Egg = aleohols was done as follows: The water-soluble
% ‘alcobols were extracted, and the fraction boiling
below 100° C. was concentrated by preliminary
distillation. The aqueous distillate was distiled
ractionally in a special column with s rotating
6. nd. This column differed from that de-
g Seribed under () on page 20 by the shape of the

ixtures could be drawn off. Alcohols present
-the reaction water were determined by a
“similar method. (Isobutyl alcohol and water
- form %n azeotropic binary mixture boiling at
= g.9°¢G) . - . Lo .
- An ammoniacal silver solution ‘was used as a
est :for aldehydes, Aldehydes were observed
oly; when alcohols also were present in ap-
“preciable amounts. Ketones were represented
by small amounts of ‘acetone, which was pre-
‘cipitated s the phenylhydrazone by a satu-
ated solufion of p-nitrophenylhydrazine in 30
Cpercent acetic acid. The precipitate was -
eréd with suction in a fritted-glass crueible,
ashed in' a small amount of distilled water,
nd weighed after drying at 105° (.
In the single instance where phenols were
obtamed, they were shaken with sodium hy-

acted with ether.

DETERMINATION OF THE GASOLINE KNOC
, RATING -

: o .o
Octane rafings were determined by the motor
method with an I. G. testing motor.®

NVEQTIGATION OF LUBRICANT PROPERIIES OF THE
HIGH-BOILING QIL FRACTIONS

In some instances the liquid reaction products
tained small amounts of viscousoils.  Lower-
boiling ‘components were removed by vacuum
distillation, and the residual oils were examined
a%;20° and 50° C. in a Vogel-Ossag viscometer.

COMPOSITION OF LIQUID PRODUCTS FROM
A LIFE TEST OVER ThO,ALO,; CATALYST
AT 300 ATMOSPHERES

DESCRIPTION OF DURABILITY EXPERIMENT

3A life-test of o thoria-alumina (5:1 percent
Y weight of oxides) catelyst operated at 300
:.El;lpspheres and wvarious tentperatures was
fUTled. out. The catalyst was prepared by
—cotharate precipitation. The reactor contained
84 grams of catalyst in a layer 165 centimeters
length,  The gas throughput corresponded
0. 205 liters of outlet gas per hour.

-6 experimental results are summarized in
’tb o) 106 and figure 8. Operation was started
__3_‘52_5_& measured by the aluminum block-

. Klréa‘{tstoﬂ‘-Haﬂdbuch.: Frankh. Verlagsbauchhandlung,
» D. . .

1S dd, which was so constructed that azeotropic |

droxide, dcidified with sulfuric acid, and ex-
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furnace sirrounding the converter tube (allow-
ing for the difference in heat removal, this
temperature corresponds to 450° to 475° (.
in the small-scale experiments réported in the
earlier pages of this paper). In:the first 13
days, catalytic activity was high; gaseous
hydrocarbons were produced in relatively large
amounts, but no dimethylether; All liquid
reaction produects were collected and subjected
to precise fractionation for further study. - A
" quantitative determination of the yields (grams
per cubic meter of inert-free water gas) was

- made on the third day: 69 grams is0-Chydro-

carbons, 20 grams C;+hydrocarbons, 17 grams
Cs + 2-C, hydrocarbons, and 2.5 grams water-
~soluble aleohols:

3
Ve

|m

::b‘::; !j; ?51‘"-'~.'1;§:E§§—«2l' ; ﬁ_ i ; 'I%_.:
1 HINMUE P
* _I; 5’,}5 L‘; Vi qu
AN} ’,f 5 gL maaril
Tl TN ey
Sl HINEERY ol
S é T e
AN RN

1
.
1
v
T
H
I
]
;
i
1
1
]
1
!

S

o =] 20 20 4D k4 L1} 50 oo ng

B
o

) o
TINE, DATS

' Ficure 8.—COURSE OF A DURABILITY TEST

(NO. 250) WITH ThO,+20% ALQO, CATALYST
AT 300 ATMOSPHERES.

