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Experiment of Upgrading the Periodic Water Production Capacity of Condensate Polishing
Hydrogen Mixed Bed

Yang Jiawei * , Tang Cunmei, Chen Chen, Wang Kai
(Zhejiang Zheneng Lanxi Power Generation Co., Lid., Jinhua 321100, China)

Abstract [ Objective] The aim of this paper is to improve the periodic water production of condensate polishing hydrogen mixed
bed of a coal-fired power plant, so as to solve the problem of the reduction of the periodic water production due to the transition from an
ammonium mixed bed to a hydrogen mixed bed, thereby reducing the frequency of spent resin regeneration. [ Methods | The effects of
condensate pH, acid and alkali concentration, regeneration time, flow rate, and displacement time during spent resin regeneration on
the periodic water production of hydrogen mixed bed in condensate polishing were investigated through single-factor experiments.
Optimal regeneration parameters were determined via orthogonal testing. [ Results] NHj as the main exchange cation, NH; reduction
in concentration reduced the positive resin exchange load when the condensate pH value decreased from 9. 30+0.02 to 9.00+0. 02,
prolonging the periodic water production of condensate polishing hydrogen mixed bed. The optimization of acid and alkali dosages for
spent resin regeneration efficiently removes trapped impurity ions (e.g., Na*, C1I") via H" and OH ion exchange, thereby restoring
the resin’s effective working exchange capacity. Spent resin regeneration parameters: the acid and alkali mass fraction was 4%, with
feeding times of 60 min (acid) and 50 min (alkali) , corresponding flow rates of 14 t/h (acid) and 10 t/h (alkali) , and displacement
time of 60 min. Under these regeneration parameters, impurity ions (Na*, NH} ) in the cation resin eluate were reduced to <1% of

their peak levels, while contaminants ( active silica, Cl”) in the anion resin eluate decreased to < 5% of the highest value.
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[ Conclusion ]

hydrogen mixed bed in condensate polishing at a coal-fired power plant increased from 1.812x10° m’ to 2.327x 10> m

After adjusting condensate pH and spent resin regeneration parameters, the average periodic water production of

* while

maintaining effluent quality (Na® mass concentration<1 wg/L, CI” mass concentration<1 pg/L) and reducing operational costs.

Keywords condensate polishing hydrogen mixed bed periodic water production capacity
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resin regeneration energy-saving and

1 HAER
1.1 BREKBLERS

SRR T B 4 GULHES KL T AR
FH v FEBESS KOS AL BE 2R G, B8 25 /K Ak Ul 5 /i B o
PEAR A IR R AT L DR R ER A B, BB LA
2x50% % AT E A IR AR IF BT, AN 53%50%
BRIE m IR ARG 17,1 A& M, REEEIA
100%#E 45 7K A B (BUE R 1 400 m*/t, ;e KA
1600 m*/t) . ER AR &8 s 17, s
PRI N B BHA AR R R EE A 12 1, 1t A K i 42 il
FRUEUNZE 1 FIEE 2 iR,

®1 BEKBRESER R KKBIESIRAE
Tab. 1 Inflow Water Quality Standard for Condensate
Polishing of Hydrogen Mixed Bed

IKIFAETR Frifi(E W
pH (& 9.0~9.3 —
L/ C <52 —
HHSEHR/(uS-em™) <0.20 <0.15
T3/ (pmol - L71) 0 —
WA/ (pg L") <20 —
Na*/(ug L") <5 —
Fe/(pg L") <500 —

®2 BEKBRESERRKH KK ISR
Tab.2 Outflow Water Quality Standard for Condensate
Polishing of Hydrogen Mixed Bed

KA AR (e WIE

ARFR/(uS-em™) <0.10 <0.08
S 3/ (pS-em™) <0.30 —
Fe/(pg-L7") <5 <3
TAAREE(SI0,) / (g L) <10 <5
Na*/(pg-L7") <2 <l
Cl™/(pg-L7") <1 —

1.2 KBWEBERS

#01 BEL KAG AL B R 48 (#1 LA F#2 HLA)
F#02 FEEL5KHKG AL IR R GE (#3 HLALFN#4 LA ) &9
A —BERBPBEFE RS, XRG4 RGN



WK R
WATER PURIFICATION TECHNOLOGY

Vol. 45,No. 4,2026
April 25th, 2026

HR =B IERSNEAE RS, R UL S, FILTER #5381k
ITEHR . BARGHMIESr B (SPT) IR
PSS (ART) (FHB AR AR B R A3 (CRT) LU L
BRI RG JFKHR R G EFH N, KB AEE
Sk RO R AOR K i 3] SPT, 7 SPT
N RSO iR 28 e 4 5 SRR FOK T IR Bk 4 2 5, 55
AN R R S & - NI 55 B R [ RS TR
SPT HRHEF MG H 1 26 22 ART, i FEl4x i BT BH
RERE I 8k — 22 oK I S Bk fa, i SPT IRFR A4 g
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g 2 WK 1 e 43 )2 1 75 =X, A B T 48 & F AR T
ART 1 CRT PBF  FEAR R (A 205 | DA T4 e B | BH AR
EHAEROR . B BEREIG 20 0 72 ART  CRT N4
SEEESE B ART N AR fiiik & CRT Wi T2 <
TRA U, B SE BRI AR I A

