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1.1 RXFIRHE
1) iE PR AR YRV, FREX 100 g FEFREIVA T 900 mL
KA EIIA 100 mL 2 35T,
2) IR B B WA N, PR 1 g 1RG5 1
WV T 100 mL Z s
3)EER TR A A, FREL 1 g BYERYAE T 100 mL &
LT
4) AR W, PRI 20 ¢ WA IR T
100 mL (AR (1 +4) ,
5) WA IR VLW, FRE 2 ¢ v AR A T
100 mL [HERFR (1 +9) ,
6) AR H i AR EA R, c (KHC H,0,) =
0. 500 0 mol/L, #EHAFRELAE 105 ~110 C T £ E
(SRR — R S B 2. 552 8 ¢ T 50 mL ¢
e Nt ¥ K 5 ~ 15 mL SE VAR, SR G &
AT 25 mL FEHH
7) A A AL B8 bR HETH E B W, ¢ (NaOH) =~
0. 500 mol/L, FREX 20 ¢ E A ALAAEE T 1 000 mL 3
i e K
R OR i SR Sk SRR, Ay 1 Ak 2 a5
Bhardral 356 K 22 81K
1.2 RIEHEE
12,1 RERYIE
W URE B R A R L R R 40 i, A Rk R, 7T
5 SRR A R EE R, AR5 I A R AR, 2B N R A
PR UTVE , 23 PE I Ve TP FuE 4R AR AR IR )5 , Jin
H P HOK B SRR R T K A, BT AR ; LA A
BT T VRUTRE 2 K A BT A SRR, DA (] 422
FRRER) i
KA EB ML (1) ~(4),
H,Si0, + 6HF =H,SiF, +3H,0 (1)
H,SiF, +2KNO,=K,SiF, | +2HNO, (2)
K,SiF, +4H,0(#)==2KF + H,Si0, -H,0 +4HF
(3)
NaOH + HF =NaF + H,0 (4)

1.2.2  EHIE

PR TS IR L SR 7 A, o U R B AR B 9,
FEERRRA B B S AR AR A e B A R
BRUTUE , 20 08 PRk KA, 7E 900 °C MYk 2 H
& PR,
1.3 REHE
1.3.1 kA Sk ElE

FREGAEE 0. 20 g(#ERIZE 0. 1 mg) T 250 mL 4%
FRA, A 20 mL BRAR (1 + 1), fin#ss i i A
10 mL AR 4L, 25 & 2 B B R AR I BUT (& MR B ]
K000 ) s TR JF AR (1 + 1) 20 mL % fF 18
75, UK (80 C LA ) #i B 2 100 mL 2247 5 LA
VEARITE  DIIRER R (1 +9) B RERR e AT ) v, 8
HARBE | BORERR , BRI 4 ~ 5 WUn, B UTTE IE R 8
AR AR IUF I A 20 mL ASHER , i £
NN 10 mL SRR , B UEAC, K2 58 B I
A 30 mL P76 FUAE TR B0 VS W, A, T K A O
15 min DL b AERRAUIE5E 4, FHBRHR - R
2 R AR — 2 A Fh U, T DB 4R R 0. 1% H
SRR 3 ~5 i, SR Pt BLLEIH R R
FRUEES 1 ~2 WK LA B I rp AR 4R S DT0E vh vk
A 300 mL FERR R PREFARFL 100 ~ 150 mL, 55 {98
YCHOT , IMA VLB B W6 = 5 8 ~ 10 i, BUFE
TIPS L E BB P LS R AL AN bR vV T E
B AN,
1.3.2 kA S e S El e

