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(i B GeMabPRBAFEETFATAEYRAGNAER TSRS, BN OB TRBRFES
FAZ AR T B LN, BN BEEK, REMNERENHR AR Y, KX REHEE
LA R AT T AL, @B RN A A ABOLE R ES RSB E TATHAMNE, ERE
& & A 30 mL/min BURJG AR 2 s 69 5T, THRIEM R BAH L 5 B T2 KA EDTA 4475
LA FEEAE AT A A E A 0.2 mL, R T A w9 s b ik A E 4 50 mL, £ 525 nm KK F xH4E
BT AR R R BRARE S, AT R AR R IR A, A4 0.2 mL, 2 %) /£ 420 nm K K Tl
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RS 5 A 1R ) 205 R RN R I o T A
PR AR I E A, B RTE X AR e &
7 [F]IE0 E PRASL A AR D T A TR, AR A
X R AR PP R S T R R 5 e L A T T
FE , AW SR A AT AR A A T BT
HAEWSE A — E R A A, B X 7R 2k
S AR AR RE d , JCRE A S RO, (A I AR R
TCHEHERRINAE , [F] ARf JI v Wl v 0 A g Y
HE, W I 1 3Z— M, JCIEAR il I A A4k
F A 2SR, R A A H L A X AE LR A
IRE B AT ST, (E A P A AR B 4108 HL e 2
HAED, AT RE I I E LA I A

ST, AT A S R TR SRR T LA 2R
FI SRR AR, Ao I 0 22 45 IRV R &2, I T2k
IIMT R GE, R BRI & b 48 5 g 125, ISR
TR R 48 78 TR, AR 19 P FR T A 28 T B e
WG IEE AR A, 1) P ' B8 ) R A S BRSSP %
B aEE , E I AR A A AR B T S
B, nT S B T BRI Rl A O A —
SE TR B AT GG T S S AR | ] s N T
BRI ARZE P 2 A K DU e D ORS 5 2, L
AR R E AR AR, B Blis 47 58 B i S 1
I AR R TR RS S 28 3 e T ik Bk S S b
A Al I, )Xo R o IR R A
eI E X R GEA] 58 e T AR 77 R AT S
SR, A i R P B A AR R R,
WA BT

1 JCEREEL T RS
L1 XEBEEEZITRENSR

TR E A ST RGUZERS H ATk 3 T
WA A i AR R TSR SR A i o
B 2R 58, HHE T RE i 7 S v 3 5 I B B o T 4
A R T RGP O B R
ARBE | H B e o Ml | A Shig vEHEE AR B, 78
R HURE PRS2 s HRORE A [] i S B i 037E , 2E A
2 BT ETT, SEBLRLE oA, R EATOG BE R E 1
Fe @A BN HRATL A8 DL 08 U 28 a5 R T
I RSB R i PR AL s 52 ek i
A B AR BN KT B SR 2, 22 L S I
W, H AT T At B A U E A LB

L2 RXEBEELIWRESTIE
JCREAELRR E T R G Hrid B an s OJ7 ik
BB MR SEPR A 23 A e oK, e B ARSI R Ik S
B, AR IO A R AR T 5 PR B R 2 45 1
AT s QIURE KR B, I Sl E 0 B R A, i i
S AT SR AL T A 30 o A U S B[]
FI RIS RE | X il AT B, A8 I P A B RO i
TGRS 0 aE e 5 DR A e SR R AR E AT HE L AR
Jr AR i AR B MUK B A 3G K45 7
70 5 T AE , P S5 25 Aol B — 7 AR B R A o (AR Bl
FEAR U IERIANE ) |, L — %€ A A E R
AR WO B S AR VU 5 28 a5 TR Bk , i 2
SRR, T 8 P P YRS Ao 05 3 A HE 2 IR , 1
SRR K (TR Z200) 2200 b, 3345 Ve 52 Il
HEZIEWA D . 2D PRSE IS B AR S K
TR VR, LADS RS20 5 2200 HT

