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TABEFREEKWESIHE RBIEEFSHAK RS RF 25T A HKER AR, RANR
BN A DL AEFF ¥ H K 6 BRG], 38 PO MR R A o B A B 1 R B T A L Rk |
B AR L EE R A A X S B B AA SRR B, B RS RORL AR R K, 2 At ) B - B
k-l EEEREEE S ST EE MR 5T E N 2 000 ~6 000 5% 3 000 ~ 5 000 FIERAE
T IR R S AN BERR E5 3E BAA BT BHIRYE AT, B AT, Tolk b 48 A L B SOk 1530 04 3 7 s BR BE AR 7|
— R E A AERSEE KT RIS, W Loy S RAMS T2 4 2K ~ 300K 85 4
ERABRARERHEZESRAER(PDD AN 3.0 ~7.8, A TRAFRENRESYHPER PAER T TEHE
S A IR YR KE A AT AR B AR, TT A0 BR- W RS S5 (RAFT) M iGHE H M E B SRR ER R
ey —FR A A0S RS T R’AF RSN, R SRR G R R AT A U T
o ALK HEFEL RAFT F SR T #SFRAMGNERGR SANRERERKFERTER
HIERIERI AR — S 0S4k, 5 T BB TR EE AR,

1 SEEH4S

1.1 kwFn{e s
S5 A Bk R AR TH (AIBN) , T #8464 ( Bu, NBr) 3 0 4 ¥ ek ;
PAA-C BB (B S HERE A2, Shimadm GC9A B EN (B AR HE) ; Waters
Shodex KB803 GPC H:( % EIRHEHT) ,PEO/PEG At T B S (RERIFT) .
1.2 7R RAFT $i%BH S,8-" (0,0 -= B E 0" ZB) - FA MBERES ( BDATT ) A B
gk o] ik, T A BB AR L B B TR I O B R 4 BN 0. 24 g Bu, NBr,
7.2 mLAL5.6.6 mL FEIFI 2.2 mL Z LB, 8 N, 30 min 5, KEEBELH 1.5 h £F, BBHEA
24 mLEREATEHN 50% 1Y NaOH /KB, 1 h AR R, S8 N, AR EHmL e, N, R
PFERR 15 h, S50A 90 mL 2EME7K 12 mL Y& HCL, 2253 30 min, BUE RN AN KR
At FRIGEI L EEHS 10,5 g, AEFTECH 60% HWREAKBRESHBREME. RN
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CH, ﬂ CH,

Bu.NBr q- i |
CHCL, +CS,; + (CH,),0 — > — Hooc-—(lz——s—c—s—(f—cc)OH
CH, CH,
BDATT

"H NMR(CDCL, ) ,5:1. 67( B, —CH,,12 H) ,12. 54( B¢ —COOH ,2H) ,
1.3 BAEEBNHSEH

A S R B AP E Y 43% MITTIBR SR ] RAFT B3t T84, MR EE N 60 AH &
7.5 g(0. 104 mol) AEMEZE T 10 mL 2K, SRJGNA 0.489 g(1.73 mmel) KIETE RAFT #55 B
0. 028 g{0. 17 mmol) AIBN, HI N, SH#IE E#k 0,5, FHEE 65 C L1 30 min, FIHEZ 80 CRIL6 h, 5
HE AR RARE KA.
1.4 BESHRIRENIE

HZRAPEALSA TS HA P AL i E) SRS U "V IE, ZR &M 8. C® HCO,
JEERIEYI N 250 mg/L, RAAEECH 1S HHIBEE R (80 £1) °C {HREFAY 10 h, EDTA 8-S EE
M 5E Ca®* Je b H T MR BIRSES,

vV, -V
FHHG#( % ) = ——2 % 100%
VZ_V{)

2ot VO INA B A RN, SR R HHFERY EDTA AR (ml) ; V, AR MR (25 1) B, LR 5 TH#E
{4 EDTA AR (mL) 3V, R R SC R i , 1058 S 45 AT RE A EDTA &R (mL) .

2 HPRSihe

2.1 AHEASH
SCHERD PRk R R R S | A, A5 S NSR PR R B A B 24 43% ) R MR B I BGHEAT

RAFT 845, 3XREK AN VER AIBN 7030 B R BE TR IS EK 5T B0R A — 2 BB 47 B, I ) LAGE PR BR i

B4 AIBN 7E & RAFT B A5 &5 kg E

BE R ET LU B R AR, & 4 T W 2000

B, X1PIHTHEBRNESER(ENAERE

RSP UEFEATHRSE) . RPEREM .| | Y

it CC S L LR e B e Ak R

BAILATUATARS FRARNER, B1% 0

PAA-60 1Y GPC (51| SR Ab BHAG R R . M, =4 448,

. = p —40.00f
PDI=1.20, BIHFIG RGN 4 EITTRE.
GPC M5y 1 Bt GC AR ST RA, &l 01000 2000 3000 9000 56.00  60.00
BERB T OPC ITHIWESTERESYARERS - PAA_GO";‘:S;(‘:‘ e
AR T 5, L b 4 0 0 0 R 0 4 T BB A 0 6 o .
) Fig. 1  GPC chromatogram of PAA-60
AT,
F1 AEHEHEM RAFT RS
Tablel RAFT polymerization of acrylic acid
Polvmer n{ AA):r{ BDATT) :n( AIBN)} 107*M, (cal) 107°M, (exp)® Conversion®/%
PAA-I0 30 1:0. 1 2.44 2.39 97.8
PAA60 60:1:0. 1 4.61 3.82 BA.0
PAASS 85:1:0.1 6.41 6.26 97.7
PAA-110 110:1:0. 1 8.21 7.74 94.3
PAA-140 140:1:0.1 10.4 9.07 98,2

