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Figure 1 Schematic diagram of P(MMA-co-EGDMA) NPs and linear PMMA preparation.
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Figure 2 TEM image: (A) P(IMMA-co-EGDMA) NPs;
(B) Linear PMMA.
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Table 1 Electron microscopy characterization data of
P(MMA-co-EGDMA)NPs and linear PMMA.
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Figure 3 FTIR curve.
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Figure 4 Adsorption curves of Mg?" and Ca?" by P(MMA-
co-EGDMA)NPs, commercial CH-93 calcium magnesium
chelating resin, and linear PMMA.

& P(MMA-co-EGDMA) 44 KT ER AH#¢ T
ZAMEPMMA, A8/ A CE e MMA #=
{H15 25 T POMMA-co-EGDMA) 44 K 185k 1) K B
RIS ERRAMA SR, HERE R
Mg W B 5 8 71 (3BT EGDMA U R & A il
RS, H Mg . Ca MW BE J1ie sy, %
PERTEE 42 ). BbAh, X Mg, Ca? i
HKI W BE 77, P(MMA-co-EGDMA) 4 K fER «
FMAL CH-93 #5 BE B G IR . 261 PMMA 1%
I LR G 5 5 ) Mg IR B BE 7, 55 ) Cat I
MEEST. ZE2h N, P(MMA-co-EGDMA)% K1
Bk, FD AL CH-93 85 8B S AR . 21 PMMA (1)
S fi7 Ca2 W Bt & 43 52 2.00. 0.76+ 0.75 mmol/g,
M Mg W B 543 731 4 2.504 0.92. 0.90 mmol/g.
X AT e 5 Mg?* b Ca> BU/NRIK G B T 48 K 8%
SR IR i 25 5 e THH G
3.2 BEX Mg IR Bt # £k RN

PAL Mg N i, 5 %2 BE X P(MMA-co-
EGDMA) 4K 13 2K B5 1 W B RE 77 1) 52 o HY
P(MMA-co-EGDMA) #>K ¥k 2 mg 5 5% Mg>* .
Ca iy f ] K 5 mL, 20 %I7E25. 50, 75+
100 °C FHR% K5 7% 2 h, A5G — B ) E &0,
T S BRI p 4 Mg B, T B

Bk Mg I b

i T P(MMA-co-EGDMA) 4% K i BR AH #¢ T
2 PMMA DL K 7k Ak CH-93 #5865 A MR
R F B TR e ) (Bl 4), H—0
2 %% P(MMA-co-EGDMA) 44Kt K i 1 B A8 4k,
FEIH ) Mg W Bt 8 77 A8 4 K Gk 2] W% B P 1l
FIT % BRI (AR Ak, AT PEAS 9 K SBRAE AN ]
T KRB R R RE Ak . B S T,
P(MMA-co-EGDMA) 44K f 3k 7E 25, 50, 75,
100 °C ' () Mg W Bt & 43 7l 8 2,50 2.7 2.4,
2.1 mmol/g, FCMR P E 772 I H Bt il FE 1 7 o= 1T
Je Tt E AR AR AL 3, Z97E 50 °Clf R I H
AR BRI RE 7o X FRAR L 3 5 G R Bk 2
TR BT RIS K. EiRERK
(25. 50 °C) W}, B ¥ iz 3 bEE B E 0T =
ik, BT 5REVEAWH R, HAT
DA A3 4l K ek o S0 R T e 5 3 T, R HE
W B PERE s T MR — 2P T R (75 100 °C)
B, EARGUK BRI mT DUt — 28 5 5 7 5 fil
RIESE TR ERE, (Hid R m) &7 #Razsh S8
BT S TR B 25 5 S T I B PR e T 3
PTG I H S AR B B 0 T B o axX ] DU
T 5 BRI B 4 I (R] 45 250 AE . ANEL'S
FH PR R BT gl R TR RT 0, BEIELE TR, P(MMA-
co-EGDMA) GHK TR (14 B8 % B~ 1l B[] o
B, 43~ 2.00 1.5, 1.2510.5h.

O

=]
»
o

-~ 2
% 25 125 &
S =
£20 42.0 §
= =
S 15 Pl 135 °g
2 g
2o B B BB . 110 €
z =
2005 105 =2
= <
0 0
0 25 50 75 100
Temperature/°C

5 P(MMA-co-EGDMA) 4K AER7E A IR T %
Mg PO PR B A R Pl LA R A~ ] it 2 )
Figure 5 Bar chart and adsorption equilibrium time curve
of P(MMA-co-EGDMA) NPs for Mg?* at different

temperatures.

