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                   ffydre-Cvagkiffg efi Gas OiR, gg.

                                  By

                             Hirosi Ohtuka.

                         (ReeeiveCL October lst, 1940.)

    In the previous report, the aut･hors studied on the hydro-eracking of gas oil

in the presenee of molybdenum eatalyst. In this paper, the hydro-eracl<ing of

thesamegasoilwithniekeleatalystisstudied. ･

                      SAMPLE AND CATALYST.

    Sample. Siragiku gas oil (Ogura Oil Co.) was used as the sample. Its
properties were shoxNrR in the previous report.

    Catalyst. Niekel oxide on pumiee stone wag used as the eatalyst. 862g.
of bean.-size pumice stone was added to niekel nitrate solution containing 1 1<g.

of this reagent and impregnateCt vsTith the nitrate by evaporating the solution

with constant stirring. The niel<el nitrate absorbed on pumiee was then con-
verted to nickel oxide by heating the cata･Iyst mass in an electrie furnaee at ca.

                   APPARATUS AND PROCEDVRE.

   Apparatus andt proeedure employed in this experiiinent were quite the same

as deseribed in the previous paper. But in Expt. A-14, thermal ¢racking of the
gas oil was eondueted under nitrogen atmosphere without high pressure hydrogerr
and eatalyst.

                       EXPERIMENT RESULTS.

                      Table 1. Reaetion Conditions.

  Exp.No,.･･･....･.......A-14 A-15 A-16 A-17
  Sample(g,)････............250 250 250 250
  Catalyst(g.)..･............O 25 25 25
  H2compressed(Wt.%)..........-es 7.6 7.5 7.5
  init.press.{Xt,'P,''.1:::'.:1:,2"" Z`,. Z4, g`,

  React.presg.(atm.)............43ve 149 148 l21
  Endpre,s.{[g8t?,･'.:I:::::J:::lgbe' S? fg':;
  Reaet. temp. (OC.) ............                                                               40o L                                                      500                                            450                                   450
  React.time(min.)............60 60 60 60
     Remarks: NA-14 was a thermal cracking expt. under atmospheric N2･
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Table 2, Yields of Produeed Oils. (Wt. %)

Exp. No.,................
React. temp. (OC.) ............
Yieldoftotal l
produeed oil(%) f' ''''''''''
LB.R-･ti970C,(%).. ..... ...
97tw120QC.(%) ... ... . . .
I20re2000C.(%).......... .
200ee3000C,(%)... .. .,.. ..
3000C.over(%) ･････ ･･･ ･･･
Residue(%).....,.. .... ..
Loss(%) ･'.....･･･････････
D.P. (OC.) ................

A-14
450

62.2

 6.81
,2t.2J 2s,4

24.2

 4.5
giz

360

A-15
450

56.7

lk'ii 332

 o
 4,O
 O,2
285

A-l6
  '500

21.9

 3.6)
 Z18,j i3,,

 5,4

 o
 2,9
,,g･4

A-17
400

89.6

,2'i,lg,

  tt o
 1,2
 3,8
295

Table

Exp. No.......
Reaet. ten]p. (OC.) .

I. B. P. ･Nw. 970C: . . .

97rw12000.......
120 rw 2000C. ....
200iv3000C. ....
3000C, over . . ･ ･ .

Mean sp. gr. ....
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3. Specific Gravities of Produeed Oil. (Dlg).
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A-14
450

O.6963

O.7741

O.8439

O,9094

1.013

O.982

A---15

450

 O.6972
 O,7579
 O.8234
 O.9080

 O,781

Ar'"16

500

 O.7614
 O.8207

 O.8722
 O.9655

 O.902

A-17
400

 O.7183

 O.7209
 O.7786

 O.8362

 o.see
   l'

Table 4.

Exp. No. .....
Reaet. temp. (OC,) .

I. B. P. <OC,) ....
1. B. P. ･'- 970C. (%).

97 -1200C. (%) . . .

12o･n･kt2ooec(%) ..
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Vo!atilites of Produced Gasoline.
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A-14
450

29,5

26.8

15,7

57.5

A-15
450

35,O

35.3

18.7

46.0

A-16
500

65.0

27.3

21.3

51.4

A-17
400

63.0 '

 8.1
 9.8
82.1

Table 5. Composition of Produeed Gasoline. (Wt, %)

Exp, No. .........･･･････
Reget. temp. (OC.) ............
d Unsat. hydrocarbons(%) ....･..
?s.

