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ABSTRACT 

P i l l a r e d  b e n t o n i t e s  have been prepared by ion-exchanging t h e  c l a y  charge 
compensating c a t i o n s  w i t h  z i r c o n y l  -aluminum halohydroxy complexes (ZrOC12-A18 

hydroxyaluminum o l igomers  [A11304(OH)24(H20)1,]t7 and c o l l o i d a l  s i l i c a .  
These i n t e r l a y e r e d  c l a y s  have 250-320 m2/g BET sur face  area, 0.15-0.22 cc /g  pore 
volume, and pore  h e i g h t  between 6 and 9 A; thermal s t a b i l i t y  ( i n  a i r ,  10 h) i s  
l i m i t e d  t o  550°C. A f t e r  a m i l d  thermal p re t rea tment  a t  400°C i n  a i r ,  t h e i r  c rack ing  
a c t i v i t y  f o r  gas o i l  convers ion  was r e l a t e d  t o  t h e  c l a y  c a t i o n s  i n  t h e  f o l l o w i n g  
manner: Ca << ( S i ,  A l )  < ( Z r , A l )  < A l .  

P i l l a r e d  c l a y s  were eva lua ted  f o r  use bo th  as a c r a c k i n g  component and a 
hydrogenat ion component (Ni and Mo) support  f o r  t h e  hydrocrack ing  o f  an Agha J a r i  
vacuum gas o i l  (VGO) i n  a combined hydrodenitrogenation-hydrocracking (HDN-HC) 
upgrading r e a c t o r .  When used as t h e  hydrocrack ing  component w i t h  an A1203 hydroge- 
n a t i o n  support ,  c a t a l y s t  a c t i v i t y  was: Ca-bentoni te<(Al  ,Zr)-bentoni  t e <  ACH-bento- 
nite<<HY z e o l i t e .  When used as the  hydrogenat ion component support  w i t h  30 w t X  HY 
z e o l i t e  as t h e  c r a c k i n g  component, t h e  a c t i v i t y  o rder  was A1203<<(Al ,Zr)-Bento- 
n i te<(S i -A1 )-Bentonite<ACH- benton i te .  P i1  l a r e d  b e n t o n i t e s  based h y d r o t r e a t i n g  
c a t a l y s t s  showed s u p e r i o r  s e l e c t i v i t y  t o  m i d d l e  d i s t i l l a t e s .  

INTRODUCTION 

Benton i tes  p i l l a r e d  w i t h  oxoaluminum c a t i o n s  are  c h a r a c t e r i z e d  by an open, 
two-dimensional pore s t r u c t u r e  which behaves l i k e  a s t r o n g  Lewis a c i d  and a l lows 
s o r p t i o n  and t r a n s p o r t  o f  branched aromat ics  and normal p a r a f f i n s .  (1-3) Me i t y l e n e  
d i f f u s i o n  i n  a p i l l a r e d  Na-bentoni te i s  t w i c e  as f a s t  as i n  Na-Y ~ e o l i t e ( ~ f  and i s  
c h a r a c t e r i z e d  by an apparent  energy o f  a c t i v a t i o n  (6.4 kcal /mole) s i m i l a r  t o  t h a t  
observed f o r  t h e  t r a n s p o r t  o f  1,3,5-triisoprop~lc~clohexane i n  Nay. C5-Clo normal 
p a r a f f i n  e q u i l i b r i u m  l o a d i n g s  resemble those observed i n  Mob i ls '  ZSM-5; d i f f u s i o n  
c o e f f i  i n t s  are,  i n  genera l ,  s i g n i f i c a n t l y  g r e a t e r  than those measured i n  zeo- 
l i t e s . 1 3 e  Therefore, p i l l a r e d  c l a y s  c o u l d  f i n d  u t i l i t y  as c a t a l y  t s  o r  conver t ing  
h i g h  molecu la r  weight hydrocarbons l i k e  those found i n  heavy 

A f t e r  m i l d  steam d e a c t i v a t i o n ,  p i l l a r e d  c l a y s  e x h i b i t  c r a c k i n g  a c t i v i t y  
f o r  gas o i l s  convers ion  comparable t o  t h a t  o f  commercial c r a c k i n g  c a t a l y s t s  conta in -  
i n g  15 t o  25% z e o l i t e ,  bu they  generate two t o  t h r e e  t imes as much coke i n  t h e  60- 
80% conversion range. ( 5 3 7 5  Coking exper iments have shown t h a t  c a t a l y t i c  coke may 
n o t  be t h e  main cause o f  c a t a l y s t  d e a c t i v a t i o n  d u r i n g  gas o i l  conversion. Coking 

- 

To whom a l l  correspondence should be addressed. 

