly lower, probably abont 1516 cenis

rgallon and 15.6 eonts por gallon, respectively.
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TaBLE 15.-—Ceneral sunomary of eost data for synthetic tiquid-fuels process!t -
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Recent reports (1045-46y state that 10,450 cubic feot of n#atural
gas will yield 1 bame! of gasoline, which is equivalent 1o 4 to 6 gallons
of gasoline per 1,000 cubic foot. of raw gas, A plant capable of malking :
300,000 barrels per day (T'nited States desien) would cost 660 mil-
lion dollars, as compared with a plant of German design at a cost of
1.4 billion. = Using o-cents-per-1,000-cubic-feet natura] gas, | gallon of
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not taxes and profit.  For the spme conditions, relinerv costs are 5.3
cents per eallon, starting from crude oil At B 120 per harrel, owever,
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not be able to compete with present vefinery methods utilizing crude
petrolenm uniil the price of crude reaches $1.75 10 $2.00 per barrel. :
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m:* :I“;i]ﬁ}l!!)"'?(llt' C., Conversion of Dry Natural Cag to Liguid FPuels: wWorly Petral., vol, 17, No. 4, 1946,
Dotterweich, 7, 1, Report of Subtommittee. 1. On New Developmients: am, Gns Assor, Proe,, vol,
26, 1944, pp, 316-318, i
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The presenee of promoters in cobalt catalyste makes reductio CATALYST PREPARATION
more difficutt and prevents sintering.  The area of a cobalt—thor
magnesin-kicselguhr entalyst reduced at 400°C. in a rapid stream of}
hydregen for 2 hours was 36.9 sequare meters por gram.

(6) Unredueed iron catalysts (preeipitated, gel-type) have o higher
surfuce area than unredueed cobalt eatalysts and nsually have a3
gellike structure.  Upon reduction at 360°C. the areas of the iro
eatalysts dropped to about 5 pereent of that of the unreduced catalys

(7) Filter-Cel, a marine kicselgubr from Lompoe, Calif., and]
Portuguese kieselguhr (probably a fresh-water product) were foun
to be equally cffeclive ag carviers for the cobalt—thorin—magnes
eatalyst, and both were definitely superior to “Hyflo Super Cel,
which is prepared by alkali treatment and caleination of Filter-Cll,

(8) Three different modes of induction of the ecobalt—thoria
magnesia—kieselguhr catalyst were tested. Induetion at 100 pourd
per square ineh pressure of 21T, - LCO resulted in a lower aetivitys
during the first 400 hours of operation as compared with similar in-
duction at atmospheric pressure. Beyond 400 hours of operation th
activity was the same for the two induction precedures,  Use of
temperature or a contraction sehedule in the induction procedure
gave the same activity within the limits of reprodueibility of the tests

(9) Acid exteaction and ealeination of lter-Cel and alkali extrae
tion and washing of the magnesia nsed in preparation of the cobalt-
thoris—magnesia—Filter Col catalyst did not enhance its activity 1
the synthesis.

(10) Operntion with the eobalt catalyst at atmospheric pressur
for 1,500 hours was followed by an additional 800 hours at 100 pound;
per square inch,  The activity during the latter period was identical
within the limits of reprodueibility of the tests, with that during th
first 1,500 hours.

(11) In the catalyst tests & 15.8-millimeter internal-diamete
eatalyst tube containing a 6.4-millimeter outside-diameter thermo
couple well was used. The thickness of the annulus containing th
catalyst was 4.7 millimeters, In this apparatus it was found possibl
to increase the space velocity (volumes of synthesis gas per volume o
catalyst per hour) to about 500 without damaging the catalyst by’
sintering, The operating temperature increased from about 1&0°
b 100 to 205° C. al 500 space velocity. ‘The space-time vield of ol §
plus wax increased from 10 kilograms per cubic meter ol cotalyst per
hour at 100 space velocity to 42 kilograms at 500 space velocity,

(12) The temperature coefficient of the synthesis rate on the cobalt
cotalyst was measured by determining the space velocity necessary for
about 70-percent contraction at several temperatures in the range
175° to 200° C. Trom the temperature coefficient the encrgy of
activation was caleulated to be 244-2 kilocalories per gram moleculer
weight of 2H; + 1CO reacting,  More precise values of the rate and
temperature coeflicient now are being measured and will be ineluded
in a later publication.

