W EEaNA

* 28 Multipurpose Utilization of Mineral Resources

2023 4F

friy AR R HEL ek AT A % 5 i DR 3 S B 5
Wik, BAR, KARC, FER, BHE

(1. WEKMR B, =

100081; 2. HENHAMLERAEGRABZENASEEME
B EB, dem

100081)

WEE: AT LB AR N o), TR g i Ji), I IR AR SR OGS . PRI R TiC A
REOSW A ST CHE. TidE, PHELL P ASNRSEREW. S4REW. LRIEMkELET
CEEWGT 0.043%, TiFEMET 0.036%. KR EN P S8 P A0 WS RIS IFEE R/NTF . i
Tk RE VAR > TR N E) o PRI C A% Ti 2Bk & S B L2 4 B IR 1390 °C, IR
] 60 min, FCAEREL 1.2, LA FRERA &M N C & E 0.010%, Ti i 0.036%, P i 27.78%, P4l

AT N 96.49% .

RBBIR: BEERT G IRACSEHR; FREAGL; P AL
doi:10.3969/j.issn.1000-6532.2023.02.006

hE 4SS TDIS5,TDYS  EFER: A

Wk & S AE A BT R AN I 2 IR 4
T, BEE R Z BN A0, (HEEE N
BRI R R, B TCE IR AT b i B A Bk
e iz AR, ARG kAN T R R R
FERE P o= (38 3G 0, ZkARpEdE P & E Y
MR PERARE . tbAh, fEgREEARR G & A P
JCF T LA R s R i 0 e 0 AT 4= i v RE

T (1) 1 2k G 4 2 TR AT I A B IR I 2
R (S T e T RE YRR M 3 111K 72 S I O b /3 [
JCE s, AE RS ISR 2 7 e
I ) A AR o A S AR ) R 1 BT

iR ), AR ST AR A Bk A R
BE, SR TP A3 B R, 38 1 AT S 56 A ST
IF FL S 1 A5 C IR T i 2 2k & 4 1R T AT 1
HMAL T 225, Tkt A =4t 5%, &
7= 5 BRI P 20%~30%, C<0.5%, Ti<0.05%:;
P 450 W45 5%>90%.

1.1 SEIGJRIE
WD A ) PoaER UL PO, ITE XA e, LU

WFSHER: 2021-03-03
1EERBAN: W4 (1997-) , 5,

XEHS: 1000-6532 (2023 ) 02-0028-05

Si Ay SR A rhads D Ml BT, WEAE < e
v R AR PR B I 2 2 B R AL S S, AR
TR T

Si i 5 P LT N ¢
2Ca3(PO,),+5Si=2P,+5CaSiO;+Ca0 (1)
%5 P, KV
4Fe+P,=2Fe,P 2)
2Fe+P,=2FeP (3)

KRR (1D ~ 3) IHHEARINAG 5
WREET R, BRI, 3 e N AR
AR KB BEAT
12 SKIFER RIS E

SEHG AT R SR AR C AR Ti k), S J50R]
N oM IR AT, B WA 1 SRR A Sk
fok R JEU R A T e o S0 BT B 4% ol =il
KA .

13 XIRE

BEBED A0 DMk ok 105 5 il 4 s
0.18 mm, #% 525 i bV & 39 50 J5 il sk ], 18
120 C TIEF T4 2 h, 52 FKY. ¥

fit:, BT 1R AR

BIEIEE: &Y (1980-) , 55, Wit EmZCTRN. B0 A& e R % .


https://doi.org/
https://doi.org/

2 W

202344 H WRASF: AR EARENEY AR EERR +29 -
-loor o R (1) *®2 EXTHARSKFE
200 e .~ o 2 (2) Table 2 Orthogonal experimental factors and levels
e Tt TUREO KFE ABEHEEC  RNmin AR
— L A ~e.
~ 7300 L e, 1 1360 30 0.7
g —400 S 2 1390 50 0.9
= 500 3 1420 60 1.0
g 600 4 1450 80 1.2
=700 | - K, gESR L% 3. INE 3 a4, Bk 4ahm
sool— A B e S BB
200 400 600 8001000120014001600180020002200 P d i T 28.08%, € IR T 0.043%,
K

E1 RF(1)~Q) WAG 5EEHXER
Fig.1 Relationship between AG® of reactions (1)~ (3) and
temperature

*F1 BUEENERS%

Table 1 Main chemical constituents of phosphate ore

P,0; MgO Fe,0; ALO; CaO As*  Cr*

33.61 1.79 1.06 0.64 48.13 277  42.08
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Table 3 Mainchemical components of test alloy