30 



has been a t t r i b u t e d  p r i m a r i l y  t o  h drocarbon o c c l u s i o n  and thermal degradat ion  
w i t h i n  t h e  p i l l a r e d  c l a y  microspace. ( 4 

The f o l l o w i n g  paper r e p o r t s  t h e  e f f e c t s  o f  u s i n g  p i l l a r e d  c l a y s  as c r a c k -  
i n g  components o r  as a metals support  component i n  composi te hydrogenat ion-  
hydrocrack ing  vacuum gas o i l  c a t a l y s t s .  

EXPERIMENTAL 
! 

P i l l a r e d  Clays Prepara t ion  

P i l l a r e d  c l a y s  were prepared w i t h  a b e n t o n i t e  sample ob ta ined from t h e  
American C o l l o i d  Company; i t s  chemical compos i t ion  i s  shown i n  Table 1. The a l u m i -  
num ch lo ro-hydrox ide  (ACH) s o l u t i o n  c o n t a i n i n g  t h e  (A1 1304(OH)24 (HO)12)+7 c a t i o n  
and the  s o l u t i o n  c o n t a i n i n g  t h e  (A18(OH)20ZrO)+6 complex (RETZEL-36G) were ob ta ined 
f rom t h e  Reheis Chemical Company. C o l l o i d a l  s i l i c a ,  w i t h  a Si02/A1203 r a t i o  o f  16, 
was prov ided by NALCO Chemicals. These s o l u t i o n s  were added t o  a 20-L s l u r r y  
c o n t a i n i n g  100 g o f  benton i te .  A f t e r  s t i r r i n g  t h e  s l u r r y  f o r  1-2 h a t  65°C t h e  c l a y  
was f i l t e r e d  and then r e s l u r r i e d  i n  5 L o f  d i s t i l l e d  water ( a t  65°C) t o  remove 
excess reactants.  A f t e r  a second f i l t r a t i o n  and wash, t h e  c l a y  was dryed a t  120°C, 
crushed, and s i z e d  t o  <IO0 mesh and then used f o r  h y d r o t r e a t i n g  c a t a l y s t s  p repara-  
t i o n .  X-ray d i f f r a c t o g r a m s  o f  these p i l l a r e d  c l a y s  are  shown i n  F i g u r e  1; t h e i r  
compos i t ion  i s  g iven  i n  Table 1. 

I 

C a t a l y s t  Forming 

Two fo rming  methods were employed. When t h e  c l a y  was used as t h e  c r a c k i n g  
component, a Harshaw A1-4100P alumina hydra te  powder was c a l c i n e d  a t  400°C and then 
loaded w i t h  4% Ni-14% Mo v i a  a one-step, co- impregnat ion w i t h  n i c k e l  n i t r a t e -  
ammonium paramolybdate s o l u t i o n .  The oven-dr ied impregnated a1 umina was then m i x -  
m u l l e d  w i t h  t h e  c l a y ,  p e p t i z e d  w i t h  1% n i t r i c  ac id ,  and extruded. The ex t rudates  
were oven-dr ied o v e r n i g h t  a t  120°C and then c a l c i n e d  a t  450°C f o r  1 8  h. The compo- 
s i t i o n  o f  t h e  f i n i s h e d  c a t a l y s t s  were by weight,  70% (4  Ni-14 Mo/A1203)+ 30% c l a y .  