2 RN
2.1 RN RIXF
211 AR BT AR A

SUPEC 5500 AIFEL i & 43 B (BT % B R
KA R T s Milli - Q #B 4K ab P R 48 (B wifk
THAR (L) ABRAT) ; BSA124 B, 7 K- (8
[ Sartorius BHEAUARARAA]) .
2.1.2 R

RIS FH B 7 . SR AR bR TR TR (0. 999 7
mol/L, BRI HL T AL B M AR AR .4
J¥e P . P — BRI 52 43 BT (0. 199 6 mol/L, -1
BUHr T A bR e A A FRA D) SRR (4B 4,
R S AR e A AT FR 2 | ) FBT IR Il /2 (43 B 28,
BTRL T AR R A BR A R AR (T
Rali, FRARAF AR AT FRAA 1) Je 75 vk 35k DU g (4
Mral, VAR R F A A R A R ) BRIR (2B, 75 B
Bl AR AR

TR0 2 A48 7 0 . B L 2T - vk B SE i Fn —
s, Yok [ BT T A AR e AT BRAA

RIS FH B BRI T B AR VA TR (10 mg/
mL, ] FR B2 25 BB AT PR A ) 5 B R s 1 VS R
(1/2 H,80,2. 040 mol/L, ]~ JHHIN B 25 B A BR A
Al
2.2 REHSR

BES I A F AT 8 JE AR A R R R, R
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MR TR LI
2.3 RWmAHE
2.3.1 WR&EIE

HUORE 1 mL TR E AR A 50 mL 26K fimA
1 mL i EALE(V: V=1:1) %W ,0. 2 mL 32T -k
L H5 770, A8 0. 999 7 mol/L A A AL AN bR iV
TR A2 VAR IR LA Sy e, RICAR e 48 0

[FIEE B3 5, DA R AR ik AT N T F
B E .

2.3.2 BEEFEENE

HUFE 2 mL T3 AR, A 25 mL 2K ARk
JIA 10 mL 35ALE (40 o/ L) ¥, 10 mL 4 AR IR
W, 10 mL HLIR IR (50 o/ L) S5 , A 0. 2 mL —
RS 5 7 71, A 50 mL 7S U P 256 DU i 22 s vk
(pH=5~6) ,f#i[ 0. 199 6 mol/L EDTA Frifl:¥%s i
TE IR IR EE AR IR BRI R 2

IR B bR 5, DA RIS vk AT N T F
B E .

2.4 AGEE

BB TR 4 Al IR AT, 7E pH = 5.5 &4
T, R SR R T R AR R E
AEMAE T, R EREL 6 R EDTA-2Na
PRUER IR 2T, EDTA f845 Zn® " B BUE RoUE B9 T
BT WG A8 8 AR S W B A ARV AR O 5 B
@ AR R R WA (1)

= PR (1)
Kp, WEEE TR, o/L;C, WO MBI LTR .
BNRR T B MR E , mol/L; V, & WU 2, 1R
AR HET E S TR AR AR mL; v, IR R,
mL;65. 38 A HFIYEE /R BT HE , g/mol ,

TR SR FH TR 0 o 3 AT, DA R 20 — vk
WONFERA FE A T E AR E FER T, 51k
kAR, AR R IR R B, AR S R R A
PRk S5 N 860, TEBU I 5 1 T 2 (0 1 B0 (8 AR
B FEORTE R A, BRI W (2)

_C,V,49.04
Pu,s0, = T
N 2pyy00, WBR L , g/ 15 €, O SR AL AN bR 1
FESTMIIRHEE  mol/ Ly V, R & A AL bR v T 22 2
WHEFERRL, mL; V, AHUREARFL, ml.;49. 04 4 1/2
TR B B JR BT £, g/ mol

2.5 HUESW

K 5B — R SE K39 77 7% (Shapiro — Wilk )
PEATIE SRR, Y p B/ T I 3 MR OKF Ga
0.05) , Al dhgs Jrifis , 7e bl b, (224 « ke
(Student’s t-test ) J7 1 fiij 5 P A8 5 (7] % AR E AR 5 R
J& , DL FEBEAS [ 0 M O 200 &85 5 7 A B 22 S
ARWFFE L T BT A G 56 1 25 K- S0 E
N 5% RAE T3 A UL, 75 ) A 5 B A AR DG X5 1
B b 1

