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Abstract

A new green phosphorus free terpolymer scale inhibitor IA-AM-AHPSE was synthesized by aqueous
radical polymerization with itaconic acid (IA), acrylamide (AM) and sodium 3-allyloxy-2-hydroxy-
1-propanesulfonate (AHPSE) as raw materials, potassium persulfate (K.S:0g) as initiator and iso-
propanol as chain transfer agent. Taking the scale inhibition rate of calcium carbonate as the
evaluation standard, the influence of polymerization process conditions on the scale inhibition ef-
fect of copolymer was discussed by single factor method, and the optimum polymerization process
conditions were obtained. The results show that n (IA):n (AM):n (AHPSE) is 5:0.6:1, the amount of
initiator is 10%, the reaction time is 4 hours, the amount of chain transfer agent is 9%, and the
reaction temperature is 70°C. The scale inhibition performance of the synthesized copolymer is
the best. When the amount is 120 mg/L, the scale inhibition rate of calcium carbonate can reach
65%. The mechanism of scale inhibitor was studied by X-ray powder diffractometer and electron
scanning electron microscope. The results show that the scale inhibition mechanism of the syn-
thesized new scale inhibitor on calcium carbonate scale in water is mainly lattice distortion, re-
ducing crystal density, so that the scale is loose and not easy to aggregate.
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X TR DR 2 B 2R B 7710 52 51 S KR B B SR AN AR A AR, BRI T S BRI RS A [10] [11] [12]. &
BELIG 772 BHYR AR RO Fe B, — BT N RIR B AW BRI R EY . B RARREREY . BRRE
EEE, ARSAT T NRICEIR B ot e RN PIRR . KRR TR A E B AR T IE
B KBRS, HA S TRIG B AU MR, (B AR Y SRR E#% B8
WEF[13]. AR EPIRYGFITIR T RREEYIBLIE R AR Z A 2, Horh BB ER ISR YR 7/ F 0 B R
HNREE, fEASES TR S0 00T 57 A M A B [ 140 BEIE R IRIRI R AWK 0 2 5 IR ik 45
HER AN T8E L, REFABERIL B R OB, R BT EER P #ooRN S, HfR
BEL35 790 47 75 1) 1) R R REAR 2 7E — @ PR M IR[15]. TORE S AW n 58 K & 2 (PASP) A1 58 B 480 B8 31 1%
(PESA) H1 T H IR BG4 a5 T AR 4 52 963, X R PRLIG FI7E PRI IR B 6 mg/L I BRI 2] 90% 1B YE %6, {2
JERMI RS B3 SR PR 7 TALRIF[16]. TR, BES 59 BRIk I & ammR L 1 — ot = oL Rt e
NEINFEE, FEC A A Rt o 7K T (B 1 2 PELYR 751 B 2 55 198 0k [ (-COOH) . S e i 1 5t 141
(-SO:H), FFaiXfpkEiasy, HEGLLNRA: B2KTREAEL TSRS TN, S5, 85
YA RAFRIBHIGERE[17]. BRAh, MIEL T RARBREMIGN, BTSN TR, R EH
ZUIRENE, TIA BB MR A SRR A . R, TR TCRE I SRt PR ORI S SR A BE 5 7]
K AL B A58 ) B A 5T 7 11 [18] [19] [20]

A, BATH & T A LRI B AR BEIRIA) . PRI AM)AT 3-0 P9 -2-
F-1-NBERR BN AHPSE) A AL, Horp 30 P A 28 -2-F2 - 1 - U AR BN o I R 2 SR o BR 1 2 1, A T2
ELEK AT, BT DA RO K b 8 T S R T SR K M S I RS, A RO T R
BELIJ5 750 76 ™ A P 7K rP AR R SR s A TR v 10 535 7K ek i e 35 P R 35 S D7 LA AR S Fl 156 AT DAY
MR, SRS RS PRI S, W TSR L, ARSI, FHKYE S A K
[18] [19]5 A I IR fc o (100 ot B 225 A vl 5o Bk B A A5 1) A Al P 5 i = AR IR B 2BV, /S 38 BELYJR AR 3 B
VER, BIE/KIER E RS 4% IA-AM-AHPSE = C3LRYIBRIG A, RATE RIS W 5 7RI 5|
NBEIG . B, B3t MRS E e, R 7R REE, e T YEMERE21]. Ed T R
B(SEM)AI X 5By R ATH (XRD)YEF AR T T S RWXT CaCOs PIRMIRI SR Sk S5 M RIS, $87R
TPRYEFIMIBE Y ALER, R AR 7R ) A 4R i e T [22].

