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Study on the synthesis and inhibiting properties
of polyaether scale inhibitor and dispersant

Major: Materials Science

Postgraduate candidate: Xubing Sun  Supervisor: Prof. Bing Liang

The water-soluble copolymer P(AA/MPEGAA) of acrylic acid (AA) and
methoxy polyethylene glycol acrylate (MPEGAA) containing aether groups in the
side chains were synthesized by radical aqueous solution copolymerization. The
effects of the reaction conditions such as ratio of monomer, dosage of initiator,
dosage of chain transfer agent, reaction temperature and reaction time on the
anti-scaling performance of the copolymer were studied. The effects of the
copolymer concentration, calcium concentration, pH value, inhibiting temperature
and inhibiting time on the anti-scaling rate of calcium carbonate, calcium phosphate
and calcium sulphate were investigated. The performances of copolymer of
dispersing ferric oxide, anti-corrosing and influencing the turbidity were studied too.
The copolymer structure and heat resistance were respectively characterized by IR
Spectrum and Tg. The crystal morphology of CaCO; phase was characterized by
SEM and XRD.

The results show that the influence of reaction conditions on the performance
of the copolymer mainly depends on the molecular weigh of the copolymer which
has more effect on inhibiting calcium carbonate than inhibiting calcium phosphate.
The copolymer has excellent performances of inhibiting calcium phosphate, calcium
sulphate and very good performance of inhibiting calcivm carbonate. The
anti-scaling performances of copolymer become bad a little with the calcium
concentration increasing or inhibiting temperature rising or the pH value increasing
or inhibiting time prolonging, but the copolymer can be still used in cooling water

system of much high cycle of concentration.
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The carboxyl group is the primary factor of inhibiting calcium carbonate scale,
while mechanism of inhibiting calcium phosphate and calcium sulfate is dispersion
by contrasting the inhibiting performance of PAA, P(AA/AMPS) with
P(AA/MPEGAA). The copolymer can reduce the turbidity of the cycle system by
congregating the small particles such as calcium scales which form biggish congeries
and are easily mechanically separated because aether groups endow the copolymer
with inhibiting, dispersing and flocculating fuctions.

SEM micrographs further approve that the copolymer changes the crystal
morphology of calcium carbonate. The morphology of calcium carbonate scale with
the presence of the PAA is not in order any more, but can be still observed the shape
of cubic structure. The crystal morphology of calcium carbonate scale with adding
P(AA/MPEGAA) is completely destroyed, and XRD spectrums show the quantity of
calcite reduces, so the scales become loose, spongy, floccular and amorphous.
Keywords: methoxy polyethylene glycol, inhibitor and dispersant, calcium
carbonate, calcium phosphate, calcium sulphate
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Fig. 1.1 The sketch map of CaC0; crystallization
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Fig. 1.3 The sketch map of CaCl; crystal distorted growth
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TUNKEB #4743

B, BERIA. BRPEUDRRE, FEREFARNKBERN R
B& BT —HBERRBICRYMIEN 26, HXHEERIT TR, TR
Bl, PRI ZG MMMES KA RIFMEEGHRE.

1.4.3.4 BBUKR S B 50N

WRERSVRARAKEER, KEURSRBESARKPREEE
ERBETHNEW, FHENHERENEETRFOMBER, BEEHHKS
B, RESBEETNEIER, HOFEA, REER, REAHERE
M—REAYHEIEH.

