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C. H. Young :—LCrocking of Kerosene 81

The oil consumed in thiz year amounts to 222 tins at the rate of
2,000 cu. ft. per 3 tins of kerosene. It is evident that the total annual
output of the gas will amount tc 150,000 cubic feet. Since the annual
expense of the plant, as we have seen, amount to 31,522.25, the cost of
the gas can be easily fignred out as 1 cent per cubic foot or ona dollar
per 100 cubic feet of the gas. At a daily consumption of 500 cubic feet,
the expense amounts to 5 dollars per day.
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VII. Cost oF Gas PRODUCED.

TABLE ¥
Wooden

Month  Kevosene  Chips Retort Wages Others Coal Total

July ... $49.80 $2.40 $117.57 $12.00 $11.20 $22.00 $215.77
Auvg. ... 52.0C 2.40 — 15.60 6.26 16.tv 88.15
Sept. ... 8760 1.20 —_— 15.00 1.50 28.50 133.80
Cet. ... 78.65 2.40 3.20 15.00 6,80 10.50 114,65
Nov. ... 65.70 2.40 — 15.00 9.67 34.50 127.17
Dec. ... 8780 2.40 5.20 15.00 .00 22,50 142.70
Jan, ... 99,00 2.40 —_ 15.60 3.00 43.5¢ 162.90
Feb. ... £2.50 2.40 — 16.00 3.91 — 48.81
Mar, ... 67.50 1.20 61.88 15.90 — 10.00 1565.65
April ... 7878 2.40 — 15.00 1.56 80.40 128.05
May ... 67.50 1.20 -— 15.00 i.25 30.40 115.35
June ... 5€.25 1.20 —_— 16.00 — 19.00 91.46
Total ... 810.85  24.00  188.62  186.00  58.98 269.60  1,622.25
Average . 67.67 2.00 19.721 15.90 4.92 21.65 126.85

The Table V above shows us that the monthly expense of the plant
amounts to $126.85 and assuming 25 official days per month the daily
expense will amount approximately to $5.00.

In order to give a more detailed description, the following table is

given:—
DISTRIBUTION OF MATERIALS TSED
TABLE VI

Month Kerosene Wooden Chips Coal Solders Cotton
tins catties tons lbs. 1bs.
July 15 200 2 80 10
Aug. 16 200 1 50 ~—
Sept. 24 100 3 — —
Oct. 21 200 1 - —_
Nov. 18 200 3 — —
Dec. 24 200 2 60 —
Jan. 27 200 4 —_ 20
Feb. ] 200 1 - —
Marc . 18 100 1 — —
April ... ... 21 200 3 — 10
May 18 109 3 — —
June .. 15 100 2 — —
Total ......... 222 2,000 26 19C 40
Average ....... 18.50 167 2 —_ —

1. Of the three retorts one is entirely out of order, one abcut to give way and
another ig still in goad shape.
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water. After drying, it is refracticnated. The second fraction (80-90)
has an odor of pure benzene, while the higher fractions resemble those
of toluene and xylenes. When the fraction above 200°C. is redistilled,
crystalline mass is obtained, by the odor of which it is found toc be a
mixture of naphthalene and anthracene. As the presence of toluene and
xylenes are so far not conclusive, the author proceeded further investiga-

tion with each fraction as follows:

They are separately nitrated with sulphuric-nitric acid mixture in
the cold. After the separation and distillation of the nitro-compounds
formed they are in turn reduced by granular tin in acid medium to
corresponding amines. A series of mixtures of amines is thus obtained.
By the aid of odors and boiling peints the presence of aniline, toluidines
and xylidines may be identified. In addition to those mentioned, a
quantity of higher aromatic amines may also be found, but what they
really are is unknown. Now summarize the constitutional composition
of the liquid distillates as follows:—

1. Benzene, toluene, xylenes and higher homoleges of benzene:
Naphthalene and its homologes;

Anthracene and its homologes;

Aliphatic neutral oils;

Unsaturated hydrocarbons and naphthenes.

Ll ol o

Among those constituents only benzene can possibly be isolated
pure by fractionation. Owing to the limited amount of benzene present
in the distillate, the recovery of which is not worthwhile. Furthermore
the distillate contains too much aromatic hydrocarbons, that is, the
carbon-hydrogen ratio is too high. It is therefore not suitable for
re-cracking, owing to the fact that an enormous quantity of charred
products will be formed. This product is still a waste yet.

VI. CARBONACEOUS RESIDUE.

In addition to the gaseous and liquid distillates there is always a
onsiderable amount of solid residue, that is the decompogition product
with probably high free carbon content. The yield is 1.16Kg per 3 tins
»f kerosene.
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TABLE IiI

Carbon Dioxide .. .. .. . . 0.2%
Unsaturated Gazes .. BN . .. .. 7.8%
Oxygen .. . .. .. . .. 18.6%
Carbon monoxide .. .. . . .. 0
Methane .. .. .. .. .. Lo 19.0%
Hydrogen .. .. .. . .. .. 7.4%
Nitrogen .. - .. .. - .. 821%
Total . .- .. .. . .. 100.0%

The yield of the gas as the author observed has an average value
of 20 cubic feet per liter of oil. that is, 40 cubic feet of the laboratory
gas per liter.