  Arorn. .･..-･.         7rm  Naph. . ･･･････?

alPara. ,, .......
pm'Afterwashing Anilinept.(OO.).
ti

ti
co
cuT-'

l
opt

 with gg% H2SO` {Sp. gr. (Dlg) ,.

Unsat. hydrocarbons (%) , ･ ･ ･ ･ ･

Arom. " ...'..!
Na･ph. ,, ･･････
Para. ......       )7Afterwashing fAnilinept.(OC,)
 with 99% H2SO, l Sp. gr. (Dlg) . .

 A-14
 450
   6
  21
  11
  62
  66
. O,7101

. 29

. 38

.9･ 24

. 64

. O.7374

A-15
45Q

 o
 B
25

69

62

 O.7036

11

 I6
25

48
6,9.,

 O,7269

A-16
500

 6
34

45

15

45

 O.7408

23

,

A-17
400
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Table 5. (Oontinz`eal)

Exp. No.................
React, temp. (OC.) ....... .･...
  Ungat, hydroearbons (%) . . . . . ,

.QArom. ,, ･･････:t,Naph, ,, ･･････
lPara. .. ,.....8Afterwashing fAnilinept.(OC.)
pt wlthgg%H2S04lSp.gr.(Dlg)..

.

.
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.

.

-.

.

,

A-･14
450

 5
56

 21

 18
63

 O.'7830

A-15
450

 6
44

34

 16
 60
 O.7815

Ar16
500

AT-17
400

 o
30

 o
70

76

 O.7602

Table 6. Composition of the

Exp. No. ･･･.........,
React. temp. (OC.) .........
Unsa･t. hydrocarbons (%) . . . . . .

Arom, " .,....Naph. . ･･････
Para. " ......Afterwashing fAnilinept.(OC.)
 with gg% H2S04 l Sp. gr. (Dlg) . .
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Fraetion

A-14
450

 9
61

 9
21

 78 ･
 O.8316

above 2000C.

A-15
･450

  7
 63
 ll
 !9
 73
 O.8340

(Wt. %)

A-16
5oo

10

A'mu"17

4oo

'o
20

18

62

89

 O,8080

Table 7. Distribution of Unsaturated Hydrocarbons in the Produced Oil.

           (N?Vt. of eaeh frac,tion :: 100%)

Exp. No. .....
React, temp. (OC.) .
I. B. I). ･tw 970C. (%).

g7･m-12ooo.(%) ..
120 -- 2000C. (%) . .

2000C. over (%) - ･ ･
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A-14
4sb

 6
'29

 5
 9

4-15
450

 o
11

 6
 7

A-16
500

 6
23 ･

10

A-17
400
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                    '
8. Distribution'of Aromatie Hydroearbons in the Produeed Oil.

          (Wt. of each fraetion =100%)

Exp. No. ..･･･
.Reaet. temp. (OC.) .

I. B. ?. ･A-if 97DC. (%) .

97･nhd12eOC.(%) ..
12o ･e- 2oooc. (%) . .

/200DC. over (%)･ . .
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A-14
450

 21

38

56

61

A-15,
450.

 6
16

44

63

A-16
600

34

A-17
400

30

20

Tabie 9. Distribution of Naphthene iHydrocarbons
           ("VYit. of ea6h fraetEion == 100%)

'Exp, No. .....
React. temp. (OC.) .
I. B. P, ･tsla･ 970C. (%)

97 ･-- 1200C. (%). . .

120-2000C, (%) . .
200eC, bver (%)･ ･ ･
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11

 9
 21

 9

A-15
450

25
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 34
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in the Produeed Oil.

A･-16
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45

A-17
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Table 10. Distribution of Paraffin Hydrocarbons in the Produced Ojl.

                (Wt. of each fraction = 100%)

Exp, No. ..･......･･...
Reaet. temp. (OC,) ..........
I. B, P. by 970C. (%)..........
97 t- 1200C (%). . . . . . . . . . . . .

120-2000C. (%) . . . . . . . . . . .

2000C, over (%)････････････

i-
--
t-
--
--
--

A-14
450

 62

 24
18

 21

A-15
450

 69

 48

 16

 19

A--16
500

 15

A-17
4oo

70

62

                    Table 11.

Exp. No, ................
React. templ (OC.) ...,.......
Vol, of produced gas (1.1100 g. sample) . ･

Sp. gr. of producect gas (g.ll.) ･ ･ ･ ･ ･ ･ ･

Wt, of produeed gas (g./100g. sample) . . .

