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During experimsntzl work on the beshavior of various oxides
as cztalysts for the conversicn of CO and ¥y to lydrocarbons and
oxrgen-containing organic compounds, it was discovered that catalysts
bpased en thoriwe are outstandingly well suited for the synthesis of
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hrenchned Tyirocsrbons.
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and the opitimil range oF presiears

catalyeh, A5 one-somnonent caoalysis, Lao Lhorlws calelyst Lo
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lov: pressure, for exampls. 30 atmosphera., Lranshed hydrocarbons

have been nuiained in larygr guaatitiaes,  This paper desls only with

thess therive catelyvste bensise oy the wook done in thia {ield



genergily as the starting

Gerncral.

#ater gas with a 00:Hy ratio of 1:1 to 1.2:1 was used

zag of the cmithesis. Such 8 gas miviure

corresponded to the corsurpticn of btobh corconants, under optimal

conditions <f

dimethylether and Hp have been used as starting substances.

experiments, which have been carrisd through

ific

the h31tbe°1r,

A series of experiments have been carried out in which

ation of the reaction mechanisr, are not

port,

The synthesis has been carried out

These
chiefly for the clar-

incluwded in this re-

in CO-prroof pressure

pipes, that is, partly in copper-iined uwnsillcyed siesl pipes and

in another part in unlined alloyed steel pipee,

Sier

wm. ; however, pipes

used without any noticeshle

omal {a silica,

The inner

for exahple VzA or
chromiuvm, aluminum alloy) stesl.

width of the reaction pipes was generally 15
with an inner widih of 25 mm, could also be
herm to the conversion.

[ g&3 has been dstsvmined by measuring

the ermang ciion calculaied from
the nitrogen values, with & finel gas

~ - (S
quantivy o thorium catalyrst,
(paged on oxperiments on the influvsnce of e “low rate}. With a
cenvrachion of 52 percert, this correspondzs to 20 liters per hour
per 28 graws thorium catalyst. Under thess conditions, the yield
vyrsem mevmmgs vyl e Jirem e b d U e U avon e - Triem vavmrlraat tmomrmre T o oonem
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the egmne Lhilon of the gasold Wdrocsrbong in the resuliing

reaction products which are raacved from the final gas by cooling or
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m- ogndive gsihon hos alwsrs casn devercirned by row temper:zture dis~
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TR lludion, and Ao 2iguid cydroce hons Geegsulir the hWydrogenlzed preo-

1 A S - iimmye PO T - 24 .- O N P T ST . Tem o -~
duecte) rave ceen deler-in:d by fine Clsulllsallone From each iractlion
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of the liquid hvdrocarpcns, the refractive index, density,
iodine-~thiocyeno r.v. o, aniiina~polint, etc, have been determined,
liorsover, ths resuiting giscline producte, &fter the proper disiilla-
tion and the standardizing of tie vapor pressure in the crude and

the refined staie with end without the addition of lead tetraethyl,
have been tested in an I.G. testing motor, accordiag to the motor

nethed, for their resistance to knocking.

The Thorium Catalyst.

110N
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- Thz hest thoriun catalysts sre produced by precipit

of thorimm sald solubtions, generally Ly wecipitation of the basic

carbeonate by sodium carbonaie from the nlircte sclutions, The

- o - . TN ad o 5. - 31 R -y A e b = -~ 2,
pesause snall smoanis of alkaelii reduse Lh: activits of the Lhorim

granulatag,
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Som coudd LB regpeneriien by treating thes with sir at the con-



" ‘Phe Zeaction Products &g Dependent
on the Conditiors cf the Synihesis.

The kind of 4the vesuliing reachion preducts is depsiident on
gae foilowing econditions: The compositicon and the methed of produc~
tion of the catalyst, the temperature, the preasure, the time during

iv;hich the gae sheys in the contaclt space, the operaticn (CO and He)
in several steges, the material of the reection pipes, etc, Figure 1
shows the composition cf the reaction products as dependent on the
synthegis temperaturs with a pressure of 150 atmosphares and a flow
rate of the éases corresponding to 10 liters final gas per hour per
28 grams of catalyst.

