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Research on Cl™ detection in urea solution and development of
online instrument based on spectrophotometry
LI Jun'" , JING Kai-rui' , ZHANG Ling", LIU Xiao-yu’, CHENG Jin-gang®, ZHANG Tao’
(1.Chengdu Raise Environmental Technology Co., Ltd., Chengdu 611731, China;
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Abstract ;. To mitigate the risk of Cl™ corrosion in urea hydrolyzers within the denitrification ammonia zone of thermal
power plants, it is essential to implement online monitoring of the Cl™ concentration in the feed urea solution.The main
interfering substances and elimination methods in the determination of Cl™ in urea solution were described. Experimental
studies were conducted to investigate the effects of various factors on absorbance and the accuracy of Cl™ detection in urea
solution. A spectrophotometric-based online Cl” detector for urea solutions was developed. The experimental research
results indicate that the incident light wavelength should be selected between 400 and 500 nm. Interference can be
eliminated by filtration and adjusting the pH with HNO; solution. The volume ratio of 25% HNO, solution added to the
urea solution sample should not be less than 20%. The concentration of urea solution will not interfere with Cl°
measurement when it is between 10% and 50%.The performance test results show that the detection limit of the urea
solution online Cl” detector can reach 0.1 mg/L, and the instrument accuracy can meet the requirements of industrial
online detection.
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W2 FE 43 34 3~ 150 mg/L 1 5~1 000 mg/L"
W5 BRARAE 1 mg/L DAL TR F KR E R G
TV PR R A T bR R K i B AR 50% (S 4340 JR
REW CUMRE —BALT 1 mg/L, Hoax 2 Foyik
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107 mol/L, ELAT ma i M F A TRT BRL AP0 0, LLAREAS
Gy SEEL L FE SR N Dy 6, (EL AR DU TR i b 1 45
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AgNO, (17 g/L) AL KFFREC 17 g
SRR , A /D8 25 8 oK, RRIA e P R B 1K
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UL 4396 56 BE T X 1 iR e 9 7 WRE 7R 300~
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LA 3, £ 300~350 nm (95 X [A], IR Z VAL
O I I8 3 DR T PR sl / ) 5 T 350 ~ 700 nm fY
WA DX [R] W' 38 i 10 K 348 R 4% 18 ik /)N L8 ¥
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WG T IR Z R WOEE A B, WOt R
FHAR AN =0T WAy SR TSt I 5 | 3 vk 52 56 Bt — B
35 mL 50% JRZE WA LA, SEMA 25% HNO,
WIRFEY 2 5 B 17 g/L AgNO, IR 55
EETKEFBLEL, FE 15 min J5 70006
DZE [ A7 28 RS (U AgNO, IR o
Cl bR S2E I 75 7E I A AgNO, ¥ ET A 2 mL
CIUARHEVA R (25 mg/L) I3y MY T L@ h
50 mL R AL S AnAR CIUHEE N 1 mg/L, SEE
g —ImA 2 mL & AgNO, B, & C17Jx
I

mZ 1 s, AhHNO, BB, WL AR K,
ULAATHLAR ™ 5 5 Bl A HNO, ¥ W i 3 K
pH JE P T B 5 A8 BEAK, A AR CL7AInAR C1°
BRI P AR AR 52 4 A ], RO 38 08 I 21 34 7 448
T, 24 HNO, BRIMA A E] 7 mL Bk TR,
UERS pH 2920 1.5, SCERgs LRI BEAURHERIR &R
B BT ORISR TSRO
TR ZR WS pH W E 1.5 KLU, A
25% HNO, ¥ S 7 PR ZE L b AR B L AN
KT 20%,