FREUAHFE 0. 20 ¢ (MEFHZE 0.1 mg) TRIUM L
Wi A 5 mL RS HR , 22 12 M2 5 mL & R
TR AR R, INAZY 5 mL B, A EE mE
BRAR DK e, RN 2 ~ 3 mL A BR, 4k S
EE R AR IR, AR (1 +1)
20 mL, NAERR G , 557 2 250 mL BEpRH, LI7K
VERMARZ) 150 mL, It Nz K (1 +1) 2 200
PEFFId i 2 ~4 mL, B VTEEER T, AP 8 4%
18, AEK (2 +98) YRR UTIE 4 ~6 IR, JEAC UL
JEFE N 100 mL 3R (1 +4) #7680 ~90 C fH
AV, A 20% 57578 25 mL, 50tk E,
PRIE 30 ~ 50 min, IR ; DIRESE U 5 g
HUEACTUE , ) 2% 7 AT TR VBT IE 10 ¥R, UTHE
ARG T 900 °C Ty i K48 30 min B 761
S HI R R E, I B e B E (BRI
BN 15 min, [HE ZPRIRTEZ 2 <0.3 mg) .
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HK(5) ~(6),

0.007 023 x C x (V-V,)

W (%) = = 100 (5)
(m, —m,) x91.22
Wol%) == oa oy X100 (6)

K. € S E A AEABR T E WK B , mol/L; V 2R
T OB VR TE AR R AL B AR E T R AR R,
mL; V, 23 R0 T FE 48 A0 AN bR o 5 TR A AR R,
mL; M N FRBOREETT&, g5 m, A58 E HE 3 5 Ui
iz M, gsm, NS HRTE o

2 ZER5THE
2.1 AEEH

FRECA 3iAFE 0. 20 g (VEFRZ 0. 1 mg) TR VU3
CIEERR T A3 3 1 H Y 4 Fhoy vk 22 7 i Ak B
Je AT T 0 A R Y, A S SR PR A U, &80
U8, PEUE D AR AR LA AR R IS, I RO A SR A R
BRK S, B B R , LA S A A AN T TR S 7K e
I AR SRR, I T T 0 A5 A ) 5 i, 00 e 65 2R 2
F 1 in, R A, 1 5 i B CRE R 5 B %)
E e AR WK 1 VA R PR B S k) (GB/T
4333.1—2019) %, Joik 5e Uik, 5 84 Bl
FAERR PR DIIE A L IE , S 45 2R ;27 ik To ik i

®1 ARNEEIIL IR

Table 1 Comparison of different sample dissolution methods

TRe BRI RRERS L MELE R %

JIA 30 mL A5 FREH - AHFR AT, 212 A 10 mL TR 1A it , e IR Rk A el 25 12 ) ) "

1 e e e N T4 AU 48. 56
FE fry AR AR K T v SRR TRAP A 7R ) (GB/T 4333, 1—2019) % i

2 JIA 40 mL SR (1 + 1) , 7% 10 mL S TR I A fi HRA> AV 42.56

3* HNA 30 mL ABR (1 +1) ,10 mL EhFR (1 + 1), 10 mL S IRAR , Iz i SELTR I 45. 69
fINA 20 mL BEEZ (1 + 1) INHEGEE , inA 10 mL ARR &AL, n#AZE & B Bl 4, R4 8

4% 20 mL ERER (1 + 1) JnPs i b2, 1 % K U0ve A I8 4K A B U IR 2 M B AR, Im A SE TR fift 51.23

20 mLASHR , 2218 A 10 mL & R

fiitRE | BBt iE DL SiF, 2k % S 23504 R A
3 IRAE S W R R Ak DL SiF, B Sk, 58
W7 25 FARAIG ;47 7 L RET T 10 , HLREE A SiF, ik
iR, BRI R PR 47T
2.2 BREX K,SiFTUE R R ADE R 20

A LmIR  ERIR A R S = TR R v i I 2B
FERETR , I AT R TR A s A= o g A TR R UL E
MR AE G N K, SiF W% R, H K, AR 78 fE R
R e LR SR IR P R 2 R B A 5 ~
30 mL iR FI 5 ~ 20 mlL &5 R HEAT iR 58, 45 5L 0,
K2 AN EERS & SR Wy =26.1% ) .
R KB, AR = /DI, R BE /N, 25 50 T8 i H At
LR ALY UTTE , T 0 E 5 A IR & KA, R
FERE, SHEINK, Sik, B3 B, (1 DT 3E A 58 4 5
PO 20 mL fil§ B2 F1 10 mL %0 %602 o 44 1 1R 1
C(H*) =2 ~3 mol/L'*)
2.3 K,SiF il KRR Rk #E

