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Table 1 Chemical composition of copper slag and phosphate ore

R Fe,0, Sio, Na,O SO, CaO ALO, P,0; ZnO F
220 1.06 9.79 0.43 0.85 48.94 1.38 32.98 0 2.87
il v 56.83 20.62 6.48 4.80 2.43 2.13 0.29 3.79 0

W BEE: 2020-10-30; 2X[EIHE]: 2021-10-06
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Fig.1 a: XRD of phosphate ore; b: XRD of copper slag
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Fig.2 Process of middle low-grade phosphorus ore and
copper slag for preparation of ferrophosphorus
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Fig.4 Ferrophosphorus, metallic iron and phosphorus element were obtained at different temperatures
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2.3 MG
ohy 5% e il 3 T A Bt R T TR T B AR AL

P AN TR R R 3 D s 15l A K R R AT A L S 4
SEM BEAT 44, 15 2 MO0 e 30 & i WK 6.
7 1200°C BRIREE T, BRIC R AR X g
HAAE, W03 020 A X 30 Bk 1 430 A X 3
ARy E A, R AR BT &6 48R
Bko BEULFETEE] 1300°C, B SPITEMAGIX
WY RE o L E S, 1 kG & A X I
1200°C AHLL (1) 3 SR FE R U PR A, IR AT R G
OI A DX R B R . R RS T E 1350°C, Bk
M e R IEA NI e TS, U0 L A 1 i
BWEMRZ, ot ESMPIXEENEE S
BRFBE G R AT RO E S, B e ShAE
1o BHAE W FEGR ST B 1400°C, B HETR M
O3 A DX A TR LA, U s N AR TR
TR BRAG, X W BB DRI b 76 b I a2 s 1 Tl
HILT i e B g 4.
B [ [EEm

B
~

!il\
g

» EEed o

E 6 1200°C. 1300°C. 1350°C. 1400°C ;2 & TREELH
MR 5 EmHE

Fig.6 Micromorphology and surface scan of ferrophosphorus
at temperatures of 1200°C, 1300°C, 1350°C and 1400°C

MOULTE S & A mT s AEAR TR I 1 2R 1
LR ALIR, iR AR A T, B LR
W% . KIEONAEARI N, RS ARG, SN A
Sedr, PR AR RN, BV R AT B
IR, e B AR, N N SE Ax, AR K
R AE S NS R ve SN R, ARk A




0460

s o3l

2022 4

R wOm AR O R B AR T, R T
T AL

B el 5, K6 Ca) 850 T8 i) A2
B G, KO (b) Moy TEESR, BN
MEFEALI (o £, At (D KEEEH D
FAE AR R A [\ S BE AT+ S AT, 15
BLE RN 20 AT a TESEHMY, HAbx
REARRA, VARG A YA, AR
AFNRBE T, BERBRITREN S 'mENAKR, MR
T H KRG AT REE K Fe,Py Fe,P B H & @ k.
FHEE b BB E R, o S AT i H B
JEE R T v Bk 2 B I AR T B & AT B, X

e LA Dy = T e N T JSGBAN 3E % W) iy O
HMBR 53— 5 0 AT B B E ks R 2
PRSI BEER BN 5 e A PE ¢ SR T AE R R B
FLIAL, T2 B R IR A T, B
R, BB IS, 4G RkERKE,
el I 7 A KR AR [R] I 3 S 45 3 7 ) 48 2 RHL A
AU TR AN, R A SRR e AR OB T K R
R EMZUE. HEdRITEAGRNL,
F A A A AN 2 HL B A U R T e
BB AR R A, 3K TR D AE AR N S B 4R
55 ANSEA N R NI R FE A EE R

#F2 ARIBETEAEERY%

Table 2 Spot scan results at different temperatures

Fe P C (0] Ca Si Mg Al

1200(a) 82.02 14.37 2.70 0.79 0.00 0.00 0.05 0.07
1300(a) 83.22 12.91 2.74 0.72 0.00 0.40 0.01 0.00
1350(a) 82.86 13.34 2.52 0.67 0.07 0.52 0.03 0.00
1400(a) 82.89 12.58 2.96 0.93 0.08 0.45 0.03 0.09
1200(b) 93.42 0.91 4.89 0.65 0.00 0.00 0.06 0.08
1300(b) 87.91 0.62 6.49 1.01 0.00 3.84 0.07 0.06
1350(b) 79.04 0.30 13.04 4.84 0.08 2.55 0.15 0.00
1400(b) 82.89 0.31 15.14 0.68 0.09 0.62 0.00 0.01
1200(c) 43.46 0.56 53.29 2.49 0.04 0.00 0.09 0.07
1300(c) 75.90 1.65 19.67 1.26 0.00 1.31 0.17 0.05
1350(c) 6.56 0.06 89.07 4.05 0.11 0.11 0.02 0.02
1400(c) 10.53 0.07 81.32 7.59 0.24 0.22 0.03 0.00
1200(d) 47.87 0.95 15.67 34.56 0.17 0.34 0.24 0.19
1300(d) 40.70 2.36 33.99 19.88 0.00 1.36 1.27 0.45
1350(d) 48.37 12.18 17.33 20.55 0.26 0.53 0.16 0.61
1400(d) 69.72 12.09 13.45 4.07 0.09 0.38 0.05 0.14
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Fig.7 Diagram of ferrophosphorus XRD after reduction
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Effect of Temperature on the Co-production of Copper Slag and Middle
Low-grade Phosphate Rock