&1 A[E HNO, &R E R IR BN 24 R

Ve 3 L

HNO; ¥/ mL 0 2 3 4 5 6 7 8
pH 8.52 2.38 2.12 1.93 1.79 1.67 1.54 1.46
WGRE/ A
FImkx €1 2. 6909 0. 0450 0.0576 0. 0956 0.0973 0. 1293 0. 1304 0. 1305
s €1 3.6294 0.2220 0.2391 0.3021 0. 3082 0.3334 0.3392 0.3393
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JCEEIREM, ANEL 4 FroR WO R 5 IR RIS WOR
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WO CU AR YA TR BC B 4 DNARTRIINER C1 e Y
PR TSR iy (PR Z VS VRO BEAR [ ) AT AR S 56,
WMEAZE R WL 3R 2, CU s TR 4351 8 91.90% |
90. 68% 91.95% 97.98% , 4 P il 1Y 1] Wi 2R 4 7
90% ~ 100% Z [1] , 3% & B 4356 5 B 12 FH SR A T Bk 2=
VIR CL YR B2 D) 50 AT I EL e P A e
F2 REDRONARE BRI LS R
BEMh INBR CIWRIE/  IBRRATIR CI W RIS, s/

G5 (mg-L7") (mg-L™") %
1 0.1 0.0919 91.90
2 0.5 0. 4534 90. 68
3 1.0 0.9195 91.95
4 2.0 1. 9596 97.98
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PEMZE AR AA KBRS CUHRE

(3) HEZFNIE Ve, AR RAG I 58 B =2 )5, 1 I i
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Cl ¥R FEIIRE , 25 A TR (HEPY ) bR 2E o, 3T
EAEM 0.012 8 me/ L ARMEINEK R =4. 60, (EAH
IKFH 95%) , ATASE AR HEBR A 0. 06 mg/1..,
i1 25 mg/L CL™ b HE 7 WG BE L B 13 0. 05,
0.1.0.2.0.3.0.4.0.5.0.6.0.8.1.0 mg/L ¥ Cl" %
HEVE VRORE &, B DR RV WAE 2 CL A SU RN 5 7
G BT Bk, 25 SR A0 3 FoR . 4k
il CUHREE R 0. 05 mg/L I, I i B E A T A6 1
PR, IR Z IR LR CL RIS 24 4 5 1 4 e i 22
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(MAPE) 353 T 21. 20% , A& 5% 22 4R K 5 17 44 &
Cl¥RJE 0. 1~1.0 mg/L i, MAPE ¥/NF 10% ; 4
ANBES 6 YR TN 25 S 11 B 52 PR R AT, A XA o D
Z(RSD) W B KAE N 7. 06% , 1% 1t W 12 46 IS %ot
0. 1 mg/L K LA b Cl e BE Al b v i RG I EL A A vy
PG 5 FE RN UERA B B L 300 CL R A5 21 1)
S FERAXT IR ZE (RE ) SAR /N, A8 0 o 0ff 3 o vy,
T IR R WAEL CL R ASURG 0 245 58 1) EE XoF 43 A
FIRHE

£33 CricgBARERKRNER

FEdh CLTHE/ (mg-1L71)

EF S0 it 5 44 7k

0.05 0.1 0.2 0.3 0.4 0.5 0.6 0.8 1.0
FREWWAEL CITRMAL  CIm R/ (mg-L™')  0.063  0.090  0.185  0.288  0.410 0.470  0.619  0.801 1.051
0.059 0.088  0.192 0.301  0.375 0.552  0.640  0.796  0.998
0.062  0.092  0.202 0.290  0.399  0.496  0.589  0.810  0.969
0.065 0.091 0.196 0.319 0.409 0.504 0.611  0.802  1.011
0.054  0.090 0.211  0.292  0.411  0.513 0.579  0.806  1.053
SEAE/ (mg- L") 0.061  0.090 0.197  0.298  0.401  0.507 0.608  0.803  1.016

