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Fig.4 Effect of reaction temperature on amount

of epoxy bond on silica gel surface
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number of acid on catalyst
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Fig.8 IR spectra of silica-bonded catalyst

and its precursors
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Table 1 Elemental analysis for silica-bonded catalyst

and its precursors
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Table 2 H-NMR spectra analysis for solid acid catalyst

and its precursors
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Table 3 Yield of biodiesel at different catalysts

reuse times

LI GBI X 2T R Tl IR £ AL 571
WAL fEAk TR, % R/ %
1 89. 06 84. 60
2 80. 43 83. 60
3 67.26 81.36
4 48.75 81.00
5 48.50 80. 76
6 45.15 80. 50
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Analysis of coke composition and formation in coking furnace tubes

YANG Junwei', LIU Liying', WANG Shuo', MO Yanan®, TIAN Lingyan®, ZHEN Xinping’

(1. State Key Laboratory of Heavy Oil Processing in China University of Petroleum( East China) , Qingdao 266580, China;
2. PetroChina Liaoyang Petrochemical Company, Liaoyang 111003, China;
3. Refing & Petrochemical Research Institute, PetroChina Karamay Petrochemical Company Limited,
Karamay 834000, China)

Abstract: The coke samples were obtained from a commercial coking furnace by a mechanical decoking technology at two dif-
ferent coke cleaning cycles. The elemental compositions, ash content, and metal content of collected coke samples were ana-
lyzed. The results show that the H/C atom ratio of tube cokes is 0.29 to 0. 32. , while the H/C atom ratio of petroleum coke
in the same unit is 0. 51, meaning tube coke has higher condensation. Due to higher coking tendency or coking promotion of
the sulfur-containing components in the vaccum residue, the sulfur content of tube cokes ranges from 12.3% to 13.0%.
However, the sulfur content of toluene insoluble derived from the same furnace charge is 7. 2% , which is twice of the sulfur
content in the tube coke. The ash content of collected tube cokes is up to 20% . It is also found that about 80% -90% of the
deposits formed due to pyrolytic carbon formation. The remaining 10% -20% of the deposits is mainly iron sulfide and other
metal compounds. Iron and molybdenum are the major metallic elements in the ash of tube cokes.

Keyword : coking furnace; coking mechanism; delayed coking
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Fig.1 Coke sample in commercial furnace tubes
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Table 1 Properties and elemental composition of residue for coking feedstock

BRRE = L R )e 2L f= R
fEAL iR 1.0 24.5 84. 4 9.7 3.9 0.4
Sk 1) 0.98 19.0 85.6 10.7 2.0 0.6
WiH K5/ % Fe JFiREM0/107¢ Mg i fE43480/107° Na JFRM40/107° Ni 4407107 V B 44107
fEALY R 0.15 3.5 0.1 4.1 40. 4 128.0
SCHkAE 13 0.05 6.0 5.0 80.5 300. 0
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Table 2 Elemental compositions of coke samples

- AR (BTE 750 /% TR 53 3 s e 3 %
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ScEkEls 78 2.5 5 2 10 40 20 5 10 25

2.1 Skt (25 S A, FL AR b IR S A1 T V80 o il e g
WME 2 FiR, CREMIE R AR 7 I SRRt — SRR A A=Y, Aimie
(W IR EE) 43504 0.29 F1 0. 32, B§ A% T Lemke WU 7E SO 5542 0. 1 ~0.2 MPa 450 ~480 °C 24 h
Sl HGE RS AR L (0.38) . RSB MAM BRSPS A RIRB 7E 460 ~ 520°C 6 ~ 12
AL 0.51, 2 R Ak by 1.6 £5: 0 DNH SR TEEE Y, A 6 R K T A,
AP R LA 0. 77 , 298 SN R GE ZU LUy BRI S R Y e L B8 1% T il £ R S ny 0 9 Y 2
0.56 1, FERTARY . Y S ST B0 AT L, SO A
- PRV (10 £ 2 B o W Bl AL BRI b R
TSN Rl 22 FLBRRR R, X 2R
T EE RN N %2 A K, R )2 4 AT
FERARATEL

2.2 HRESH
WE 3 7R, SR 4R 1 P 450 AR AR it A T o 90 4
AR 12.3% 1 13. 0% , 325 T Lemke 2510 43 18
AL N2 PEEEEE TR E@i}j%%@ﬁﬁﬁﬁéﬁ(S 0‘% ) . 1M Parker %;léﬂqm
o Wy BV R R A R A b A A R Bk
12.9% ~19.7% , S5ASCh 85 R AT, 48 FE i
2 REREASHETL Tk 530 ST B PR EURH B TR ik 4 11 2 5 P
Fig.2 H/C atom ratios of coke samples Lemke! il Parker! " 3 1 R 40 K4
XA ROV E SRR R RS RN 9 2.0% F15. 05% , 75 SCH R SR 45 B9 J50RH A 17 5 A
JE R E AR bR, S0 LB B ROV IR B, 8 38k 3. 9% , 5 Parker 1Y JFURH B 5 20 B 4
S R4 G AR R, AR EE AR B MLEL, BRI, A, AR SO SR R I [ 2 A AR R B
REY) (T S A WAL W5 46 3 s 7. 8% Idids #4057 400 390 BT 45 FFY 2 S V5 00 At o o

—

n(H)/n(C)

©C O O O O ~= =
S N A Y 0 O N O