On the fourteenth day, increased pressurs
drop across the catalyst bed indicated that-
reactivation treatment was necessary. Air wag
passed over the catalyst at a rate of 100 liters
per hour for 24 hours at 425° C. (until carbon-
dioxide could no longer be detected in the sir
issuing from the converter). When ireatment
was completed, the pressure drop across the
catalyst bed was agein small. Operation was
resumed at 425° C. Carbon monoxide con-
Version was approximately the same as before
reactivation (70 percent), but the formation of
low molecular-weight, gaseous hydrocarbons
was small, and hydrogen conversion showed a
corresponding drop from 65 to 60 percent.

On the evening of the seventeenth day, the
temperature was decreased to 375° (. to
obtain larger amounts of liguid hydrocarbons
for a preeise fractional distillation. It will be
seen from the gas analyses made from the
eighteenth to the forty-second day that con-
version decreased with temmperature. At 425°
C., no dimethylether formed, whereas 3.8
percent by volume was obtained at 375°
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TaBLE 16.-—Life test in the 1sosynthesis over ThO,ALO, (5:1) catalyst af 300 atmospheres pressure o

100+1H, gas (684 g. catalyst

n a layer 165 em. in length)

du
Conver- n AT
sion, per- Gas analyses, percent by volume * Yields, g.fm?® CO-H;
Time, | Through- Teg_’ troe. cent v
days | Put, liters Elgre tion, . . ‘ShC‘
Y8 outgesthr. oC. | Per- Bi- Hy- Hydrocarbons Alco- s rea
Ut | 06| Hy | Ges| me. | 0O -1 01| €0 | E |arosar v | ™ e — I}.leg -
ether bons Gy | Cedo-0s ! st scﬁume) ether
I|oe 2810 (o |sosjase! o |_____ 8.2 14
B0 1437 50|01 |60 174 o275
1|0 25| 0 s |esr| o LD, .1 -
T10 1350 5| afarg|195] 59]15]132] e 7] =0
I/ 0 2500 |0 |sz1ldral o [ 8.0
B L0 lss8| 4ol feesafina; 60l7%] 130 120
10 241 0 15131385 0 |0 7.7
Ejo0 a9 zas| 2248220 5s|1e|12s
I o 2.2 | 0 17511 [ 3, 7.4 u
E| 0 |84 56| .3|236]|247 1L &
I[0 2410 lo. |soald00 7.1
E ! 3s{146]| 1.0/0 |305]aLs 20| 10 1/ 12
I40 .81 0 |o |s05]407 7.0
E [ 271185 26|0 |356] 00,7 10.2 o
I|o0 Lé| 0 [0 [51.0]404 7.0
E z4 222 270 {32720 10.5
I|o0 200 0 [0 [5L7{300 7.3
E 221288 381 .1)es8log 1.5 &t
1[0 181 0 (0 |5.0]308 .3
| E 202653 340 1290 25! 52{18j1s &
I 201 0 |0 l5.4(302) o [ 74
Efe l2l1].29f 111338268 44118100
I o 20| 6 jo [sn4ls0z2| o | 7.4 6t
E B.7 e 0 1385|207 27117 104
Lo J1ei 0 jo [sneiaz] o |_ 7.7
E . 214160324 190271 o¢
I 5191883 0 . &0
E 37112801 1.2 30 11,0 o5 6 3% 54
1 L5181 0 |l 7e
E 276300 L&[25]110
T. 5131305 o |- | %%
E 40.0 1 280.91 L7026 102
1 sL9ls8l o L. 7
E 35.5 12831 282717 108
T 50.6 4.8 o |- 7.0 )
E 4.0 9%.6( 3.1]23 106 27 1) | tg