1.3 BREKBLESEEKRKARHHKERFN
FEES

LS KRG Ab B SRR IR (1432 1 7 J&] 39 52 A L2 972 o
SR, B LA AT MR 8 58 4% KOS Ak 3 40 50 VR R ) 40
il K R P B4 KORE Ab B R R as AR L, &8
i1t ,2021 FFREREBRIE K 1 R 4 L4 12 &
EEL7KORG AL B A AR R T2 R I il 7K i R 1. 812
10° m’,

SN FRE 235 KRS ALb PR SRR A FET U1 i K e ) IR 2%
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EARRRE RO R AR B BELE K pH | E YR IR
IR B e s 2 A 4 il S0 AR I T
S5 KRS b P AR IR K 2R S5 BG F2E R G S bris A T
R, 332 M0 5 245 /KO Ak PHL 4 7R TS DA JR) 0 il /K o )
BN KSR BEAE K pH R ZOR BE FEAE B
2 R ERZE
2.1 f#rel

BELE KR F BRI K T BT (Si0, it vk
<10 pg/L HSHE<0.40 pS/cm) , KT
BN 9% ~ 10% , #h 1R 5T 43 K0Ch 31% , S AL #h T
HECN 32%.,
2.2 BREZRRARK
2.2.1  BEL5IK pH X EE LS KOG Ak P A TR IR R 9
il 7K £ B T

DI#1 HLAL 3 & BELS AR b 3 A AR IR AR ik

BXF G AT VA HE#1 AL B AS K N R 1 R
L 7R Bt FsF (i) AR50 38 158 2 A (5 &5 7K N &5 T 4%
BHLABC A I EELS K B DR ) | il #1 MLALEE
457K pH H 43 HI1E 9.00+0.02.9.10+0.02.9. 20+
0.02.9.30£0. 02 T £ 445 30 d, WA F=hil#1 HLA
g SOK BT 25 1 TAa e, 28 1 2 350w g 74 S48
— B0 G R SRR #1 BLZH B 4 KRS Ak B A A
HEAZNEEEE b e

2.2.2  REM IR A SHO BESS KRS AL B AR
PR JE $9 a1 7K 2 P 5 )

P41 HLLH #2 DL #3 HLA Fn#a HLLHBESE K
pH {4 9. 00+0. 02, DL #01 EELE AR kb B 2R 45 (#1
BLAL F#2 BLAL ) F#02 HEL5 AR A 33 R 55 (#3 HLA
Fl#4 ML) % 1 S IR 1E i XF 42, 3 B R 2t
P A B A PR e o ] 0 0 4 i i) Py 7K S
HINE 3 fiR,

*x3 RAERH
Tab.3 Test Schedule

s S FEviez
A g e i 3.0% .3.5% 4. 0% 4. 5% .5. 0%
B HERR A /min - 40.30,50.40,60.50,70.60,80.70
C R B/ (t-h7Y)  10.6,12.8,14.10,16.12,18 14
D 4 8]/ min 40.50.,60.70 .80

AR RO i A4 o) 2 T 5 it 43 0K 3. 5%,
HERR RS E] 43 510K 50 40 min , AHR FERR B K
12 .8 t/h, BHIFE] N 60 min 1E K HLUE S04 70484
HoAl R Z A6 E AT T, B — IR A R R B,
BRI R R0 R BCR 2 IR, DA% 5% & e
SRR b PR AR R E I HK = sz, B
ZHENER 3 iR, BEit#01 BRLE KOS kb 38 2 48
#02 BESS KRS AL B R GE Y 1 S IR 2 ki, HL A A
PR BRE 245 KR Ak BB S TR A BT U il K
2.3 FXZiX®

1 ML #2 HLLH #3 DL Fiad HLAEESS K
pH {9 9. 00=0. 02, LI#01 EE45 KA AL B 2R 58 1402
BRI RS 2 5 R A ik e v 42, 358 Bk
SRS P A s A TR e 8 o ] 3k A 40 i i) 4
e R AT 5 5, AR R R R 4 R, I 4%
G BRI NA SRR TR E 3 KF, Bk
KEEAEE 4 Fin, BB L(3%) B3R, Bk
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Tab.4 Factors and Levels of Orthogonal Test