% [E ) Betz Laboratories Inc, Calgon Corporation, Halco Chemical Co.,
Chemed Corparation % /LKKABATERGHET —RFISHFHEREMNILE
Y. BetzIAT RABNEZB ST RMHAEABINBLEZE/ DR
MEEDATHEEN, E£XRYPREERLE 3. 1, HRHEEDH
Mw=4000, BHFPREREH, HMHIERIXIRRES. GRS, HRIS. MRENY
HEBEZHIE LA RFOEIRE. HOEBRSARYP N BERZE
B, WHEBRIEWNEER, DREVFELHHER, AEREZEER, "B
R/ ZIETHR/ IR, WIHER/AMPS, NHER/NEE/AMPS, AR
/AMPS/ZJ% 8%, WIHE/AMPS/AMPP, PIIGEE/AMPS/EZIETEM, AR
/HAPSE/G kg (BF), WIHBYHAPSE, WEB/ AN EE AR, WEMR/F
. 2ERERER; RIER/MBSN/HNERSNE, WEMAR _EER
XBA I EY), Hb: AMPS X 2- BB 2- P LR, AMPP % 2--
AR RL-2- P B8, HAPS 4 2-5B-3- R EE-1-WHEHE, MBSN AR
R IEER . _

REFERR KA AT AITKIEE, 20 4 80 ALK 90 FRMBERTF
AREF 2-RERK-2-RERNHER (AMPS) MR, AAIAFRFERILE
AR KEERSYHGE S BFCET £ 4. EFERFAMFERT —RIIHE
BEBREEAMEES B, RERLRKN, TERASEANRER. DX
B EXAWNENILEYREK. RERR 2-ABEE-2-FENBEBILEY
M2 R 20 42 90 EACHIE KBTI Th 3 B 1 AL — MR B Y, &
PR IR R AR B BN K T it s L. TERASMLEZ

13



PY N K TR 2478 3

WIEEM (SSA) RMAARKE (IA) A4k, RAKBRABERSRM, #
BERLIGRB/ R RRILEY, X HBRBREE RGBT BRI #
HR PRI KB ED ML REIT TR, SRR, ZEXEYHHRR
ERAARFMEGERE, WENKRATHRARFOIEER. HXE
LI X ZFMDREET N B, ZEntnE b oL =FAHR A BHL R TR,
SIEBLELEIMT S _REKLEY, ARREAMTRERIKEEARR
EMBEEAEOH. HIRTEOIUKCH IR, IRBRENTIEN, BRSER,
DAIRERR. 2-RIEBEAELERMWAREESHRT 2-REHAEZHBRHN/AE
RILEN. REESYILUKHER, SEAIABIER, BRERRA. §
R, DRV, ARTHBRERERMN NGRS XRLEY, KA
SRR D RMET Y, BFERAE, 53/ A . Mk Egl
LD R, M EREERM. WEBEAEH, KREHN, SRREA5IR
TSR T SRER/GSNERRNNBERE (MA/SAS/AM) =THEY, oF
RTEREYHNE. HBREMmEEEE, BE THEEARE. BRpHE. 55
TIRE R B EN IR RATW, EREH, MA/SAS/AM LR B
RERFRRORIEER, MERAARFUIREER, MRBREHEER
=

1.43.5 BBk R A [ 38
FRKEERANAETRRANBRARERE, KdRREREAFRFER
METRE, FHTHR, MBEREANXFERME EROARE kK
MHERERK, SHREREARYREEREIMH BN —MFELTEE
KB, BEHTPAEREED. BREANBERER, KPREBER
SHHABETEAONR, SBRINT, HEERERRSDOKENE, E0F
BEKPASHE ERCTRELRYNZENSFERFN, AMAKHK
ELEMOFKNE, RELAMEFIIERSBRNR, Bu=n%es, |
- WHREENERARRRIME A KHS R, RABMGRRER—ENEMTE
BEMIE AR, BRES TH pHE. BEE., BHERRRAFEER K HLE,
FRUl R A R E S RK A ER A HWE A A RNEE=RZ—

