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Abstract: The chrome sludge in the iron and steel metallurgy industry mainly comes from the water station sludge
produced by chemical reduction neutralization-precipitation and sludge pressing of chromium-containing wastewater
discharged during steel rolling process. In order to reduce the harm of chrome sludge to the social environment the chrome
sludge from the sewage treatment station of an iron and steel work in central China is taken as the research object the
occurrence morphological characteristics of heavy metals in chrome sludge before and after incineration are explored by
tubular furnace incineration experiments and the potential ecological risks of heavy metals in chrome sludge are evaluated
by Toxicity Characteristic Leaching Procedure ( TCLP) and Risk Assessment Coding Method ( RAC) . The results show that
the TCLP extract state of heavy metals in chrome sludge decreases significantly after incineration among which the TCLP
extract state of heavy metals Cr Pb Zn and Ni decreases by 99.17% 82.92% 51.11% and 77.86% respectively and
the morphological distribution of heavy metals is almost dominated by residual form. The results of RAC risk evaluation

show that the environmental risk of Cr in chrome sludge after incineration at 800 “C is extremely low. This study can

© 2023 -02 -01; © 2023 -03 -01
( CIE2021YFCG25) ; (53210052144) .
(2000—) .
(1977—) .



48 3

provide a technical reference for the co-treatment of chrome sludge by sintering.
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Table 2 Test steps of sequential extraction method of Tessier
(F) MgCL(8 mL 1 mol/L) pH =7 25 C lh
(F,) NaAc(8 mL 1 mol/L) pH =5125<C 5h
(Fy) NH,OH+HCI( 40 mL 0.04 mol/L) 95 C 5h
1) HNO4( 3 mL 0.02 mol/L) H,0,(5mL 30%) 85 C 2h
(F,) 2) H,0,(5 mL 30%) pH =2 85 C 2h
3) NH,Ac(5 mL 3.2 mol/L) 25 C 0.5h
(Fs) HCIO,(3 mL) HNO,(10 mL) HF(2 mL) 145 C 4 h
: NaAc CH,COONa,
1.2.5 20 L/kg
EPA (30 r/min) 20 ho
( TCLP) 7. pH 30 min ICP
2.88 0.1 mol/L . TCLP
105 °C 0.15 mm 3.
3 TCLP
Table 3 Toxility detection on TCLP leaching of chrome sludge
/ /
(Lekg™) /h /min /g (remin~")
pH 2.88 0.1 mol/L 20 18 +2 30 100 30 £2
1.2.6 (RACQ) °
4 Pprac
18 JAIN Table 4 Risk assessment scale of py, %
" 0~<l1 1~<10 10~ <30 30~ <50 50~100
( risk assessment code RAC)
0-22 2
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L — 32 " 82 " 82 on 5 . 5 Cr-PRM
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% & % & Table 5 Main chemical composition of CrPRM %
%; &n %; &g TFe K,O0 Na,O ALO; SiO, CaO Fe,0; MgO TCr
% & % o Prac 4 1.60 0.54 0.41 2.83 2.62 59.0 1.12 7.12 5.75
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Table 6 Amount of heavy metals in the chrome sludge residue under different roasting temperature conditions  mg/kg

/°C
As Cr Pb Zn Cu Cd Hg Ni
4.7 63 787. 1 6.1 403.5 45.7 ND ND 464.3
300 ND 66 859.7 3.8 387. 1 38.1 ND ND 447. 8
500 ND 37 611.1 ND 309. 6 37.8 ND ND 219.6
800 ND 36 975. 4 ND 304.6 36. 4 ND ND 209. 8
1 000 ND 15 099. 1 ND 237.9 26.2 ND ND 125.8

:ND
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Fig. 3 Morphological distribution of heavy metals before and after incineration
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Table 7 TCLP extractable heavy metal content in chrome sludge before and after incineration
As Cr Pb Zn Cu Cd Ni
/(mgekg™") 0.304 10. 612 0.776 0.401 0.172 ND 1. 988
TCLP /% 6. 468 0.016 0. 127 0.099 0.042 ND 0.428
/(mgekg™") ND 0. 088 0.132 0. 188 ND ND 0. 440
TCLP 1% — — — 0. 062 — — 0.209
/% — 99. 17 82.92 5111 — — 77. 86
* /(mgekg™") 5.0 0.1 5.0 25.0 15.0 0.5 20.0
:ND
2.5 42. 09% ; 800 C
RAC Cr. Zn. Cu. Ni RAC
8 8 Cr. Cu. 86.11% « 71.51% . 80.84% . 45.36%;

