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A Photoelectric Turbidimetric Method for Online Determination of Sulfuric Acid in Surface Treatment Bath MA Yan-zi',
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Abstract: A novel photoelectric turbidimetric method for the rapid and accurate online determination of sulfuric acid content in
surface treatment bath solutions was developed. The method utilized a specific dispersing agent combined with in-situ spectral
measurement technology to monitor the absorption spectrum of the suspension system continuously. By using an acetate-sodium
acetate buffer solution containing EDTA ,the potential interference of metal ions such as Ce( Il ) was effectively eliminated.The
method had a linear range of 0. 04 to 0. 11 g/L,with a detection limit as low as 0. 004 g/L.Compared to the traditional gravimetric
method, the relative error of this method in detecting actual samples was less than 2. 5%.The method did not require sample
pretreatment , and the total analysis time was no more than 20 minutes by using an online sampling device for direct sample testing.
It can be widely used for the online rapid analysis of sulfuric acid content in surface treatment bath solutions on production sites.
Key words: sulfuric acid; surface treatment bath; BaSO, turbidimetric method; optical fiber spectrum;in-situ rapid quantitative
method
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Fig.1 Deuterium-halogen lamp spectrum obtained when

the probe was immersed in the reference solution
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Fig.2 Comparison of absorption spectra of barium sulfate

suspension with and without the addition of dispersant
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Fig.3 Variation trend of the lamp spectrum intensity of
the reference solution with the number of measurements

under different conditions (with and without dispersant)

2.2 ZEEm TS ERR
2.2.1 THHEES

B £ A AR PR S A Y
0.5 mol/L MRFMIGRER , i N T 29 0. 045 mol/L.
DL-3E SR 2 0. 015 mol/L 8l &> & 0.02 mol/L 4ii
£ A, BERR AL R, nTRE S R B T AN RE
W R B S A 0.1 g/ LB R 5 I 3 v
NI 0. 045 mol/L A DL-3F SR % ¥ . 0. 06
mol/L (] H,BO, I .0. 02 mol/L [¥] CeCl, ¥
0. 04 mol/L 1y AICL, ¥ , £ 100 pL, Lh R iR
AR TR A 5 I TR 400 WL, A5 400 REBRE 5 A
A , £5 BT e BE L], LA 52 R E ik
PR UUDAEA N = 0 T 7 8

W 4 s, eI G M PTE R S 59 1 min
DAL, 57 A 2R g ok AR R ' R G Tk B R
A, B TRREERE, RS R KR IS B ot
JETFRE

TE 3 min Bf, 12 5% 45 41 N W 6 (., 4n
Kl 4.5 FiR , 78 K B 7K AE R UTTE RN A T i) 2%
PR, TCIS AR SE AR BN A BRI 1 FH R 4
PRSP Ce (T ) X A2 A9 52 0 B A 25, %



88 f2£i8%]  CHEMICAL REAGENTS

5547 B 2 )

0.7} EBFK+Ce(I)
FBTK+5 18R+ Ce( )

0 20 40 60 8'0/160 120 140 160 180
t/s

B4 POGES N AR ok i O B B Ta] 22 £k

Fig.4 Changes in the absorbance of the suspension

with time during precipitation reaction
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Fig.5 Comparison of the absorbance of the suspension

after precipitation reaction in the presence of different

background components
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Fig.6 a.Absorption spectra of BaSO, suspensions
in the stable state under different background conditions ;
b.Corresponding scanning electron microscopy (SEM)

images of the precipitated particles
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Fig.7 Absorption spectrum of the suspension obtained
from the precipitation of the EDTA solution with different
concentrations ( Solid line ; with background components
added ( Ce,boric acid,malic acid, Al) ; Dashed line:

no background component )
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Fig.8 Changes of absorbance of the suspensions with

time when containing different concentrations of EDTA

along with the same background components
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Fig.9 SEM images of precipitated particles in the
system containing 0. 4 mmol/L EDTA
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¥=9.55x-0.352
R*=0.995

11 PSERRER & B AR TAE M2k
Fig.11 Calibration curve for the determination

of sulfuric acid content
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WO A 1.2 mL BaCl, ¥, 7645 120 s I
AR R 750 nm A IR RE A5 200 0 R R
SR T, E 11 s, 4558 F£0 7k
B MEJE Bl M 0. 04 ~0. 11 g/L, 77 3 46 1 BR
0.004 /L,

53R FH G L B 2/ A o B B R AR 5
FEATT LI SCHk TAEAEE (1), AR SCRTR Y

5% ST B A I A L TR v P VR VBURE A
HLJE T 85 R R R AR i) ) i 45 T il 2 B m] L
R, FE— 28 BT b 3% 1 A R RE
1~3, FHE 11 3450 T A fh 4 X RE i 1 B R
Sr AT, [R] SR SR P k0 5 45 S ) v
PE, 7345 B 4. 50 mL 3 {34 5, >R v e L
TR & &, e R He e, Wk 2,