Polymerizations were carried oul at 65 C for 30 min and 80 °C for 6 h; @. determined by gas chromatography( GC} ; l’r deduced by GC data.
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2.2 FRIRMEEE

# 2 ¥ T R RAFT i & RGO R T BRI R Sk i B T BRBELIA ) ( PAA-C) X R B ok 3
4 250 mg/L {4 Ca®* JHCO, BUHKBEMBLIGERE, P LAEE), BRMAERY CaCo, ML HFH &
RO hnm N, AR, BARRNS TR/ BIREER, FiE A RAFT 4 RN RN BIRY
H; PAA-C RIPHIRHEEERT , o H R Y PAA-30 AE R 6 mg/L WX CaCO, W ERTF AR 1K) 90% .,

*2 BREET CaCO,MEEE(%)
Table 2 Scale inhibition{ %) of CaCO, by poly( acrylic acid)

c(PAAY/{mg-L"") PAA-C PAA-30 PAA-60 PAA-85 PAA-110 PAA-140
2 21.3 83.8 53.6 40.2 33.5 8. 37
4 24.4 87.1 39.9 41.9 37.2 20.1
& 33.6 9%0.8 68.7 43.6 40.2 29.2
8 39.8 93.8 73.7 50.9 43.6 33.5
10 42.9 97.5 84.4 63.3 54.3 47.6

Other conditions:c{ Ca®* ) =250 mg/L, ¢( HCO; ) =250 mg/L, 80 1,10 h.

& 2 4 PAA-30 FRE N 5 mg/L HCO,; FE RN 250 mg/L i, 465 A SR 4G pH (4125 9, 7880 C
THER 10 h, %} CaCOMPHLRR Y Ca WERXE, BRI, BHERMIGERE Ca® W E 03
AL, {E E RAFT 1980 B AR BB AR B 045 18 F R BE F 1B P9 1 BB SR WA AR TP i S B AR BELSR 79,
MEE TR ERHIERN 100 mg/L I, PAA30 R RER 04% .
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Fig.2 Effect of Ca’* concentrationon Fig.3 Effect of temperature on scale inhibitichn
on scale inhibitiohn 1. PAA-C; 2. PAA-30
1. PAA-G; 2. PAAS30 ¢(PAA-30) =5 mg/L, ¢(PAA-C) =5 mg/L,
e(PAA30) =5 mg/L, ¢( PAA-C) =5 mg/L, < (Ce?t } =250 mp/L, o HUO; ) =250 mg/L, 10 h

{HCO; ) =250 mg/L, 80 C, 10 k

A 3 AFEBEIEERN 250 me/L Y Ca®" F HCO; BRI AEN S me/L fHIE 10 h(fEMITFR
A pH E) B, SRR YA RSEENXR, B LR 2 #RASYHMIERAMRER &
TR, HIRERHR . (1) BEE R A TS, B 55 & 2 185 27 BH IR 77 i U BRF BB /1 T R, AR o 238
R, SRR T B KR, B EER B A () BL S (D A 7 SRR B T e, B - EL A
Wor iR, P B R RS B T (R B R AR MO AL, 7 50 #0 60 C A, 2 PRI N M B JL ¥ H R 3
£ (HYEETHE ] 70 ~90 CH, PAA-C PR3 B F WS, i PAA-30 MIBHIE R EEEER /N, &
Wl AE 80 CBF & (1 BAIGE Al 22 R A, Tt ik 2 — s HUK A Bl B = R E
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Synthesis and Scale Inhibition Performance of
Poly( acrylic acid) with Narrow Molecular Distribution

WU Wei, ZHANG Ling-Yun, YAN Hu-Sheng*
( Key Laboratory of Functional Polymer Materials ,Ministry of Education ,Institute of
Polymer Chemistry , Nankai University , Tianjin 300071

Abstract Poly(acrylic acid) (M, 2 400 ~9 000) was prepared by reversible addition-fragmentation chain
transfer ( RAFT) polymerization with water as the solvent. GPC analysis indicats that the polymer possesses
narrow molecular distribution( the polydispersity index PDI was ~1.2). Scale inhibition test indicates that the
poly( acrylic acid) prepared by RAFT has better scale inhibition performance than a commercial poly ( acrylic
acid) scale inhibitor, which was prepared by traditional radical polymerization. For example, when the
concentration of poly ( acrylic acid) with a molecular mass of ~2 400 was 2 mg/L or 10 mg/L, the scale
inhibition against CaCO; was 83. 8% or 97. 5% , respectively, while the scale inhibition against CaCO, of the
commercial poly( acrylic acid) scale inhibitor was 21. 3% or 42. 9% , respectively, at the same concentration.
The scale inhibition performance decreases with temperature raising(50 ~90 C). However, the decreased
extent for poly( acrylic acid) prepared by RAFT was markedly less than that for the commercial poly ( acrylic
acid} scale inhibitor. The difference hetween scale inhibition performances of the two inhibitors is maximal at
8C C., which is usually the maximal temperature in the practical cooling systems. The smaller the molecular
mass of the poly(acrylic acid) in the range studied, the better the scale inhibition performance.

Keywords scale inhibition, poly { acrylic acid ), living radical polymerization, reversible addition-fragmenta-
tion chain transfer, RAFT