" I=inlet gas; E=outlet gas.
b Reactivation, 100 liters air/hr, 425° O,
¢ Chiefly methangl. :

- There was little tendency to form saturated
gaseous hydrocarbons: On the thirty-first day,
only 0.6 percent of saturated but 1.0 percent.
unsaturated hydrocarbons were produced. The
yield on this day was as follows: Ten grams
180-C, hydroearbons, 1 gram Cy~+nC; hydro-
carbons, 12 grams C,-- hydrocarbons, 7 grams
alcohols (chiefly methanol), and 66 grams
dimethylether, respectively, per cubic meter
of inert-free water gas. Beginning on the
forty-second day, the temperature was grad-
ually increased again to 390° C., 400° C., and
finally to 425° O, Simultaneously, contraction
increased and the dimethylether content de-
creased. At 425° C., conversion was 4RpProxi-
mately the same as was observed on the eight-
eenth day.

From the sixty-third to the sixty-fifth
day the temperzture remained unchanged, but
the gas throughput was Increased from 205 to
300 Liters ‘of outlet gas per hour. -It will be
seen’ from .the contraction that when heat
removal is good, the gas throughput ean be in-
creased ‘considersbly. ' The usual throughput

4 Reactivation, 100 liters air/br., 415° C.
e Also 2.9 z. Czand 10.5 2. C1 hydrocarbons.
f0.2 . of this product was cil-scluble aleokol.

in this experiment was 205 liters outlet gas pé
hour, which corresponded to a space velodityl
of 30 liters outlet gas (45 liters inlet gas) per

days the throughput was 64.5 liters of inl sty
gas per 100 grams of catalyst per hour; thati
almost 400 liters of synthesis' gas per liter
catalyst per hour. : T

On the sixty-fifth day the synthesis temper=
ature was again lowered from 425° to 415° C
This time the drop in gas conversion was more
abrupt and the pressure drop increased. - O
the eighty-second and eighty-third days, the
catalyst was again treated with ajr (100 lité;
per hour, 415° C). Asa result, contraction 8}
415° C. rose from 16 to 27-28 percent. A yield
determination showed the Presence of 25 grams
150-C; hydrocarbons and 38 grams C;+ hydro?;
carbons per cubic meter of inert-free CO-Hg'
feed gas. The temperature was maintained ‘4t
415° C. until the one-hundred and fourteenth
day, when it was again raited io 425° .0
The composition of the product obtained onth



ne-hundred and twenty-second day is shown
in table 16.

The gasol and liquid hydrocarbon fractions
discussed bhelow were collected at 425° C.
during the first 13 days (experiment 250a)

nd at 375° C. in the period from the eighteenth
tor the . forty-second day (250b).
shows graphically the composition of the total
reaction product obtained for these two periods.

425°

Wethanal [~

Methone

Lz

Cs

375°

Methongl

—— Dimethyl

i-C, - —
ether )

CgF30% i-C,)
CEE.............

[T

>Cn

Fieure : 9.—COMPOSITION OF THE PRODUCT
FROM EXPERIMENT 250 (ONE-STAGE TEST),
GRAMS PER CUBIC METER (CO-H).

ANALYSIS OF THE GASOL FRACTION

U The reshlts of low-temperature distillations
of the gasol fractions obtained ‘during the two
- 'synthesis periods mentioned above are pre-
sented in table 17. The data are shown graph-
. Ically in figure 10. The iso-butene yield in the
first period (250a) was almost 15 times greater
- than that obtained in the second period (250b).

