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Determination of Chlorine Content in Zinc Oxide by Alkali Fusion-
Potentiometric Titration Method
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Abstract: The conditions for sample pretreatment were explored, and a method for determination of the chlorine content
in zinc oxide by sodium carbonate fusion-potentiometric titration was established. The samples were placed in sodium
carbonate, covered with porcelain crucible, and alkali-fused at 750 °C for 30 min. The fused samples were then treated
with high-purity boiling water to remove the residue, and the solution was adjusted to a certain volume and pH. Finally,
potentiometric titration was performed using a standard silver nitrate solution. By comparing the fusion methods such as
sodium hydroxide, sodium peroxide and sodium carbonate, it was found that sodium carbonate alkali fusion has the
advantages of a low blank value and no corrosion to the crucible. The detection limit was 0.011%, and the determination
range was 0.044% ~ 2.84%, which was consistent with the results of ion chromatography. The spiked recovery of
standard addition was 99.68% to 101.42%, and the precision and accuracy were good. The method solved the problems of
incomplete acid dissolution and insufficient chlorine release in direct water immersion. It is simple and rapid to operate,
and suitable for the accurate determination and quality control of chlorine content in zinc oxide production.
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(1) Bk B ZnO-ZnCl, + 2Na,CO, — 2NaCl+
Na,ZnO,+ 2C0O,?1 (750 C);

(2)/KiZHrBt: NaCl — Na'+Cl ;

F1 AERBAANER
Table 1 Results of different alkali fusion methods
/%

AN SE AN ‘

R AR T
— — JASEE

B EARIHE B SRR

ZH0.020 0.018 0.036 0.035 AR H
1#  0.083 0.079 0.086 0.080 0.084
3 0.507 0.515 0.510 0.509 0.512
54 1.104 1.089 1.103 1.116 1.104

T RO 1#., 3%, S#ERENIGES G 4

(3)3 5 pH B Bt : Na,ZnO,H,0 — 2NaOH +
Zn0; NaOH +H —Na '+ H,0;

(4)7E B Be: Ag' + ClI'— AgCl); OH + Ag'—
AgOH—Ag,0| (FTHLI )

PRI, AR 5 2 FH S HE IR+ TR BN s =K.
2.2 IRRERTEAGIERE

AT7 I LA BR B R A FIAE 750 °C HEATHE L,
TEBLTREE T, SR 14, 3#, SHFESL, B8RRI RERT
XA it s R SR s, 25 SR e 2 i3],

FER 2 ATA N, BEFERTE]) A 10 min B, A 5 0

Fx2 TRBHFEMER

Table 2 Results of different fusion times of samples

R JERERTTA]/min T EAE/% FEIE % RS 22 %qﬁ@%%
(RSD, n=7)/%  E(H/%
1# 10 0.080. 0.085. 0.078. 0.077. 0.075. 0.073. 0.085 0.079 5.89 0.082
20 0.080. 0.079. 0.086. 0.080. 0.082, 0.081. 0.076 0.081 3.78
30 0.081, 0.083., 0.081, 0.085, 0.082. 0.087. 0.085 0.083 2.76
40 0.080. 0.081, 0.086. 0.082. 0.080. 0.084. 0.083 0.082 2.69
50 0.086. 0.081, 0.083, 0.080. 0.085, 0.085, 0.084 0.083 2.67
3# 10 0.485. 0.486., 0.492. 0.487. 0.509. 0.492. 0.504 0.492 222 0.510
20 0.496. 0.521. 0.491, 0.512, 0.501, 0.502. 0.509 0.505 2.02
30 0.511, 0.519, 0.497, 0.531, 0.497, 0.531. 0.506 0.513 2.81
40 0.498. 0.522, 0.501. 0.529. 0.512. 0.534. 0.501 0.514 2.85
50 0.503. 0.491, 0.510, 0.528. 0.508. 0.516. 0.527 0.512 2.57
5 10 1.044, 0.899. 0.982. 0.988. 1.009, 1.007, 1.002 0.990 4.53 1.109
20 1.041, 1.003, 1.012, 1.031, 1.088. 1.061, 1.074 1.044 3.03
30 1.103, 1.135, 1.107, 1.143, 1.052, 1.106. 1.098 1.106 2.66
40 1.116. 1.089, 1.079, 1.115, 1.114, 1.063, 1.145 1.103 2.50
50 1.142, 1.128, 1.087. 1.129, 1.092, 1.107. 1.052 1.105 2.81
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PR Ry R FH Btk P8 M Al 5 ) 3 6, OH AN Ag ™I
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PRk e o) AL &0 OH, Al pH (E 1897 &
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7 3 s