W8i AP,C.r8iaS(e,.9ioBCgilV8ampie)) '`'''''

    'Amount of total produeed 1
 gas(g./100g.sample) f'''''''

[Produeed Gas.

A-14
450

9,08

16.10

A-15
450

 6.99
 O.92
 6.43

 26.30

32.73

A-16
500

 10,95

 O.93
 10.l8

 43.80

53.98

A-17
4oo

 l,,62

 O,90
 1.46

 2.oo

3.46,

              Table12. Amount

Exp. No. ....,............ A-14,
Reaet, temp.<eC.) ............ 450
AM.Oe"t"htanOef (Pgl9ido"oege9sampie))''''''L -

Vol. % of methane in the produced gas ･ ･' --
Vol.ofprodueedmethane(1,1100g.sample). -

of Produeed Methane.

A--15
450

 4,16

83,3

 5.82

A-16
500

 6.40

 82,3
  8.96

A-17
400

 094
83,4

 1.32A

Table 13. Consumpt,ion of H2. (Wt. %)

Exp. No. ...............
React. temp. (OC,) ...........
H2 consumect (%) ............

A-14 A-15 A-16
450 450 500
 - 2.96 4.13

A-17'
40D

 3.32;

Exp.No. ...
React. temp. (Oc.)

Sample ` . . ･ .

Consumed H2 ･ .

Table 14. Material Balanee.

 -------
 --t-i-i
 ---t-t-
d-------

   A-15
    450

250g. 97.1%
 7.4g. 2.9%
257.4g. 100.0%

   A-16
    500
"ntulpt250g. 96,O%
 10.3g. 4.0%

26o.3g, loo.o%

   .A-17
    400
250g. 96,8%-
 8,3g. 3.2%･･

258.3g. 100.0%

         f To 2000C. ....
Produeed oii e 2000C, over . . .

         {O'E.a,d.,h,e,r,ed to} .

         ( Light gas ....
produeed oi K GaaS,taidvS,OEbhe.gcO.".1}･

Loss
    d-i--------i--

84.6 g.

59.0 g.

 9,3 g.

16,1 g.

65.8 g.

2=2.6R.

257.4g.

32.8%
22,9%

 3.6%

 6.3%

25.6%

 8.8%

100,O%

34.0 g.

 8.3 g.

11,3 g.,

25,5 g.

109.7g,

71,5 g.

260.3 g.

13.1%

 3,2%

 4.3%

 9.8%

42.1%

?.IQ.%...

100.0%

32.2 g.

191.8 g.

12.6 g.

 3,7 g.

 5.0 g.

13.0 g.

258.3 g.

12.5%

74,3%

 4.9%,

 1.4%･

 1,9%･

 5.0%

loo.o%..
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                   DISCUSSION OF THE RESULTS.

1. In Lhe hydro-craeking experiment･s with niekel eatalyst, reaction temperature

  exerted the sa･i:ne jnfiuence as in the ca･se of molybdenum eatalyst upon the

  yield of oily produets. The maximum yield of hydro-cracked gasoline was ob-
  tained at the reaction temperature of 450 deg. C.

2. In eaeh experiment, the hydrogen eonsumption always amounted to 3tw4 wt.%

  of the sample.

3. The amount of gageous produets,ineluding heavy hydrocarbon gases adsorbed
  on aetive charcoal, increased rapidly wit･h the rise of reaetion temperature.

4. Comparing the experimental results of this report with those of the previous

  report, the fo]lowing conclusions may be derived with regard to the eatalytie

  action of nickel and molybdenum catalysts.

(i) Both the catalysts gave the maximum yield of hydro-eracked gasoline at the

  reaetion temperature of 450 deg. C. However, the molybdenum eatalyst had a
  wider optimum temperature range for the production of hydro-oraeked gasoline

  as compared with the nickel eatalyst. ,
(ii) In the case of the nickel catalyst, the amount of gaseous products was
  genera]ly larger than in the case of the molybdenum eatalyst, except in the

  experiment at 400 deg. C. ,
(iii) In short, the nicl<el catalyst was more destruetive in action and more sensi-

  tive to temperature than the molybdenum eatalyst.

5. Under the same reaction conditions of temperature and time, thermal craek-

  ing gave a lower yield of gasoline than hydro-craeking. The thermal eracl<ed
  gasoline was rieher i.n aromat,ics and poorer in naphthenes as eoinpared with

  the hydro-eracked gasoline.

                            (Fuel ILaboratory, Faculty of Engineering,

                                 Hokl<aido Imperial University)
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