When c l a y s  were used as meta ls  support ,  t h e  p i l l a r e d  b e n t o n i t e  was c a l -  
c i n e d  a t  400°C and then loaded w i t h  4 Ni-14% Mo by we igh t  u s i n g  t h e  same one-step 
procedure descr ibed above. The oven-dr ied,  metals- loaded c l a y  was then mix -mul led  
w i t h  ammonium Y z e o l i t e ,  p e p t i z e d  w i t h  1% n i t r i c  ac id ,  and extruded. The ex t rudates  
were h e a t - t r e a t e d  as b e f o r e ;  t h e i r  compos i t ion  ( i n  w t % )  were 70% (4 Ni-14 M o l c l a y )  t 
30% HY. The ammonium Y z e o l i t e  was prepared by NH4'-exchanging Linde NaY u n t i l  t h e  
r e s i d u a l  sodium l e v e l  was l e s s  than 0.5%. 

C a t a l y s t  T e s t i n g  

P i l l a r e d  b e n t o n i t e  c r a c k i n g  a c t i v i t y  was eva lu  t e d  by a m i c r o a c t i v i t y  t e s t  
s i m i l a r  t o  the  one descr ibed b y  C iapet ta  and Anderson fg) Test c o n d i t i o n s  as w e l l  
as chargestock i n s p e c t i o n s  are  descr ibed elsewhere. (7) Before t e s t i n g ,  c a t a l y s t s  
were heated ( i n  d r y  a i r )  a t  400°C f o r  10 h. Percent convers ion  i s  d e f i n e d  as: 
(Vf-Vp) 1OO/V f  where Vf  i s  t h e  volume o f  t h e  f r e s h  feed (FF) and Vp i s  t h e  volume o f  
p roduc t  b o i l i n g  above 204OC. 
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HON-HC runs were conducted i n  an e x t e r n a l l y  heated 1.43 cm IO by 122 cm 
s t a i n l e s s  s t e e l ,  down f l ow ,  t r i c k l e  bed reac to r .  A 0.48 cm OD c o n c e n t r i c  thermowel l  
running t h e  l e n g t h  o f  t h e  r e a c t o r  was used t o  mon i to r  temperatures i n  t h e  r e a c t o r  
zones. For  a l l  runs a 75 mL c a t a l y s t  bed was employed. The t o p  35 mL o f  c a t a l y s t  
was a commercial ly a v a i l a b l e  Nalco NM-504 h y d r o t r e a t i n g  c a t a l y s t .  The bottom 35 mL 
o f  the  bed was loaded w i t h  t h e  exper imenta l  composite hydrocrack ing c a t a l y s t  t o  be 
evaluated. No p roduc t  separa t i on  was c a r r i e d  ou t  between c a t a l y s t  beds. Both 
c a t a l y s t s  were s i z e d  t o  16x40 mesh and p r e s u l f i d e d  i n  s i t u  a t  204°C and 35 p s i g  f o r  
6 h w i t h  56 L/h of a 92% hydrogen-8% hydrogen s u l f i d e  gas blend. 

An Agha J a r i  VGO c o n t a i n i n g  1500 ppm o rgan ic  n i t r o g e n  and 1.2% s u l f u r  w a s  
t h e  feed f o r  a l l  runs. The r e a c t i o n  c o n d i t i o n s  i n  Table 2 were chosen t o  a l l o w  the 
h y d r o t r e a t i n g  c a t a l y s t  t o  reduce the  feed  o rgan ic  n i t r o g e n  and s u l f u r  l e v e l s  t o  <50 
ppm and <0.2%, r e s p e c t i v e l y ;  r e a c t o r  c o n f i g u r a t i o n  i s  shown i n  F i g u r e  2. 
Hydrocracking t e s t  runs  were 34 h i n  du ra t i on ,  w i t h  a 2-h o f f - s t r e a m  p e r i o d  and 
f i v e ,  3 h on-stream per iods  a t  each temperature. Analyses were performed on 
products  c o l l e c t e d  f r o m  t h e  l a s t  on-stream per iod .  