The quantity of the resulting alcchols and of other oxygen-
containing orgenic compounds, which prevail at lower temperature,
especially below 375°C., decreazsas fast with rising temperature. In
the region of 2375%C. t¢ L25°C., mostly liguid branched aliﬁhatic
hydrocerbons are formed, With rising tempzrature, the guantity of

napnthenze, whiich resull, incraases 21ly. Thelr share in the

liguid productc is nct cowzidersbls al 37%%C., Lut reaches 50 pes
eonl et LS Lo BEDTT. RALL tewpevelirzn o7 LR 4s Z00PQ.L, sroe
matic subolaness couvid alio ne idantilicd i the nigher-boiling
fractions f the resalring iilcuwid hydrocavhone.

The quantity of paseocus reartion peoducts increasss from
less than 10 percent &t 375°C. 4o 30 parcent of the reaction pro-

Lt P ) . : . - .
ducts ot UWCPC. The greatest quentily amang he sirglie hydrocar-

bone is that of isobutanz, &b LSO® tec LADPS., one-third of the
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mubene resulied; for example, in guanmtities of arsun 10 percent, of

she iscbutane (0.5 to 3 percent of the totsl produsts). The quantity

of the normal pentane wss only one percent 5f the 1iguid hydrocarbons.
rabie 1 shows yields of gasoline and gasol after the opera-

tion in one stage under different expsrimental conditions, that is,

=

ifferent pressures and different material of the reaction pipes.

[&N

Tith the exception of the last experiment, the temperature was always

LECPC,
Patle lo~ Yields of Gasclins end Gasol
Under Different Bxperimental
Conditions.
Yields, inert-free gas, g./Hm3
Material Gasodlins
' Pressure, Temp., ©of the and
Exp. No., atmos. ©C, reaction pipe Cy + n=C)i i-C), gasol
Th 61 0 Lso copper - - -
Th 13k 6 450 copper - - trace
Th 151 30 1] copper g.1 ol 16.1
Th 101 150 L50 copper 9.1 30.0 29.7
Th 153 150 L50 copper 1L 21.7 31.3
Th I3 300 LS50 copper 20.4 L1.6 37.b
Th 1bk7 500 L50 "copper 6.0 k6.5 L0.5
Th 139 30 450 stainless steel 10,7 10.7 22.6
Th 15h 150 L30 stainless steel 7.2 13.7 55.5
Witl 2tzostheric rrassure, no reachion could be observed;
mith & zbmospheres, b was insigrificent. Witk 30 atmospheres &nc &

~ =3 Faloas = oy £ | = e s i 7
sonverzion of 22 percent of the 00, 5.1 grams C, + n-Cp rrdrocarbons,
3 y

1) - - - - >
5.4 grass 1-C), hydrosarbons, and 14,3 grame 1iguid hydrocarbons per

normal cubic meter inert-fres iniet uas was iormed, With rising

inersased. It reached, at GCO atmospheres,
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carbone w2e gre=ter when Vsh (si8inless steol) pipes instesa of copper-
lined piprs were used.

Figure 2 shows grashically the influoemce of [regsurs on the
Field, cbtainad &t 4S0PC. in one stage. The yields of liquid iyrdro-
carbons and g8ecl increase wiun rising rressurs; and, connected with
this, with longar siay ¢f tns gases within the catalyst space, the
conversion of carbon monoxide also increeses, This conversion of
carbon monoxide can be increased with rising pressures, since the
danger of a carbon formation declines with this increase.

with lower pressures, for example 50 to 100 atmospheres,
a similar conversion can be obtained, if the operation takes place in
ssveral stages ihstead of one gstage, using a pressure of 300 to 500
atmospheres. This means that the necessary gatalyst quantity is so
nuch lbwer that a higher working pressure is chosen.

Figure ! shows a typical gaseol distillation cf an exper
ment, which had been carried oub with a prassure of 150 atmospheres
and 3 temperature of L&0?C. (Th 1012). The main fraction is an isc-
tutane boiling at 1270, Iseruizns, in the vortions boiling bteiween
«YF ang Lo, w33 alxave tesied Tor by Lraatmenl with 6L nercent

e as Ch bt mene ek et
suliuris acid, but wes not Tormel,

atmospheras
hydreogenized hydrocsrbon, In Tebls 7, tn. rolractive index, ths
denzlity, the anlline poinl, and ithe speciiis dispersion of tha re-~
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Figure 2.~ Influence of Pressure on the
"~ Yield in One Stage.
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tities of nowwal rwifiing have 2qen obhhained,  sbout one pscoand of

bat 12 percent was isc~ptnlane
boiling at 28°C, Relatively large grantities consisted of 2-methyl-
rentane (13,6 percent) &nd nossitly of 2.~ and 2,2-dimethylpentane.
Trnie nunmbere compiled in 7U2ule ¢ give us an approximate picture of
tre compcsition of the hydrocarbonw,