9. 50]_

14
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e, HRASCTHARLERSIRERERLT SBN AAHPA, SHH
AA/AMPS o BYASHEN AAHPA/AMPS =TTHEY, BERR—14
SFRRE. Bk BRE. KEVBERESHEEEA. KER, mEag™
R, WRRM 2-AGERL-2-PREAEREAEE, ST #H
BEABBERBIARY, MEFROMHHRRE. HRYE. ERELSH,
X sgt., t8EAENEHEFEEE AT —ENERMmHER &5
HHAERFOMEMER. HUESPIDRRBHR. NSRRI 2-AE
Bhiz-2-H AR 0 E L, 4113 AA/IPPA/AMPS BAYIRIGH, MEKERAGH
B EERFNEGAR, MERAAERENEmEe. B HEMRE
R 2-TIEAR-2- PENEBRARBRA A EE, ACHHER, SHREN
SIRA, AT YSS-94, WEASVARITEZHE, iRty BEFRE
BEHLEE, NEMBE—EHBHER. REWESIKRER, T8N
BIRHN, FNEHRMN. RAKER. WERIEE, ST AKERB/AEN
HBEM/RER=TILEY, HETRETIZHHE, EREVRHEEGDAAR
FHMEE RS RELRERAR, FEF—ENERT.

1.43.6 SR ALY -H0H
EREEZSYEIMRERE, BARERED. 1989 FHAFH TR
KR THEKH MEER W, #8M T0ug/g, BGEFES 61%. H
AR FE TR SHTHT (B RERER /AR EYE S
i, RAZMER, ARAKTEBLEMER, THTEHREEN & pHieH
HIR RN AL B ARG, Betz LU BF R H—FHE
ML/ BB R EY PEGAEN A THRIP/KAE RRT RER
K= B A GRS B e 3 B B ARTRTIRER REE
AHEBEIE, 2 — MR R PR EA T EHRY . £E Betz
AEAFRRTAER/EREHRBAER (AHPSE) XRYEERN,. EHTH
pHEAHIKRZ, HEMBHIAELFNAINBRRSE, BERAREGE MG
[57- 58, % [H Goodrich A A F REABR/ REBREAREER Z _BRERE
SEBE A CTA] P A Tk HIKBELG 2 BT, BE7E W EK SRR AR S R
8, RS, BiRRSE, MHRSERERANMEIEM. Calgon ARk

15
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T £ B E LB PR R PAPEMP)(#X- V4741 & 600 &240),EHFHIIA
R SRK I E R, R R A A L BB G . BERR S RIRB IS ALK, B
REAMMTHENBRAMEED IEE R0 ERBFtiREsk. 8. &
FELA, S it B R AT R RE N T RIRGE R 308 1T . REERRERERE
AHRE. BRESKRRENRAZERPMENEASHAARTEH RS
EETIRMIERY, MEAFHBMMEREIERR, NP5, EHEPE
WHSEAA REFMMEHE, MANEGSRAEFFRMEED. WIHEF
R iA R B e — R ERY ME IR BRILIRY), Bets 2 7] R B RR/2 R
MIBRERILRYES. PEEMRES, STANRKR. FTaNRRE,
ARHEER A RNBEE (RN H R US T E HMED 4 BRIt Rm
- BRI TASBELRKER, NAKPHEETERIFNGEZE, £
B. %, ®iE. & pH ES&MEHT, XKPHREALE KRS, BRE
5HmeSRnt AT RG4S M, TR TRERGHKLEER, mE
AL 5 4Rk Ab 8 4 T MV K A 22 A BELSR 43 B o