PR H ik S R A A BURURE R J , A 6 e

R2 REEXLVEN U e 1Y) 52 M)
Table 2 Effect of acidity on precipitation

formation and solubility

e Wyl
fiif2/mL AER/ mL 55/ %
5 5 25.12
10 5 25.39
20 10 26. 08
25 15 25.57
30 20 25.43

o7 A= IR FR B DLUE , B0 o3 I e B M R A | A R
N BACE 5 GURE R S o7 A R SRR R B U, A B 4
KUK 3 Fron (I A S & &P kE Wy =
26.1% ), BRI & B, ULUE A WL i A B LA R A Jo
AF  FEXD AT, DLTE B B/, SRR /D 40 55
T RCITIE . PR L BE 550l R B0 V2 W -5 ek R s 1oy A= A
FAEFRFIDIVE
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Table 3 Select the medium of precipitation

generation
SR kAN A 1 W M3 25 5/ %
MRS FURERREP + MR 26. 09
FEERR  BRRET  SUREPRET + BiFR 25.68
AALH FRERRER + $hR 25.97

2.4 AKX

FERI T, AR K, SiF UUTE S, RS 38 (—
AR LE 2 h) XA AT DAEER DL AR, | AIF, S5 RLES
FIEXAETE, A RBE 1E VK& A (K, ALF,) DT3E B9 A4
i 7 UL WSS SO (1B S S 151 G 2 e
HERTE R W& = A L UL vE, (145 I 2 45 2% B0 I f
w7 Rt K SIF, UTE K iR B TR AR IR ik
PR FH BRI F Mg 4R) sk bl ot s ok B, 2
TR
2.5 IEIRFIHERE

L TR B0 78 1k F FH 38 7R R A K0
TR L T AR IR SR P B IO R V5L B A
Wy i H8 7, 25 5 ke IR AR e N R, SR L
L E il L R kL =7 N R A E R 3 Ea A R - 15 E
il 60 ~ 80 °C [ A g W RFaE . MR VR B 7 5 1
WA 7N ) S R R Y PR T, L R, £ T B A
THWT, 2y FIWT DRI S S A A s Y VR T A B
TR B R R A8 R 7
2.6 SHiIERTE

FREL9 13 0. 20 g FEES G 4 MRS, 78 1H IR 7K
WH A 20% A AR 25 mL, 43 50 5 FE s
5 min 10 min .20 min .30 min .35 min 40 min 45 min .
50 min .60 min, 53 3| [ @ ULIE S JEX I bE S5 PR, 4
B PRUTVERTE] /N T 30 min B, PTIEA 524, W 5E
gE R . DIRERTTE] KT 50 min B, A2 il H A £ 28
P SEACITTVE , 2 B e 45 R I s . DRI e B 4 DL
VERTE] A 30 ~ 50 min,
2.7 HEMERE

FRECS 103 0. 20 g fEES A 4 INBRE i, 76 [A] I
B AR IR B I 20% EE AR 25 mL W,
FEAEFE, PRI 30 min KSR AT IR bR
FREE, S50 AR LT 80 CHY, A IRARES
R ROV ULE Tk, ME 45 AL, MEE ST
90 °C B, T4 7 R 4% WL U 1) A 7K Hh s il B 14 K, v

—

B %
L 1 O = W W
T T T T T

0 10 20 30 40 50 60
YLFERT[E] /min

B1 SESUUENREER
Fig.1 Relationship between content and

precipitation time

B 7 25 AR AT, PR EFEAE 80 ~ 90 °C /K
AT AR 5k SV DLTE

18
17r

10 1 L 1 1 1 1 1 ]
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KB TREE/C
B2 SESEEKR

Fig.2 Relation between content and temperature

2.8 TEEEIRE

i BRI 7 AN [R5 ik B 2 R
R, AR UL 4 iR, I 45 5 A AR X B v
224 0.13% ~1.39% .
2.9 HEWHEILE

T H A e & SRS T LA
A, R 5ok H X aE B A & hom A RE 2 br
( YSBC28608—90) I 4lidt A A 7 #k Al B s |l i
R I IR M, 25 R W3R 5 ~ 6, 45 R WO hEgS
hnds R TE 96. 20% ~104. 60% .