1 () EEBEHE,(b) AT pHERBERE
Fig.1 Color of direct titration, (b) titration color after pH

adjustment
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Table3 Common acid-base indicators

fonflat BEER REe e e
LIS 55 3.1~4.4 4l i3 i
F ket 4.4~6.2 a s B
TR B 6.0~7.6 B 2 [
TN 82~100  kfh B AN 4
Hoaw 5.0~8.0 a1 % %

HIEE 3 nlE H, A L G 6.0~7.6,
HAERRPECGE) | ik (%) | Bl CREDARZS R B 22
S U, A T YRS 5 2 O Y pHE S, T4
EGRGHE [ 1(0)] BJosH. ik, A% ik
PRI LB VRO pH R 5 851,

24 MEESSSENXERE

ARG R R TH 219 G20 H 3L
T AN, MEE R 2 AR 20 mL. S9N RE R 22,
i B LA SCUEI] 5, R 5 AR il 78 20 mL LA
. AE T2 A i A P A < 1.0%,

SRR AR F T EARAE A i 5 R, BARRRAE RS Y
RRUNFE 4 5.

x4 MHEESSSENXE

Table 4 Relationship between sample mass and chlorine

content
SHEEY% TR e
0~1.00 10000 HEEBARHITERE SR
1.00~2.84 0.500 0

25 FiEKHRANERE

KRR SR B R T AE/ AV-V LR, $3
A=A B B (55 A S BRI, BERRIRMREE 1
FE, B IRIH (1 2). S BR 5 % B R FUN 1.227
mL, S BRHT S i AR 53 518 1,186, 1.258 mL,
Wi 2ZMH 4 0.072 mL, Tifd A e/ NIRRT,

90
1 80
170

260+ — By
— AEIAV-V \

[}*) (98] B wn (=)
(=) [=} (=) (=} (=)
AE/AV/ (mV/mL)

[}

0 0.5 1.0 1.5 2.0
V/mL

N
W

B2 1#5F il E 2k
Fig. 2 Titration curves of sample 1#

o8 35 o STk 0 v 4l KT o 5 R vk R
0.010 0 g/L HIPRIEIA L, 43 3£ HL 1.00. 3.00, 5.00.
10.00 mL, Jf 4% FF 5 i 20 BRAEA T 2 . Horb 43 B
1.00., 3.00 mL ¥ WA T 5 45 2R 43 B 5.00 mL
B, ASES T PR B 2 AR, (A E A V- it
28 R BRI fis 43 B 10.00 mL B, AL 2SR 5
ELGE, HAE/AV-V I 5 BRIEMW (K] 3).

A HI 168—2020"" Fff 5% A.1.1, J7 2k i PR
Wit 3~ SAEE MR LA . /D R ERR R 0.072
mL #fE 5, AgNO; br #fE i 2 ¥ W T B R B N
0.216 ~ 0.360 mL. £t 3 g ik, S 1k 84 (0.010 0 g/L)
VST 43 HX 10.00 mL B, 3 E AR FR 0.302 mL (A4 4n
25 D EETE RN, BAE A V-V #2528
[ 3(b)].

2 A7 A SRS I B B e 30 e R B L U
FEARFR S GBS, PRI 0.302 mL AE A 3l
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1 80
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1 50
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1 1 ()
0 0.25 0.50 0.75
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/A AEIAV-V
250 JAEA 190

180
170
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1350
{40
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120
{10

240
230
220 ¢
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210}/
200 |/

190

1 1 1 1 ()
0 0.25 0.50 0.75 1.00 1.25
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B3 4El(a)5.00 mL. (b)10.00 mL & {5472 & B9 < #h &
Fig.3 Titration curves for (a) 5.00 mL and (b) 10.00 mL sodium chloride solutions
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Table 5 Titration volumes of titration solution

/mL
A AgNOPRIERI
BRI
T E R FIE
10.00 0.295. 0.305. 0.298. 0.320, 0.302

0302, 0.295. 0.298

735 GE AN A B B /N A E A V-1 R 58 BRI I A4
B K3 HI 168—2020"" it 5% AL1.3 fi g Bk A 20T
R RR 0.011%, JFLL 4 f545 1 BR (B 5% A2) 1
S T R (0.044%).