RESULTS AND DISCUSSION 

Exchange r e a c t i o n s  o f  Ca-bentoni te  w i t h  po l ynuc lea r  c a t i o n s  generate 
molecular  s i e v e - l i k e  m a t e r i a l s  s t a b l e  t o  500-600°C w i t h  250-320 m2/g su r face  area 
and 0.15-0.22 cc/g p o r e  volume (Tables 1 and 3). Th is  microspace i s  a t t r i b u t e d  t o  
the  p i l l a r i n g  induced by s t a b l e  ox ide  c l u s t e r s  formed by dehydroxy la t i ng  t h e  i n t e r -  
l a y e r i n g  ca t i ons .  As i n  HY z e o l i t e s ,  p i l l a r e d  c l a y s  e x h i b i t  a narrow d i s t r i b u t i o n  
o f  pore s i zes  w i t h  more than 85% o f  t h i s  area i n  p o r e s ' w i t h  rad ius  l e s s  than  1 0  A, 
Table 3. A t  c r a c k i n g  c o n d i t i o n s  (400'C) i n  vacuo a c i d i t y  i n  c l a y s  p i l l a r e d  w i t h  
aluminum ox ide  c l u s t e r s  i s  mos t l y  f t h e  Lewis t ype ;  a Lewis/Bronsted (L/B) a c i d  
s i t e s  r a t i o  o f  f o u r  h s been found.r6) I n  HY, a L/B r a t i o  o f  0.6 has been est imated 
f rom l i t e r a t u r e  data.q6) I n  powder form (100 x 325 mesh granules)  p i l l a r e d  bento- 
n i t e s  have ( a f t e r  a g i n g  i n  a i r  a t  40OoC/10 h) c rack ing  a c t i v i t y  f o r  gas o i l  conver- 
s i o n  s i m i l a r  t o  t h a t  o f  HY (Table 4). The rank ing  i s  as f o l l o w s :  

Ca-Bentoni t e < < ( S i  ,A1 )Bentoni  te<(Zr ,A l  )Bentonite<ACH-Bentoni te<HY 

However, t he  HY z e o l i t e  r e t a i n s  u s e f u l  c rack ing  a c t i v i t y  even a f t e r  a hydrothermal 
(10 h a t  730°C with 95% steam a t  1 atm) ag ing per iod,  whereas p i l l a r e d  c l a y s  do 
not .  

To i s o l a t e  t h e  two c a t a l y s t s  c o n t r i b u t i o n  t o  t h e  o v e r a l l  HDN-HC a c t i v i t y ,  
b lank runs were performed w i t h  t h e  composite c a t a l y s t  bed rep laced w i t h  37.5 mL of 
i n e r t ,  f i r e d  quar t z  ch ips.  Resu l t s  i n  Table 5 show t h e  a b i l i t y  o f  t h e  commercial 
h y d r o t r e a t i n g  c a t a l y s t  (Nalco NM-504) f o r  s u l f u r  and n i t r o g e n  removal. The decrease 
O f  the 36OoCt f r a c t i o n  w i t h  temperature i n d i c a t e  i t s  a c t i v i t y  f o r  hydrocarbon 
c rack ing ;  therefore,  conve rs ion  over t h e  combined HDN-HC c a t a l y s t  a t  each tempera- 
t u r e  i s  expressed as, 

