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Abstract 

used for  the hydrocracking o f  different  types of hydrocarbons and  heterg- 
cycl ic  compounds. 
hydrocracki ng  of hydrocarbons was studied. The deacti vati on of the dual - 
functional catalysts  by some of the heterocyclic compounds was investigated. 

Introduction 

converting polynuclear aromatic hydrocarbons and heterocompounds t o  l w e r  
boiling compounds. Though hydrocracking has been widely employed fo r  the 
processing o f  petroleum and synthetic o i l s l -3 ,  the published data on the 
hydrocracking o f  pure aromatic hydrocarbons and heterocompounds are very 
meager. 
t e t r a l in  over a nickel sulf ide on silica-alumina catalyst  and found t h a t  
the principal reactions occurring were ring opening, dealkylation and 
dehydrogenation. 
different  types of aromatic hydrocarbons over a nickel sulf ide on s i l i ca -  
alumina catalyst  and reported the occurrance of the 'paring reaction' which 
involves the removal of methyl groups attached t o  aromatic nuclei and the i r  
elimination as l i g h t  isoparaffins w i t h  no loss of aromatic rings. They also 
reported the isomerization and cyclization o f  side chains t o  varying 
degrees forming indane type o f  st ructures .  In th i s  communication, the da ta  
on the hydrocracki ng o f  d i  f ferent  types o f  polynuclear aromatic hydrocarbons 
over several dua l  functional catalysts are presented. The e f f ec t  of t h e  
presence of s u l f u r ,  nitrogen and oxygen compounds on the conversion of 
aromatic hydrocarbons i s  reported. 

Dual functional catalysts  hased on Cobalt, Molybdenum and Nickel were 

The interfer ing e f fec t  o f  heterocyclic compounds on the 

\ 

Hydrocracking over dualfunctional catalysts  i s  a vewa t i l e  method for  

. 

Flinn e t .  al.4 studied the hydrocracking of n-butylbenzene and 

Sullivan et .  a1 .5~6  investigated the hydrocracking of 

Experimental 

Pure grade hydrocarbons and heterocompounds were used for hydrocracking. 
The catalysts  contained 20% by wejght of oxides of molybdenum, cobalt  and 
nickel on si l ica-alumina, 
weight o f  the reactants unless otherwise mentioned. 

The hydrocracking work was done i n  a batch autoclave of 
300 C.C. provided w i t h  a l l  controlling and  recording devices. 

The q u a n t i t y  o f  the catalyst  used was 25% by 

Equipment: 

H drocracking procedure: Experiments were carried o u t  with 10 gm 
of the + y rocarbon and heterocompound mixture w i t h  varying amounts o f  the 
ca ta lys t  a t  475°C- The hydrogen t o  hydrocarbon mole ra t io  was maintained 
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a t  15.51 and 21.57 i n  case o f  naphthalene and anthracene respect ively.  The 
s t a r t i n g  (cold) pressure was kept constant a t  1000 p.s.i. and the  f i n a l  
pressure var ied  between 1700-1800 p.s.i. 

Results and Discussion 

aromatic hydrocarbons and he terocyc l i c  cmpounds. 
crudes mainly involves the  conversion o f  aromatic hydrocarbons i n  ad mix- 
t u re  w i t h  a l i p h a t i c  hydrocarbons and heterocompounds. 
standing o f  the  conversion o f  polynuclear aromatic hydrocarbons alone and 
i n  ad mix tu re  w i th  he terocyc l i c  compounds t o  l i g h t e r  products w i l l  be very 
useful  i n  the development o f  e f f i c i e n t  processes f o r  the processing o f  
syn the t ic  crudes. The conversion o f  polynuclear aromatic hydrocarbons 
t o  lower b o i l i n g  products can bes t  be done by hydrocracking over dualfunc- 
t i o n a l  catalysts.  The aromatics have t o  be e i t h e r  p a r t i a l l y  o r  completely 
hydrogenated before they can crack t o  l i g h t e r  products. 
temperature, hydrogen pressure o r  concentrat ion and the  a c t i v i t y  and 
s e l e c t i v i t y  o f  the c a t a l y s t  con t ro l  the  product d i s t r i b u t i o n  o f  t he  
hydrocracking react ion.  The data i n  Table I shows t h a t  the  conversion 
o f  naphthalene increased w i t h  reac t ion  time up t o  2 hours. The y i e l d s  
o f  gas and coke and hydrogen consumption increased w i t h  naphthalene 
conversion. A l ky la t i on  of naphthalene took place dur ing hydrocracking 
t o  a s i g n i f i c a n t  extent. 
C5-C hydrocarbons i n  the  l i q u i d  product ind ica tes  t h a t  naphthalene was 
mainfy hydrogenated t o  t e t r a l i n  bu t  on ly  t o  a small ex ten t  t o  decal in.  

