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Co-pyrolysis characteristics of steel rolling oil sludge and biomass

SUN Mei', WANG Jingsong', SHI Jianhong®, LI Weiguo’, SHE Xuefeng', XUE Qingguo'
(1. State Key Laboratory of New Technology of Iron and Steel Metallurgy, University of Science and Technology Beijing,
Beijing 100083 , China;2. Guangdong Huaxin Environmental Protection Technology Co., Ltd. ,
Shaoguan 512199 , Guangdong , China)

Abstract: In order to explore the co-pyrolysis treatment process of mixing steel rolling oil sludge and biomass, a
thermogravimetric analyzer is used to pyrolyze steel rolling oil sludge and biomass ( corn stalk and straw stalk) separately
under N, atmosphere ,and some experiments are carried out by mixing three kinds of steel rolling oil sludge and biomass
with different mixing ratios,and the synergistic pyrolysis characteristics of the above mixtures are discussed. At the same
time ,under different heating rate () conditions,the dynamic analysis of the hybrid pyrolysis process is carried out by the
Friedman-Reich-Levi method,and the dynamic parameters are obtained. The results show that the pyrolysis of steel rolling
oil sludge is mainly composed of 3 main stages: dehydration, oil decomposition and iron oxide reduction, and the main
weight loss stage of biomass pyrolysis is de-volatilization. The synergistic effect of co-pyrolysis of corn stalk ,straw stalk and
steel rolling oil sludge is related to the type and mixing ratio of biomass,and the promotion effect is more obvious when the
biomass mixing ratio is up to 70% ,while the promotion effect of straw stalk on steel rolling oil sludge is better than that of
corn stalk. The activation energy of co-pyrolysis between the two kinds of biomass and steel rolling oil sludge has a
tendency to increase first and then decrease with the increase of conversion rate, when the conversion rate is 0. 6 or 0. 7, the

maximum activation energy is 52. 45 ~80. 02 kJ/mol.
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Table 1 Elemental analysis and industrial analysis of

biomass and steel rolling oil sludge %
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H S KA R KA

ERFEFF 1. 686 38.071 5.219 0.274 22.69 52.12 10.51
THILFEFT 1. 490 40. 564 5.572 0.245 19.27 54.38 13.32
FLAIHMIUE 0. 142 41. 847 8. 822 0.841 22.66 56.21 18.57
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Fig.1 TG and DTG curves of steel rolling oil sludge and biomass pyrolysis when 8 =20 °C/min
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Fig.2 Comparison of actual and weighted TG/DTG curve of mixed co-pyrolysis of steel rolling oil sludge and corn stalk
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Fig.3 Comparison of actual and weighted TG/DTG curve of mixed co-pyrolysis of steel rolling oil sludge and straw stalk
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(a) EKMAT; (b) FHHFEIT
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Fig.4 The Aw curve of steel rolling oil sludge and two kinds of biomass under different mixed mass fraction

(a) HLAIMYE; (b) FRFEFF; (o) FEERGAT
a; 1—0.1; 2—0.2; 3—0.3; 4—0.4; 5—0.5; 6—0.6; 7—0.7; 8—0.8; 9—0.9,
B 5 ELWiBRFA A AEYIR Friedman E L& 4R
Fig. 5 Fitting results of steel rolling oil sludge and two kinds of biomass using Friedman method
SRR 2 iR, WHEALRE AR R, FORFEFF P . A8 A A i 1Y
HIZE 2 W IR A ) 5 04 355 AL RE A 7 Bl % e RIEALRE ST B K 82. 19, 48.75 kI/mol; 4L
LA RS, ELAAER LR a0 =06 2 ST L AE M 1k 15 SCHR 18 ] i B-a 6 5 A
x2 FMEYRIENHE Friedman ;5520 R B iE K&
Table 2 Activation energy of thermal decomposition reaction obtained by Friedman method of two kinds