(13) The results of comparative pilot-plant tests on six iron cntalysts 3
made ab Schwartzhetde in Germany are included in this paper,  The :
results of yesenrch at the Kaiser Willelm Institute for Conl Resonrch
oninduction ol ivon entalysts using specinl earbiding procedures also
are ineluded.

Three methods for preparing eataiysts were usvd—f—nmnn]_y, pl'{fgliplcif]l;
i ¥ i : ‘es, impregnati . earrer with
tion as hydroxides or carbonates, impregnation of a (;_utrlw[ with the
metal nitrates and subsequent roasting, and ignition o 1(‘\. I i ]‘ o
sulfate. The precipitation method was used in 80 percent ol
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liguid-vapor bath in X series of eatalyst (ests,
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CO—PART 1

BUREAU OF MINLES RESEARCIL

DESCRIPTION OF APPARATUS

(i

The reactor and auxiliary apparatus employed in the hydrogenantion
of carbon monoexide on a laboratory seale are shown in figures § to 11,
inctusive, and photographs of the assembly of 12 umis are shown

in figures 12, 13, and 14. T
standard black pipe welded into a jacket of 2%-inch standard pipe, the

total converter length being about 50 centimcters.

FinTRE 12.—Assembly of 12 laboratory-seale Fischer.Tropsch units.

The converter proper consisted of lislf-inch

In the inner tube
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. ‘ i hy a

i i s . » iquid-vapor bath was heated electrically by ¢
of 11 of the wmits was a 30-centimeter catalyst bed, containing 45-50 in the catalyst. T_h‘- ll“i‘”‘lt:i 1%'(]_“(;[' the 24-ineh jacket.  The pressure
culvie contimeters of catalysi. supported about 6 inches [rom the P resistance winding on the ?” .-1(11(-2111\7 1-(-‘:-'/11|z1t('(lll)y a boller pressure
hottom of the converter by w wire sereen. The twelfth i contained above the liguid was aulomaticall: e -

Rear view, showing end-gas meters,

Tischer-Tropseh units, Flow meters and flow reeorders in forcgrognd
D

FI16URE 14— AssembBly of 12 laboratery-seale Fischer-Tropsch nnits,

Fravne 1I3.—Assembly of 12 luboratory-sea

Ak,
; 1 feure 17 fertienl temperature gradient for
neabalyst bed 90 centimetors deep. The catalyst tubes were heated & controller, as shown in h.gulc_lf- tl\’ul,l]'lri:“qlh:)t‘rn] in ﬁgurci 15 and 14,
externally by a (hiid, such as Dowtherm, hoiling outside the entalyst - 30- and 90-contimeter catalyst depths are s

tube under constant pressure, thus maintaining constant, temperature respectively.



81

TEOMUEL Jo umprdaia], ¢

*DOI1ABIYES IO £q SPILIO[YO DLIIDf §8 TOI Y} JO 150U Jo UONBIBAAS 1818 '1318mm010d STTRR JO 8s0 £( PAUINLIZIIP ‘ISAIBIED PIIUHAIUN LD jo Juadiad 3

Lz Le T et
8 R .
| | 9¢€z
.......... | 86E T
s} i g
m REELEN Lkl
= ‘uopns] £4
= “PaTesII Y
= . “permaLiL)
& EQNH Yl DI
m 8°1 CTTTTTTTTTIIIIITTTORS T 290 £10 08 [ 511
L UnOIG-"200 ] | 0O~ L10” g tal ¥ .m
70 5 U UE] JUSLT | 900 ar0 o5 i em N
I U401Q-7201 3 | $00 919" o> zz 3¢
Z 81 jrTTTmT T CWRL ) Q000 m...o” e 74 o R i
e A TROIG-00Y ) | $00 250 ¢l g9 i Tiiee
M [ A op F00 [Eal] €% [ % nTmmmmtop . (1} 4
| LEMCIQ-Ded | EODC bt > 83 £€ R AL
SR S UBRL , 200° 340 08 £8 L O A I N S S SR agr
o N 00 S TM0IQ-00Y ) | ¢60° { 060 8% gL L - S X 2 S S AN 301
-3 S WH0Iq-Ded | B00 T8 jira oL 1% T P 701
[ -2 A umelg | #10°0 CENMG iz 08 iy _ | Nlsg  wOL
m -
~= - . | 131EM 1Y | RERL:A Cabi
5 fQRadsWELE | P 1ad yesspom! {radaes siom
a2} 001 4ad 1[0 ! .uﬂ., o | "0 . 'ucl  Cuonmios jo 1usiidpaly ‘HOIIN0s ]9 U047 [0 23In03 “oN
| S1eut camsotad |, queosad H.wurmma%u | -6udiaesd . uoneny OoliRIT 18541
AMMIOA, ‘mnpog | mmsseiog :ogmvm jo8Im i -usoueD I -uxuey 518
_ : joPuIL -zradmay,
9eindaard Jo snusieaddy _ SIUaEuaY
i
‘9T TIEV]T,