R SO (HeBhk) TARIZ IR
Tab.1 Comparison of the working curve range with reported literature methods ( turbidimetry )
MG R/ em SYHIGR /AR E ) LAY G4 4 /nm W 5 A ]/ min 27 30k

1.0~20 mg/L 3 NaCl,HCI, Hil, Z B 420 1 [16]
20~200 mg/L 1 A 405 20 [18]
0~30 mg/L 3 NaCl,HCI, Hili, Z B 420 17 [19]
0.33~0. 83 mg/L 10 Hih, 2B K 15(50~60 C) [20]
2~24 mg/L, Ky RNl FrETR 440 15 [21]
5~40 g/L o PEG,EDTA 680 KRG [23]
4~36 mg/L 2 CTMAB, HCI 700 1~22 [27]
40~110 mg/L 0.8 CTMAB, HHi, Z B, NaAc-HAc, EDTA 750 2 AR

T SCHICR VR BN TS0 , 2 2 M Pl B2 D R T
R2 2 FINEIESR LS
Tab.2 Comparison of determination results of

two different methods (n=3)

K DGR, EREE BXHRE/ RS/
(gL (g'L™h) (g'L™h) %
1 52.8+0.5 53.0+0.1 0.2 -0.4
2 52.9+0.6 53.6+0.2 0.7 -1.3
3 50.3+0.7 51.5+0.3 1.2 -2.3

A EE SR, DR EE R R AR A
MR & SR E N S B, R A SIS TAER I
PRSI 7325 T A5 445 SR I AR VIR 22 B9 /N T 2.5%
D7 R RENE IR B — B AE LRI 5% LA PN HE B B 1) 36

UEAN, T BE & 1 0B R AR T R 0.1 ~
0.5 mL, A R B6 )y ik D05, TF 5 A =] i R
H 101% ~105% , FE 53 AT Ak 22 AR Ve Bl
2.6 Tl A A R PR R A 1 ZE LA

FE UL Seu gl AR b g — 2% g A shit
PR A BOTEL AN 7 58, B 12 SRR & 7R 2k
For DU I B R, A s A R A AR SR FH R RS
U A T PRI S RE A, ] 12 bR
W FEAR T R 35.0 ¢/ L,

H SRR AR - 1) B VA T 45 28 o
oS R NSNS VA - 7 ) | NN A 1 S
40.0.60.0.80.0 wL, 2% sh AR FL R 35.0 mL;
2) 1 P R I, U UL R OB TS S S

D

S RLAR

12 BRRRS BAE LA B
Fig.12 Schematic diagram of flow path for online

determination of sulfuric acid content

b5 3) DATE 2 3 BE I A DLTESR] 1.2 mL (1 min JlI
5E) , MITAGE 1 AT, 10555 2 min BRI
Ji 750 nm;4) Ve, HEFRAAR;5) R TE 1~4
PEATARABE DN 22 , 22 i A o il 285 6) K A AR 5
40.0 pL 522 i e AL [F A 2 0 A, 22 o i
WARBUI N 35. 0 mL, 54558 2 ~ 4 M@ OB
FRIEFR v Il 263 AR &

FH LA b 258 8 % 30 T ARSI 30 o 459 I b
1 BRI & 1A 52. 6 /L, SE kAT 45 1, X
RN =0.75% , W5 T2 e A6 ) 235 5 He A —
., N IF UG A B0 AT BRI 25 R R e Ky
20 min , 1 AE S s (] 2K | DL SIE 3 S I R
JR ML G0 vk DA HoAth 2 7R £ AR
FRA FAI 2, AR TAEFF K i 7 i AT T3
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5547 B 2 )

A AR, RO Y Sl ORI e R
W, o T It — P R O A s b fE 4k
T35 5 Xof He 43y Ja 3R T Ak L 2, i Tl B Re Ak
B E 2R,

3 Hig

AR I A5 A IR AOG HL H i 5 R
REEE AR BT I A T — i B T 4 e A
G JE 3R AL BRRE R OB R % R A e A . B
FEH R TR Ce (M) XF BaSO, VLTE Bk IE
AFRSE B 52w, 33X — & IR T £ v 00 o
PR CHEZ, @M ESA 0.4 mmol/L EDTA 1Y)
0. 1 mol/L HAc-NaAc Z& thi i H A T U0 TE S
AT A AN TR A S A T,
B PR T I s AR R oA e RN T A e A
FIEE 120 s Wi 750 nm Ab Bk & 1 WU, EEST T
HA70.04~0. 11 g/L 230 BBl Am o TAE R 26,
FEERMFE A 0. 004 o/L, A< 5 B AN 2 25
e AT AE 1T HARAERTAE |, 5) T 52 30AE L i i iy %
e, WIS BN, A R0E S T TUTE P AE SR A
PRk 1B DT S RIS T 2 B AT N 4
POAS  FERTE Tl [ Sh Ak SRk il 5 i A E E
K7,
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