S KF 1 KF I K

R 53 AN 3.5% 4.0% 4.5%

HEFR BT ]/ min 50,40 60.50 70 .60

PEER B/ (1-h ") 12.8 14,10 16,12
AR [B]/min 50 60 70

x5 EXRWAR
Tab.5 Schemes of Orthogonal Test
R Z K-
LS R RO N

Joit 734K i ]/ min (t-h™") min
1 3.5% 5040 12,8 50
2 3.5% 60.50 14.10 60
3 3.5% 70 .60 16.12 70
4 4.0% 5040 1410 70
5 4.0% 60.50 16,12 50
6 4.0% 70 .60 12.8 60
7 4.5% 5040 16.12 60
8 4.5% 60.50 12.8 70
9 4.5% 7060 1410 50

2.4 RYUMEBERMEREPEMRRETK

Feibl#1 HLAL #2 HLAL #3 HLALFI#4 HLLHBESS K
pH {4 9. 00+0. 02, 2 &4 AP A 17 1R Bk 3 2 70 450
H 4. 0% , #ERR R[] 735124 60 .50 min , AN R |
BRI N 14 .10 v/h, BT A 60 min, HEH#01
BELE KRS AL B 2R e FN#02 e KRG AL B R 58 3 54
BRI XS G2, 70 2R RO I P2 2 IR S e 48
B, RERE 5 min BORE DU BHAR B U6 B Na® |
NH;, B2 BRI o B AR B v C1 3 PR Ak
R RN SR I A 2 1K,
2.5 B4k pH REAMMEBETIRSHMRLE
IEIXIE

FEifil#1 MLLH #2 HLZH #3 LA Fnsa HLLHBESE K
pH {E4 9. 00+0. 02 | A A F- A= 14 R B 5T 3t 43 4K
4. 0% , BERR R[] 73514 60 .50 min , A R |
B A 14 .10 v/h, BBt E] 4 60 min, 817 30 d
P GE AR B < 00 58 445 7K RS A 38 S AR TR IR ) S ol

K,
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TN S EE LS 7KORS A B SRR PR IR 14 P9 BHAR Jig el S0 280 5
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BRE 45 /KRG A P SR TE DR A 9T T /K 5 DR A4 P4 B AR i
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Fig. 1 Periodic Water Production Capacity of Condensate
Polishing Hydrogen Mixed Bed under Different pH Values

of Condensate
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Fig.2 Periodic Water Production Capacity of Condensate
Polishing Hydrogen Mixed Bed under Different Acid and

Alkali Concentration during Regeneration of Exhausted Resin
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Fig.3 Periodic Water Production Capacity of Condensate
Polishing Hydrogen Mixed Bed under Different Acid and
Alkali Feeding Times during Regeneration of Exhausted Resin
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Fig.4 Periodic Water Production Capacity of Condensate
Polishing Hydrogen Mixed Bed under Different Acid and Alkali
Feeding Flow Rates during Regeneration of Exhausted Resin
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Fig.5 Periodic Water Production Capacity of Condensate

Polishing Hydrogen Mixed Bed under Different Displacement
Time during Regeneration of Exhausted Resin
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HE 6 (b) FIE 6(d) Al UL, 7E#01 Bk 45 KK 4b P
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FT6 #HBRLKBLERFESIKBER
Tab. 6  Orthogonal Test Results of #01 Condensate Polishing System