3 45

X FREEE A 4 R NS & g IR 2R
MR AR R IR A R IR , P SRR A B SRURE
iR, ISR, Az ol JRURE R BP U iE , 38 I A b
FROR A Sk R /K i, DA S0 SR Ak SR b o 7 YR A BT
R ETER , AT B) B A5 R ) 3 i, FEER R A
o B SRR TE 80 ~ 90 C KR H T ULTE 30 ~
50 min A= B AT AR ES UITE , 1 U8, K be Al —
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x4 AEEERE
Table 4 Resulis of percision experiments (n =6)
B o WEAE W/ % FEIE W/ % FAX AR HES 25 RSD/ %
. Si 51.33,51.37,51.24,51.19,51. 11,51. 15 51.23 0.20
! Z/r 16.33,16.28,16.34,16.39,16. 44 ,16. 46 16. 37 0.42
Y Si 62.22,62.33,62.15,62.21,62. 18,62. 25 62.23 0.13
g Zr 11.56,11.89,11.66,11.55,11.87,11. 54 11. 68 1.39
, Si 45.72,45.60,45.59,45.74,45.79 ,45. 69 45. 69 0.17
. Zr 26. 61 ,26. 94 ,26. 93 ,26. 88,26.75,26. 92 26. 84 0.49
x5 EEIBR DRSS
Table 5 Silicon recovery test results
RS ms Wale AERRIRHE YSBO2SOOS90  wetion R MR/ EUCE/%
m/g (Wg =73.67% ) ARG/ ¢
0.014 55 47.76 5.00 52. 65 97. 80
1# Si 51.23 0.200 00 0. 031 42 44.27 10. 00 53. 89 96. 20
0.051 12 40. 80 15.00 55. 61 98.73
0.014 55 58. 01 5.00 62. 89 97. 60
2# Si 62.23 0.200 00 0.031 42 53.78 10. 00 63.79 101. 07
0.051 12 49. 56 15.00 64.31 98. 33
0.014 55 42.59 5.00 47. 82 104. 60
3# Si 45. 69 0.200 00 0.031 42 39.49 10. 00 49.72 102. 30
0.051 12 36. 39 15.00 51.29 99. 33
=X Iy ANl &SR e aE S
Table 6 Zirconium recovery test results
RS gy WE/%  FEA R g bR g AR/ % kst % WEER/% R/ %
0.01053 15.55 5.00 20. 51 99. 20
1# Zr 16. 37 0.200 00 0.022 22 14.73 10. 00 24. 81 100. 80
0. 035 30 13.91 15. 00 28.78 99.13
0.01053 11. 10 5.00 16. 11 100. 20
2# Zr 11. 68 0. 200 00 0.02222 10. 51 10. 00 20.70 101. 90
0. 035 30 9.93 15. 00 24. 67 98. 27
0.010 53 25.50 5.00 30. 45 99. 00
3# VA4S 26. .84 0. 200 00 0.022 22 24. 16 10. 00 34.26 101. 00
0. 035 30 22. 81 15. 00 37.76 99. 67
L AEAE = W%{ZX inufﬁ x100; Jiifrs = jmﬁifﬁxi iﬁ ]gﬁ\% x100; ISR = e Eﬁ AR x 100

Al PR, G R AR B E R R R e S ESSRaIHNZOr  BA B WORS 5 RE RN R B
w0, NS AR & &P aERES e ik, %0 B R akEs & & rh e FEs oIl e 22K

K B IR AR X AR i 2204 0. 13% ~ 1. 39% , 1A [ 2% 30HRk ]

A B 356 TP AR [FLACRR 96.20% ~ 104, 60% , (1] RE/NME, 222 280k, %, OGRS & 4 P s A



- 86 -

v E R & %A

il 53 1

(2]

(3]

(4]

(5]

[6]

FE[C /R ESNuFRA 4B MEE &8 P F AR 208 SUE.
O HEA O8RS S AR AR B2y, 2003 21 -
23.

