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Effect of free radical initiators addition on visbreaking of vacuum residues

SHI Bin, MEN Xiu-jie, GUO Long-de, YU Dao-yong, QUE Guo-he
(State Key Laboratory of Heavy Oil, China University of Petroleum( East China) , Qingdao 266555, China)

Abstract; The effects of four free radical initiators including azodiisobutyronitrile ( AIBN) , di-tert-butyl peroxide
(DTBP) , sulfur(S) and iodine(I,) on the autoclave-style visbreaking of three vacuum residues were investigated
under the reaction conditions of 390 °C ~410 °C and the initiator dosage of 0 ~3 000x10~* according to free radical
chain reaction mechanism of thermal-cracking of vacuum residues. The improvement mechanisms of the free radical
initiators were studied by analysis of the viscosity and chemical composition of the processed oil samples. The
results show that the free radical initiators improve the visbreaking of different-base vacuum residues, in which the
order of improvement is LHVR = GDVR >DQVR. The improving effect, which is dependent on the chemical-
physical character of the processed residues, could be outstanding at lower reaction temperatures. The effect of 1, or
S under the same reaction condition is twice higher than that of AIBN or DTBP, which could be attributed to the
circulated initiation of ‘active atom’ originated from the inorganic HI or H,S. Compared with S, the improvement
of iodine is better.
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Table 1 Properties and elemental composition of three vacuum residues
Pn/ Moo/ . Content w /%
geem™ mm’ s e C H S N M”" Ni* V* saturates aromatics resins n-C, insolubles
LHVR 0.9976 3410 870 86.9 11.0 0.43 1.08 259 123 2.9 17.4 30.3 50.2 2.1
GDVR 0.9980 1710 917 85.4 11.4 2.52 0.80 132 48.0 2.2 14.5 34.8 47.2 3.5
DQVR 0.9357 106 820 86.8 12.6 0.17 0.37 10.0 0.2 38.4 34.0 27.5 0.1
*. mean relative molecular mass; ", total metal content; " : w / 107
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Table 2 Effect of the four free radical initiators on visbreaking

of LHVR

Initiator Blank BBPO AIBN S 1,
Dosage /107 1500 1500 1500 1500
Mo/ mm’ +s™ (under N,) 349.9 290.1 280.6 232.7 210.2
g/ mm’ +s” (under H,) 507.5 431.4 423.6 344.6 311.6
VDI /% (under N, ) - 17.1 19.9 33.5 40.0
VDI /% (under H, ) - 15.0 16.5 32.1 38.6

note: reaction temperature 390 °C, primary pressure 4. 0 MPa

(at room temperature ) , reaction time 70 min
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Table 3  Effect of I, or S on visbreaking of LHVR on different reaction temperatures under N,
Iitiators Dosage Moo/ mm’ -5~ VDI /% Toluene insoluble w/%
/107° 390 °C 400 C 410 C 390 °C 400 C 410<C 390 C 400 C 410 C
Blank - 349.9  155.3 103.8 - - - 0 0 0.19
S 1500 232.7 107.9  87.4 33.5 30.6 15.8 0 0 0.20
I, 1500 210.2  102.4 124.1 40.0 34.1 -19.6 0 0 0.25

note ; primary pressure of N, 4.0 MPa( at room temperature ) , reaction time 70 min
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Table 4  Effect of addition of I, or S on SARA of LHVR visbreaking under N,

SARA LHVR (before 390 C, 70 min 400 °C, 55 min 410 °C, 55 min
w/ % vishreaking) blank S I, blank S 1, blank S I,
Saturates 17.4 29.3 27.4 25.8 32.6 30.6 31.0 32.6 31.5 30.6
Aromatics 30.3 25.1 27.3 29.9 25.1 27.4 27.4 25.1 27.3 28.1
Resins 50.2 33.3 34.2 35.2 28.4 28.5 28.5 27.9 27.7 28.6
n-C, asphaltenes 2.1 12.3 11.1 10. 1 13.9 13.5 13.1 14.4 13.5 12.7

legend note; the experimental operations were all taken under the primary N, pressure 4.0 MPa (at room temperature )
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Table 5 Effect of addition of I, or S on visbreaking of DQVR