The a c t i v i t y  and s e l e c t i v i t y  o f  the dual funct ional  c a t a l y s t  depend 
upon the  r e l a t i v e  amounts o f  the hydrogenation and cracking components. 
The data i n  Table I1 shows t h a t  a Moo3 content o f  20 t o  25% i s  optimum 
t o  ge t  maximum hydrogenation and cracking funct ions.  
a lso  depends upon the  hydrocarbon t o  c a t a l y s t  r a t i o  as shown by the data 
i n  Table 111. 
c a t a l y s t  whereas cracking reached a maximum a t  15%. 
a lso  plays an important p a r t  i n  the hydrogenation-cracking system as shown 
i n  Table I V .  Both the hydrogenation and cracking increased w i t h  hydrogen 
concentrat ion. The gas y i e l d  increased wh i le  the coke y i e l d  decreased 
s l i g h t l y .  
deca l in  from naphthalene as can be seen from the higher concentrat ions o f  
decal ins and saturated C5-Cg hydrocarbons i n  the l i q u i d  product. 

oxygen, s u l f u r  and n i t rogen containing compounds and i t  i s  o f  i n t e r e s t  t o  
know the  e f f e c t  o f  t h e i r  concentrat ion on hydrocarbon conversion. 
effect o f  phenol on the conversion o f  naphthalene i s  shown by the  data i n  
Table V. The conversion o f  naphthalene increased w i t h  the phenol content 
up t o  20%. However, the cracking a c t i v i t y  was no t  a f fec ted  even a t  30% 
phenol though the hydrogenation a c t i v i t y  decreased t o  some extent.  The 
y i e l d s  of gas and coke decreased and the y i e l d  o f  l i q u i d  product increasea. 
The data ind ica tes  t h a t  the presence o f  phenol up t o  about 30% improves 
the  hydrocarbon conversion, On the contrary,  the presence of carbazole and 

Synthet ic crude o t l s  produced frm coal con ta in  la rge  quan t i t i es  o f  
The processing o f  these 

A b e t t e r  under- 

Therefore, t he  

The low concentrat ion o f  decal ins and saturated 

The t o t a l  conversion 

Maximum hydrogenation a c t i v i t y  was obtained a t  25% o f  
Hydrogen concentrat ion 

Higher hydrogen concentrat ion a lso  increased the format ion o f  

As mentioned e a r l i e r ,  syn the t ic  crudes conta in  l a rge  q u a n t i t i e s  o f  

The 
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quinoline reduced naphthalene conversion (Tables VI and VII) t o  a s ignif icant  
extent.  The e f f e c t  was more pronounced a t  higher nitrogen contents. 
the yields  of gas and coke deLreased at higher nitrogen concentrations, 
e f f e c t  of  the presence o f  uibenzothiophene on naphthalene conversion is  
shown by the data i n  Table VIII, 
b u t  a sulfur cont.ent c,f 2% 
The gas yield decreased while t h e  coks y ie ic t  increased. 
phene, n-hexyl merca t a n  d n d  diethyl sulf ide a l so  improved naphthalene 
conversion (Table l X 7  when they were Dreseni t q  the extent of 1% sulfur .  