3 APREHE
3.1 XEREELSNREXBSHML
3L 1 MR A
O HE 8 5 R AR T 5 TR R T s i R rp OB

A BRI T TR AR K OSSR B ik
WL TR AR D X TR A RO
Ve U2, W PR PR AN IE , 2 = B I
TE RABPEREAR HARE MERE . O IOARIE A I 415 75 51
AR5 BB HEA T B e A AN [R) B Y
G RE R CURI i A R s 22 (DR A T B R I
AERE, AR A mATR A 2R 1, 0 F
BRI K R 420 nm B LA 25 (E B K, WO
SiR B e e , A6 R A TR 5 R M E IR 420 nm;
BT RN E P Ry 525 nm B WO i i
4 WO IR 525 nm AE AR AR IS K

R RN R 28 5 R 1o ) R A3 22 (.

Table 1 The corresponding potential difference

values before and after the end point of titration

at different wavelengths

S/ nm BETRME/my BRI /my
390 0.336 0. 180
420 0.492 0.278
450 0. 068 0. 041
525 0.555 0. 266
590 0.392 0. 091
660 0.028 0. 003

3.1.2 AUERSEA

Xt FAEL B sh kBT R 4t , 4% 4 b B B 5T 77 %t
SERRBE S IEAT 43T I T e BORE SR 5 i kAT A Ak
JAEE | RN FR o P 18 3 2 e R IR = A S
SR, I T L A R TR G BURE JS  AE R Bf1R]
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PATRAIERE S A e HERCR  Hh 5 s 258 sl Re i A
SYTRAEER , TS A ORE L — A 50 mL/min, AN
BORUS S5 ) pl TR TP R RR & R, R
FERR, UBIASHOE 1T, 2 R EURFEAR E 42, 32
WP 4 2R, A, X BOBGHRE  JBURE 5 25755 I ] A1
Yoore D7 SR AT R 3 v BOREAS B2, DA S B 3%
2, B &, VRS A OIGEE O 30 mL/min,
MR JS SRR TR) A 2 s, >R R I rb ) B A7 43 B 1Y)
752, AL 1 i i R AR
R2 EHXSEIA AR
Table 2

Instrument related parameter optimization

condition experiment

BRI, A HURERFL/mL
(mL-min~') HAE]/s 1* o# 3# 4* 5#
50 0 0.852 0.796 0.837 0.799 0.854
50 2 0.913  0.904 0.917 0.926 0.945
30 1 0.958 0.969 0.973 0.968 0.976
30 2 0.998 0.997 0.995 0.99 0.997
20 2 0.996  0.998 0.997 0.998 0.996
30 2 1.997  1.998 1.997 1.996 1.997

3.1.3 riEsEdii

FESCPRA = T A BB R T IR A B
B ST IRICE R 25 5, I, T A
AFRER R 4 B, PRUE B e I . b
N & =Py il B S T N N S e e e el SO (=baNy i o
i MARE I N 1Y pH (T RE B9 22 il &= A it
DIAFES 7 FR IS R (10 mg/mL) K i R b 1 V5 T
(99.96 ¢/L) My HEERE 5, T LA E S5 A48 7w 50
28 MR B S A, DTS2 B 1 o
M
3.1.3.1 FERFIHE

XoF T O B VR A VR UG, A8 s R A B X A
e B OCEEMIEN, & 2 al R D # 25 m
FEAL AR RABOE ™ im0
R, BRI E LT B 5 A AN i AR AR R
TR L W ERIR, R A 56 R , 5%
M) 37 2 28wt R N, AR X6 — Y A 4 s 7
FRILAT -k LR FE /R I R B EAT T % 4%, 45 2%
DL T, WA s R 5340 8 0.1 mL 0. 2 mL,
0.5 mL F1 1 mL, 4 B/, B A1 25 A2
F FER 7 0.2 mL IR A, SR R, e R

