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The influence of various factors in the synthesis process of sodium fluosilicate production

on the recovery rates of fluorine and sodium
ZHANG Heng, YANG Xian, SHU Yizhou, HUANG Zhaohao
(Yunnan Yuntianhua Yihua Phosphorus Research and Technology Co., Ltd., Kunming 650228, China)

Abstract: In order to improve the production rate of sodium fluosilicate by the fluorosilicic acid method, a

by-product of phosphate fertilizer, and reduce the waste of fluoride resources, conduct research on various

influencing factors in the synthesis process of sodium fluosilicate production is canied out. Based on actual

production, the optimal experimental conditions are as follows: the concentration of fluosilicic acid is 12%, the

concentration of sodium sulfate solution is 28.5%, the salt excess rate is 113%, the reaction temperature is 45 °C,

and the reaction time is 45 minutes. The products obtained under the best conditions meet the requirments of

superior products in GB/T 23938—2018, and the recovery rates of fluorine are increased to over 86%.

Key words: sodium fluosilicate; synthesis process; influencing factors; fluorine recovery rate; sodium recovery

rate; sodium recovery rate
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TE A2 256 H R A SRR IR 5T £ 3 B R 12.0%
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Table 1 Orthogonal test conditions for the synthesis

process
i li{fi:l(Nazso4 & 2 (kL ?3(%152 %4(%@{%3‘*%
%) WEE/C)  HHEl/min) #/(remin™))
1 1(105) 1(35) 1(30) 1(150)
2 1(105) 2(45) 3(90) 2(300)
3 1(105) 3(55) 2(60) 3(450)
4 2(110) 1(35) 3(90) 3(450)
5 2(110) 2(45) 2(60) 1(150)
6 2(110) 3(55) 1(30) 2(300)
7 3(115) 1(35) 2(60) 2(300)
8 3(115) 2(45) 1(30) 3(450)
9 3(115) 3(55) 3(90) 1(150)

1.3.2 AR

1) Na,SO. i 5 11 52

AT, P NaSO. i R oy As i, Hifl
SEIG AR, SRR R VA VR T 4 B 12.0%
w(Na,S0.) 4 28.5%, 4 WA 90 min, A A
WLBE 35 °C, B MU FERE U 450 r/min, BT SEE
W2/

F2 Na,SO T EEN &R TF RIS 1% 1+
Table 2 Experimental design on influence of salt excess

rate on the synthesis process

55 pmw | B9 g | 55 pme
1 103 5 113 9 125
2 107 6 115 10 130
3 109 7 117 11 135
4 111 8 119 12 140

2) VR BRI
AS I 3 S B 3R S e i, SRR E BRI TR
HOE12.0%, BRI w(NaSO.) 28.5%, Na,SO.
i ARG 113% , & BUSBLINTE] 90 min, 5 10 f
4L M 450 v/min, SEERIRTTILE 3,
R3 RAEREX SN TFRRMEREIZT
Table 3 Experimental design on influence of reaction

temperature on the synthesis process

G5 RORE/C || s RIREC | g5 RONEE/C
1 B 5 50 9 70
2 35 6 55 10 75
3 40 7 60
4 45 8 65

3) BN ] ) 5
BEE SN I (] B DR 2R S, Ak R VA T o
SIBGEBCR 12.0%, Na:SO.id %4 113%, Na,S0.
R T M EOCH 28.5%, A IGREEIEI45 C, &
JAR PE G 450 r/min, SCE BT L 4.
x4 REBENEHIFBZMELIET
Table 4 Experimental design on influence of reaction

time on the synthesis process

G5 S ] /min Hir's S5O B[] /min
1 30 5 90
2 45 6 105
3 60 7 120
4 75 8 135

4)  Na,SO. 7% 5 B 720
Na,SOJETR T BB, 51 AR KEA
[H), R AE R IR R Bk & RS T,
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RS Na,SOIR R VR, FFEA TR IR, [Rlinh ik
FEFRURE R Tk 43 50K 12.0%, NanSOu 3 i % 113%,
BRI 45 °C, IR 45 min, A AR FEEE
N 450 r/min, SEEBITILAES.
®5 NaSORBREBHEX G M ITF R MERIZIT
Table 5 Experimental design on influence of Na,SO,

concentration on the synthesis process

%5 w(NasS0.)/% || 5 w(NaS0.)/% || 45 w(Na:S0.)/%
1 18.0 5 24.0 9 30.0
2 19.5 6 25.5 10 315
3 21.0 7 27.0 11 33.0
4 225 8 28.5 12 100.0

5)  FURERRUE AR IR

TEPRUEIR R BK R [ RO T . AT 3R IR
W PEPHRESLRS , BRI Na.SO. 14 5% 113%, Na.SO.
W w(NaxSO,) 25.5%, AR 45 C, A
P P 3R 450 v/min, G EFEIY 45 min, SEEE
HEWLAR 6.