Xie Renqi, Huang Run, Liu Li, Zhang Jinzhu
(School of Materials and Metallurgy, Guizhou University, Laboratory Metallurgical Engineering and Energy
Saving Process of Guizhou Province, Guiyang, Guizhou, China)

Abstract: Ferro-phosphorus is an important industrial alloy, which plays a pivotal role in steelmaking,
chemical industry, new energy and construction industry. The development and utilization of ferro-
phosphorus can not only bring economic benefits to enterprises, but also contribute to the development of
national economy. In this paper, the experiment was carried out under the conditions of T=1200C-1400°C,
R(Ca0/Si0,)=1.0, t=60 min and C=12%. Phosphate rock and copper slag were used as raw materials,
graphite was used as reducing agent, and ferrophosphorus was produced by reduction and roasting in a high-
temperature energy-saving tubular furnace. The reduced samples were separated and ground, XRD, SEM
and EDS were used to characterize ferrophosphorus and slag. The results showed that the main phase of
ferrophosphorus obtained is Fe,;P at T<1300°C, and the main phase of ferrophosphorus obtained is Fe,P and
Fe,P at T>1300°C. After reduction, it was measured that the main component of the slag was silicate, mainly
calcium metasilicate (CaSiO;) and a small amount of aluminum silicate.

Keywords: Ferro-phosphorus; Phosphate rock; Copper slag; High temperature reduction


https://doi.org/10.16085/j.issn.1000-6613.2019-0049
https://doi.org/10.11896/j.issn.1005-023X.2017.010.006
https://doi.org/10.11896/j.issn.1005-023X.2017.010.006
https://doi.org/10.3969/j.issn.1000-6532.2020.02.016
https://doi.org/10.3969/j.issn.1000-6532.2020.02.016
https://doi.org/10.3969/j.issn.1000-6532.2020.02.016
https://doi.org/10.3969/j.issn.1000-6532.2020.05.017
https://doi.org/10.3969/j.issn.1000-6532.2020.05.017
https://doi.org/10.3969/j.issn.1000-6532.2019.03.030
https://doi.org/10.3969/j.issn.1000-6532.2019.03.030
https://doi.org/10.3969/j.issn.1000-6532.2019.03.030
https://doi.org/10.3969/j.issn.1000-6532.2020.02.026
https://doi.org/10.3969/j.issn.1000-6532.2020.02.026
https://doi.org/10.3969/j.issn.1000-6532.2020.02.026
https://doi.org/10.3969/j.issn.1000-6532.2020.02.026
https://doi.org/10.16085/j.issn.1000-6613.2019-0049
https://doi.org/10.11896/j.issn.1005-023X.2017.010.006
https://doi.org/10.11896/j.issn.1005-023X.2017.010.006
https://doi.org/10.3969/j.issn.1000-6532.2020.02.016
https://doi.org/10.3969/j.issn.1000-6532.2020.02.016
https://doi.org/10.3969/j.issn.1000-6532.2020.02.016
https://doi.org/10.3969/j.issn.1000-6532.2020.05.017
https://doi.org/10.3969/j.issn.1000-6532.2020.05.017
https://doi.org/10.3969/j.issn.1000-6532.2019.03.030
https://doi.org/10.3969/j.issn.1000-6532.2019.03.030
https://doi.org/10.3969/j.issn.1000-6532.2019.03.030
https://doi.org/10.3969/j.issn.1000-6532.2020.02.026
https://doi.org/10.3969/j.issn.1000-6532.2020.02.026
https://doi.org/10.3969/j.issn.1000-6532.2020.02.026
https://doi.org/10.3969/j.issn.1000-6532.2020.02.026
https://doi.org/10.16085/j.issn.1000-6613.2019-0049
https://doi.org/10.11896/j.issn.1005-023X.2017.010.006
https://doi.org/10.11896/j.issn.1005-023X.2017.010.006
https://doi.org/10.3969/j.issn.1000-6532.2020.02.016
https://doi.org/10.3969/j.issn.1000-6532.2020.02.016
https://doi.org/10.3969/j.issn.1000-6532.2020.02.016
https://doi.org/10.3969/j.issn.1000-6532.2020.05.017
https://doi.org/10.3969/j.issn.1000-6532.2020.05.017
https://doi.org/10.3969/j.issn.1000-6532.2019.03.030
https://doi.org/10.3969/j.issn.1000-6532.2019.03.030
https://doi.org/10.3969/j.issn.1000-6532.2019.03.030
https://doi.org/10.3969/j.issn.1000-6532.2020.02.026
https://doi.org/10.3969/j.issn.1000-6532.2020.02.026
https://doi.org/10.3969/j.issn.1000-6532.2020.02.026
https://doi.org/10.3969/j.issn.1000-6532.2020.02.026

	1 实　验
	1.1 实验原料
	1.2 实验步骤
	1.3 分析方法

	2 结果与讨论
	2.1 热力学分析
	2.1.1 生成磷铁的反应吉布斯自由能
	2.1.2 温度对生成磷铁、Fe及磷的影响

	2.2 还原后失重率及生成磷铁量
	2.3 微观结构分析
	2.4 还原后物相分析
	2.4.1 还原后磷铁物相分析
	2.4.2 还原后渣相物相分析


	3 结　论
	参考文献