Anthracene was hydrocracked under  similar conditions as naphthalene 
and the e f f e c t  o f  reaction time on conversfon i s  shown by data i n  Table 
X .  Hydrogenation of anthracene reached a maximum of 95% a t  one hour while 
the cracking increased w i t h  reaction time up t o  3 hours. In contrast  t o  
naphthalene hydrocracking, anthracene cracking produced more coke b u t  less  
gas. The main products were the p a r t i a l l y  hydrogenated anthracenes and 
naphthalenes. Small amounts of t e t r a l i n s  and decalins present i n  the 
product indicate  t h a t  e i t h e r  more hydrogenation ac t iv i ty  i s  necessary for 
converting anthracene to  monoring compounds as compared t o  naphthalene or 
anthracene hydrocracking has t o  be carr ied out in several stages. 

However, 
The 

1% sul fur  improved naphthalene conversion 
above, decreased the conversion s ignif icant ly .  

Like dibenzothio- 

The hydrocracking product dis t r ibut ion depends upon the type of cata- 

In case of naphthalene hydrocracking, a l l  the  three 

l y s t  used. 
containing oxides o f  cobal t ,  molybdenum and nickel and the data a re  given 
i n  Tables XI and XII, 
catalysts  affected s imilar  naphthalene conversions of about 74 t o  75%. 
However, cobalt  and nickel exhibited s l igh t ly  more hydrogenation and 
cracking a c t i v i t i e s  and yielded more gas .  
case o f  molybdenum. Almost similar resu l t s  were obtained w i t h  anthracene 
except cobalt  exhibited more hydrogenation and cracking ac t iv i ty  when com- 
pared to molybdenum and nickel , the l a t t e r  exhibiting similar a c t i v i t i e s .  
Molybdenum yielded more coke. 

Naphthalene and anthracene were hydrocracked over catalysts  

The coke yield was more i n  
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TABLE I 

EFFECT OF REACl IOli TIME ON KAPHTHALENE CONVERSION 

C a t d l v s t .  1.W; ~n S i l i ~ a - a l ~ ~ r n i t i a  

/ 

Product Distribiltion, \.it, % 

Gas 

Coke 

Nap h t h  a 1 ene 

A1 kylnaphthalenes 

Te t r a l  i n  

A1 kyl te t ra l  ins 

Decal ins 

Saturated hydrocarbons (C,j-C ) 

A1 kylbenzenes 

Hydrogen Consumption 

Naphthalene Conversion 

Hydrogenation 

Hydrocracking 

6 

6.1 

3.8 

49 " 6  

6,3 

11.7 

8,l  

Traces 

1.4 

13.0 

3.1 

44.1 

44.1 

24.3 

60 -- 

10.4 

5.8 

16.7 

16-7 

9.6 

5.1 

1.3 

6.1 

28.3 ' 

4 1  

66.6 

66 6 

50.6 

120 - 

12.9 

7.6 

15.5 

10.3 

7.8 

4.2 

1.3 

1.7 

38.7 

4.5 

74,2 

74.2 

60.9 
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TABLE 11 

EFFECT OF l i 0 0 ~  I t 'NiEt4l  OM NAPHTHALENE CONVLRhlON 

C 2 t ~ :  'I!, at : q h t  o f  Naph th? lens  

MOO, Content, ' 2 : .  % 

Product Distributio:i, h t .  L 

Gas 

Coke 

Naphthalene 

A1 kylnaphthalenes 

Tetra1 in 

Alkyl t e t r a l in s  

Decalins 

Saturated HydrocaPbcfis i 5 - C 6 )  

A1 ky 1 benzenes 

Hydrogen Consurnptic,c 

Naphthalene Conifer's I (JI 

Hydrogenation 

Hydrocracking 

15 - --- 

10.0 

5.1 

21.6 

10.8 

12.1 

1,o 

0.5 

1 .o 

37.9 

4.1 

67.6 

67.6 

5 4 , O  

20 _--- 

17,o 

5.2 

21,2 

10.5 

11.7 

1.1 

1 .o 
1.2 

37.1 

4.0 

63.3 

63.  3 

54.5 

11.7 

5.0 

20.9 

8 .9  

1 3 . 5  

1.4 

I . 3  

1 . 3  

3 .O 

A , ?  