1.4.3.7 SRBASTH I 55 H

PR R TR 3G 9 BRI SOR B BIR A BN, RMEERENENETF
REM—EKFHEKLEEAN. HWENIMFRABREN>RIEHERERLER
(PASPYFI K IFE B HIBR(PESA). _

BERAER (PASP) RIEFEZEHESDAM B RMFHIRIIG—FEY)
BT, EAFHASHBEH . pA, SEIWSESRAF TR, &
BARSOIEG SN RIFOT AR, 5. PERESFER
B, RANNOSEMHEERARKEEANNER RS, M 20 tHE 90 £RFF
#, R LFSAFEAR, REEXE, EEAAFGELHE KEH K PASP
ARERNRAFENERRE. RTARTRERLEREAPNENTENSE,
KE(F 4 A FFp: —Fh & NCA (N-carboxyanhydride) ¥, ILikElXAER
5XFERNEETER, ®RP— I RE, BEASRMEIRE N RRE NCA,
IR NCA BE. £R1PHB3 PASP; A—FRHARLER. TREE M
FERHDRBFSEE—ELBTRN, T EEET ZBEIEEPS,
EREL A T ARET AL PASP, HERBHESWIRT S FRERIK

16
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€26, Epi% PASP MER. SHWAEASFEEKRT —EHHALE, #*
BHATWAREFR R, WREECSL L RAEMKA R, KA EHHA
HRBEBTERSER, A HEE I HERNZnERET THA. 58
£, BRREAECREA RIS BUIERE, [Fr e 2 B sl B B 7K R

PHE BRI ABARIR: 5, BMEARRLEARMIEHAKSTHRE

S REH, MARKLERS, BROBBHEMES, MiRK©LhZE
MBS EEER K, RPEE—FERYBWN. EEES =G4, §
B, ERABTRAEHART —HERERENERLER, HFHATHH
Fge. RRERERY, SREBERRLEROERRSGRERS 2 BT
$-124-Z 0%, BEBEBEZROERAAEY, SRS RBESH
MHEREE DR, 5 2-BRTHE-124-=Z8%. REBREZRSGNERS
. BIBEREZ M AR T E AR VBN KT, Rkl L-R&E® A
B, AT ERLERPASP), HBIHRS. RS, mRYl. ks
REAMIEER, Xt PASP MBI AREAT TR, £5RM, &AM PASP
R-Fxms. MRS, R, mMRETEFRILRRHGHE, E—F
ETHREHEEN . RASYEENERLERNESNERAXRHETEX
XEABADTEAP RN LB ENRER UL PHENEE TRHEE
FF—5 TETEES . REHE. RESHAS=FHTAREHEEEM.

BEREBRFM(PESA)E L2 30 EAKM 90 EH¥], %@ Prector &
GambleCompany A& Betz A8 EFF R IH TR TR MR B4 i I5
%, HEAARKMERBALEN PESA REAMEWHITTHR. AT+
AHRENSERMN T, RBERETZE R, KEEIXBRHESE
FHRGERE, FTULSENHRE. FBRE. RABRE. BIRRE
L L MG EREAYEE BTN RSN, BRI RLR
HIFIEHR], FEEMMBENEDR, AFHEYERELT, 8 PESA 5EH
MANS, HESHERAZRKRENEY, NARE . PESA fFAEESECH
EHTERE. BEE. BESAMHTHAH/KLE. CRIRENEFRAIH
BEESRFEXEGUTHEMN: —SEREPREHERETY. Betz THRE
& Brown ] W %7547 T PESA EFSHBKIRS. BT, BRI, iR
ES L, R T 755 PESA BLIERCR M A BRI PESA ) R,

17
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HRERY PESA AF MR RHEERE. HiEN. MRS ERE, BEMHEHE
BRAEIERE, SKEFX PESA PHIGMERER AR/, BFRMM PESA HF RHFW
R, EAERELKENEEFSIRASRETFN T PESA XKRE
e B rhitas, 4R RY PESA R AR BNHEBREEERM—THE
thek, BEvhiaeREZ I BIEINTIHIR. KKWEPLERT PESA M
HHEMRS. RS, FREL, 4R KY PESA NRRERVENEE
BE, WRNEE BT RRENR, WHREAARROMEERE. #RI%E
JEBEAT T PESA W AEYIFEBHERIBIFL, MWEHRAE, PESA - FHEHLE,
REFRAKFEHEETL, XNHEEFRAFMN. LREH: PESA KA4£
YIRAEYEIEE (T, BEMRAT PESA FEEMMILETE, BEEEDREESER
ITBRABE, F#H COFEBSMAES LEELHZNL, RERFINEY
EARtE, XOTRERATITRERMSTERPEAENEREA.