a1z 0naf fo uorwumof $18fApivs uesr pajowoidun fo uoypindasg—

1 m .

EEFEsES S

| = Ep®l O —_— a2
2 ;.n.,..nu‘;ﬂOOOIM

- SEeE .48 ©
. SyE-3328F
£ a Pad J oo & oo
: " SEpuxnSre Y
o —o = s =2 O

H L L EEEE ST
! ok S 585 & 2L
: ok . e HNoEnD s
g £ o e R T R e
<2 = £ Smw.tu 5E g
- S AESSToe—m e
£ z & M.MFMUH.LDSJN
ncu._] PnhCI.nCIJ

- © g 3 BoRmTes o
S Ny E 2 SE &Y elae
5 = 2 T Y P g h
= [~ -] Oxom EE52
.rA ~ 5. @ @ Cp.mﬂm
z o2 e oS Bes £
52 LEITIEEL:
z o s 2EYaRaggsTm=S
Q" Y e e

g = 5 5o ¥ gl
2 W oz S2EZe2T 2
= € & BELZTSLOBE
- 6 s ZLSEEET 2T
2.3 &

= w> 5 SW&[O_\W nﬂw(
wz I B3 o .2

., 5 F EEc2TSE=S¢
2 o i MH“O..RML.T_..MW.
s E S " 225
£ = 5 S 0 e = = 2
g =

= S F simeXZSZo o=
Q < m g gy

p x £ = -
5 T 2o HFCeoE
- o2 o 5

z E EOodE rmeds
5 oy g o5 o2 g =28
. Ep W0 QE 2~

o 2% SzEELSL By
5 o = I T p2E U
g o & GdenWMﬂV
= a8 &g BESSE_ ETED
g T 2T pa=Zgoo g
: T el = e S5
< e e
L CE=Pf=S D870 -

= - “ o= = o 2R2g
w m -] W e 50 Hu)w%Tm.]C.l
@ @ [ » =23, mw.n.up

. . = T 8 . ==

- 9, ‘JunivuIdway EZWEE 552
— - =

S EES22F0LE
E=2s S E2

RSl nE=zE



‘ROdNG 0gia =5 .

[l At
&« | N hnREr LT $ony 2
N oLt T 0e 2 ey S 'y
4 L 0% B [H00X20 o \u L b
mm ~THM6IQ MIR[0001 ) W.p.." R “““ VEE
....................... el o, sz S
F R CEE LT R EE e sny f gl 8°E
Fo e SR TAOIG-Po | €1 g
“““““““ o 158
g i RCRLS 2
................ amy
. Someesssoogpeeees : i
— w. JITTITTen be N MMM
58 IR o i S 14 wm HEONIID =
= 1% H P 0z
M _..u..w n.m Y1
5 ooz . N
r o1 T ¥II
= 0% ]
= [ e U U (S s R 0N i
R e I B 10834 1224 Ve
- S TA0IG 1B ¢ 08 52 ) LUENTE et
& 0% 4G 30 0
= i TTUMOIQ AIB[030Y ) (3 Y _
=
FEREI
nFU © ey H%ﬂ_mwa 1] 1zd
1230 [ s[om 1[¥S s[om 1910mo1 UC] [0 DINGF ON
swmeas 010D ;m.uoumu .no.muEOm 1wendpalg “UOTITOS 30 } 4 1SATE1RD J0 uonrodmoy) 1841
2 corsod -1da1d | jo uopen j Honehuay B
M _wmw_w_ﬂmwé ' joamn | usston f-m0d w0y |
= B -Btadmay, !
2 SJudsed
A sqeqrdrontd jo soerealdy | Syuaieay