2. KBS
2.1. FENHEEGH

{X#%: DF-101Z SRR IR INFE /3 Wi FEas (T e 8 T A A IR A F]), HH-8 U8 BAH IR K IR (5
IN 437 R AL B BR A F]), Nicolet iS50 FT-TR {8 B 45 4 £1 4k ¢ 1% {X (Thermo Fisher Scientific),
DHG-9050A FL A H i 55 540 (B o AR B RHE A#$ A BR 2 7]), TESCAN MIRA LMS 4 B 1 flt s (4
7 Tescan A ).

Zidh: AR, OBRRRE, WEEH, B, SRR, LD RN R IR e, H
R SR IR AR 3-SR 2- 531 - IR BN(AHPSE) 40% Wt /KIET, LR EARE
AR A .

2.2. IA-AM-AHPSE = T BN E R

RGN, BRI RV IR TH UAE H B0 21K 100 mL DY g, SemA
3.56 g 11 1A 0.24 g 1Y) AM HI 10 mL Z&187K, 70°C FIn#GA MR, A 5 mL Z808/K4 0.45 g 1 A I
1 1.19 g 1) AHPSE BCHOR SR, H 5 mL Z/KEME 0.5 ¢ I BRBRAT . FIE H i s = 5] i i im LA B
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Figure 1. Synthesis reaction formula of IA-AM-AHPSES terpolymer
[ 1. IA-AM-AHPSES = T #ER¥E R B

2.3. HRYBIRIERMREMIR

2.3.1. FT-IR R1E

AL =4, FH 30%0) NaOH 77 pH N 7~8, To/K LB HT, SRIGEIE. Bk, 7F 60°C F&t
N3 k. 1A BEYW. AM BE54 M AHPSE RBEM & st &G k¥ 5 1A-AM-AHPSE
A« KRR E FiZ, R B AR 2D A6 5T TA-AM-AHPSE. 1A R4%Y). AM
REW [ AHPSE REMitAT S5 RAE

2.3.2. PHERERSSHRERAMIE
K E K br it (GB/T16632-2008 7K Ab 3 751 BH 35 P4 B8 00 22 -BR BRAS YRR ) HH 1 SE56 7 VEVE 2 BH3E 771
FUBESRTEBE . FEE AR 0.5 L ML E/KEE Ca® (240 mg/L)FI HCO; (732 mg/L)IIA— & & FH YR 7k
FEAER, S2I6 A BHYR IR YN 120 mg/L), 7E 80°C 26 NRIE 10 ho SRJGAH. LJE, A4S Tk
FETHIE SRR P S F o &, % R O E G g
7]=(,D4—,03)/(0-240—,D3) (1)

(s p, —— IR A EF R GE 5 145 B IR, mg/mL;  p, —— AR INAKAR B 1) 2
WARES 5 HUES B T, mg/mL; 0.240—— 56 i T B 49 0 H S B8 T 98, mg/mL.
2.3.3. XRD 5 SEM i

IRSEIG S RIS KEEA R IR . e, BB TR . T HI A CaCOs JakE. X SHERH)
ARATIX BTG 20°~60°, & H B ATEEIR 20 518 40 kV AT 50 mA. F#EEZ 8°/min; 35 FEmE 4 kb3
Jii, A 20 KV I B R F 3 T B R S .
3. ER51H8
3.1, HEEBLTINERE DT

AL LA 2 FR R LB . 7E 3454 cm ' Ab R IE-OH M ZEIR S it 1727.34 em ™' Ak
NIRBEEE T C=0 [N 4E4R3h R IIE; 3400 cm ' A-NH, FIEHMERIIE, 1672 ecm ' AEERIE T C=0
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Figure 2. Infrared spectrum of IA-AM-AHPSE terpolymer
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Figure 3. Effect of IA on scale inhibition rate of copolymer
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Figure 4. Effect of AM on scale inhibition rate of copolymer
B 4. AM X1 BRYIBEYR RN

4 JT50, (REFILEY RSB TA. AHPSE ¥R I EANAE, SERYIST R BRES 1 LG 2 b
FHAR AM LGB K Se T 5 B, DRIk flie 225 ) 0o 1 S AR Tl B R A iR = AR IR B 0 BPE T, 3
BHIGAI - BURAE . AR T i mB IR fe e . A by LB I W B 2 O BR A5 Ao A F S, BRI
BRI, B BEIERT & Ho ] 003G B IR 2 3800, eI E B o b e ek i R G B J5 PG 2R BRI, TR &%
B RE A B2 8 AT U RIS 2P E S % B RE BT o LB SEAE — s Y 2 280 ML 3 FNA] 4 il DL
FEFHFh AR BT % S EL YO L Y, AR RS EE N n (IA):n (AM):n (AHPSE) N 5:0.6:1 I, L%
PR FH 5 2 8 K