Ni RAC Zn RAC Zn > Ni > Cu >
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Table 8 Evaluation results of RAC
Cr VA Cu Ni
DPrac ! % 16. 34 42.09 16. 39 19. 38 4
Prac ! % 2.27 11.99 3.14 10. 59
5
3
(1) Cr-PRM CaO. SiO,.
AL O,  Cr,0, Cr 5% ;
( Fe Mg) ( Cr
Fe) ,0, . ( CaO+MgO-Si0,)
° 6
(2)
Crv Zn. Cu. Ni
94.98% « 84.26% ~ 96. 10% -
87.62% Crv Pb. Zn. Ni  TCLP
99. 17% - .
82.92%  51.11% 77.86% -
(3) 800 C Cr Zn. Cu.
Ni  prac 86.11%  71.51% ~ 80. 84% -
45. 36% Cr o

(2021 ) EB/OL . (2020 -11 -

25 2023 - 05 - 04 . htips: //www. mee. gov. cn/gzk/
gz/202112/120211213_963867. shtml.
Ministry of Ecology and Environment National Develop—
ment and Reform Commission Ministry of Public Securi—
ty et al. National list of hazardous wastes( 2021 Edition)

EB/OL . (2020 -11 -25 2023 -05-04 . htips: //
www. mee. gov. cn/gzk/gz/202112/120211213_963867.
shtml.
PRASAD S YADAV K. K KUMAR S et al. Chromium
contamination and effect on environmental health and its
remediation: A sustainable approaches J . J. Environ.
Manage. 2021 285:112174.
WANG Y XU Y LIN S et al. Recycling of chromium
electroplating sludge using combined calcination-hydro—
thermal treatment: A risk—reducing strategy for separation
of Cr( IIT) from solid waste J . Surf. Interfaces 2022
(29) : 101750.
MAO L Q CUI H MIAO C et al. Preparation of MgCr,0,
from waste tannery solution and effect of sulfate chloride
leachability ~ of  chromium J .
J. Mater. Cycles Waste Manage 2016 18( 3) : 573 —581.

and calcium on

I . 2021
50(5) : 1395 - 1398; 1402.
WU Hongyi ZHANG Yi LIUYANG Xiya et al. Research
progress of chromium-containing sludge treatment and

resource utilization technology J . Application Chemical

Industry 2021 50( 5) : 1395 —1398; 1402.

I . 2018
45(10) :29 - 34.
MAO Linqing WU Shuanglei LI Pengfei et al. Study
on solidification of chromium-containing electroplating
sludge by fly ash based geopolymer J . New Building
Materials 2018 45( 10) : 29 —34.

I . 2017 11(6):
3767 -3772.
GENG Shuying FU Weizhang ZHENG Shulian et al.
Chromium recovery and resource utilization of chromium-
. Journal of

containing sludge from leather factory J

Environmental Engineering 2017 11( 6) : 3767 —3772.



2023 3

13

10

11

12

14

16

J. 2017 37(4) :476 - 480.
SHENG Guanghong LIU Kun XU Kaihua et al. Recov—
ery of valuable metals from metallurgical sludge by acid
leaching J . Chemical Environmental Protection 2017
37(4) :476 -480.
YANG YL MA HR CHEN X P et al. Effect of inciner—
ation temperature on chromium speciation in real chromi—
um-rich tannery sludge under air atmosphere J . Envir—
onmetal Research 2020 183:109159.
LIU Z XIE M ZHANG L et al. Selftreduction with es—
caped sulfur and immobilization of toxic chromium in co—
vitrification for synergistic recovery of chromium sludge
and blast furnace slag J .]J. Clean. Prod. 2022 358:
132048.

J. 2018 43(5) :61 - 64.
ZHANG Lei LIU Shangchao ZHANG Daoquan et al.
Application of sintering and ironmaking in the co-pro—
cessing of chromium-containing sludge J . Sintering and
pelletizing 2018 43(5) : 61 — 64.
MAO L DENG N LIU L et al. Inhibition of Cr( IIT) oxi—
dation during thermal treatment of simulated tannery
sludge: the role of phosphate J . Chemical Engineering
Journal 2016 294:1 -8.
ZHAO R GUO Y C HUANG X Q et al Synergistic
immobilization of chromium in tannery sludge by ZnO
and TiO, and the oxidation mechanism of Cr( III) under
alkaline in high temperature J . J. Hazard. Mater. 2022
424:127290.

J. 2021 33(6) :998 - 1009.
CHEN Guanyi HAN Kexuan LIU Caixia et al. Treat—
ment of heavy metals in sludge J . Chemical Pro—

gress. 2021 33(6) 1998 — 1009.

Tessier
BCR Cu.Pb.Zn
J . 2020 20(2) : 735 - 740.

CHEN Liwei CHEN Haiying WU Jun et al. Comparative
study on the speciation of Cu Pb and Zn in copper tail-
ings by Tessier five-step method and improved BCR
method J . Journal of Safety and Environment 2020
20( 2) : 735 -740.

