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Table 1 Physicochemical property characterization of resin.

P 2 B A A B B (mmol/g) R A7 i (mmol/mL)
HPR550 OH 4.72 1.15
HPR650 H 5.30 2.14
_ Nz 1 Co _
I=CF mthzl) 1

B1 B3l AR e R A .

Figure 1 Automated pilot-scale resin fixed-bed device.
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Table 2 Parameter settings for pilot-scale operation.

AFIK H (BV)
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I 1752
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1 150 0.830 16
2 150 13.182 2
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3 75 74.112 2
4 75 0.862 4
1 150 0.848 16
2 150 11.589 2
3 75 73.169 2
4 75 0.848 4
1 150 0.847 16
2 150 24.106 2
3 75 33.797 2
4 75 0.847 4
300
250 @ e 125 mm \ .
-+ 90mh L e
~ ~ 60mh . 2
E200f —35mh S
g 9 m/h v
150} o
= 100} ":
s0f 2
== nadif¥ ~"' f\l 1 1 1
0 100 200 300 400 500 600 700
AL PR (BV)
90
(©)
75F = 125mh N
_ -~ 90mh mﬁ"""
Bk ~6mh Fo
s —~—35mh [ 4
32 *~ 9m/h {‘:,
b i
‘P 30 F ;;
15t ;;"’
% 500 1000 1500 2000 2500
AbHEAK G (BV)
30
(e)
L = 125m/ »
ol am
st o
T 3
> 0} i
st ff
00" 1000 2000 3000 4000 5000 6000 7000

B “S” B (K 2), 74 BDST % i fi 8 FF
FEO4, FRAE H K H 32300k, K R R R R 4y
RNIAEE. BB, MWMB3AM . 7 L/ER
P, B R I [ 2 R AT DK 3k /KA R 3 22 27
B (0.6 uS/em) LR, HAH/KEL#F KBS
REGEAMK, WHKESRERE, AR
I (kAT . 7E BB, BRELIEIE HIZR R
JENB I a2 B E A BT g [E e
PRI AR 2 T 46 B S5 R i 72 . FE A B
W, HKHESREE ARk S8, R
BH B SRR IR [ e R A e b e 77, B R FIA
TIANZS i (RPN 7K LT 21K 99%) .

NI 5 2 I TA) 5 3 /K w AT/
FRECIIRAZME 3R, FER S ZFYE
BEGMIE. 2 CoM 10 pS/em T4 100 pS/emli,
fEu=125 m/h s AFF, ZFIER A 56.5 h 28 4

125
®) e 125 mm
100F T RNmh 2 mamess
o) —— 35mh 7,
Q 751 o 9 m/h 4 'v
2 -l
3 P 3
L /
25 L %
0 - = e 1 1 1
0 400 800 1200 1600 2000
AbFK i (BV)
60
£ 125 m/h
50T To g5t o
—+— 90m/h BB
g + 60mh PSRN
Baof  —~35mm A
z 9mh ¢ ;*',l
= | 4
5 30 ‘,."
g 20 !
10} 7
4
() i P 1 1 1 Il
0 500 1000 1500 2000 2500 3000 3500
WEFRK 5 (BV)
12.5
()
100}  ——125mh
- —— 90 m/h
£ 4+ 60 m/h
% 75F —35mh
& >~ 9m/h
j‘:‘ 50 "
=
25}

0 " A o cssaetl 1 1 1
0 2500 5000 7500 10000 12500 15000 17500
AR (BV)

B2 A K L KT NI 0 5 H12: () 250 pS/em; (b) 100 pS/em; (6) 75 pS/em; (d) SO pS/em; (¢) 25 pS/em;
() 10 uS/cm.

Figure 2 Desalination breakthrough curves at lab-scale with different feedwater conductivity levels: (a) 250 puS/cm; (b) 100 puS/cm;
(c) 75 uS/em; (d) 50 uS/cm; (e) 25 puS/em; (f) 10 pS/cm.
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Figure 3 Relationships between desalination breakthrough time and feedwater conductivity (a) as well as feedwater flow rate
(b) at lab-scale.
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Table 3 Summary of desalination resin adsorption capacity at lab-scale.

H S %/ (uS-cm™)

K/ (m-hT) 250 100 75 50 25 10
125 87450 87807 89087 88543 89842 91633
90 87047 88669 89036 91808 91416 91315
60 87149 90857 90498 90633 88999 89097
35 84117 85701 85793 84344 91510 86812
9 84218 85511 84409 85496 84045 85890
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Figure 4 The relationships between adsorption capacity, feedwater conductivity (a) and feedwater flow rate (b).
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Table 4 Summary of reaction rate constants of desalination resin at lab-scale.
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Figure 5 The relationships between reaction rate constant, feedwater conductivity (a) and feedwater flow rate (b).
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Table 5 Predicted breakthrough time of pilot-scale under a single operating condition.

HLF R KR S 2 B 1R TN S R 1R] Haxt iRz X PR 22
(uS/em) (m/h) (h) (h) (h) (%0)
150 2.7 2.6 -0.1 -3.65
100 70 8.8 8.4 -0.4 -4.29
30 15.6 152 -0.4 -2.63
150 3.6 3.6 0.1 161
75 70 11.0 11.0 0.0 0.05
30 21.8 21.6 0.2 -0.83
150 7.0 6.8 0.2 -2.16
50 70 18.7 18.5 0.2 -0.81
30 37.4 37.0 -0.4 -1.05
150 56.9 55.7 -1.2 217
10 70 136.5 131.7 48 -3.50
30 222.0 224.0 2.1 0.93
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Table 6 Predicted breakthrough time of pilot-scale under complex operating conditions.
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Abstract To achieve accurate prediction of the service life of ion-exchange resins in power plant condensate

polishing systems under dynamically fluctuating influent water quality, this study investigated the influence of

influent conductivity and flow rate on the desalination process of strong-acid strong-base mixed-bed resins

through fixed-bed dynamic experiments. A BDST predictive model suitable for dynamic operating conditions was

developed. Analysis of key model parameters revealed that the equilibrium adsorption capacity (N,) of the resin

was approximately 8.73x10* pS/cm, which was not significantly affected by the influent conditions. In contrast,

the mass transfer rate constant (K,) showed a positive correlation with flow rate, confirming that the ion-exchange

process in this experimental system was primarily controlled by liquid-film mass transfer. The model was

validated, showing prediction errors for breakthrough time of less than 5% for both single steady-state conditions

and simulated actual “leakage-repair” fluctuating conditions. This model provides an effective theoretical tool for

the real-time assessment of resin working status and predictive operation in condensate polishing systems.
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