1

Initiator Dosage Moo/ MM’ +s” VDI /% Toluene insoluble w/ %
/107¢ 390 C 410 C 390 C 410 C 390 C 410 C
Blank - 90.5 40.2 - - 0 0
S 1500 79.0 39.0 12.8 3.0 0 0
I, 1500 82.6 39.5 8.8 1.7 0 0

note: primary pressure of N, 4.0 MPa (at room temperature) , reaction time 55 min
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Table 6  Effect of addition of I, or S on visbreaking of GDVR

Initiator Dosage Moo/ MM’ +5” VDI /% Toluene insoluble w/%
/107° 390 C 410 C 390 C 410 C 390 C 410 C
Blank 163.5 54.5 - - 0 0
S 1500 128.2 52.1 21.6 4.4 0 0
I, 1500 133.2 53.4 18.6 2.0 0 0

note ; primary pressure of N, 4.0 MPa (at room temperature) , reaction time 55 min

3 45 ®
VSN FR JE T | AR AT LA 2 98 H T Ve 1) ik e 5
AN, T 3 A A A FH 7E 3 0 B 5 v i B B
i
TEARTR S 0F T, R LT | 26 300 060 AR [+ 2 i D

PR T T 143 B 2 R DB O3RN A
S Xk

LHVR =GDVR>DQVR, iX f& H i I AR B 1 4 B AL 2
PETRITPEE 1

AR ST BT 1, 1S A2 37 0 it s 266 1 25 SR
J& AIBN #l DTBP FEZR B PIAE, X5 S A1, TE AR
(AL B < TR JET AT LA 2 AR 3R & R VR A
Ko L, 5 S A, HA RIS AL IEEHE A

(1] FREAE, R, B, ERETZERE M T AETR ], AR CEMmnT) , 2005, 21(3) ; 47-53.
(QU Guo-hua, HUANG Da-zhi, LIANG Wen-jie. Role and prospects of delayed coking in China’s petroleum processing[ J]. Acta Petrolei Sinica

( Petroleum Processing Section) , 2005, 21(3) :47-53.)

[2] TTESA, BHEK, 200, R0 BRRA T EEARRIGERL)]. Hahikit, 2000, 30(10) : 1-6.
(QI Yu-tai, XIE Chuan-xin, LI Hui-peng, QIN Shu-ren. Progress in visbreaking technology[ J]. Petroleum Refinery Engineering, 2000, 30

(10): 1-6.)

(3] BOUE. WORRE TZRBGE LSt 1], HRaiieit, 2001, 30(12): 15.
(LI Yuan-sheng. Progress in visbreaking[ J]. Petroleum Refinery Engineering, 2001, 30(12); 1-5.)



700 P/ = S A S i %38 4

[4]

(5]

[10]

[11]

[12]