:u,2 

!c; 2 

54,o  

35 - 

10.5 

4.9 

20.7 

12.0 

10,7 

2 6  

0.5 

1 .o \ 

\ 

L 

I 

37.1 

4 .  i 

6 1 , 3  

67,3 

53.5 
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TABLE I11 

EFFECT OF CATALYST CONCENTRATTON ON NAPHTHALENE CONVERSION 

Reaction Tine : i 21) M i  n u b s  

Catalyst :  Moo3 on Si l ica-a lumina 

Cata lys t  W t .  % o f  Naphthalene 

Product D is t r i bu t i on ,  W t .  % 

Gas 

Coke 

Naphthalene 

A1 kylnaphthalenes 

T e t r a l i n  

A1 ky 1 tetra1 i ns 

Decalins 

Saturated Hydrocarbons (C5-C6) 

A1 k y l  benzenes 

Hydrogen Consumption 

Naphthalene Conversion 

Hydrogenation 

Hydrocracking 

10 

10.5 

5.2 

21.2 

11 .o 
11.7 

1.1 

1 .o 
1.2 

37.1 

4.1 

67.8 

67.8 

54.0 

15 - 

13.0 

5.7 

19.2 

8.5 

9.6 

1.4 

1.1 

0.8 

40.7 

4.2 

72-3 

72.3 

60.2 

20 - 

12.8 

5.9 

16.1 

11.4 

8.7 

2.0 

0.7 

1.8 

40.6 

4.3 

72.5 

72.5 

61.1 

25 - 

12.9 

7.6 

15.5 

10.3 

7.8 

4.2 

1.3 

1.7 

38.7 

4.5 

74.2 

74.2 

60.9 
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TABLE I V  

EFFECT OF HYDROGEN CONCENTRATION ON NAPHTHALENE CONVERSION 

C,=rai?si.: Moo3 fin S i :  ica-alumind 

\ 

20.68 - 15.51 Hydrogen/Naphthalene Mole Ra t io  - 
Product D i s t r i b u t i o n ,  W t .  % 

Gas 

Coke 

Naphthal ene 

A1 kylnaphthalenes 

T e t r a l i n  

A1 k y l  t e t ra1  i n s  

Decal ins  

Saturated Hydrocarbons (C5-C6) 

A1 k y l  benzenes 

Hydrogen Consumption 

Naphthal ene Conversion 

Hydrogenation 

Hydrocracking 

12.8 

5.9 

16.1 

11.4 

8.7 

2.0 

0.7 

1.8 

40 ,. 6 

4.3 

72.5 

72-5 

61.1 

15.0 

4 -8  

15.2 

5,7 

8.2 

0.8 

1.5 

3.1 

45-7 

4.6 

79.1 

79.1 

69.6 

\ 



- 91 - 

4' 

I 

! 