L5 ARNHWBERMARAE
1.6.1 i£30#8

BEAREOHREK, TIWKRECSEAS-IFHRE, 20K
FEPHRKFENEREERBTHRERS. MRS, BREGFEFDOTIRHA
i, PmESERINFECERERIELE —FRMMBEENE. B3R
DES, REANCENZE RGN REET T KRR, FRET—
ERHARR, BRANEERIBER-IMERNER, EFE T IIFE
HH, EREH—DHIPIR. ERBELRDNFATE, EEERILX
BiRE, HERMNGEEZRE CHURGRMEXE, mWBERMHMBERE
REAFTERENGRERE, LERSAETHARERESRYES N
¥kt BTHavriaett. 0. RIS A N, MBEE
SEMFMETENERAREARBIRDOBR: EHETE, KEHFR
THEEATEERREIEN, FELETAEAN. ESEREFT X
BXMHEM L, FXHURASTERANRARERSESENREL _BE
PEREAARE (MPEGAA) AR AMAZ —, BEFHBERANKEMNE
FRAMBI NI EANRERER, TRERG&E, HARERGLRESH
BRI, PTREMBEHRMEENE, HLUPMTRRIRGERE.
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QUMK E AR

® pHE. BBENEHRKER, INEENERESHLERERAT+HE
EHE . ' '

1.5.2 FEMRAS

AXFAEANFEPENERSIRE AHEKBERARENE, AR
HRR (AA) FIRZ_BEFRAMRE (MPEGAA) AItRAE, B0
SHMEMN P (AAMPEGAA), H3IPHl&MERYHERERERE E/E
HRAMTIIT, HBHIHT R B R PR OR (K PELIE 43 HOTI B e A
(1) ERUNARREEPEHERE: URER (AA) B _ERFRg
NEEBRE (MPEGAA) ARE, RAMEKMNEPEAERSIRE B BEKE
WL H S RILEY P (AAMPEGAA). EREAERTL., S4NAHE.
EHBAAE. KNEERRNH RN LEDOLENER, BeREEN
I#. REAAAETRYRIEREABRTRE.
(2) HEYHRHR: FRARRE. SEFRE. BREEE. pHER
PR IG I I 0T BEBRERSS . BERRES . MBS EMEM. XRHBYNENME. 4
ERELER. SRR EREENEY.
(3) BHIGHAERILLEAS: TFR PAA. PAA/AMPS)RIARIUEEREAER P
(AA/MPEGAA) BLIERHIRA, HAHEBSR. HBESRENRREHEIE
WL AE A .
(4) BKBSHATROTA: SIESMAORMIERYEEMRRES, B
AFBENR MK FNOER; X T AHMNERREE RN,
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FE LW

2.1 TEFH
LR EE R Table 2.1,
Table 2.1 Main materials
FE AR g &
R TR BT R A TR
RZ M HRE Sartomer Company
VL7055 3 i R AT R AL T AR
RIEFERR A srnat R LEF LA
I
IS pigiiga - BREWREA IR
MM A2 HERILEELERN
Z_ENZB 8 pigiiea P ELERR T
E—RRERH AR TR
=R A iR E ] RRABTH R AL TR
BEER P i AT R AL TR
P T A TR TR
mEH ek AR TR
GBI Bk agiiEa BRI RAR
ok pig it A TR AL TRl
ARFETRE srifek BT R TR
R i it AT R TR
Gil. waLiigat FEABT R AL TR
2-IERE R -2 F R RE HApR T4t

2.2 HEUEK
RAHBEKBRRAHERE LRGN, PBUT. £%F
P, EERIN=SOESR, B—EREMASEBRANEEK, £—

20
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SERENBHEHT, 2B FRRMT KRS AR REHAT IR I,
BB RS R AR e EE— AN AR, RE-BER, B,
B84,

23 ik
2.3.1 5B ot

KRl E R YA IR AP IR J IR, PR E NICOLET—S560 &M M2
BTSSRI 4.