RIR. A ML IWWARAE . AR iR, 1995 277-282.
(LIANG Wen-jie. Petroleum chemistry[ M]. Dongying: Press of University of Petroleum, 1995 277-282. )
GRAY M R, McCAFFREY W C. Role of chain reactions and olefin formation in cracking: Hydroconversion and coking of petroleum and bitumen
fractions[ J]. Energy Fuels, 2002, 16(3) : 756-766.
RAE, A, R, PRI il S SN R S L ERIR [T ], BORMEZE AR, 1999, 27(4) : 97-101.
(YANG Chao-he, ZHENG Hai, XU Chun-ming, LIN Shi-xiong Reaction characteristics and mechanism of residuum hydrocracking[ J]. Journal of
Fuel Chemistry and Technology, 1999, 27(4) : 97-101. )
Ao, 11558, e, SR, BIER. B iS50 Eln S 2L et se[ 1], BREME 224, 2010, 38(4) ; 422427,
(SHI Bin, MEN Xiu-jie, GUO Long-de, GUO Zhi-hui, QUE Guo-he. Effect of free radical initiators on the hydrocracking of heavy oils[ J].
Journal of Fuel Chemistry and Technology, 2010, 38(4) . 422-427.)
KAWAI H, KUMATA F. Free radical behavior in thermal cracking reaction using petroleum oil and model compounds[ J]. Catal Today, 1998, 43
(1):281-289.
CHANG J, TSUBAKI N, FUJIMOTO K. Elemental sulfur as an effective promoter for the catalytic hydrocracking of Arabian vacuum residue[ J ].
Fuel, 2001, 80(11) . 1639-1643.
CHANG J, FUJIMOTO K, TSUBAKI N. Effect of initiative additives on hydro-thermal cracking of heavy oils and model compound[J]. Energy
Fuels, 2003, 17(2) ;: 457461.
CHANG J, FU Y, SHIBATA Y, YOSHIMOTO M, FUJIMOTO K, TSUBAKI N. Promotional effect of oxidation pretreatment on hydro-thermal
cracking of Canadian oil sand bitumen[J]. Fuel, 2005, 84(12/13) . 1661-1663.
AR, AERAR, TN, O B, DAL BEARR RIS | AR e i s B AL I [ 0] REHME 2240, 2006, 34(4) : 434438.
(SHI Bin, REN Zhen-dong, MEN Xiu-jie, FANG Ri-qiang, QUE Guo-he. Improvement of residue by hydrocracking with solid acid, solid base
and radical initiators[ J]. Journal of Fuel Chemistry and Technology,2006, 34(4) . 434-438. )

MIDITEIEE 39 %5 (2011 ) (ARMLF2R)

CRRBM 2240 2 v [ o 2 A B R 27 e L Y BRI AR~ T 5 0 2, B2 1 Rk 0 R A~ AR T B )
T 1956 48, AP EAT . A THRRIERER SR P 22 A AR PRI T, B BEFEPUR WFTEE S0 BFSTRIR  £Rd AR
PRSI o B E A TEROR R AT R S U ) SRR AT 5 A5 0T A 9 5 T RS0 T s i 8, T R
ARG A AT RIS, O E R TESC, BEALHR RN, S A AR AR, U BE T 28 3F R RIF N ISR A A1 BTk

CARME 2R TS 2 AEE NG R RS, EAMA. “CA” “Ei” “AJ” “International Chemical Engineering”

” o«

“Fuel and Energy Abstract” “Coal Abstracts” 3 [E “ American Petroleum Institute Central Abstracting and Information
Services” “ & [H ST RHLSCHG (CSA) 745, RN (AR RISCR) (b Efs AR T3C) ChEBES SO R
Y b Al SCHR A ) (b FE RS0 T Bl e ) (P ERHEOE AT S e et e ) (b ATk 3y
RS SCET 5007 ) 55 s S LAE AR CA” TRk, SO CREIITIR h 2 AR OB i) ) 4230t
) b 2 AR R ZE ST Bt ) PRIDI T (O 0 Bl 2R G0 PG ) DR 41 1), 2001 47 BE AR | 1 R 8 452 7
4 R 7 RSO 2 UGRES R A bt XL 5 T

CRRBHE 22410 S A T, A4 JTAR,80 BT, 23l Hi AR BRI , A 0E € 1 15 I, 424F 180 JU (& HEHE) . Wil ™k
PEATEY b ERRIT B (BRBIR S : 22 —50) , A& 5 iod Pl iT, i a5 g BRI 2R

BXZ il KETIRkE R 27 5 (RRMERA ) SRR BREL4R A5 : 030001
21 1 03512025214 4066044 1& H. 03512025214

HF{558: 11hx@ sxicc. ac. cn