W17 0. 1 mL BRSNS 1 0.5 Al 1 mL 2
EESTR R T 25 1 F W, 3 B0 45 AR e Pk &
TR P W 2%

V&S aah Il
(a) GRERHRE IR (FE 7R 71 Ry F T - i)
104 —-0.1mL
i = 02mL
2 103 0.5 mL
=4 —¢ 1.0 mL
I# 10.2
i
?ﬁ 10.1

BT
© v
’_OO N C‘J

2 3 4 5
X EBFTRBNK
(b) BEEFHRHER IR (P - 5 — W )

B 1 GRS AR IRAEA R ARE R
FIF I 45

Fig.1 Test results of sulfuric acid and zinc ion

standard solution under different volume indicators
3.1.3.2 ZEnbim ol

ShIE A 78 R 2 BT L PR pHL (R E B
NEE TR € SO, J LT AT TR
WY pH EL; — H Iy 4575 370 28 (A iy pH B S ~
6, APRIER R pH {HARE , 22 this WA /E AN AT
gk
TE EDTA S8R ¥ K A 456 ROV i #e v, W

T H R AR 2 A IR AN 2, oA
SEVWCT ) pH B, IS Wi B 48 78 0] A8 €| 3 3 2
AW AR R, 2 22 i O] i 22 0 2 1 ik
FITR B BN AL BRSAS (R, DA RS 1 o
VR (10g/L) by R UEAT i, AT 2 i WP o 1)
FE . B TZPEAE 30 mL LA pH EHADAR 2
R8RS (O SO EAT LB, 1R 2 R, 5%
MR AATUR 35 mL Al 40 mL EAZE B IR, 1M
£ 50 mL A1 60 mL ZZ PR E T R R T AR
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I 5E e BE 391 4 9. 983 o/L F19.979 g/ L, MRk 4%
RECONRE , OB WA R o 50 mL,

121

35mL m40mL m50mL m60mL

10}
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ERi
=
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o
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3
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Fig.2 Test results of zinc ions in different

volume buffer solutions

3.1.3.3 WEEK

i R 2B KT I R T 5 AR A — YR S 1 PR A
LT Pl T T S AR T R O B 1) AR Ak R
T e i A Rt Rl /N, B A m 250
B, TR AR T, H LR E KN
0. 025 mL B[V A] 3 f AR AN A 5 2R 5 (HLFifi 25 17 52 790 1)
B, BEES TR W ROC R AR RN S A2
Stk 22 A5 BT, SRy 4RI G AR Ak, K i A2 7
e B R R AR S A K {ELEE AR R ) e T £

23 SR i 25 KR, ORI RE A0 KN 2R 0. 04
mL 1 0. 055 mL BEATIA5, 4520 UL3R 3, 39 K &
AR AT LASE B O BE AR AL, ORI AR P K of
M A B T E AP K 0. 04 mL REAS HE A A1)
T AE 28 5, TR SE A6 K 0. 055 mL AT RE 3 200 1045
W =, BORHE 25 K2 0. 04 mL,

R3O E DK E A TR WO EE AR (R

Table 3 Absorbance changes before and after the

end point of titration with different titration steps

mE  EE T 72 4 UL AR AR A ( Abs)
i H AN 1* 2 3* 4* 5%
WiEE  0.025 0.117 0.146 0.096 0.105 0. 108
0.025 0.008 0.007 0.005 0.004 0.006
BT 0.040  0.018 0.020 0.015 0.017 0.016
0.055 0.022 0.021 0.024 0.021 0.023

3.2 WA EBEAREN
3.2.1  KE%E B MER B ek

53 BISR FHBR TR RN SR i 264 T4 2 8 A
WRE B B S E L2 4T 7 K, AR S S v
TR 5% B8, DAAR 45 S DA B, RS 4 R K
RSD < 1. 2% , 6 B 376 A ofE 8 L P9, EL AR 3k 45
UL 4, Bl 2 R T 5