TESSIER A CAMPBELL P G C BISSON M. Sequential

extraction procedure for the speciation of particulate trace

17

18

19

20

21

22

23

24

metals J . Anal. Chem. 1979 51(7) :844 —851.
MEHMET A Y BILGE A. Leaching of metals from soil

contaminated by mining activities J . J. Hazard. Mater.

2001 87( 1 -3):289 -300.

2015 15(4) :363 -367.

MA Bingjuan WANG Hailin LI Xiaochao et al. Specia—
tion distribution and potential ecological risk assessment
of heavy metals in field soil of Wuzhi County Henan
Province J . Journal of Safety and Environment 2015
15(4) :363 -367.

JAIN C K. Metal fractionation study on bed sediments of
. Water Res. 2004 38( 3):

river Ya-muna India J

569 —578.

2017 17(2) :725 -1729.

YANG Xuefu WANG Lei GUAN Jianling et al. Specia—
tion and risk assessment of heavy metals in surface sedi—
ments of Xixian section of Weihe river J . Journal of

Safety and Environment 2017 17(2) :725 —729.

J. 2019 38(3):
644 - 652.
YANG Xinming ZHUANG Tao HAN Lei et al
Speciation analysis and risk assessment of heavy metals
in farmland soil of Xiaoqing river sewage irrigation area

J . Environmental Chemistry 2019 38( 3) : 644 — 652.

J . 2021
42(1) : 4834 —4843.
GENG Yuanmeng ZHANG Chuanbing ZHANG Yong
et al. Speciation and ecological risk assessment of heavy
metals in municipal sludge in China J . Environmental
Science 2021 42( 1) :4834 -4843.
SWARNALATHA S RAMANI K KARTHI A G et al.
Starved air combustion-solidification/stabilization of pri—
mary chemical sludge from a tannery J . J. Hazard.
Mater. 2006 137( 1) :304 -313.
GEDEIKE I BALTAKYS K EISINAS A. Thermal stabili—
ty of synthetic high basicity calcium silicate hydrates sub—
stituted with Cr’* ions J . Mater Charact 2022 193:
112231. ( 105 )



2023 3 : CT

105

lets from GF88 hematite concentrate J . Sintering and

search 2021 33( 11) : 1154 - 1160.

Pelletizing 2020 45(6) : 61 - 68. 14 J.

11 WANG R R ZHANG J L LIU Z ] et al. Effects of mag- 2017(1) : 11 - 14.
nesium olivine on the mineral structure and compressive LI Yingkui. Influence of roasting process on reduction
strength of pellets J . Ironmaking & Steelmaking 2020 performance of pellets J . Hebei Metallurgy 2017( 1) :
47(2) : 100 - 105. 11 -14.

12 15

J. 2022 47(3): I 2021 56(4):9 -15.

59 -65. GUO Yufeng LIU Kuo LIU Yajing et al. Research pro—
LU Ming CHEN Xiaoyan WANG Xingfeng et al. Re— gress on reduction and expansion mechanism and influen—
search on optimization of preheating roasting process sys— cing factors of iron ore pellets J . Iron & Steel 2021
tem for high silicon magnetic powder pellet J . Sintering 56(4):9 -15.
and Pelletizing 2022 47(3) :59 —65. 16

13 J. 2021 31(3):17 -

J. 2021 21;29.
33(11): 1154 - 1160. SHEN Maosen LU Zhiyi KANG Wenge et al. Mecha—
XU Chenyang ZHANG Jianliang LIU Zhengjian et al. nism of abnormal reduction and expansion of baiyan obo
Characterization of organic composite binder and its effect iron pellets J . China Metallurgy 2021 31(3):17 -21;
on pellet properties ] . Journal of Iron and Steel Re- 29.
13 ) 26 . TCLP
25 J. 2005 26( 3) :
J. 2013 20( 5) : 42 -45. 152 - 156.
WEN Xiao LIU Yingyun GUAN Yongbing. Speciation SUN Yefang XIE Zhengmiao XU Jianming et al. As—
analysis of heavy metals in a lead—inc mine in southern sessment of toxicity of heavy metal contaminated soils by
Hunan J . Safety and Environmental Engineering 2013 toxicity characteristic leaching procedure J . Environ—
20(5) :42 —45. mental Science 2005 26( 3) : 152 — 156.
33 ) and Pelletizing 2022 47(3) :73 - 82.
11 12 .
J. 2022 I 2021 49(1) :59 -61.

47(3) .73 - 82. ZHAO Dandan WU Chuanwen. Suitable for rotary hearth

ZHU Deqing HOU Mingzhou YANG Congcong et al.
Study on improving thermal stability of Zinc-containing

dust and mud mass with composite binder J . Sintering

furnace disposal of iron zinc dust digestion process J .

Modern Metallurgy 2021 49( 1) :59 -61.