CON = 100 x (TGOB-TGOR)/TGOB, 

where TGOB and TGOR a r e  t h e  360°C' con ten t  o f  t h e  b lank and run product ,  respec- 
t i  vely  . 
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Three c l a y s  (Ca-bentonite, ACH-bentonite, and (A1 ,Zr )  b e n t o n i t e )  were 
tes ted ,  along w i th  HY, as c r a c k i n g  components i n  composi te c a t a l y s t s  c o n t a i n i n g  70% 
alumina loaded w i t h  14% Mo and 4% Ni. Resu l ts  i n  Table 6 show t h a t  b e n t o n i t e  
p i l l a r e d  w i th  A1203-clusters (ACH-bentonite) i s  t h e  most a c t i v e  c l a y  f o r  VGO c r a c k -  
i n g ;  a t  400°C i t  i s  s i g n i f i c a n t l y  l e s s  a c t i v e  than t h e  HY-containing c a t a l y s t .  
Whi le t h e  r e l a t i v e  r a n k i n g  o f  t h e  c a t a l y s t s  i n  terms o f  a c t i v i t y  i s  t h e  same as t h a t  
observed i n  c r a c k i n g  gas o i l s ,  t h e  hydrocrack ing  a c t i v i t y  d i f f e r e n c e s  between 
p i l l a r e d  c l a y s  and HY z e o l i t e  a r e  much more pronounced. A t  415OC t h i s  d i f f e r e n c e  i s  
even more ev ident  (see Tab le  6). I n  f a c t ,  w h i l e  t h e  a c t i v i t y  o f  . the z e o l i t e -  
c o n t a i n i n g  c a t a l y s t  inc reases  t o  98.3% (up f rom 48.2% a t  4OO0C), t h e  a c t i v i t y  o f  t h e  
ACH-bentonite c o n t a i n i n g  c a t a l y s t  remained unchanged a t  31-32%. Rapid d e a c t i v a t i o n  
due t o  hydrocarbons o c c l u s i o n  and coking, i s  b e l i e v e d  r e s p o n s i b l e  f o r  t h e  p i l l a r e d  
c l a y s  apparent low hydrocrack ing  a c t i v i t y  (see Table 6). 

ACH-bentonite ( S i  ,A1 ) -Benton i te  and (A1 ,Zr)-Bentoni te were used as meta l  
(14% Mo + 4% N i )  suppor t  i n  composite c a t a l y s t s  promoted w i t h  30% HY f o r  hydrocrack-  
i n g  a c t i v i t y .  A s i m i l a r  c a t a l y s t  c o n t a i n i n g  metal- loaded alumina (and 30% HY) was 
used as re fe rence m a t e r i a l .  Resu l ts  i n  Tab le  7 i n d i c a t e  t h e  g r e a t e r  a c t i v i t y  o f  t h e  
p i l l a r e d  c l a y s  c o n t a i n i n g  c a t a l y s t s  and t h e i r  s e l e c t i v i t y  w i t h  respec t  t o  l i g h t  
fu rnace o i l  (LFO) generat ion.  The r a p i d  d e a c t i v a t i o n  p r e v i o u s l y  observed was n o t  
ev ident  i n  these runs. Metal  l o a d i n g  t h e  p i l l a r e d  c l a y s  may have reduced t h e i r  
a c i d i t y  and minimized coke format ion.  (A1 ,Zr) p i l l a r e d  b e n t o n i t e  has g r e a t e r  
c r a c k i n g  a c t i v i t y  t h a n  ( S i , A l )  b e n t o n i t e  (Table 4). The h i g h e r  hydrocrack ing  
a c t i v i t y  o f  t h e  ( S i , A l )  b e n t o n i t e  composi te c a t a l y s t  w i t h  respec t  t o  t h e  one con- 
t a i n i n g  (Zr ,A l )  Benton i te  (see Table 7 )  i s  due t o  t h e  d i f f e r e n t  s u r f a c e  area o f  
these p i l l a r e d  c l a y s  (Table 3). As expected, t h e  ACH-bentonite c o n t a i n i n g  c a t a l y s t  
was most a c t i v e .  A t  400°C convers ion  was 70% and generated a l i q u i d  c o n t a i n i n g  
37.7% LFO. The s e l e c t i v i t y  o f  these c l a y s  f o r  LFO p r o d u c t i o n  d u r i n g  VGO hydrocrack-  
i n g  can be a t t r i b u t e d  t o  t h e  p i l l a r e d  c l a y  microporous s t r u c t u r e ,  which appears t o  
c o n t r o l  t h e  c leavage o f  h i g h  molecu la r  we igh t  hydrocarbons and r e t a r d s  f u r t h e r  
c r a c k i n g  t o  l i g h t e r  f r a c t i o n s .  