XIONG Xiaomei, AN Baolan, LI Bo, et al.

Determination of

zirconium in Niobium zirconium alloy by xylenol orange
spectrophotometry [ C ] // Proceedings of the Eighth National
Conference on Refractory Metal Analysis of Rare Metals. Haikou:
Academic Committee of Physical and Chemical Inspection of
Chinese Society of Non-ferrous Metals, 2003 : 21 -23.

Filf B @ [M]. dbat. Bt 2003 362 -
363.

WANG Haizhou. Analysis of ferroalloys [ M ].
Press, 2003 ; 362 —363.

PIVFLL, AR, EDTA 455 i A 1 I % 1 B v 8] 5 < v 1
[1]. JRERbPRIBeA 5 TR, 2004, 27(5) : 47 -48.

SUN Yuhong, XU Wei.

Beijing: Science

Determination of zirconium in Al
zirconium intermediate alloy by EDTA complexometric titration
(7. 2004,
27(5): 47 —48.

JE AR, Ak, XV 28 58 AF. BRI T e g
[J]. #if %)@ 5T A4, 2010, 38(4) : 56 -59.

ZHOU Xilin, YIN Jixian, LIU Jiyong, et al. Microwave digestion

Ordnance Materials Science and Engineering,

and zirconium determination of Al-Zr alloy[ J]. Rare Metals and
Cemented Metals, 2010, 38(4): 56 - 59.
AETER AR XITE T A HUBI A S B TR T R S
WERESRS & [T]. &HT, 2017, 37(5) : 64 -67.
NIAN Jigiang, HUA Jian, LIU Qingqing, et al. Determination of
zirconium in silicon-zirconium alloy by inductively coupled plasma
atomic emission spectrometry [ J]. Metallurgical Analysis, 2017,
37(5) : 64 -67.

FERPSE  FF T REEE. SR AT M.
A HRAE, 1990 68 -69.

LU Zhonglu, FU Ning, SONG Chunzhi. Practical metallurgical

L7 AL TR

analysis{ M]. Liaoning: Liaoning Science and Technology Press,

1990 68 -69.

(7]

(8]

(9]

[10]

[11]

[12]

FALT R EE SRR IR, 45 SURE R BT L€ — R 7 15 I
RIS A eRE( )], R, 2015, 41(8) ;48 -
S1.

DONG Li'nan, ZHU Chunyao, ZHANG Liangfen, et al.
Determination of silicon dioxide in ultra-low carbon carbonised rice
husk by potassium fluosilicate precipitation-acid-base titration
method[ J]. China Measurement & Test, 2015, 41(8) : 48 —51.
FAEYR A SARER TR Z 5 2. BBk AR AES & AL
BN B R A Ak S BTN : GB/T 5686.2—2008[ S]. Jbat:
BRI R A, 2008.
Pig irons and Ferroalloys. Ferromanganese, ferromanganese-
silicon, nitrogen-bearing ferromanganese and manganese metal—
Determination of silicon content: GB/T 5686. 2—2008 [ S ].
Beijing: Standards Press of China, 2008.

I, B SL . RURE R B A BRI v i b B AR A
[J]. K#E9R4, 2011(4) ;. 56 —58.

WNAG Lu, BIAN Lihuai. Determination of silica in blast furnace
slag by potassium fluosilicate volumetric method [ J ]. Tianjin
Metallurgy, 2011(4) ; 56 - 58.

UM JRURE R B I A b AR D). IR 4,

2003(1) . 32 -33.