Phenol Content, W t  ._.L ~ 

Product Distribution, W t .  X 

Gas 

Coke 

Naphthalene 

A1 kylnaphtha;mes 

Tetra1 in 

A 1  kyl t e t r a l in s  

Decal ins 

Saturate0 Hyd*bcarbons ( C  -I: \ 

A1 kyl benzenes 

Naphthalene CcxVers1wi 

Hy d rag e t i  a t 1 o n 

Hydrocracki r g  

5 6  

0 0  -- 

10.4 

5.8 

16.7 

I b  7 

9.6 

5.1  

1 3  

0.7 

33 7 

05.6 

66.6 

50 0 

10.0 - 

9"O 

4.2 

16-6 

13.6 

9.5 

3.0 

1 1  

4 , o  

39 0 

65 3 

69.5 

5 6 " 2  

30 .O - 20.0 - 

8.5 7.6 

4 .0  4.0 

1 5 - 6  14.3 

9.5 14.3 

9:9 

5.8 

1.8 

5.4 

39,5 

74.9, 

7 4 * 5  

5 7 . 4  

10.2 

2.6 

. 0.9 

6.6 

39,5 

71.4 

71.4 

57 7 
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TABLE V I  

EFFECT OF CARBAXLE ON NAPHTHALENE C O N V E R S I O N  

Ca+?lvs+ M;03 S i  lica-allitnina 

2"O - 1 .o 
I_ 

G O  Nitrogen Content, h't. %Jdaphtflalene --- 

Product Distribution, W t ,  % 

Gas 10.4  7.1 5.1 

Coke 

Naphtha lene 

A1 kyl  naphthalenes 

Tetra1 in 

A1 ky 1 tetra 1 i ns 

Decal i ns 

Saturated Hydrocarbons !C,-C6) 

A1 kyl  benzenes 

Naphthalene Coiivers ier, 

Hydrogenation 

Hydrocracking 

5.8 

16,7 

16 -7 

9.6 

5 . 1  

1.3 

0.7 

33 7 

6 6 ° C  

€ 6  E ' 

50.6 

3 .O 

38.2 

7-2 

26.9  

0 . 4  

Traces 

1.0 

16.2 

54.6 

-54,6 

2 7 . 3  

2 .6  

41.6 

5 . 9  

28.7 

0.2 

0.1 

0.3 

15 5 

5 2 - 5  

5 2 , 5  

2 3 . 5  

k 
I 

I 
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TABLE V I 1  

EFFECT OF QUINCLINE ON NAPHTHALENE CONVERSION 

Catalyst: Moo3 or: Silica-alumina 

1.0 Nitrogen Content, a t .  I of Naphthalene. - 0 -0 - 
Product Distribution, Wt. X 

Gas 

Coke 

Naphthalene 

A1 kyl naph thal enes 

Tetra1 i n  

A1 kyl te t ra1 i n s  

Decal ins 

Saturated Hydrocarbons (C5-C6) 

Alkylbenzenes 

Naphtha1 ene Conversion 

10.4 

5.8 

16.7 

16.7 

9.6 

5.1 

1.3 

0.7 

33.7 

66,6 

8.8 

2i7 

33.4 

7-3 

20.0 

2.1 

Traces 

1.7 

24 -0 

59.3 

Hydrogenatim 66.6 59.3 

Hydrocracking '50.6 -37.2 

-2.0 - 

7.4 

2.6 

36.0 

20.0 

15.9 

0.9 

0.5 

1.0 

15.7 

44.0 

44.0 

26.7 
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TABLE VI11 

EFFECT OF D!BENZOTHISFHENE O N  NAPHTHALENE CONVERSION 

Reac t lnn  T ime.  60 Minutes 

Catalyst: Moo3 cn S i  lica-Alumina 

Sulfur Content: 
W t .  % o f  Naphthalene _^- 

Product Distr ibut ion,  W t ' .  % 

Gas 

Coke 

Naphthalene 

A1 kylnaphthal enes 

Tetra1 i n  

Alkyltetral ins 

Decal i ns 

Saturated Hydrocarbons (C5-C6)  

A1 kyl benzenes 

Naphthalene Conversion 

Hydrogenation 

Hydrocracking 

9 . 3  -- 

10.4 

5.8 

16.7 

16.7 

9 . 6  

5.1 

1.3 

0.7 

33.7 

66 6 

66.6 

50.5 

1.0 - 

9"O 

6.1 

14,8 

16,6 

11.5 

2.9 

1.5 

1.9 

35.7 

68,6 

63,6 

52,7 

2.0 - 

8.9 

'6.4 

17.4 

16.6 

11.4 

3-8 

1 .o 

1.2 

33.3 

66"O 

66.0 

49.8 

\ 

3.0 - 

8.2 1 

6.2 

15.0 
\ 

24,4 

11.1 

2.7 

0.7 1 
1.2 i 

30.5 I 

60,6 

60.6 

46.1 
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TABLE 1X 

EFFECT OF D IFFEREHT SOLFI1R C!MPOUMDS ON NAPHTHALENE CONVERSION 

Su l fu r  Content: ? ,Ox by Weight o f  Naphthalene 

Cata lyst :  Moog on Si l ica-a lumina . 