INVESTIGATION OF LIQUID HYDROCARBON FRAC.
* TION OBTAINED AT SYNTHESIS TEMPERATURE OF
. 425° C. (EXPERIMENT 2504)

" The boiling point curve I (fig. 11) shows
graphically the distillation analysis of the
~ liquid reaction products obtained in experiment

250 at 300 atmospheres and 425° Q. (fig. 8).
Preliminary treatment consisted of washing
the. product with water, then lightly hydro-
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Fraver 10.-—DISTILLATION CURVES QF GASOL
FRACTION FROM EXPERIMENT 250.

genating it in the presence of a nickel catslyst,
and drying it over sodium. The physical
constants for the distillation fractions are given
in table 18. - :

The first plateau in the boiling-point curve,
which includes fractions 1 to 8, consists almost

‘entirely of 2-methylbutane and comprises

about 35 percent of the total liquid hydro-
carbons., The second plateau occurs at 60° C.
{fractions 9 to 11). A number of hydrocarbons
thet may be considered as possible reaction
products boil within this range: 2,3-dimethyl-
butane, 2-methylpentane, and 3-methylpentane.
The curve has one more plateau at 90° C.
(fractions 14 to 17). A number of C; hydro-
carbons distill between 78° and 100° C., as
shown in table 18. _
Figure 12; curve 1, shows the distillation
curve for a quantity of 290 cubic centimeters of

IS0 I R ! . / -
I-Experiment 250b . )

Vi
I-Experiment 2560 0g, /
{300 otmos-

120 (300 stmospheres, "
375°C.) T~ ] 7/
Ho . . pheres, 425°C.)

Y T
g 20 — >

o / ///

bl ) / /_,//r ‘

3o =z

\'—“\
AN

- Residuel-_tm
l ’ 28~
FRACTIGN NUMBER i
if2]34 sfs 7i8isojujrliz|k
v 1

o 1o 20 30

20

Sliefriie 1'9,20!2I
t 1

60 T0 80 20

50 50
PERCENT E
Figure 11.—DISTILLATION OF HYDROGEN-

ATED LIQUID HYDROCARBOXNS FROM EX-
PERIMENT 250, _ - :
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‘TanLE 17.—Determination of gasol Fractions from
: the isosynthesis

Samples_ ... _________________ I 11
Experiment No.,._____._________ 250a, 250b
Time of sampling during synthesis,
fodays o a 3 31
-Bynthesis pressure, atmospheres. . 300 300
‘Synthesis temperature, °C________ 425 375
:Volume in-gas used, 1.____._______ 633 517
Volume out-gas, 1___________ mem— 386 « 409
Distillation data, ee.:
Forerunnings:
CHy oL 14, 100 420 -
Gl .. 400 170
e oo . 2, 380 70
Fraction, < —27° C.;
Calloo o . 355 a0
CHyoo o] 1, 435 0]
Fraction, —27° to —7° C.:
FOMHgn ______________ . 1, 440 641
n-CHg ___ 452 138
Gl " 12,228 691
Fraction, —7° to +10° C.:
i—C;Hg‘ _________________ 173 263
-CHe ______ 265 22
. II—C4 T 1, 262 65
Total volume, liters: Q] &)
TOPene. . .. _ 0. 36 0
Propane_______._________"°° 1. 43 0
i-butene. ______________ """ 1. 61 90
ibutame_ . _________________ 12, 23 69
n-butene___________________" .72 16
cu-butane____________________ 1. 26 05
Yields, g./m? (CO+H,) feed gas: ‘
ethame_____._______ " ____ 10.5 .7
Ethylene_ . ____________ " "7° Lo . 5
thane . _____ . _____ . ___ T 6.2 .3
Propene .. __________TTTT77C 13 0
Propane_____________ " TT77° 5.5 0
“butepe__._______ ____ "7 7.8 5.2
“butane - ___________T°" 60.7 - 4.5
n-butene.__ . ______._ . _____~° 3.5 Lo
n-butane_._______________ " 6.7 -3
" Cs+hydrocarbonse_________ 20.0 11. 8
- Aleohols____________ 7777 2.5 6.7
" Dimethylether________ memm e e 65. 7