HUANG Renbin. Determination of silicon dioxide in fluorite by

potassium fluosilicate method [ J ]. Sichuan Metallurgy, 2003

(1):32-33.

BRI, ALLLHEE, ok 8, 55, P SRR TR B IO 37 ok P St ) o ik 2k

FRYRELT]. SEHIRHL, 2003(5) : 53.

WEI Enshuang, BAO Hongxia, ZHANG Qin, et al. Rapid
determination of silicon in ferrosilicon by potassium fluosilicate
precipitation method[ J]. Laigang Science and Technology, 2003
(5).53.

BB | WB 7% SRR A TR R B IR A R E BT R
fERE[J]. 1R45HT, 2010, 30(9) : 74 -76.
QI Shufang, BING Yihong, ZHANG Jie, et al. Determination of

silicon dioxide in chromium ore by potassium fluosilicate titrimetry

[J]. Metallurgical Analysis, 2010, 30(9) . 74 -76.

Determination of silicon and zirconium in silico-zirconium alloys by potassium

fluosilicate titration and amygdalic acid gravimetric method
QIN Jian, ZHAO Xiwen, ZHU Chunyao, ZHANG Jiming
(Institute of Research of Tron and Steel, Jiangsu Province/Sha-Steel, Zhangjiagang 215625, China)

Abstract: Rapid and accurate detection of silicon and zirconium content in silicon-zirconium alloy is of great

significance for production. The silicon content was determined by referring to the industry standard “Method for

determination of potassium fluosilicate Content in export ferrosilicon” (SN/T 1014.1—2001 ) , For silicon-zirconium

alloys with high zirconium content, it is difficult to react completely, and the measured results are low. The

inductively coupled plasma atomic emission spectrometry is more suitable for the determination of trace or trace

zirconium. However, the mass fraction of zirconium in silicon zirconium alloy is greater than 10% and the content

range is wide, which is not suitable for this method. In this study, the silicon-zirconium alloy was dissolved with
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sulfuric acid, nitric acid, hydrochloric acid and hydrofluoric acid, and then the silicon was converted into
fluorosilicate, and then the potassium fluorosilicate was precipitated with saturated potassium nitrate solution, and
dissolved and precipitated with hot water. The hydrofluoric acid was titrated with sodium hydroxide standard
solution, so as to measure the silicon content indirectly. Zircon alloy is dissolved in acid solution, zirconium and
amygdalic acid form zirconium amygdalic acid precipitation, filtration, burning into zirconia, weighing, indirect
conversion of zirconia content by zirconia content. The relative standard deviation (n =6) of silicon and zirconium
content was 0. 13% ~1.39% , and the standard recovery of accuracy test was 96.20% ~ 104. 60% . The results
show that the method has good precision and accuracy, and can meet the determination requirements of silicon and
zirconium in silicon-zirconium alloy.

Key words: silicon zirconium alloy; silicon determination; zirconium determination; potassium fluosilicate titration

method ; mandelic acid - gravimetric method

R R Fahee RHREDEMRITLERZRXSEF

5 H 16 H ,2024 Jeksm Dy ReAr Rl i 82 1 A J B4 7l B A 307 4 I X R S e VL VE 45 T8 TR T
I,

LA s T — R EREA AR TS50 LR RS, A4Sk, FREA 64 Rk
BATTF Jmy RAf, EEEE B AR P i RS AR [ B RO RS TR 2 A R AR O R 5 TR R 28
S RIS BAE) ik UL LL EA Al as AP AR TSR LA TR AR

ELUMAE H,2023 4F ATV SCIANE 749 125, R K 8% , di AT A 20% ;54 1—3 A 77,
ATl S ANIE I 149 4278, [ GG K 1% , 524 FIE 0 22% |, IF7ER 2GR T i 3 sl — 28
I T SRR A N ORI RE AN R s R A R e AL, P B EEAN R T SRR
B R R T 2 U AT SRR Y H B PR DR R AR AT A WIS S8 85, 275 I A AW 42 I 5 O 4 7
b A B AT — i — B AR, PR RE G AR UK ESR
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