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[ Abstract] SO: /Z10, solid super - acid catalysts (SZ) separately doped with N©* and Sn°* (N "/
Sz, sn' /SZ) w ere prepared for catalytic visbreaking of heavy petroleum oil fran Shengli oil field The
visbreaking reactions were carried out under conditions of 240 , 3 - 4M Pa, mass ratio of heavy
petroleum oil to catalyst 100 Q 05 and reaction time 24 h The effect of water content on viscosity
change of heavy petroleum oilwas also investigated B oth the catalysts can promote themolysis of heavy
petroleum oil, and make the viscosity dropping fran Q 319 Pa- s to Q 135 Pa- s(N t*/Sz) and Q 163
Pa- s(Sn'’ /SZ), repectively. The visbreaking rates are 57 7% and 48 9% correspondingly. A fter
reactions, content of saturated hydrocarbons increases and contents of aromatics, resin and agphaltene
decrease At the sane time, sulfur and nitrogen contents in heavy petroleum oil also reduce The
presence of w ater is disadvantageous to visbreaking of heavy petroleum oil
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Tablel Viscosity, elenent composition and SARA of heavy petroleun oil
V iscosity (50 ) / w (Element) , % w (SARA), %
(Pa: s C H S N Saturated hydrocarbon A ram atics Resin A sphaltene
0 316 86 66 11 74 184 093 44, 06 30 65 23 30 1 99
SARA: saturated hydrocarbon, aromatics, resin and agphaltene
12
ZOCl - 8H,0 : , 15
: : , : 100 g 005¢
Ni(NOj),- 6H,0: , ; ., N3 , 240 24 h,
SnChL - 2H,0: , 3 4M Pa ,
:GSH-0Q5 ; (50 ), (1) (X):
:NDJ-9S X =g -H) Mo x100% (1)
13 Mo (50 ),Pa s M
ZOCL - 8H,0 , (50 ), Pa s
; 25% 28% 16
pH 9, , :
, 100 120 Zr(OH), GC950 (TCD FID ) GC920
NT* sn” Q5 (FFD ) :
mol/L  H,S0, , 1g (1) TCD, H,, 393 K, 1mL; (2)
Zr(OH), 15mL FID, N,, 393 K, 1mL; (3) FPD,
Zr(OH), , N,, 353 K, 1mL
: 550 17 SARA
4h, NPT sn’t S0 /Z10, SARA
, NPT /sz  sittsz 1ol
* [10] , (19
14 30 mL ) ,
PAN alytical B V X'PertPro X ( 1%) Y -ALO, ,
(XRD) , Cu K - ( 1)
, 40 kv, 30mA N icolet
A dvatar 660 (IR) V ario B

1

, 4an 7, OMNIC Version4 1

' 15 30mg
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502 NP sn’ 2
Z10, Table 2 Viscosity change of heavy petroleum oils before and after reaction
XRD ZI’(SO4)2 V iscosity / (Pa- s)
Catalysts B efore After V isbreaking
' ' reaction reaction
W ithout catalyst 0 319 0 203 36 4
. sn?* /sz 0 319 0 163 48 9
Ni?* /sz 0 319 0 135 57. 7
Reaction conditions: 240 , 3 - 4M Pa, 24 h, heavy petroleum
oil 100 g, catalyst O 05 g, w ithout w ater
Ni?*/SZ 23
2
Ni"/Sz
Sn?*/SZ
" 3  4(TCcD N,
0 10 20 30 40 50 60 70 80 90 100 ’ )
20/° 8
1 Ni#*/sz  snttisz XRD
Fig 1 XRD sectraof Ni?* /SZ and Sn®* /SZ catalysts
Ni2* 1Sz, sn®* ISZ:N#* or Sn?* doped SO2° /Z10,
solid super - acid catalysts
= Z0,
2+ 2+ = E
2 Ni /SZ Sn /SZ IR & i
u
2-
[12] ,S0; /210,
3 ) 1040 1 080’ 1 1.02 2.85 4.68 6.51 8.34 10.17 12.00 13.84 15.67 17.50 19.33
130 1150.1200 1280 an’ 1 2 Residence time/min
3 , 3 FPD
2. Fig 3 Gas chramatogran of gases produced by visbreaking,
0, /1210, detem ined by FPD.
NiZHSZ Reaction conditions referred to Table 2, Ni** /SZ catalyst
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2 Ni#*t/sz sm*tisz IR Residence time/min
Fig 2 IR ectraof Ni?* /SZ and Sn?* /SZ catalysts 4 ED
2 2 Fig 4 Gas chramatogran of gas produced by visbreaking,
5 5 detemined by FID.
+ +
Ni /SZ Sn /SZ Reaction conditions refer to Table 2, N ¥ /SZ catalyst
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24 SARA
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Table3 SARA change of heavy petroleun

oils before and after reaction
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Table4 Elenental camposition of heavy petroleun

oils before and after reaction

w (SARA), %
- A fter reaction
Camposition
Before reaction  gn2* sz Nt /SZ
catalyst catalyst
Saturated hydrocarbon 44, 06 54, 59 63 43
A rom atics 30 65 23 99 22 65
Resin 23 30 19 51 13 83
A phaltene 199 191 0 09
Reaction conditions referred to Table 2
25
4 4
) ) S N
F, O, N, S
. S N ;
[13]
26

w (SARA), %
A fter reaction
Element
B efore reaction sn?* /sz Ni2* /sz
catalyst catalyst
C 86 66 89 92 87. 27
H 11 74 11 73 1171
S 184 182 171
N 0 93 Q 93 Q 85
80
. SO
;
-5 40
3
£
=
A m
i will =
0 5 10 20

Water addition/g

BS KA Gk % B8 R 2 22 1 S ol
Fig.5 Effects of water addition on visbreaking rate
of heavy petroleum oil.
Reaction conditions: 240 T, 5 -7 MPa,24 h,

heavy petroleum oil 100 g, Ni** /SZ catalyst 0. 05 g.

With catalyst; Without catalyst
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