33 REEHEERES5HS N
P REVS IR o S e s H T 2R 7K K
ARG EBITHEERZ W, Kk, HET



23 255 POMMA-co-EGDMA) AR ER X #L T FIZK 2 58 rh 75 Ja W Ff 20 B A 0URIT 7 171

P(MMA-co-EGDMA) 4Kk ab ¥ J5, BE Byt
TR BRIGFE 00 & B 5 o 24k

LA 100 °CoKFREE ], A0l HL ) i K
RS EESR FERS I . B P(MMA-co-EGDMA) 42K
M EK 2 mg 5 5% Mg, Ca {1 H ] ##L H K
5mL, £ 100 °C/AKMEiHR 24 h, WHAYG#E &
BN, FHHATFTIRMGK, HRM B, X
MR A NG K ok, B B A 7K 5 mL,
100 °C/K IR EEHE Y 24 h

AR AL KIS I5 B I FTIR 28 40
K 3R B ZE BT, o JIAE A P(MMA-co-
EGDMA) 45 K 3 BR 40 # 26 /4 F, 1391 em™ Al
796 cm~' Ab A B T I BE SR A IR, 7 865 cm!
A0 T A SR S YR RE S U . XP 2 TR, &t
P(MMA-co-EGDMA) # KBk B )5, 58535

F P(MMA-co-EGDMA) 44K Bk | 4 1) Mg?* .

Ca” W [t r B RE 1. KPP E T REMFIK, WA
S5 Mg?* . Ca? JB [ CaCO;. CaO. MgCO;

SR RED, To AR RE R I A B S
4 % g

AL E T — 22 P(MMA-co-EGDMA)
YK ER, 253 TEM. FTIR & T RAE, *tEL
R % 2L 7 P(MMA-co-EGDMA) 40 K fiEk . 2k
PEPMMA. EDAGES BB S W IE, BEIRE 1k
Sof A 40U T K R Mg, Cat U B = AR AL
By 25 W BRSP4 8 78 4 DA KK = A 35 R 15 R R
SRR . LI EE R Y], P(MMA-co-
EGDMA) K BBk W] DA 200 B R0 H T 7K
HI Mgty Ca", J 0] LAAT 2504 i 45 BE 475 1 1)

PEMR I # 2 A6 W R k55 (B3 CHiZR), 1 TEAG AT KSR RGN IR %4
TR RS BEEEMARE MR, B BT, BA REFMENAIT R OHE S BHEEPT T
BEIRZIN65%. Tttt BRI TR, 15a

BRE .
S CHE

BURA  EE ) 5 MWL TRES S5 5 S R i S5 5% 56 [0]. 7 R AL T, 2020, 47(6): 197-198.

2 EROLE, TR . K JTHT O FIRRER T A [I]. A R e ) HK, 2006, 24(S3): 102-103.
Shek T H, Ma A, Lee V K C, et al. Kinetics of zinc ions removal from effluents using ion exchange resin[J].
Chemical Engineering Journal, 2009, 146(1):63-70.

4 RRG RIS VIERRT & BB T (Ca2tMg2 Zn2") W BERIAE ZL[D]. BB BT K, 2019,
FARME, TR, 3= OCH, 55 L NAZER R A YT 2 S A B 2> B S A4 N BT AT, A T Rk B A
2022, 38(4): 331-338.

Research paper

P(MMA-co-EGDMA)NPs for Sludge Adsorption and Separation in
Simulated Power Plant Water

LI Wei', HUANG Qing', SUN You-kun!, WANG Xu-lei!, LUO Qing', WU Zhong-jie?,
JUAN Yong-long?, LIU Tuan-wei%"
(!Shandong Zhongshiyitong Co., Ltd., Jinan 250002, China; *Shandong Normal University, Jinan 250014, China;
3State Grid Shandong Electric Power Company Electric Power Science Research Institute, Jinan 250002, China)

Abstract The main sources of scale and sludge generated during the water production process in the power
industry are Mg?*, Ca?*, Fe**, Fe3*, etc. In order to control the generation and composition of scale samples, a
type of poly(methyl methacrylate)-(ethylene glycol dimethylacrylate) copolymer nanospheres (P(MMA-co-
EGDMA)NPs) were designed and synthesized in this paper. The effects of temperature on the adsorption curves
of Mg?"and Ca?", as well as the total amount and composition of scale generated sludge, were compared and
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investigated in P(MMA-co-EGDMA)NPs, linear poly methacrylate (PMMA), and commercial calcium
magnesium chelating resin. The experimental results indicate that PIMMA-co-EGDMA)NPs could be used to
control the generation of scale like sludge during the water use process in power plants, effectively reducing the
total amount of calcium magnesium scale like sludge, which is beneficial for the normal and safe operation of the
system.
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