* With 64 percent H:80,.
b Hg (N 03): method.
£ Composition shown in next section. X
Kd Dimethylether removed from sample with concentrated NaQl and
OH, . .
¢ Figure 9.
t Figure 10, -
‘* Contained 3.8 percent by volnme dimethylether.

 liquid hydrocarbons obtained later in the same
. experiment at the same temperature (425° C.).
Distillation was carried out in & 1-meter band

column. The refractive index was determined
for each cubic centimeter of distillate collected
(curve 2). For the higher fractions, aniline
points also were determined (curve 3).

s hydrocarbons.—TIt will be seen from § gure 12
that iso-pentane represents 24 volume percent
of the total reaction product (fraction 1) and

' n-pentane, 2.7 percent (fraction 2).

s ~ydrocarbons.—There is no evidence of 2,2~

- dimethylbutarie (b. p. 49.7° C., n¥=1.36864,

Di°=0.64.94_). The presence of this hydro-
carbon, which contains a quaternary carbon

-atom, can only be established by a large-scale

precise fractional distillation of the 40° to 60°

" 3 Later found on systematic analysis by Pichler and Titzenthalg.z'

C. fraction.® The following components Were
observed: 2,3-dimethylbutene (58.0° C, 245
cubic centimeters, 8.5 volume percent), 2. -
methylpentane (60.2° C., 17.9 cubic centj- -
meters, 6.2 volume percent), and 3-methyl. -
pentane (63.2° C,, 8.0 centimeters, 2.8 volume -
percent). The presence of methyleyclopentane
(71.8° C., n¥=1.4098) is not evident from the
distiflation curve but is indicated on the re.
fractive index curve, which shows a maximum
of 1.3892 between 70° and 75° O, The quantity

L300
120 1 L0500 —— — L a1 | e
Curve I-Boiling point eurve
= 2-Refroctive index
120} = ¥ Anitine paints L4000 o
1o : 12950
o
[=3
100 = 1 13800 S—
g i\
Engy [ J
%] 1 .
.90 T 413850 ’_\
=3 u 1! .
e, w 1 .
L. & [+ ;
o 1 i
> 80 1 13800 -
et [ . N
= 1 :
= :
o t :
= 70 + L3750 —— —1
ETTRR o~y .
[= B e :
2] N
&0 L3700 —— -
7 177
50 A /' 13650 = -
-40 - 13800 \— .
. " . .
. S
30/ R — 1L.3550 =l
20 ] 13500 J

© 20 40 60 8 ©O =20 40 KO 180 700
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Ficurn 12—ANALYSIS OF LIQUID HYDRO-
CARBONS (290 CC.) FROM EXPERIMENT 250A

- (ThO-+20% ALO; CATALYST, 300. ATMOS-
PHERES, 425° C.). S

of methyleyclopentane represented about: 0.7
pereent (by volume) of the liquid hydrocarbon
fraction. The appearance of methylcyclopen-;
tane is much more evident. in the curve obsained
from the precise distillation in a 1-meter band !
column of fractions

T

tillation curve in the region at which methyl
cyclopentane boils. ‘The refractive index an
density curves show well-defined Inaxima &
72°C. n-Hexane (b. p. 68.8° C., n®=1.37506

T
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QKTABLE 18.—Dustillation danalysis of the liguid hydrocarbon “product (hydrogenated) from the iso-