§3PITO Jap0u0sd LU0t f0 uoDILe] (815 01n0 w04y parowosd fo noynandaig—g] FTAVY,

BUIAOL £ PAAOTINT sallLrnd ) mhwswawé%n_%qm £
’ . : i HIBUI UL JAUEERE Aq I9ABEBIP UL GIUI-8¢ $)a7[ g
TGAULSE X YDUIST— V0L ‘a2 .uqo:mwﬁ.m_mﬁm%w:wﬁm W.Ecmwzm_msmuu i 0] 30 03 PULNSSE PALS (101194091 ] ¢

..... BI0128Y [EPIOGIUCH ‘(38 YO8

.......... S19[[ad eoees
L A e )| 3For o1 oy

........ “UMOIq DT ‘S10[[ag - aepaod pai o] e,

TTTTTaankSan FON | Bg-

an |
I 08 SoN 90 (e)

PART 1

TUUTTVRE

o g

5 poo & taammsedson e |, |, L 32

e UMOCIG YIED IRy *S1a{[ap |- - -mmmmeon. m. ....... ,

b= RRREERTR TR A ki B 1 o | S 1 >4 A R "' S (NS ST SN P g
Lnslg 3505 S1811a

- 22 PR o :

P I AURE

o ke T, 0T

Z )

— i ..... P

= T umol ; . e

= AOIY qIvp paey $13[[a T 198 UMOR 3 -

= REUG PABY 'G5 g samnura g FP A Unosy e | ooy [ £

....... 0D e g, L1
TUM0IG Mrsp PaEy ‘s18fjeq |

epToe- [ Tl 95 usolq HIB(T

TTop T JTTreImasd (epro
—--gp
........... UMOIG FIpp BIBY ‘syaf[ag |

mmmv—u»mwoumw—u

UMY SFInp

L8 FROM 1YDROC

l

T8I AT} {200 “Ta5 qoepg | o €01

S B b I |
2 o m TM0IG FIBp DBy s13e g _ PRI [TPIowaU0D Taf oz | 9gs | beg Toespessucgy lepg | vor
h T———_ : ”
I N e — T ™
m mmu.:dm | _ i SMOHMJW 1 s !
= -unidjg; , | D | A salsea |
- B3 . " . . 91 onwi aes
= ..wum_m & SA[NURIS [0 v UnIEadd y _ 82 £1p 30 w0 uz1vaddy .mwm__w Smyses jo Junxg | ..Eum.ms , .WM._.EEQ mﬁwwwwo
2 oy TRy, | eanjo | aaea IWEN oy JsgmEn
: WRIOA st
= ﬁ _ o _ LIEY A “W :