gEIRFRI, SR A AL (SOT FH AgNO, fi

YHE T A T TR A AR AR B b B G A I S Lk
0.044% ~ 2.84%.
2.6 FEXTELIRIE

e BEPRAE 1 5 G T 1 O R ARHUF IUAE i,
AR AIE A FIAE 750 °C 204 R kAT mt. 1
AR 75 YS/T 1171.5—2017"" A= 4% 5 RHME
ST B S A AN I E Btk
EHATR I, 28R GB 17378.2—2007" 1 53 & T
POZE B0 22 2 1) S B AR B0 vk, SR F RSk
(HARINZR 6 FT51)) 0 Veiy 19 ot 7 32 A DU 5040 7o 4 2%
FE O 22 )02 6 HA 551 Y &K P=0.05. A
B y=7-1=6, 1 GB 17378.2—2007"" 155 15 #&
3 Foos6,6=4.28.

&6 WM T ERBEERIE

Table 6 Precision verification of two detection methods

FE Tk I /% ¥iis F
2# AR 0.352. 0.358. 0.378. 0.361, 0.348. 0.371, 0.358 0.000 109 1.02
PP A B - (g 0.345. 0.350. 0359, 0.374. 0.362. 0.354, 0.350 0.000 107
4# ARG Tr vk 0.783. 0.778. 0.768. 0.802. 0.788. 0.802. 0.806 0.000 204 1.08
Tl F B 8 - (3 0.769. 0.804, 0.778. 0.801, 0.768. 0.796. 0.786 0.000 221

AR (2)~(4) B
X, -Xx,)

S%: n—1
—\2
sgzw (3)
SZ
F:S—;(5§>S;) (4)
2

2L, F 43500 1,02, 1.08, Y< Fyos06.6)» B
P FRRS I s 43 A A5, T LR ¢ K67k b

E R B HERRPE(ER g 7 g, BUE (S HER N
95%, a=0.05, H 1 J¥ y=n—1=6, i GB 17378.2—
2007 HZE 22 AEAFIEFE £,05(6)=2.447.

FEIR AR (5)~(7) A

J:Zd (5)

(6)
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Table 7 Accuracy verification of two detection methods r= S/n (7)

L, O BT , gt 2SR AR 5 50 9 1,014, 0558, ¥ /N F
B e wre T T e n(6), BEVIPTRMG K 0 5, Ak
% 0352 0349 0,003 0.037 0.00134 1.014  "HT HHAMN.
0.358 0346 0.012 2.7 moEREYER
0.378 0359  0.019 I 8 B4 AT M1, 1207 1 B 0 A [l e SR A
0361 0347  —0.013 FESL 14, 3#EURERH 1.000 0 g, S#HURERN 0.500 0
0.348 0362  —0.014 g, I R G i, 2 FEGR G 77 e e, 75 0 i
0371 0354 0017 b I RE (B SF 29 (8 5 P8 (8 B U, B Wi R 7R
0.358 0345 0013 99.68% ~ 101.42% Z [H], X FRIIZ % A TPE R 4T,
4 0783 0769  0.014 0.025 0.00181 0558  HIEA RIFMELZEMEELE. H 45050 Uk [T
0.778 0.804  —0.026 R A B M, B TR R 225 15 L GB/T
0.786 0778 —0.010 27417—2017 Bk A™ 2R, geit [ R (8)]:
0.802 0.801  0.001 _ -l (8)
0.788 0.768  0.020 s/ Vn
0.802 079 0.006 HBUEASHE RN 95%, a=0.05, H 11 ¥ f~n—1=6,
0.806 0786 0.020 1 GB/T 35657—2017 i 5% 1" 2845116 FLA 1,05(6)=
2.45. 1<t,5(6), BAPAFE H &R rp, AT ER H ik
By sl Rl e
=8 mmiREIEKTE
Table 8 Test of spiked recoveries
bes Ik s E gt IER
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% 0083 03000 038  0381.0.379.0.392, 0.398. 0.388, 0.382. 0.398 0388 10138 1.75 2.45
3% 0513 02000 0713 0.706.0.717. 0.710, 0.706. 0.719, 0.710. 0.707 0711  99.68 1.14 2.45
s# 1106 01000 1306  1.333.1.362. 1308, 1307, 1.336. 1.328. 1.298 1325 10142 223 245
3 z_i,lq___ 'I,/I:\, hydrolysis and steam distillation in the determination
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