300":__;4‘,_?7;0_(9_3)]13:"&3737, 485° O ‘

. Size of fraction, | .
Physleal consiants percent by Possible eonstituents
N volume
Fraction Boiling
-- No. range, °C.
Specific 5 Boiling o X
ug D¥ dis- ‘}-ﬁdl'i Total Compound range, ¥ %P
persion | T d1a e, .
52640 0\ 2.0
26.4-26.0 | 1.3530 i 0.828 954 4.9
26.9-27.0 | 1.3332 . 628 95. 4 4,7
27.0-27.1 | 1.35232 -628 5.4 4.7 -
22.1-28.0 § 1.8532 | 624 95. 4 4.7 2 eCy {iso-pentane)__ 0.61986
28.0~29.8 | 1.3538 | 619 g5. 4 S R . -
20.8-31.8 | 1.3542 . 625 96. 2 4.7
81,8-44.8 | 1.3575 . 6303 8.3 4.7
44.8-57.2 11,8712 . 6580 86. 8 4.8
67.2-60.2 | 1.8738 - 6508 96.9 4.9
_____ 40.2-63.6 | 1.3739 L6397 97.0 3.8
63.6-67.2 | 1.3750 | . 8633 96.8 4.0 ————
67.2-77.6 | 13818 | _6778 ]| 961 2.8 8L
71 T.4088 L, __
77.6-86.3 | 1.8879 - 6868 97.7 3.9 78.9 1. 0. 6737
56.3-91.2 | 1.2948 7076 46, 8 4.9 80.8 1.3824 LB728
91.2-95.3 | 1.4003 7IST 96.6 3.9 80.8 135804 .8001
95-108.3 | 1. 4074 7328 101.2 2.7 8.0 1.3910 .6931
- 89.7 1. 3920 . 0544
. 807 1.3801 . 6787
91.8 1.3887 . 6500
1, I~di-hMe—cyele Cso_______ _ 87.5 ] 1.4139 L7581
+1, 2-di-Me—eyclo Cs..o . - 91.8 {- 1.4126 -} 7533
-+1. 3-di-Me—yelo Co - 91.5 | 1.4144 L7562
n-Crooo 98.4 1.3877 . BB37E
A 100.8 | 1.4935 LiT00
J1103.3-109.9 | 1.4118 | 0. 7408 101.2 3.9 98.3 1,39157. ]. -. 66194
2710891173 [ 1. 4160 . 7368 103. 7 4.0 106.5 . e
117.3-131. 2 | 1.4118 Wi 110.4 5.0 167.0 1.3930 0. /936
131,2-138.8 | 1. 4345 L7823 116, 7 3.9 108.0 1.39582 |, 6963
132.8-140.1 | 1.4375 LV8TL 118.5 8 109.3 1.39295 . 6943
110.3 | 1.4032 L7162
PUO | [ecen| 1006 8. 85di-Me Ca T 111.0 1,3993 . 7088
113. 4 140461 . 7198
114 1. 4033 L7182
2.3, 3~tri-Me Cs...______ 114.2 1. 4075 -T258
+2,3-di-Me Cs__ 115.7 1.40117 .71240
+2-Me Cs L 1IT.2 13047 | Lpa7s
3 4-di-Me Co 137.8 1 1.4045 7195
~+4-Me Cy.______ 118.C 1.
3-Me-3-Et-Cs 118.4 1
3-Et-Co 118.9 1
+3-Me-C; e8] 1
o-Cy. .. 125.8 1
Et-eyclo-Ca. ... 039
1-Me-1, 2-di-Et-cvclo 108.9
1-Me-2-Is0-Ca-cyelo Ca. 110-111 |
1,2, 4-tri-Me—cyelo Cso .. ___ 113 |-
Oyl O e e 117.5 |-
1. 3-di-Me—exelo Coeee oo . 120 4
—+1. 4-di-Me-eyelo Co. .. __ 123 |-
1-Me-2-Et-cyelo Gs o . ____ 124 |
41, 3-d+-Mee7elo Cooom e o1 126-129 |
CrereloCs . ol - - 13,3 |
Et—cyclo Cso o - 1318 L
| 3.3, 5-tri-Me—cyele Cooooll 187-139 |_ -
+1, 2, d-tri-Me—eyclo Cooooeen s e 140-145 | ... i-_______:

-~ =8ee figure 11, curve 1.
alls :
" C; hydrocarbons—The distillation curve in
figure 12 flattens out between: 80° and 84° ¢