GO BN By 1 7 =

| FuigsT

82

2prX0 21003f fo Burssasosd ‘s1efiporos ULt papows.idun fo vonindas gy 1 TIEY T,



Ly

By P =0 "]
“WMOUFUA JYNSEIIsaIy JO wZL0)
BI-PAU3 OPIH="0 ¢ 'H

| i
06 g6 7T Llolol): SR TTTTTTTTTANRO D A | 9
: 0D |
(1 SO A op T 08I { gD Td pEPBAxe pY | 8°
. oot S L 1 S LI -
06 Tl g 'H 8!
201 “Igng(asay Asonsnllog Lo
001 ToTmee ANpPIe I L
08 o 8"
Q01 8
% I
1§ JIITOmN C 0oT TOMBY QS 'H | 8 TITECONIOD |02 1310 001 N ANE) L OB
08 1< il e $19[19d BUITUMY |77 TTERTTTUTTO0T T B VO0E S 108 T POV I EOULL 1 Q0D OIN | ¥e9
=} . _ ot
= 0 T mopiEudaIdy TTITTRMMD ITTA 8dAL FEONIOD | 100 ! SE°0F 1 0T0F TN TEOUL T GO 1 OIN [ ¥FO
S T I T b op™Tor e £ AYDITEsey CHEONJIN |TTTTTTTT001 160 16 1 AUnBRSIY T i0qL ¢ GIN | veo
w9 B TTEQ QR Tttt 81{[a0 JIT 8d4], B opTTT VI
W,, 06 “moprensaaduy TTTTeINED TIA adiy TTYEONIUL | HPONIOD SCONDIN |00 161 0'9R 6'%E NP (20UL I 000 QIN | V08
Q159 001
m. 4 SOIV-QRN | $8 | FOSUR T FEQRDIN | 8911 288 1 FOISH IOV -0TRN ¢ %cﬁ,”.. OIN | V8¢
BT F 9L
<L 0F Ty agnEEsEIY 90|\ TRCEQNIIY TCONIUI | TFONIOD FEONIIN { D0k OF i JUNBPRSSI QY OUIN D OIN 00D | V9E
= 001 LG - BUEPD D 'ETH - FEONIGY Tt TtoptTT TO0T RGN AU CFOUL I 00 | dEl
= TTmTmmmTnTenTEemees 200 T (FOXUL) N
5 08 2T |TTTTTUTROOEM ||ttt PO IO H | F0 | TTTtTTTEogy [Tttt EQNID [T 000 1 511 001 2 3URD 2401 L 1 00 m YT
< \
= Ialem ' RT3 TS |
o 18711 3184 [ 51 | i
=2 od 78S a1y 19d 1yes |
=} "Da s[om 13d srot
,Mo:ﬁw ‘uony JuEIdinarg Smeld J1TE)) ‘uorz 183001 T JUBRIISHOI [31AD PN
~d[29d -njos D ddans ¢ ROCH \ am
j0a1n1 | Jo wor ; J0 oM 1o wog] 154]eied Jo uonsodue)) : -M”M_U
-gdad | -Bnjuaa | ~BI}UED -211Uad
WAL | -U0D Rty R CTy) 7
siagaay . *

LAY L SIPIEC LDI0OUL0LE - J0w Jo uoypuLiof [sjsfiymno pyo1u pud oqos fo ueluindasg 07 ETEV ]

.s, 5 . et
IFUO[I103X0 FUIMOI0] 01 171w ‘H130af ul gour z5g Aq JIFIWEID T qO0; 87 SN[ [V 5

gduap o [odr 9k £q 191WBID .u.m 2t 3§—YVGe .d«m..m
"SOPIXD PAIBIPAID A[32[JIOD O 0TI B 07 PRULNSST DAL [BO11SI09L.Y, 1

0lq ‘3508 Ysom-; 01 5T SAMUBLD Wlluup\\.......-wailllul.\;.......\

R - U0 NIBD DAwy '513([2g L
= I oprecos w.
,nm.. N4 108 5 L[ ] 2 T RS
=N TUUMOLG YamD pany fsiaag oo - ; B
D2 YT o5 g _ T . ﬁ | & i
A ) T C—uun.l ........................ - R f N
8 B . AT DI A R
= . I op i
m 1] _ ARG [RPIOIU0S ‘Tod umuz: 7 1 _ W.M UEON | F2° L o[ _ VoF
N ! ENHINEREN
% mﬂ_ og” g
: 4G ¢ 4
=
£ 5
< N |5 9 O
e opt e 8 g ¥ig
= SFUIL o8 'Unoig L TS T - T TS AR D S
= TTrETT e I *
= g A T vEE
& £ -
) R RN L L e 1 £
~TT UMy (RpIOY .
; oD ey oo e omg T:.... £ T eamedsox | | %
....... WO el | g ¥ TUeapsod s A ¢ [ 2
< N i ¥ Sz | et | 2 ¢ o
= BINIOTL [BPIOGILLS {53 ¥OBIE _ 01 o _ g | .‘m,c.u.a“uow mm/ wm. nm yu
aarl
w . PIHBHITIIGS 135 fLn01g YIR(T | 06 (1384 ori-gg l-wdou tog con 1o | 89-
nL.” op 901 m“ 02{~E% | """~ 2AIEEAU 1) SN _ [CH w
2 I8T | TTtttttLMOUa S1ED Bree feamrrs o loe o o 0e1
= AMIGRI} [EDIOGIUOD ‘(35 Jor[y | ST 10 [ .,
2 . o - 4 ; JANBIIU G N [ 620 _ I
o _ !
i S9DI0
= 1wapoad | | [B10m
= JEalod Hﬂzwoho Do _ mE1E | samnjos
oo #YeD £1p Jo souwesvaddy _wwﬁmm medd 1ad) 0 BuIses Jo 103Ky [ I3d Jon] |“orBiam 1
= h...HQ simog -BIad 1 ‘aaes | -idwaid o
b ‘wopeiiq| “TRL qsem Jo | lasjew BQHF,}“_ Jeiiieg
£ QUWIR[OL | STy =
: i | |
UOLB[NOLIO] [Bu; g _ |
' 3wia i
- _ 1L Burgses _
90 ,

saprre 1aj0uosd +uosy fo buisssovad Ss18Byopn0 wouz perowiosd fo wonpundatg—gy aiavy,