R6 FEERREX &M IF IR K T

Table 6 Experimental design on influence of fluorosilicic

acid concentration on the synthesis process

45 w(HSiF)/% || 45 w(HSiF)/% || 45 w(H.SiFe)/%
1 6 5 12 9 16
2 8 6 13 10 17
3 10 7 14 11 18
4 11 8 15

6) A AR A R
DA FE 5 3 g B A, LA S 36 25 P T
T, FIERRIF U 0B 12.0% , BREREH T
RN 28.5% , BRFRENIS AR 105% , A U
JY 1] 90 min, 5 AR 40 °C, SHEITIRT,
RT BHEENSHIFRZMERIRT
Table 7 Experimentalal design on influence of stirring

speed on the synthesis process

Gy BHREGemin) | S5 BEHFEE/(emin?)
1 150 5 550
2 250 6 650
3 350 7 750
4 450 8 850

105%, A B R N BT E] 90 min, ARG 40 <C,
A A 350 r/min.

8) EBRHARER

i TR AT R Mg K Fh AR TR IR, T T B
WERSCES, VEMGRAERR /80N 12.0%, RN
1o B ROk 113% , B IR B A VI o 43 BN 25.5%
BB N 45 °C, A A HE R N 450 v/min, A
B E] Ry 45 mine SEEBETT MR EKCR 4 T2
K, BRI Z20K4550%, R

H T RN A P R B A T2, 455
ZARHE IR Ay, XA IR AL A T —
MR, (HIEASSEI frkyu B, b
PO R S IO P 255 S A5
2 KGR
21 ERER

TEAZ S A M 25 SR UL 3% 8 o AL RAE Ay i 1 (L
B, RZEWFE, MNA4NEmERRE, WK1
(Na,SO. i %) sgmife kK, HUOERE4 (il
PERER ), FRCER R (SR, &ERH
£33 (BRUNETED) . HARYS & 4 7 1 iRk
SR, 1LV 3 KT B 115% B e dl s
R ALIEE 3 IKEBI 450 v/min AL ; IR 2 LIS
2 KF-RI 45 CHF Rl ; TR 3 LU 3 /K|
90 min Bt 2 Bk, SEmi i KR 2 0 Na.SO,
R, R A N NaSO it B3R 115%, 4k
FEFZ 450 v/min, SRR 45 °C, A U [E]
90 min,

*8 EXTWERHSME

Table 8 Analysis table of orthogonal experiment results

G ORI % BRI 9e| i TRCR1% SR 1% TR %0 SR %
1 7183 7183 |4 4 8405 | 7 7 83.56
2 714 TI24 |5 8005 5 8 7596 8
37958 7958 | 6 7880 7505 || 9 8465 7695

®9 mMERRE

Table 9 Range calculation of fluorine recovery rate

BRI AEEEC AR R/ min A BB E/ (o min”)

7) WS ERFh

FEA BT AN S, DIOULI 75 ] LFE T 96
W, B SRS I S 5 0% . 8% F1 12%,
LI LA, G BRI T A B 12.0%
Tt T2 0 5 R I A3 B M 28.5% , TR AN I B Ry

K 234.65 240.69 2419 238.25

K 24227 24544 241.94 240.22
K; 249.83 240.62 24291 248.28
K 7822 80.23 80.63 79.42
Koy 80.76 81.81 80.65 80.07
K 83.28 80.21 80.97 82.76

kR 3 2 3 3

W 5.06 1.60 0.34 3.34
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Fig. 1 Influence of Na,SO. excess rate on fluorine and sodium

recovery rates of the product
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Fig. 2 Influence of reaction temperature on fluorine and

sodium recovery rates of the product
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recovery rates of the product
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Table 10 Particle size distribution
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Fig. 9 Microscopic observation of partial samples
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