R4 BRERANEE RS TS R A4S

Table 4 Sulfuric acid and zinc ion content precision test results g/L

MEW A PRUEME RS B 2 B3 F i 4 FE S FEi 6 RS 7 HE RSD%
TR bR 99. 98 99. 96 100. 02 99. 96 99. 92 99. 94 100. 01 99.97 99. 97 0.04

TR AR (A0 — 167.37 164. 86 163. 89 163.98 165. 05 165. 96 164.25 165. 05 0.76

B TR 10. 00 9.98 9.97 10. 01 9.96 10. 01 9.98 9.94 9.98 0.26
FEBS T (KR — 51.15 51.52 51.5 51.91 51.18 49.95 51.11 51.19 1.20

3.2.2  FEELINAR DR K IE RS FERIAR I 45 R
Syt — 25 B IE Ty v B MERR T R T S AR ARR Table 5 Sample recovery rate test results

sl A VR R IR VR 5 e AT S 43 AT A o o BOREMR  hRiebR AREL WER bR

Fi 3 ARRREER MRS, OB Bl Bl 0N 00N o/
JE 4 1/2 H,80,2. 040 mol/L, ¥ B TFp M 15 W e 0.85  0.87 256 101
10 mg/mlL, HEAT BRI, 45 R LK 5 %L AR ! 165 168 334 984
PE A 7, AR ] 4 A o3 5 O 98.4% ~ 101% Al 245 250 415 986
99. 1% ~99.8% . 4.50 0. 69 0. 84 99.4
3.3 WEAMSHE BEGRNARERIE HBF 2 9B 13 16 %
14.3 2.20 2.35 99. 8

TELH 2 73 Hr R G RENE S A ShHURE A% % K%
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GIHT, RIS UE TR AT A R UER AR B A TR
SETE ¥ IR PR LRI i — 0 . —F 8 T
LI E RGBT, — W T Fahiie , 458
WR 6, K ¢ Ky ke — & M1 RG22 TR
FEE B PR AR E R E 2 R (= -
0.1094,p=0.9147;:= -0.08955,p=0.9301) ,5%
B ES SR e Af n] i, AN, 6 A = A T R R
FEAWARAL , B UE 2 53T R SE Re g B4 i F T 5
BRAz 7 FEA S AE L HURE (9 R BF , f N T B AR R —
IF T EORE BE 37 43 B, B [ TR B oy 2 b, ke 3 ik 47 7
Y, G5 R T, BRI O T AR IR M i Ry 45 R
MEH T B 2R (1= -0.021 19, p =0.983 4,1 =
-0.02641,p=0.979 4) , H.E# B AR E MR,
ZRGE ] LASE A N B E S B sh ks .

6 SLPRRERLIE XS LA
Table 6 Comparison of determination results

of actual samples

Wi/ (g-L7") BB/ (g L")
2 757
FELE  NTWE L AT

FEfh 1 167.37 167.75 51.15 51.26
) 164. 86 165. 02 51.52 51.25
Fedh 3 163. 89 163.93 51.50 51.47
FEdh 4 163.98 164. 05 51.91 52.02
R 165. 05 164. 93 51.18 51.25
B 6 165. 96 165. 89 49.95 50. 08
K7 164.25 164. 32 51. 11 51.19
bEaiiy 165. 05 165.13 51.19 51.22
RSD% 0.76 0. 81 1.20 1.13

RT SEBRRERTELINE X LA R
Table 7 Comparison results of on-line determination
of actual samples
B/ (g L") MX BET/ (g L) AR
fEk AL s R AL W%/
WE WHE % WE WME %
06:00 175.03 175.47 0.25 45.52  45.17 0.77

SrHT
Fisf ]

08:00 162.75 162.01 0.46 49.28  49.47 0.38
10:00 158.39 158.22 0.11 48.74  49.12 0.77
12:00 165.67 165.98 0.19 47.82  47.34 1.01
14:00 169.52 168.95 0.34 52.55 52.89 0. 64
16:00 179.81 180.01 0.11 50.79  50.01 1. 56