87

MARCIT

05 RES)

MINI

BUREAU O

86 SsyNTHETIC FURLS FROM ITYDROGENATION OF CO—PART 1

v

o =3 R TR = YPp— w1 e .
L @ ..mmeonm.anne..w‘Mu_\,nuhowm.u;hqu S5 &TLeT Ho
— =T A W= el —_— = o O o [ I
| w2 g0 g EY o neSgAise 55 -= I = =
SERL B D S sTld 23 JBrE5Ev8eg =
= ZL. EEegEET ¥R B8 P2EEg~g 20
c..ll..:n.w\ = O.C.O] = W = w e = D
] o M,d.w.oluem Hn&ﬂmhwn(um Pvmm‘.mn g.m
can2Egr g YT EEsDe -
feiSry s 5EsBigE L2P288
DR me T oo Y Eans,, 0 ® %, =
0 T mnwmhb.nthI&be tmmHO.MM o
. o) = ey . [ery
0T EmoS¥ESIERTETEEg.BE SE_L &8 £
w = ) 2= bl . = = =
MEL O EZSfESELELS982 2520 F_T50. T
WE ZLLT-To oMol s TS =S2g o TAEAR W =
= = = HL S =) —_ = = SI!.LVJC m
EE B E-CEsEgRgSe_RgE= EEZC s s
- & x4 = . e : — 5 = O g
0F % I __ -~ EcgfreiEEleinSc EoFSES2 EE
wh e %(OSMUIC = = - = q..ﬂ = Cw_ﬂmm =
S ;= Bro= L a= 7] 2 = = 2o - S -
2 £3,55F023=FE8T8 Bf ZEEsZ_8%E
= —_ C Lt D e e P = W - c =L o Ep L @
= ) S S = e £ = o En S
o & S C n= 2 S L ”27gskR . .= miig ZWg A
orFz PEE€u— Eb——oyusroohtad £ Zwges g
D~ = LY pesdo A= Ydo—®C —_— ] IOW(O
o = O.HLULVM.‘UIHA..\&)LSTSKC Ol.ln.ﬂ.. =38 <
2% PFE_SESEL"ZSSSEEFSE E5TEoeSSS
= B= t.lm:em:ﬁ RO 2T cCT =088
e ® _HETES ScEESE S22 Z_FTE22:TE
Wi S EEEESE R et S 5s FIEEZ228s8
g ; g -
TE=s £2 wwrmuoc.mm.momwmnmbp TZ$EEEC-5T
= > —_— —_ = = - — owmoa —_
wi TESfcetTEpdgiEsaTw §E233csEn
22 wLEgES@=—=5 _.5F S5z T=mvogEol ~
ZE: Zsg°da~Einriest 20T NS TowoE Lo
CE oo 22 Ao eo=zZoe Sl ZFoEET o~
go 5 2785 gz FEfcomgisc £ ZSAH L2
L 3] = o ,= W R.= — R = =l & =
22 oTEESSSLETgo B uElE 2 Retani
S SprcfitEsptaETEEys EZoETZEo
b = cg " F.s o Rl SCRE E5Dg
w7 SLEECpEFYu g e EE s TZE2SmZZAEE
g CE BT mEZp=SELCEZTOE ES R 2= —
Cw & = o> P s i o e G o= = wm T = = DD S
o~ el N R TS o U ot STt
CQuw CcrRITZEsmE P Tt e e g3 Z=gR=c
ZE A SIS FEE SESEERCSFCIESEGT AT
g TSPl e s RIS T oS Es £S5 5 2
/r R EEZfEpbfEZcR, ESFf0ERcoE Y8 & D85
o = - =5} = o o= [l = = & = 0 — =
Ry (o)=Y — P - = o e e o o= =Eo=
S— = 2B ST IFElETEREEEFEET RS £0 882
M &r.mn‘%ﬂogm g 2= mSgwesf e 55T o
T e R N B R - B R
SO Frldcslonndes e g g=s PR s— 8
T R R i i i i - R = I Ll T N A
o = ol = 2 e-0 5.5 0 20 e
== S Mo o000 = - ==
HEafTEEe S Ef 8 ST REE B a s
e @23 @ =M e oW g R e Sy By
D 7 =3 ] = [ = =
SEEEfLcSshoddailacgE seSfFgEat 2
a2 woes S b S D 8 S EpEa ]
i -