D2£=0.65942) is present IO]lij/i m t-fa:ces, if at

- and shows a.break at 91° C. corresponding to

3 leveling off of the refractive-index curve.

or the region between 90°-and 100° C., the
aniline points drop from 63 to 55. - -

..The curves obtained by precise fractional dis-
tlation of fractions 12,13,and 14 of table 18 (fig.
13 and table 19) and fractions 15, 16, and 17 of
table 18 (fig. 14 and table 19) present a more
accurate picture of the composition of the C,
fraction. “The presence of 2,2-dimethylpentane

-P.78.9° C.) (containing = quaternary carbon

atom) must be determined by precise fraction-
ation of relatively large amounts of material.
In any case, if hydrocarbons with quatérnary
carbon atoms are present among the low-boiling
compounds, there are only small amounts:
(In subsequent analyses, Pichler and Titzen-
thaler weére able to. establish the presence of
3,3-dimethylpentane.) - '
~ The values for the refractive index and the
density indicate that, of the two hydrocarbons
boiling at 80.8° C., 2,4-dimethylpentane and
2,2,3-trimethylbutane, only the former is prées—
ent. Tt represents 2.7 percent of the liquid
products. o LT
There is no evidence of the presence of

ma
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Fieure 13.—PRECISE DISTILLATION OF FRAC.
TIONS 12, 13, AND 14 (144 CUBIC CENTIL
METERS) OF EXPERIMENT 2504,
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8,3-dimethylpentane (b.p. 86.0° (). 2,3-Di-
methylpentane 89.7° C.), 2-methylhexane (80.7°
C.), 3-methylhexane (91.8° C.J, and the di-
methyleyclopentanes (87.5°, 91.5°, and 91.8°
C.) make up 8 percent of the distillation product
in figure 12 and 10 percent of that in figure 14.
The dimethylcyclopentane content calculated
from the aniline points is 2.5 and 3.9 percent,
respectively, of the total liquid hydrocarbons.
No n-heptane (98.4° C.) was detected, and it
probably occurs only in traces, if at all. Methyl-

cyclohexane (100.8° C.) probably Tepresents

about 2 volume percent of the total liguid
hydrocarbons. The aniline point for fraction 9

of figure 14 (100° to 106° C.) indicates a naph--

thene content of 81 percent. This high naph-
thene content corresponds to 2 well-defined
maximum in_ the refractive index curve of
figure 12. No such meximum appears in
figure 14, where the refractive indexes were
determined simultaneously for larger fractions,
whereas in the distillation represented in figure
12 the index was determined for each cubic
centimeter collected.

In general, the naphthene content increases
with the boiling' points of the isogynthesis
reaction products, ranging from nothing for the
lower fractions in figure 13 to 81 percent for
fraction 9 in figure 14. In all, 19 cubic centi-
meters of naphthenes were obtained from 144
cubic centimeters of hydrocarbon distillate
analyzed in figure 13 and 67 cubic centimeters
from 145 cu%ic centimeters of distillate in
figure 14, ‘

At about 110° C., the refractive index curve |
again shows & minimum and the aniline point
Curve & maximum. At this temperature
aliphatic C; hydrocarbons distill over. Reason. -
ing by analogy with the low-boiling hydre.
carbons, it is probable that the principal com.
pounds are 2,4-dimethylhexane (109° C) and
and 2,5-dimethlyhexane (109.3° C.). Under
certain conditions, probably 2,2,3-trimethyl.
pentane (110.3° C.) and possibly 2,2-dimethyl-
hexane (107° C.) and 3,3~-dimethylhexans
{111° C.) oceur. ‘ T