s HFE KT BESS KRG AL PR AL
RO ik 53 HERR S [H]/min HERR B/ (k) EAT ]/ min TRR A K B/’
1 3.5% 50,40 12.8 50 1. 842x10°
2 3.5% 60.50 14,10 60 2.285%10°
3 3.5% 70,60 16.12 70 2.215%10°
4 4.0% 50,40 14 .10 70 2.163%10°
5 4.0% 60.50 16,12 50 2.461x10°
6 4.0% 70,60 12.8 60 2.332x10°
7 4.5% 50,40 16,12 60 2. 113x10°
8 4.5% 60.50 12.8 70 2.349x10°
9 4.5% 70,60 14.10 50 2.412x10°
RT H2BREKBERERFETRIEER
Tab.7 Orthogonal Test Results of #02 Condensate Polishing System
s KRR BESS KRG AL P AL
RS B 43R PEBR B/ min ERR B/ (t-h ) B Wi A /min TR PR R K i/ m?
1 3.5% 50,40 12.8 50 1.952x10°
2 3.5% 60.50 14,10 60 2.345%10°
3 3.5% 70,60 16.12 70 2.165x10°
4 4.0% 50,40 14,10 70 2.189x10°
5 4.0% 60.50 16.12 50 2.388x10°
6 4.0% 70,60 12.8 60 2.465%10°
7 4.5% 50,40 16,12 60 2.136x10°
8 4.5% 60.50 12.8 70 2.416x10°
9 4.5% 70,60 14.10 50 2. 474x10°
=8 #01 RAEKBLERFEZREERBESN
Tab.8 Range Analysis of Orthogonal Test Results of #01 Condensate Polishing System
K% K,/m’® K,/m’ K;/m® ky/m® ky/m’ ky/m® R HEEM
HERRWTTE AL 6.342x10°  6.956x10°  6.874x10°  2.114x10°  2.319x10°  2.291x10° 2.05x10* 2
HERR BRI 8] 6.118x10°  7.095x10°  6.959x10°  2.039x10°  2.365x10°  2.320x10° 3.26x10* 1
HERR I R 6.523x10°  6.860x10°  6.789x10°  2.174x10°  2.287x10°  2.263x10° 1. 13x10* 3
EAGL 1] 6.715x10°  6.730x10°  6.491x10°  2.238x10°  2.243x10°  2.164x10° 7.90x10° 4
R #2 REKBLERFELTREERBRESH
Tab.9 Range Analysis of Orthogonal Test Results of #02 Condensate Polishing System
H% K,/m’® K,/m’ Ky/m® ky/m® ky/m® ky/m® R HE M
PRSI ATEL 6.462x10°  7.042x10°  7.026x10°  2.154x10°  2.347x10°  2.342x10° 1.93x10* 2
HERR GRS 8] 6.277x10°  7.149x10°  7.104x10°  2.092x10°  2.383x10°  2.368x10° 2.91x10* 1
HERR B 6.833x10°  7.008x10°  6.689x10°  2.278x10°  2.336x10°  2.230x10° 1. 06x10* 3
AR (R] 6.814x10°  6.946x10°  6.770x10°  2.271x10°  2.315x10°  2.257x10° 5.80x10° 4
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Fig. 6  Composition of lons in Eluent during Regeneration of Exhausted Resin

3.4 BEKpH REAMMEBETIRSHMRALE
ISIE RIS

210 e T BELE K pH K S SOM IS 4R T
SRR | BSOS Ab PSR R PR A 3 213217 30
o S BRI 2 S50 s 445 KON Ak B VR RS- 1 R0
K, 12 10 AT BEEE /K pH B RO RS AR T
LS EOREE 5 | BSOS b B S R PR 347 JR 3 ki 7K
PR HTY 1. 812x10° m® &5 & 2. 327%10° m’,
4 IS

25011, RO IR AR T 2 BOR K 5 2 4
B PR FHBE R B 2 AT 1,48 t R A 1.30 t
(32% i 43 B A B AL BT A% S 1200 JT/t) , R
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450 t, BRER K AR AR (AL 48 RE VR AR | il 7K 152 45 Al
RN T AR A ) $2 40 J0/t THE 85 R E 5
A —RERELAK BRI 1.8 Tt A G EELs K
oAb T AR YR A S ¥ A B K B R 600 m/h, 2 JE 3
HKEE R 1. 812x10° m® B}, — 5 BELE KA b 3 & Y
RIKIZAT 12.57 d % A —K, BHFEHHEY 29
W SR B R 2.327x10° m® B, — B EELE K
A A RIR R IZ4T 16,18 d TR A —IK, B4R
AL 23 IR, TE LRTRAAME T, N EIEZ B8R



WK R
WATER PURIFICATION TECHNOLOGY

Vol. 45,No. 4,2026
April 25th, 2026

R10 RUTRERAEKELESERKEAHGIKE
Tab. 10  Periodic Water Production Capacity of Condensate
Polishing Hydrogen Mixed Bed after Optimization of
Working Conditions

eSS KA AL B JER ) Lib:r SR
AR IR GRS il 7k 2/ m’ il K B /m’

#1A 2.017x10° 2.327x10°

#1B 2.295x10°

#1C 1.920%10°

#2A 2.513x10°

#2B 2.252x10°

#0 2.353%10°

#3A 2.513x10°

#3B 2. 455%10°

#3C 2.542%10°

#4A 2.313%10°

#4B 2.213x10°

#4C 2.542x10°

IYMT, B B B AKORE db P SRR IR AR AE R YT 4
10. 88 JiJtC,

TyAN RS AKORS b B AR TR R T U 1 K =
[ R R AR IR FF A OB s b . — A AT
V2 PR O s A T SR AR it P i 5 0 — T T Dk
T RO T A A v A Y R R K R I
K, — R LR T IAMRE T
5 it

(1) BEZEK pH, R BOR B P A= B A 1 v
FIF V) R0 900 32 % ‘460 i ] S 52 M 6 45 /NORS Ak B PR TR
PRIIASIK A R R, S flEE45 K pH (E R
9.00=+ 0.02, 2 R g 7 A HF IR Bk 5T & 73 £k
4. 0% , R B 73514 60 .50 min , AH R HERR Bk
LA 14 10 vh, BRI 60 min B, 7E LR IESE
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