S wu:.aﬁa.ﬂhm o ) . , ) . "ORA0 LOIS0ATOD [ESIO?goam: uy
Tl gmeangn e od ] 20 elaga o ) ; L A7 piaoncd worres
MAN[ 58 poppe ayrndess jussteg Tog o «wmnm cu.m_mw%.mmmm@mwcmm\_cwunwowm SSED [[® U7 posn andesd pasapaog .Em%_mwquum@ DU ALm|sar &g wmbo_?wwmaaﬂwm% ¥
o .ﬂ..m_t.ww.".on%ww m.mommE. suoldaya SUmof[0) oyl Y1t ‘yaSuar :anﬂ_.._%mml_w i V5 130%: it rs
IV '0UI 'OIN ‘000) sopixo PApAyap ﬁS_uE.:Hwa.am a.zp HWMH_MWMM. E_: aerthwmﬂme a
.. .. zw

_—
—_—

G4 LT i

ey T . M LA
vm ”.. ..... Ta01q uﬁmm..?w.w %w%m: .wmwﬁwm o l....oEq..F_ ol wE: W M_.m
.w.m_. gt o .r:ﬂ e .mo_z:@rw _ OMABLL ‘uM01q Ylaw 0 Luigy

o i ARIS HIUD ‘)05 ‘Brafjag lvv------- AL _

g | SAN-0] 01 -9 ‘tiwn 3j08 “mE::ﬁM | AT 101G Tt 09 Ty, | om

10 | TTTUMOEY '8 *S10)at [ R
USBULMHT 01
ﬁ ‘UNOIG Y1BY 0] UBl ‘3708 .mﬂ::%@ |

B I wmeighuis o waoyag oo e- g
§U LI maorg waws 3jes sanag | b
NW. .............. EBQ\MMJ. ........... opTTTTo g ............. GEW_.MU‘ o
I UIIED 1708 ‘SI9[13T |-~ "= - ~31qmLer ‘v gLl
o £ead prey .wumxwm emeoao PR TUSOIG gD 01 Um, ¢ gy
o LT UB315-£%13 prer ‘sqoq[ag (----c-c---
S N % ABIS 9405 ‘staffag - veeeeeo--
67 [rormrmeee TR S Saliod |
L ABLs siaed -7
wm. 7 ................ . _H3213 Jawp 'syatysg .7. L T [CEREE S OrL . ]
........ P i 193 1153 i 1T | S
_.....‘-.-..f...fl....l....\ 4 ,_ AlqELy “Lr1p) | S| TauBpa qesuo 5 ,_wm.mw [ _
op T SIQEY 108 ‘Homg | s0r o
L2438 418D 108 appag e oeee e , -
: A1y 1505 ‘Aus 01 usyr | 4 FLT )0t
_ - _, L o o0 k £
—_—
| T
- | . |
e | | | loums
o jo sonues _ Nusong. | i habie s
ALy £ SOINUEIE Jo souervaddy % 8%80 £1p o0 avuezBAddy T.Eo& | 1anpoad _ Do | elsw [0 saysesm
Ang onw - UFHmeEied | O Sumsemgo | WBFLA OnEr  ganwy |
| _ | -aq | oy ‘wonmmg | .Mm%.m ! poqEy | o Jra wmsp
. | - h v ~tipe] N
| | | | g G LR
-_ . , WRY  yse gy omE)
UOMBINELIO] [Bury e | i |
| Suidiq T ———
| Stryse g

ABNLLBY - §30 A0 WO +0pu fo Bussan z
7 : k otd s33fp0300 12322u pup
bex §vQos fo ﬁcﬁb.hunmknwl.ﬁ argyv
! L