CONCLUSION 

Because o f  r a p i d  d e a c t i v a t i o n  due t o  excessive coke fo rmat ion ,  p i l l a r e d  
c l a y s  a r e  i n e f f e c t i v e  when used as t h e  c r a c k i n g  component i n  composi te hydrocrack ing  
c a t a l y s t s .  When used as meta ls  supports i n  composi te c a t a l y s t s  c o n t a i n i n g  z e o l i t e s ,  
t h e  p i l l a r e d  c l a y s  show e x c e l l e n t  hydrocrack ing  a c t i v i t y  and s e l e c t i v i t y  t o  l i g h t  
fu rnace o i l .  Th is  i s  p robab ly  due t o  t h e  moderat ion o f  t h e i r  a c i d i t y  r e s u l t i n g  from 
t h e  a d d i t i o n  o f  hydrogenat ion  metals l i k e  Mo and Ni and t o  t h e  open m i c r o s t r u c t u r e  
r e s u l t i n g  from p i l l a r i n g .  
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Figure 2 
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Table 1. B e n t o n i t e  compos i t ion  b e f o r e  and a f t e r  p i l l a r i n g  ( G a l b r a i t h  
L a b o r a t o r i e s  Data).  

Oxides Composi t ion ( W t % )  

Ca 1 c i  um ACH- ( Z r - A l )  (Si-A1) 
B e n t o n i t e  Benton i te  B e n t o n i t e  Benton i te  

S i  O2 62.9 55.9 55.3 

K20 
MgO 

20.0 31.6 25.8 
0.53 0.67 0.50 
2.32 0.37. 0.35 
2.16 1.55 1.58 

CaO 2.58 0.43 0.24 
4.38 3.59 3.60 
-- 6.1 

Fe203 
Zr02 

2'3 
Na 20 

78.1 
13.9 

0.35 
0.20 
0.90 
0.48 
1.8 
- -  

Tab le  2. Hydrotreating-hydrocracking run cond i t ions .  

Feedstock 
G r a v i t y ,  ' A P I  
S u l f u r ,  w t %  
N i t rogen,  ppm 
Temperature, "C 
Pressure,  kpa ( p s i g )  
C a t a l y s t  Volume, mL 

C a t a l y s t  Bed Length, cm 
LHVS, h - l  
Feed Volume, mL h 
Hydrogen/Oi 1, m 5 /m3 ( s c f / b b l )  

Agha J a r i  VGO 
23.1 
1.75 
1500 

13,891 (2000) 
37.5 H y d r o t r e a t i n g  
37.5 Hydrocracking 

1.0 
75 
1069 (6000) 

390-415 

52.8 
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Table 3. P i l l a r e d  c l a y s  s u r f a c e  p r o p e r t i e s  a f t e r  h e a t i n g  i n  d r y  
a i r  a t  40OoC/10 h and s i z i n g  t o  100x325 mesh g ranu les .  

BET Sur face Area (m2/g) 
Pore volume (cc /g )  

Pore Volume D i s t r i b u t i o n  
Area % i n  Pores w i t h  Radius 

< i o  a 
i o  < R Q O  a 
20 < R <loo  a 

> 100 a 

Table 4. Crack ing a c t i v i t y  

ACH- ( Z r , A l )  ( S i , A l )  Calc ium HY 
B e n t o n i t e  B e n t o n i t e  B e n t o n i t e  B e n t o n i t e  L i n d e  

255.0 254.0 303.5 46.6 508 
0.16 0.17 0.21 0.08 0.32 

88.0 90.0 87.8 25.2 94.9 
9.4 7.1 8.6 36.1 2.3 
2.4 2.4 3.2 29.1 1.4 
0.2 0.5 0.4 9.6 1.4 

f o r  gas o i l  convers ion  b e f o r e  and a f t e r  p i l l a r i n q .  
Clays were heated a t  40OoC/10 h i n  d r y  a i r  and s i z e d  t o  100 x 
325 mesh b e f o r e  t e s t i n g .  

Ca 1 c i  um 
Bent on i t e 

Conversion ( V %  f f )  28.4 
Gasol ine ( V %  f f )  16.7 
Furnace O i l  ( V %  f f )  30.3 
S l u r r y  O i l  (V% f f )  41.6 
Hydrogen (w t% f f )  0.75 
Carbon ( w t %  f f )  7.8 

ACH- 
B e n t o n i t e  

82.1 
59.8 
13.6 

4.2 
0.24 

12.2 

( Z r , A l )  ( S i , A l )  
B e n t o n i t e  B e n t o n i t e  

73.8 67.9 
55.6 51.5 
19.0 22.3 

7.2 9.8 
0.21 0.28 
9.6 7.48 
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Tab le  5. HDN-HC b lank  runs. 