V. Liqumn DISTILLATES.

In the scrubber and receiver a considerable amount of liquid
distillate is collected. This liquid is mainly a mixture of the liquid
products of cracking associated to seme extent with the uncracked oil.
Its appearance and some of its physical properties are given:

TABLE IV
Color ————————————— Dark brown.
Specific gravity 0.960 at 19°C.
Odor ————-——— Aromatic, with pronouncing odor of benzene

and toluene.
First Drop—30°C.

Yield ——~ — 6.67% (by volume) of the original oil, frac-
tionated for 3 times and the constants are
determined as follows: (3.3590 liters per 38
tins of oil).
0il Yield sp. Gr. at 18°C. Unsaturation
Up to 80°C. 6.7% 0.8515 40%
80— 90°C. 12.5% 0.8680 26 %
90—100°C. 2.1% 0.8650 30%
100-—110¢C. 2.5% ¢.8600 42%
110—120°C. 3.1% 0.8560 48%
120-—130°C. 1.6% 0.8540 30%
130—150°C. 1.9% 0.8510 60 %
150—-200°C. 9.2% 0.8810 42%
200—250°C. 28.6% 0.9090 55 %
Above 2560°C. 34.0% Semi-solid —_
Loss 3.8%
Total 160.0

As the unsaturated contents of the fractions are objectionable to
further treatment they are removed by washing with crude concentrated
sulphuric acid followed by a dilute soiution of sodium carbonate and
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cracking temperature of the retort is observed by an optical pyrometer
just at the point at which the oil is to be dropped or cracked. The
temperature thus determined is always about 900°C.

As soon as the small holder is almost filled with the cracked gas
the latter is immediately transferred into the large holder and mixed
with an appropriate amount of air. Operation is thus complete and is
to be repeated until the large tank is full of mixed gas. The gas used
in our laboratory is made to contain about 509 air. This plant usually
comsumes 3 tins (about 50 liters) of kerosene for making about 2,000
subic feet of laboratory gas.

II1, O USED.

The oil used for cracking in our plant is the Eagle Brand of the

Standard Oil Co., New York, and its physical properties are as follows:—

TABLE I
Color .. .. .. .. .. .. .. Slightly yellowish
First Drop .. .. .. .. .. .. 17B°C.
Specific Gravity .. . .. .. .. 0.8180 at 19°C.
Distillation Range,
176°-190°C. 4.4¢% (by volume) .. .. .. $.4 %0
1909.200°C. 10.2% (,, o) L. 1469
200°-210°C. 13.6% (,, P 28.27;
210°-220°C. 16.8% {,, wo ) 48,067
220°-280°C. 17.8% (,, no 62.8%
230°-240°C. 17.2% (,, o) 80.0%
240°-250°C. 12.0% (,, P L. 9280
above 250° B8.0% (,, wo ) . 100.97%

IV. CRACKED GAS.

The cracked gas which is not yet mixed with air is of the following
:omposition :—

TABLE 1I

Carbon Dicxide .. . .. . .. 0.89 (by volume)
- Unsaturated Gases .. .. .. .. .. 21.8%
Oxygen .. .. .. .. .. .. 0.8
Carbon Monoxide .. N .. .. .. ¢
Methane .. .. o .. .. ..o Bl
Hydrogen o .. N .. .. ..o 2029
Nitrogen R .. . .. .. .. 5.3%

Total . e .. .. .. . 100,07

The gas used in our laboratory usually contains about 50% of air
s0 it comrwosition is altered as follows:—
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gas through the testing valve. The temperature of the retort is always
slightly higher tharn 700°C. which is determined from the temperature-
observing hole by a thermocoupls accompanied by a pyrometer. Some-
times it may be as high as 800°C. but it should not be allowed to exceed
the last mentioned temperature, otherwise the yield of charred products

remaining in the retort will be seriously increased.

The temperatures mentioned above may not be the true cracking
temperatures of the retori, since the temperature-observing hole on the

furnace ig too far above the cracking surface of the retort and the actual



CRACKING OF KEROSENE
A REPORT ON THE GAS-MAKING PLANT OF THE GEOLOGICAL
SURVEY (PEiPING OFFICE),
By C. H. YOoUNG.
1. INTRODUCTION.

The gas-making plant of the Geologieal Survey in Peiping was
erected at the beginning of June, 1934 and gas was produced on the 10th
of July. The detailed description of the plant may be found in Chiu and
Chang’s paper!, since our Plant is almost the same with that which
they described. The main difference lies in the shape of the retorts
employed in both plants. Our plant is composed of the following (See
also Fig. 1) :—

1. Iron retort set vertically (differring from Nankai’s horizontal
type) in a refractory brick furnace;

2. A scrubber and a receiver for collecting the liquid distillate;

3. One oil reservoir with oil-dropping device;

4. One small gas holder of about 200 cubic feet capacity, with
counter-balancing weights;

5. One large gas holder of 2,500 cubic feet capacity.

In addition, one air compressor is installed for transferring the
gas from the small holder into the large one and for compressing an
appropriate amount of air into the large holder to render the gas suitable
for laboratory use.

II.  OPERATING CONDITIONS.

The plant is equiped with 2 sets of retorts and they are working
niternately. Each retort is sufficient to make about 2,000 cubic feet of
mixed gas within 10 hours. The operative manual may be quoted briefly
as follows: — The retort is preheated to red hot and cracking is then
started by dropping the oil on to the inner surface of the retort in fine
streams, the rate of which is regulated by testing the color of the cracked

1. Science Report (in Chinese), No. 1 of Nankai University, Tientsin. %8 KA
R Pk XM% w8
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