Tatle 2.~ Deternination of the single fractions of the
1¥ouid reaction rroduct of Lxperiment Th 1012,

Boiling 20 20 Aniline Specific
No. point, ©C, 12)) 4, point  dispersion cm
1 20.0—26.9 o - - - 95
2 26.9~—30.9 1.35432 - - - 140
3 30.9-~47.8 1.2580 0.%255 - ~ s
L 50.5+59 .l 1.3720 0.653C - - 50
5 59.4=—60.3 1.373C0  0.6556 - - 100
6 60.3=50.8 1.3730  0.6555 - - 65
7 RSN 1.3738  0.6555 - - £0
8, €1.5—53.9 1.3757 0.6600 - - 50
9 Bl.2==72.6 1.3849  0.5802 - - 50
10 72.6+~79.0 1.3920 0.6951 c8.4 99.6 60
11 77,7322 - 1.3877 0.5850 68,1 99.7 50
12 82.3-~84.5 1.3866  0.5830 71.0 100.0 50
a3 8l .3-=88.k 1.3917 ©.59L8 65.9 - 50
l’.‘ 88-6"“’90r-3 1039?9 0’4 71—2h 5958 bl 50
15 90,3—90C.8 1.4008 0.7210 56.9 - 50
15 90.8~91.0 14017  0.7235 56.2 9854 50
17 91.0~91.L 1,022 0.7250 55,4 93.1 e
18 91, 4~92.7 1501 0.7265 £3.6 - 40
19 92.7~-97.9 1.Lo78  C.7387 50.4 - 0
20 98, 0--10ko 1 14150 2.7576 L. 6 « Lo
21 10k . L-=107.5 14190 (Q.7560 L5 102.0 50
2 107.7--10%.5 1.4150  $.7500 50.5 103.7 50
23 109.5-~110,9 1.L120  0.7h88 58,1 1002 50
2 110.9--112.2 1.4138 0.7458 6.5 96,3 50
25 113.2---117.0 1.k1he 00,7307 c5.2 95.9 g2
2% 117.0--119.5 1.4182 ,738% 52.8 57.3 L8
27 119.5~124,3 1.h220 0.76L9 50,2 98.3 60
28 124.3~-132.3 1.4269  0.7720 L7.3 103.1 50
29 2 —=152 1.kk2c  o,79k0 36.6 112.1 T
30 152 =159 1.hkhe  0.7985 34.6 i17.2 100
3 158 . -367 1.Lh9% 0.8028 20.9 115.7 100
22 167 193 l.u620  0.8235 0.5 128.5 10
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Tablis 3.--

Identified hydrocarbons smong the liquid reaction

product” o1 Experimant Th ICia.

Boiling Percent by volume
range, of the liquid
.. °C. Cconpourid raactlon product

20,0—33.0 2.42irylsutane 11.8
33.0~=47.8 r-Pan..ane ~1.0

2.2-Dimethylbutanse < 0.2
not identified ccmpound ~0.3
not identified compound 1.7
64.0~-88.5 -~23 volume percent naphthene 2.9
~17 volume percent paraffin 9.6
(These {ractions probably
contain gresater portions of
2, i~dineshylpentane and 2,2
dimethylpentane )
88,5-<958,0 1,3-Dimethylcyclopentane 9.
2-¥ethylhexane S.1
98.0~-113.0 ~58 Volume percent nachthene 7.8
~32 volume percsnt paraffin 3.7
113.0-131.3 ~75 volume percent naphthene i
~24 volume percent paraffin 2:h
131,3-239 Nzphthens, 2rcomstics, paraffin 22,3
233 Reeidue (sclid) De5




. Flgure § and Tables ) enc § show analogcus'results for the
oxperiment at 150 zimcspheres and 375°C., Th 101b. The products of
this expariment a-e different from those obteired at LSOPC. by an es-
Fenticlly loser usphthene contest and b o higher content in branched
fiiyketic hyarecerbone (eompars Tabie 1),

Tabls L.~ Determination of “he single fractions of the
liquid reaction 'roduot sf Experiment Th 10.1D.