1 Reac to r  L i q u i d  Compos',ti on* 
T"C e % LFO E "API 

Component T"C % NAP % KER % LFO % TGO " A P I  % CON %s 
Q u a r t z  380 0.9 3.5 15.6 83.4 28.3 0 0.0 50 
Q u a r t z  390 1.6 3.9 16.9 81.5 32.3 0 0.0 30 
Q u a r t z  400 3.3 7.8 24.1 72.6 31.2 0 0.0 <20 
Quar t z  415 6.6 13.5 32.2 61.2 33.3 0 0.0 <10 

HY Zeol i t e  400 28.0 29.5 34.4 37.6 41.3 48.2 
415 80.0 34.1 18.1 1.0 54.1 98.3 

ACH- Benton i t e  400 11.6 21.9 39.0 49.5 36.5 31.8 
415 14.2 26.8 43.9 41.9 37.9 31.5 

(A1 ,Zr)  B e n t o n i t e  400 9.2 14.9 31.2 59.7 34.6 17.8 
415 11.8 19.0 36.6 51.7 36.2 15.5 

Ca -Bent o n i  t e 400 6.6 14.3 32.7 60.6 34.4 16.5 
415 11.6 21.7 41.4 47.0 36.6 23.2 

1 

Table 6. HDC-HC w i t h  p i l l a r e d  c l a y s  as c r a c k i n g  component. 

Crack ing 
Component 

NAP = Naptha (OP-154°C) KER = Kerosene (190-271°C) 
LFO = L i g h t  Furnace O i l  (190-360°C) TGO = T o t a l  Gas O i l  (36O"Ct) 

1 

I 



Tab le  7. HDN-HC w i t h  c l a y s  as hydrogenat ion  component s u p p o r t  a t  400°C. 

Suppor t  
Reactor  L i  u i d  Composi t ion*  
- _ _ - - - - -  T"C %NAP % KER q %  LFO % TGO "API % CON 

A1 umi na 390 13.1 17.5 28.4 58.6 35.4 28.1 
400 28.0 29.5 34.4 37.6 41.3 48.2 

(A1,Zr) B e n t o n i t e  390 14.6 25.2 34.6 50.8 36.0 37.7 
400 27.2 32.0 36.4 36.4 40.5 49.9 

(S i -A11 B e n t o n i t e  390 21.4 26.9 36.7 41.9 39.5 48.6 
400 34.5 30.5 35.8 39.6 42.9 59.2 

ACH-Bentonite 390 20.3 34.6 43.4 36.3 40.5 55.5 
400 40.6 35.7 37.7 21.7 45.0 70.1 

( a )  NAP = Naphtha (OP-154°C); (b )  KER = Kerosene (190-271OC); ( c )  LFO = L i g h t  
Furnace O i l  (190-360°C); ( d )  TGO = T o t a l  Gas O i l  (360°C+). 

Tab le  8. HDN-HC w i t h  c l a y s  as hydrogenat ion  component s u p p o r t  a t  390°C. 

T"C % NAP % KER % LFO % TGO "API % CON Component 

A1 umi na 390 13.1 17.5 28.4 58.6 35.4 28.1 

ACH-Bentonite 390 20.3 34.6 43.4 36.3 40.5 55.5 

S i  - B e n t o n i t e  390 21.4 26.9 36.7 41.9 39.5 48.6 

A1 ,Zr -Benton i te  390 14.6 25.2 34.6 50.8 36.5 37.7 

~- - - - - -- 

( a )  NAP = Naphtha (OP-154°C); ( b )  KER = Kerosene (190-271°C); ( c )  LFO = L i g h t  
Furnace O i l  (190-360°C); ( d )  TGO = T o t a l  Gas O i l  (360°C+). 
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