%1555 5 Hewkitshs LR Vol.15,No.5
202410 A Nonferrous Metals Science and Engineering Oct. 2024

TERS1674-9669(2024)05-0641-09  DOI:10.13264/j.cnki.ysjskx.2024.05.002
BB PN, AT g, Al er 45 FLARIMVC IR 7= 1 e 8l 12450 Wik o 0], A & @ B4 5 TR, 2024, 15(5) : 641-649.

5L R ABR = R BN F 22 S AT 5

IR, ATWY, pha, FBE, bR, IHL, BRE
(1. b F R R AR A 4 A T 908602, AL AT 100083 ; 2. T AR AR IMERHE A FRA R, T4 #H6 512199)

T OE Oy IR R IRAMA, AR R AT TR, EEN T AR
ETEEEHlEREDR R ERMILEN, KA E 5 3 E R4 05 24 & 31T 047, 9
SRR R R IATH A F o, BEREW, WA W EE R4 4 H, % CH,, # 700~800 °C
Z |5l CH, % C-H# W & 5 B CH, & B H, & &3 & ; & A AL IR JZ ¥ 800 °CHt , 3 1f [ 4 7= 47 8y SEM
B 7 DLW B & T A AL R, B R T ARk B 5 K 1H 33.682 mY/g, A AR MT T i B YRR
B 5 B BRI AT & B, E 500~800 °C3E B , & AL I8 E T, 1, /I, 8K 2.12 B # F+ 5
2|3.38, LE BB % E RAR AR P, A T M R R By IR R i A, FT LR T R B ok
AR B IR 2 h B, R B AR A e R M i R 3 K T 94%, F AR IR JE 7 800 °C B, e JR B9 I e
97.29%; ¥ it Friedman-Reich-Levi % 20 17 15 H 2L 47 31 V8 34 KR 78 4b ik E R 4% (6 32 B9 38 ol 2 3 58
B e D B i

SR LA Sk R s AR AR R A Ik

HESZES . TF09  XEFEEG:A

Research on pyrolysis products and kinetic analysis of steel rolling oil mud
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(1. State Key Laboratory of Advanced 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 achieve the resource utilization of steel rolling oil sludge, this article studied the pyrolysis
products of steel rolling oil sludge, focusing on analyzing the surface morphology, specific surface area, and pore
structure of solid products at different pyrolysis temperatures, as well as analyzed the carbon structure changes of
solid products based on Raman spectroscopy. Moreover, the dynamic analysis was conducted on the pyrolysis
process of steel rolling oil sludge. The results show that the main components in the pyrolysis gas are H, and CH,.
The C-H bond from CH, fractured between 700 °C and 800 °C, resulting in the decrease of CH, content and the
increase of H, content. At a pyrolysis temperature of 800 °C, the SEM image of the solid product show densely
packed and rough micro-convexities on the surface, with a total specific surface area of 33.682 m’/g, and the highest
adsorption capacity during nitrogen adsorption equilibrium. This indicates that the pore volume at this pyrolysis
temperature is greater than at other temperatures. Based on the Raman spectrum analysis, in the range of 500 °C to
800 °C, the value of 1,,,/I, gradually increases from 2.12 to 3.38 with the increasing temperature, and the amorphous

carbon structure increases. In the pyrolysis process, the de-oil rate of oil sludge can be improved by properly
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controlling the temperature and the reaction time. The de-oil rate of oil sludge at different pyrolysis temperatures is

more than 94% when the pyrolysis time is 2 hours, and the de-oil rate of oil sludge at 800 °C is 97.29%. Through

Friedman Reich Levi method analysis, it is found that the activation energy E of the pyrolysis reaction of steel

rolling oil sludge shows a trend of first increasing, then decreasing, and then increasing with the increase of

conversion rate.

Keywords: steel rolling oil sludge; pyrolysis; solid products; de-oil rate
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Table 1 Element analysis and industrial analysis of steel

rolling oil sludge
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Table 2 ICP test results of steel rolling oil sludge

JLEME FE/(mgg) | TLEMIE EHi/(mg/g)

Fe 143.50 Mo 0.20

Al 1.72 Ca 0.06

P 1.61 Sb 0.04

Cu 0.76 Na 0.03

As 0.74 Si 0.02
Mn 0.62 B 0.02

Ti 0.59 Mg 0.01

Ni 0.30 — —
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Fig.3 Change trend of pyrolysis gas components of steel

rolling oil sludge at different temperatures
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Fig.4 SEM diagram of solid products at different pyrolysis temperatures: (a)500 °C; (b)600 °C; (c)700 °C;
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Table 3 Specific surface area and pore structure

parameters at different pyrolysis temperatures

MR /PC Syer/ (m¥/g) v/ (ecm?g) D,/nm
500 30.532 0.098 12.84
600 23.575 0.141 23.99
700 20.861 0.167 32.06
800 33.682 0.337 40.40
900 0.794 0.005 27.61
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Fig.6 XRD patterns of solid products at different pyrolysis

temperatures
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Table 5 De—oil rate of rolling oil sludge under different

pyrolysis time conditions

At ) /b ERUESD it /%
1.0 10.66 96.00
L5 8.74 96.85
2.0 8.26 97.29
2.5 7.53 97.63
3.0 7.21 97.78
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Table 6 Activation energy of thermal decomposition
reaction obtained by Friedman method for steel

rolling oil mud

bR (o) I 1L AE/ (kI/mol) R
0.1 21.06 0.996 0
0.2 29.51 0.976 0
0.3 31.68 0.844 2
0.4 50.13 0.895 6
0.5 79.95 0.949 9
0.6 51.48 0.894 3
0.7 35.76 0.879 9
0.8 42.02 0.880 5
0.9 49.69 0.8175
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