MAPE/% 21.20  9.80 4.00 3.33 2. 80 4.12 3.40 0.58 2.96

RSD/% 7.06 1. 64 5.01 4.28 3.79 5.88 3.99 0. 66 3.53
BT CIT KM/ (mg-L™")  0.052  0.097  0.204  0.292  0.407  0.492  0.594  0.810  1.009
RE/% 4.00 3.00 2.00 2.67 1.75 1.60 1.00 1.25 0.90

i 6 Fi Tl JR 28 43 B G 50% PR 28 7
i, R R BV WAE LR U A ISR I 5E 4% HE i
() CL™ ¥ B2, ] B BURE R FH B8 - (i G A7 S B ==
R, K60 25 SR X6 B L3 4,2 LK) RE FfRE &
HE) CL MR BEXE A B A8/ R i 1 T CU VR
e R AR HH B Al i 22 B 0 B K HE L RE 35 5]
T 28.57% , HAh 5 AMFE ST RE BI7E 10% LA,

T4 2T CIr &SR

FERD REBEWAEL LR RN TG RE/%

HWE CURIME (mg-L7')  CURRIN{E/ (mg-L7")
1 0. 036 0.028 28.57
2 0. 088 0. 097 9.28
3 0.236 0.254 7.09
4 0.327 0.311 5. 14
5 0.342 0. 357 4.20
6 0. 541 0.523 3.44

IRFRERM IR BRI AEZ CL A I T AN iE
AHTIE 0. 1 mg/L LU HARHE B IR BRI CL
W , PR Z A DA A T BRAEAE A 0. 1 mg/ L,
4.3 I E#LRIMERIRENA

TERAE - R T — BB IR BB

CIAGHI 01 20, 2 2 o PR VA MR | R 3R i
AR R WAL CU A I ALZE A, 120 56 % ¥ T
P PR WAL LR CLU AR BEAT 25 A 50 T 58
DL T HEREINL, T 2R WA 6.

REBWAEL
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BEHEAR
LML
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"N@

REWIRE
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T¥HwA

N5 T R IR B RAE LR CI A I AR B 1%
s AT RIREISCR KA BT T — Ik T
BRI, PR R W VRAE L C1 ARG I A4S DA PR 3R 4 il 2
A B CHE, 5508 20 min JE47 — YA, 2 k4T 96
UK, BRI 8 h [ R ER ik R AR i — R C (IR
i NaCl) FRA 357, A I TIOR8 1~ 0 3
BOA TSR A, ARG & 7 (9 T R LR 45
R4 ATREE CI U REAN TR (4 I 5] BE SR 39 A
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ANHALBER) RE #R7E 109% LA N H ARG I8 i B e 1
TREFRLT

54
n

F=ECL

N
IS

e
w

e
=

Cl- ¥ BE R/ (mg - L)
(=]
[\*]

e
=)

0 2 4 6 8 101214161820222426283032
B /8] /h

1—7EZE C1™ Rz ; 2— 88 T iYL
W7 T BRI ER
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(1) JRBHE W B2 IF Y NH, - H,0, COT |
HCO; Hl Fe™ B1%f CIm A — & i) T4k, B 7 vl
SR FH AL 3k 308 T A 2 g i G A B 4 5 T
KA HNO, ST pH ERR MR 7k kA

(2) SEIAIF I 45 S B, A I K 1k B [
‘FN 400 ~500 nm , K1} 25% HNO, ISR ANA R 5
PREEEWRE SRR LR ANIE T 20% , PR3 W0k
TE 10% ~ 50% I A2 T4 CLU N E | 525628 o i F 45
Hh=TT LA EG BE TR AG I PR RS W CL Mk B B
BT PR VRS E

(3) IR T —Fh T Y B VE I IR
WAL CL RIS, € T FR AT 3K 0.1 mg/L, CI ¥k
FETE 0. 1 mg/L K DA 1 s A6 00 45 SR A 4 %o 152 22 76
10% LAV, £ M RE T AR I RE T 2 PR BRI C1FE4R
SRS A 72K
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