18:00 182.57 181.79 0.43  46.37 46.77  0.86

4 g

AR S N T R LA I 28 52 14 3 Al e B
FHEAT T I oA R B A5 15 i 1] S5
e SRR R i 28 v TR e KA TR
R, R TG BE 9 A8 Tff i TR B VB 8 1~ ik 10T
E N = I § e R TR i S = o D
PR, SEEE T PR [ Sl R B AR B i

1) ZEORE 3% 15 5 4 30 mL/min , U 5 26 15
BFE] 2 s P20, AT PR GIEARE ot BRURERG B2 5 B g &%
S IYINE J7 Rk EDTA 4860 2, LA H i A 1
SFE R, &N 0.2 mL, 75 U 3 DY i 2% 1 5 T
450 mL, 7E 525 nm AT XSRS I E  BRR
5 R R 2 , DA PP R 21— Y TP i 48 s 370, T
R 0.2 mL, FEHIAE 420 nm P K FIE, @S R
FR B (A T R 8 R

2) T8 R BRI I 53 B B A M I, AR
FIXTFRMER 220 0.04% ~ 1.20% , FAR BT YR N
98.4% ~101% , R WABFEI7 1w BREE M A B 1
HEVELF, RGE , TR .

3) Gt W RS A B FEL AT R G 5 AN T8
LA DN HS A AR LI TC W35 22 Stk . SRADGEE R 78
SR AN 2R G AN (SRS T 7 BsF T e RS A 38 s, 3 T i
A SR S A I | RS R i A5 ) A T2
WRESE, AR Bt R &SRR 1 B Y 1
AT BT 6 470 55 RG22 A S 7y
BT eUs, AT 50 1 I iG55
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Determination of sulfuric acid and zinc ion content in zinc
electrolyte by photometric titration on-line analysis system

LI Yingying', YU Xiaofeng', HAN Naixu', LI Ying', LI Jian', HAN Zhanhua®, WANG Qingxiang'
(1. Hangzhou Puyu Technology Development Co. , Ltd. , Hangzhou 311300, China;

2. Inner Mongolia Baogang Steel Pipe Co. , Lid. , Baotou 014030, China)

Abstract: The content of sulfuric acid and zinc ion in zinc electrolyte directly affects the purity and product quality
of zinc. At present, the detection of sulfuric acid and zinc ion content in electrolyte depends on offline detection,
the degree of automation is low, and the research and application of combined determination device is less. In this
paper, the photometric titration on-line analysis system is introduced, and the content of sulfuric acid and zinc ion
is determined by optimizing the detection parameters and the absorbance mutation. Under the conditions of sampling
speed of 30 mL/min and waiting time of 2 s after liquid extraction, the sampling accuracy of the sample can be
guaranteed. Zinc ion was determined by EDTA complexometric titration, with xylenol orange as the indicator, the
amount of 0.2 mL, the amount of hexamethylenetetramine buffer solution was 50 mlL, and the zinc ion was
determined at the wavelength of 525 nm. Sulfuric acid was determined by acid-base titration with methyl red-
methylene blue indicator at a dosage of 0.2 ml., and the wavelength was controlled at 420 nm. The titration end

point was determined by the color change of the indicator. The results showed that it was feasible to determine the
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titration end point according to the absorbance mutation by using the photometric sensor to collect the signal under
the optimized experimental conditions. The stability test of the standard sample was carried out in the experiment,
and the actual value was basically consistent with the identified value, indicating that the device and method were
accurate and reliable. According to the method, the precision of the actual sample (n =7) and the recovery rate of
the standard addition were tested and compared with the manual off-line detection. The overall RSD of the precision
was less than 1.2% , and the recovery rate of the standard addition was 98.4% ~101% and 99.1% ~99.8% ,
respectively. The t test proves that there is no difference between the instrument test results and the manual test.
The device can realize automatic analysis, simple operation, and the analysis items are carried out at the same
time, which can meet the needs of online continuous production detection.

Key words: electroplating zinc solution; determination of sulfuric acid; determination of zinc ion; on-line titration
analysis system; photometric titration; acid-base titration; automation analysis
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