It will be seen from curve I of figure 11 that
there are no plateaus corresponding to the bgil.:
ing points of fractions 18 to 22. These were
subjected to a second distillation in the band
column and separated into 12 subfractiong
whose physical constants were determined -
The results of this distillation are summarized
in table 19. ' The naphthene content is fg
high, reaching a value of 100 percent betwear
104° and 106° C. As noted above, betwee
108° and 114° C. it drops to 30 to 33 percent b
rises above 50 percent from 117° to 127° (.
reaching 100 percent again at 134° C., Theii
octane fractions distill in the middle tempe
ture region, where the smount of paraffin .
hydrocarbons rhay be as high as 70 percent,
Individual octenes could not be isolated by th
distillation procedure used. Table 18 cont ing
the physical constants for the C, hydrecarbong. ®
Those whose existence appears most probab
by analogy with the lower fractions are in
cated by 8 cross. -

Calculations showed that of the 203.9 cubic
centimeters of hydrogenated ligquid kydro-
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Frcvre 14.—PRECISE DISTILLATION OF FRAC:
TIONS 15, 18, AND 17 (145 CUBIC CENTI
METERS) OF EXPERIMENT 250A. - ]




TapLE 19.—Precise distillation of se

ANALYTICAL PART

lected fractions of liguid hydrocarbon
300 atmospheres, 425° (1)

A~—Fractions 12, 18, and 14, table 18 (fg. 13)

27

product (experiment 260a,

Fraction Ne.

Bo:hg gcx:an ge,

Physical constants

Aniline

Volume,
cC.

Volume,
perecent
naphthene

Volume,
naphthene,
e,

n

point, °C.

1, 3734
1. 3731
1. 3730
1. 3728
1. 3724
1. 3745
1. 3762
1. 3800
1. 3633
1, 3900
1. 3838
1. 3891
1. 3958

WO EQO U W

B.—Fractions 15, 16,

and 17, table 13 (fig. 14)

. 9— 80.
. 9— 89,
. 2~ 80,
. 4— 90,
. 9— 1.
. 0- 91,
A 02,
. 3-100.
. 1-108.
. 3-106. 4

1. 3831
1. 3901
1. 3959
1. 3963
1. 3972
1. 3997
1. 4018
1. 4039
1. 4187
1. 4290

W CORLW

0. 6774
. 6944
L7074
. 7087
. 7129
L7171
. 7223
. 7228
. 7493
. 7617

WO}LMDDH&D—‘DO'\I

C.—TFractions 18, 19, 20, and 21, table 18

88. 8- 98.
98. 2-104
104. 6-106,
106. 3-108.
108. 0-108.
108-3. 110.
110. 2-118.
118. 8-117.
117. 6-127.
127. 4-134.
134. 1-136,
136. 5—-141.

4011
4165
4219
4180
43122
4054
4069
4127
4202
4327
4412
. 4461

DURBRSONWOWO N
P e e e

©. 7496

0. 7191
. 7461
. 7544

[y
—

—

. 7396
. T257
. 7317
. 7443
. 7092
L7733
. 7866
. 7983
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carbons distilled (fractions 18 to 22), 150.3 cubic
centimeters consisted of naphthenes.

~iIn table 20 is summarized the information
discussed in the preceding pages. The cOmpo-
sition of the total hydrogenated liquid hydro-
carbon product from experiment 250a is shown,
as.well as the distribution of the paraffin
hydrocarbons in the —100° C. fraction. The
‘definite break at 100° C. in the precise distilla-
tion data, of table 19B at fraction 8 (62 percent
baphthene) and fraction 9 (81 percent naph~
thene) and 19C at fraction 2 (93 percent
Dephthene) indicates the presence of small

amounts of paraffin. hydrocarbons (possibly
2,2 4-trimethylpentane) together with methyl-
evclohexane.

Only peraffins and naphthenes were ohtained
from the distillations discussed above, because
the product had been hydrogenated before dis-

tillation. The olefin and aromatic content of
the crude products was determined by separate
distillation in a glass spirael column of the un-
hydrogenated liquid product. No atterpt was
made .to isolate individual hydrocarbons.
Table:21 contains the results obtained in this
way. The average olefin content based on the