3.2.2. 5| &FIAEXERYBIREER

[ 52 BT EE n (IA):n (AM):n (AHPSE)N 5:0.6:1 AN48, S5 F5 5 & N SR R i &1 9%, £ 70°C
NIRRL 4 b, GRFHEX L REYBRIR R s an 4] 5 BTR .

M S Far AR, F1R I S L SR ABE IR 1 BE AR . BB SR A 1D LB TR 5 3 12 B B
HEIRFIHERSE NG, 5185 HERACK, SURFIREMR, R TrsEs 25z r, BE
X FRER, 2TFEK RZRMEEREEAOEEKEN, FNEURELES. 28EM. 51KkF
FEKERIE, REEEMNR, FRE 70 REESZ, HEEZbbi, FECREMIIMEN S 7 iE
KN, BRI REAR I R K P 1 4 8 B8 I AR @ G, BHIG R AR PR . 51 KA A&
NS R 10%0], SRV IR MR B, SRR ERES i B K T A 64.3%.

3.2.3. #EEEBTIAEX ERYMALRE R
[ 7 FARTCEL n (TA):n (AM):n (AHPSE) N 5:0.6:1 A48, 5| & FIRE BB FH &8 Bk SR 71K 10%,
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Figure 5. Effect of initiator on scale inhibition performance of copo-
lymer
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Figure 6. Effect of chain transfer agent on scale inhibition perfor-
mance of copolymer
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Figure 7. Effect of reaction temperature on scale inhibition
performance of copolymer
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MIE 8 A RTLAE H, B SSIN TRIFRE In,  JLERA I BHG 2B fg im0 150 W3 24 1) S8 4K S5 B2 B ) 7
AR I AR AT, AR TR AR AR, MR @At R B VERE . 2 S R [R]A B 4 h I,
FLRYIMIBRYE % B 28 = K
3.3. Ca”' RERE T RYIPRBRERTIR M RERI I

76 HCO; KN 732 mg/L, LRI E 120 mg/L, 80°CIHIE 10 h FrfF45 & 1Kk fE 5 I R IE 2 1)
KA ML

B 9 mIA, LRV PHYG 2R & ik BE R Ny 2 N B, R BB IR e, pliE A
P G T S, PRIGE TR 4SBT IREEN 420 mg/L I BEIGZARIRNT 50%, BA R HEA
2.
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Figure 9. Effect of mass concentration of Ca®>" on carbon scale inhibition
of copolymer
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3.4. IREREEER{EAT XRD 434

FIFH XRD WF5C 1 AR BLYG I EE N R CaCOs i Al 14 10 S AR IR IBHLYG 7 i A B e 1
J7 A SR I BRAT AT, RIS AA R CaCOs R4 H £ B 7 A o s NS [ 9A FE 1R BRI 7
R (77 fRAT Sl VAR PRI AT S 0 5t B B S BRI, SR B LG 70 0 I N A4S 5 A ) R R AL R FE B A, BRI R
PN IXEESEES S5 R R, = IR RABHIG AR LA CaCO; SR M TSR 544, BELG 770 mT LA i)
MR IE S B AR R R il s, AT R ER o5t  F T o
3.5. ABEFERNESEM) T

JE I 0N LG SR S5 AKRE HR 43 AR R ) PR B AR A, T UK BELAE VR P AL B (R TR 32 A A DGR A

B 11 E 11(b)rIE W, EAMEYGERIN, BRESIRRELN, SWE%, JBERATGEE, X
FhIEIRAG )T i e HE AR A S AR B3 — 25 Ko 1 11() R T1(d)AESRIN T 20 mg/L BEYGRFIIKEE R, A2l
BRER S YR I, JKIRTAR S A AAE TR IR, W3 RN EoRRE, S5MRA L, SRR
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Figure 10. XRD analysis of calcium carbonate crystal

B 10. BRERISMREH) XRD 5347

Figure 11. SEM image of CaCOs crystal without scale inhibitor (a) (b);
SEM image of CaCOs crystal at the concentration of 20 mg/L scale inhibi-
tor (c) (d)
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