Rciling 20 20 Aniline Specific

Ko, point, ©C, 7 mp dar, point - dispersion

1 27:b==37.7 1,551  0.6520 - 115.6 10

2 hO- 0""5903 103752 006558 - 106.0 10

4 60, 5=-560.7 1.3729 0.553% - 95.3 10

S 600 7"‘6291 lu3730 Owésha - 97-3 10

3 62.1-—76.17 1,3851  0.67L5 S8k 104.9 10

7 76.7—=80,2 1.3893 0.6819 £1.7 10L4.6 10

8 ’ 80- 2".81. 2 1;38)49 096733 ?20 1 96; 8 10

g - 81.2~~81.3 1.3849  0.673L 72.9 98.9 10
10 81.1--82.0 1.385% 0.6738 7.2 98.8 10
11 82.,0~-85.L 1.3900 C.6790 é4.5 1c7.2 10
12 85.L--82,8 1.3962 0.6993 58.! 105.4 10
13 89,8-=50,9 1.3981  0.7119 59.0 . 10i.8 20
}JJ ’ 90\9"“910& 1‘3992 007161 57'9 9706 10
13 91 Ji~=57.3 1.L032  0.7237 S2.k 95.6 10
16 97.3~=103.6 1.Loss  0.73LS 52.4 98.8 10
17 108 96“10908 1.1.30116 Oo?EhS 6307 ?90"; 10
1 109 8=-109.9 1.Loko 09,7232 £5.0 99.6 10,2
13 109,911k ,5 1.4067 C.7283 62.0 37.6 10.3
20 11k, 5e327,7 ARETat T S Rt £3.5 95.0 10,0
1 11771200 TS X T STy 1.1 95,8 10
22 120,0—125,9 1.0214 DL TaLT 15,8 56,.& 1
23 1LE b3k b L1230 9,710 5K, 2 102.2 50
:‘ 151191:"315199 ’-:...il._—)‘&\l_“ ‘3.:?75’3 52—5 105«»7 50
25 181.5-~151 4 Y.LLon  OL7s0E 21.1 108.9 50
2é 192 . 4-=225.0 14620 0.R%253 35965 120.90 23

225 o - - = 10
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Erdrocaroons delermined among the liquid

*,.utlou rreducts of Experiment Th 101b.

Boiling Parcent by volume
range, of the liguid

el. Compound reaction product
27.4~ L7.8 Met, determinedﬁf 2.8
L7.7--75.5 2-¥etvlrentane 30.9
73 © S"" 85n3 2 ,b"Dimetm’IFEmane 12 -3
85.3=102.5 2-3ethylhexane C 6.1
1,3-Dimethylcyclopentane 6.1
102.6~-132 2- oli 3-fold branched octanes g.1
112225 uncertain £l.3
22% Residue 2.4

-

~/The isopentane fraction was aot caught under the liquid pro-

ducts of this

distillation.

Table & shows a clsssification of a series of measurements

" for resistance Lo knocking by the motor method.

The first seven gasoline samples have been washed with a

30~pe§cent ealciuwm chloride solution tefore stérting the determina-

tion.

Taa sampies 3, 3, and 10 have been hycrogenize

catulyst hefora

¢ predact had an ool

- 2~ .
g Lipits. (Gompare B2

these are betwesn £2 z2nd CE,7.
The pasoline {11) cbtained st LSCPC,
2nd hydrorerized hefiore testing the resistance

ana number 8L.5

ocvane numoer, The oct

‘The octane numbers &re between 78 and 80, that is, rather in-

vperiments 3, 4, and 5,

5 (Sxperirment 13).

ed on a nickel
tane numbers of

and 150 atmogpheres.

+to knocking, afier
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Conclusion

Operating with thorium catalysis and in one stage, 110 grams
yascl, gasoline and 0il, could be obtained per nbrmal cupic meter inert-
free inlet ges, Operating in two or more gtages, it should be possible
to increase the yield still more,

The composition of the reaction producus cocuid be varied
sithin large limits by the choice of the synthesis conditions, For
example, the yielde of isobutane could be increased from about 5 grams
per normal cubic meter, when we operated for the highest vield in
1iquid products to 50 grams per normal cubic, when we operated with
a corresponding lower yisld in liquid hydrocarbons. ¥ith the preciée
knowledge of the influence of the catalyst composition, it will be
rossible to favor in a much higher degree the formation of certain
desiréd hydfocarbons.

The octane numbers of the resulting gasoline, after 2
hydrogenation and an addition of 0.08 volume percent teiraethyl lead,
were up tc 95. By using the resulting isobutane for the production
of alkylation gasoline, the mixtures of both gasclines couid be im-

proved to octane mumbers of 100 and over.
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