of biomass and steel rolling oil sludge

- FARFEFF AL FF LA
1Ak RE/ (kT -mol ™") R kAL (kJ-mol ™") R MEAbBE/ (kJ-mol ™") R
0.1 28. 66 0.999 1 28.91 0.992 8 21.06 0.996 0
0.2 41.38 0. 966 8 38. 11 0.999 6 29.51 0.976 0
0.3 34.22 0.873 9 45.20 0.998 2 31.68 0.844 2
0.4 43.08 0.995 3 42.55 0.999 8 50. 13 0.895 6
0.5 66. 46 0.999 1 47.68 0.959 8 79.95 0.949 9
0.6 82.19 0.882 1 48.75 0.928 7 51.48 0.894 3
0.7 54.24 0.987 4 33.18 0.930 3 35.76 0.879 9
0.8 44.09 0.954 9 31.31 0.917 7 42.02 0.880 5
0.9 32.85 0.999 1 27.58 0.975 8 49. 69 0.8175

T : R? (R-squared ) R SE ZR K, S — P ik [0 R EL A R RE A GE T, LIRUEVE B 0 ~ 1, R® BRI 1, BEH [T U Y
X R PO T A, e 2 WML S R R 22
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kJ/mol, BTN UE 5 T KA FF 2L B 1) fe KT AL
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F3 FEARFEFSELNBRLAME Friedman &R [ M iE L BE

Table 3 Activation energy of pyrolysis reaction of Friedman model for co-pyrolysis of corn stalk and steel rolling oil sludge

175 ~484 C EZ R A Mo 0050, &R ZRE M
Bt 7E680 ~916 °C, HLAIeH HE ALY 5 4
fi e B 2 B R K A IR R SN, A W) R B RS

. 30% ERFSH 50% EARFHE 70% FERFEHF
ek EALAE/ (kJ-mol ') R TALAE/ (kJ-mol ") R EALAE/ (kJ-mol ') R
0.1 16. 16 0.943 4 14.07 0.979 0 13.85 0.9212
0.2 18.13 0.927 8 16. 54 0.8112 28.09 0.883 4
0.3 36. 67 0.824 7 39.56 0.883 8 31.67 0.958 1
0.4 39.81 0.954 8 47.73 0.8362 45.85 0. 960 2
0.5 60. 38 0.947 8 65.23 0.997 0 47.24 0.999 8
0.6 75.63 0.990 3 76.72 0.974 2 58.74 0.955 1
0.7 82.02 0.984 3 70. 34 0.968 4 62.26 0.964 6
0.8 55.17 0.930 7 60. 14 0.787 8 54.47 0.944 3
0.9 45.89 0.928 4 58.14 0.953 1 51. 81 0.8113
F4 FBEBFSILWMRLAER Friedman BE AR R N ELRE
Table 4 Activation energy of pyrolysis reaction in Friedman model for co-pyrolysis of straw stalk and
steel rolling oil sludge
. 30% i F RS AT 50% FE RS AT 70% FE RS AT
WifbBE/ (kJ-mol ") R HALBE/ (kJ-mol 1) R TEALBE/ (kJ-mol ™") R
0.1 6.383 0.995 7 11.93 0.880 5 10. 83 0. 966 4
0.2 16. 83 0.974 6 26.76 0.999 0 15.16 0.963 9
0.3 26. 00 0.946 8 37.51 0.997 8 29. 67 0.995 0
0.4 35.56 0.885 8 48. 64 0.970 1 38.37 0.999 3
0.5 40. 19 0.930 6 55.76 0.927 9 48. 84 0.986 4
0.6 55.24 0.954 2 66. 88 0.987 5 52.45 0.933 1
0.7 79.12 0.980 3 60. 49 0.869 9 50.71 0.8929
0.8 52.12 0.899 4 53.85 0.911 1 46. 61 0.940 4
0.9 56. 61 0.988 7 52..23 0.912 4 43.38 0.913 4
3 & WA 3 AR BB R E/NT 210 C kA
JRK AT 210 ~521 C EZJR LR | L4
(1) FLAGIH I8 ry P Ok F e 72 5000 3 4> RIARTTR G o K AR TR T 521 CJA,
BRSOV B BE: IRBE/NT 175 C R A3 BT i T E A AR IR B Rk .

(2) 5LANTHUE 43 95 5 K AT A0 R B S AT
Yy Ot AR RIR A LN 70% L 50%
130% HE Rl REFR B M AL IEAE FH, B A I3 g
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