WA 4C. Ti. PEE

S 7T P c -
1 17.38 0.030 <0.01
2 21.25 0.022 <0.01
3 23.71 0.017 <0.01
4 28.08 0.014 0.027
5 21.81 0.010 <0.005
6 17.95 0.011 <0.005
7 27.78 0.010 0.036
8 23.56 0.017 <0.01
9 23.98 0.017 <0.01
10 27.63 0.043 0.032
11 17.20 0.017 <0.005
12 21.78 0.023 <0.005
13 27.63 0.039 0.033
14 23.44 0.0099 <0.01
15 22.06 0.016 <0.005
16 17.01 0.017 <0.01
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Table 4 Phosphorus content range analysis
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BfE2 22.78 22.57 21.73
B{E3 22.65 22.69 23.67
B4 22.54 22.61 27.78
R 0.24 0.13 10.39
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Table 5 Orthogonal experiment scheme and the recovery rate

of phosphorus
PS5 WRHEE/C RRETT/min iRk RS PRIFER/%
1 1360 30 0.7 46.21
2 1360 50 0.9 61.21
3 1360 60 1.0 72.04
4 1360 80 12 89.94
5 1390 30 0.9 64.96
6 1390 50 0.7 48.94
7 1390 60 12 96.49
8 1390 80 1.0 76.12
9 1420 30 1.0 70.35
10 1420 50 12 94.74
1 1420 60 0.7 49.62
12 1420 80 0.9 67.38
13 1450 30 12 94.42
14 1450 50 1.0 74.76
15 1450 60 0.9 63.31
16 1450 80 0.7 48.01
K, 269.40 275.94 192.78
K, 286.51 279.65 256.86
K, 282.09 281.46 29327
K, 280.50 281.45 375.59
Pifitk,  67.35 68.99 48.20
Hiftik, 71.63 69.91 64.22
ik, 7052 70.37 73.32
Pifitk, 7013 70.36 93.90
R 424 1.42 4574
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magnesium from serpentine leaching solution at normal temperature and pressure was proposed. In this
process, the solution crystallization method was used to recover the magnesium from the acid leaching
solution of serpentine. The test conditions were optimized by response surface methodology to determine the
optimal crystallization process conditions. In this study, response surface method was employed to optimize
test conditions and select the best crystallization process conditions. In addition, the effect and interaction of
crystallization time, temperature, and absolute ethanol consumption on magnesium sulfate crystallization
efficiency were study. The results showed that the magnesium sulfate crystallization efficiency reached
93.52% under the optimum condition (crystallization time: 97 min, crystallization temperature: 18°C and
absolute ethanol consumption: 68 mL). Moreover, the absolute ethanol consumption exhibited significant
influence on magnesium sulfate crystallization, while temperature had the least effect, and the interaction
between absolute ethanol consumption and crystallization temperature or time was significant. The
crystalline product was rod-shaped magnesium sulfate hexahydrate, which met the production requirements
of domestic class IV MgSO,-nH,O products.

Keywords: Solventing-out crystallization; Serpentine; FEluent; Magnesium sulfate; Response surface
methodology
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Experimental Research on Influencing Factors of High-purity Ferro-
Phosphorus and Silicon Thermal Method

Lin Baoquan', Pang Jianming®, Song Yaoxin®, Li Shiwen', Yue Jintao'
(1.Central Iron & Steel Research Institute, Beijing, China; 2.Resource Application and Alloy Materials
Division, China Iron and Steel Research Institute Group, Beijing, China)
Abstract: In this study, phosphate rock and iron powder were used as raw materials, and industrial silicon is
used as a reducing agent. Through orthogonal experiments, the effects of smelting temperature, holding time
and silicon ratio on the carbon content, titanium content, phosphorus content and the recovery rate of
phosphorus in ferro-phosphorus alloy products are studied. The results show that the carbon content in ferro-
phosphorus alloys obtained in the experiment is less than 0.043%, and the titanium content is less than
0.036%. The order of the degree of influence of various factors on the phosphorus content and the recovery
rate of phosphorus from large to small is: silicon ratio, smelting temperature, holding time. The best process
conditions for preparing ferro-phosphorus alloy by electro-silicothermic process are smelting temperature of
1390 C, holding time of 60 min, and silicon ratio of 1.2. Under these conditions, the ferro-phosphorus alloy
has a carbon content of 0.010%, a titanium content of 0.036%, and a phosphorus content of 27.78%. The
recovery rate of phosphorus was 96.49%.
Keywords: Phosphorus ferroalloy; Orthogonal experiments; Electro-silicothermic process; Recovery rate of
phosphorus