D i  benzo- n-Hexyl Diethy l  
Sul fur  Compound thiophene mercaptan Su l f i de  

Product D i s t r i b u t i o n ,  W t .  % 

Gas 9.0 9.8 10.5 

Coke 6.1 4.2 , 5 .O 

Naphthalene 14.8 16.4 16.3 

A1 k y l  naphtha1 enes 16.6 14.0 12.6 

Tetra1 i n 11 '5 1006 11 -9 

/I1 k y l  t e t ra1  ins  2.9 3.4 6 .O 

Decal i n s  1.5 1.7 1.2 

Saturated Hydrocarbons (C5-C6) 1.9 1.7 1 .o 
A1 k y l  benzenes 35.7 38.2 35.5 

Naphthalene Conversion 68.6 69.6 71.1 

Hydrogenation 68.6 69.6 71.1 

Hydrocracking 52.7 53-9 52.0 
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EFFECT OF REAL 

I20 - FO 
I- 

Reaction T i m ,  Minutes 

Product D i s t r i b u t i o n ,  Ut. % 

Gas 5 - 1  5 -8  

Coke 13.5 14.1 

Anthracene 4.9 5 b 5  

Hydroanthracenes 34.8 30.2 

Naphthalenes 31.1 ' 30.5 

Te t ra l ins  and Decal ins 2.2 3.1 

A1 kyl benzenes 8.4 10-8 

Anthracene Conversion 95.1 94.5 

Hydrogenation 95.1 94,5 

Hydrocracking 6 0 , 3  64 3 

180 - 

6.8 

15.2 

5.4 

23.6 

30.6 

5 . 3  

13.1 

94.6 

94.6 

71 .O 
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TABLE X I  

NAPHTHALENE CONVERSION WITH D I F F E R E N T  CATALYSTS 

Reaci-ion T!mi., 72s Minutes 

Catalyst 

Product Distribution, Wt. % 

Gas 

Coke 

Naphthalene 

A1 kyl naphtha1 enes 

Tetra1 in 

A1 kyl tetra1 ins 

Decal ins 

Saturated Hydrocarbons (C5-C6) 

A1 kyl benzenes 

Naphthalene Conversion 

Hydrogenation 

Hydrocracking 

Cgbd1 t 
:I* i de 
icoo1 

16.2 

5 . 6  

13.5 

11 - 3  

4 .9  

2.0 

4.9 

3.0 

38.6 

75.2 

75.2 

63.4 

Molybdenum 
O x i d e  
(Moo3 1 

12.9 

7,6 

15.5 

10.3 

7.8 

4,2 

1.3 

1.7 

38.7 

74.2 

74.2 

60.9 
I 

'Nickel 
Oxide 
( N I O )  

15.4 

7.0 

13.1 

11.5 

6.6 

1 . 7  

3.3 

2 .o 
39.4 

75.4 

75 .4  

63.8 
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TABLE X f l  

C O ? d  I t  Molybdenum 
O i  i de I Oxide - - I ~  

Catslys t 

Product Distribution, W t .  % 

Gas 

Coke 

Anthracene 

Hydroan thracenes 

Naphtha 1 enes 

Tetralins and Decalins 

Alkylbenzenes 

Anthracene Cmversion 

Hydrogenation 

Hydrocracking 

7 .2  

1.1 .o 
4.8 

26.0 

32.1 

4.0 

14.9 

95.2 

95,2 

59.2 

5.8 

14.1 

5.5 

30.2 

30.5 

3.1 

10.8 

94.5 

94.5 

64.3 

Nickel 
Oxide 

6.2 

.12.2 

4.7 

30.9 

32.3 

2 -8 

10.9 

95.3 

95.3 

64.4 