2.3.2 RE% (Tg) Rk
KAl H AT EXSTARG000 H5E T I RMIMRE AL

2.3.3 HEYHEIRMLENE
233.1 F R EEMAS LM ERE
BREEAMETR A&, Ca¥=625mg/L, HCO;=600mg/L C(HLARR
%), 80°CTIEHE 10h, AHIdE, BEL 25.00mL HAET 250mL AT
#a, MKZEZ) 80mL, i SmL SEFERAL 0.1g FH-RBIEFH, HL
“ENZRIFEEREE, ARERETARECNATRELA.
R Vz _Vi o
PRI TAHH: n= TX 100%
KPn: FRIGE, %; 0

Vo: ARG T MR 8% EDTA IEAR AR, mL

Vi AmpEYEFHIBER 10h 55 EHH P B EDTA F4568R, mL

Ve IFLIRFRIFEIE 100 EHEE P51 #E EDTA 1148, mL.

2332 (RYEBMKSERER T

Herp i \ RALFIE T WARHE (ZB547-553) TSRS M ahAcFE G &
8], RS AR LR &M N Ca¥=250my/L (UM ), PO =5mg/L,
80°'C F1EE 10h, ##PitE, B 20mL XA T 50mL FEMF, MA 2.0mL
MR, 30mL KA, RBEZE, £5, R THE 10mia, A

21



PUM KT AR

R AEHLE 7100m BRI .
MEEERTRHE: s LT 00
R b: HIER, % L-T

To: AHIFRSEH. AmAvEE EERBRBICHE:
Ti: AWEEFEER 10h FHER EERRRAE;
T: MEEIEFIFHER 100 BHE LEBBERIE.

2333 XIS SRR

BRREHRSHETB&645, Ca*=6300mg/L(LA BB i),
SO =7100mg/L(LABREGt), pH7,70°C F15#E 6h,FH 530 & F a5
S NE . '

2.3. 4 BRI HIEsEAE

SREAC B AR AH®): BoH Ca¥'=150mg/L(LL BB, —E &
BHIE 48051 & 10mg/L (] FeSO4THLO BLH]) Fe* 8K ¥k, F NBRBaehiA
pH % 9.0, RERE SOCHKBRTP 5h, WEEER, S EGT
420nm AW EFESEE .

2.3.5 XBRMEHERENE
St R OME £ A, BAMREEE. RuSRELR)E,
BT Ca¥=40mg/L, pH7, 40°CHIEEAKSD 48h, BHIEF, Orbde. TH.
RE, WERRMKENEENE,
TEME TR ERE: V=(Me—M,)/(Sx1)
R: VEEBREMEE, gm’h’;
My, MAERR BHETEHER, g
S HEMMNREH, m’;
t R LB Rt E], b
EMEMTEETR: §=(Ve—V1)/Vox100%
Hedv: Vo RRB R T R
Vi RN G S 4 T R O T

22



PUIMKZE LA 3

2.3.6 HENE

B E R KRR IR R ER 5.0ml BB AW (lgmL) 5 5.0mL
AEFEMEEER (10gmL) F 100mL FERP, B4, 253 CTHERN
24h. WHERAKBBZRZIGE, B, BRHER 400 BOREER. TEX
REFHERSH 0, 0.50, 1.25, 2.50, 5.00, 10.00 & 12.50mL, HETF 50mL K9
HEEP, MKEHFE, £55, BEMENR 04, 10, 20, 40, 80 & 100
BRFERS. T 680nm K, 3em HEMNERILE, L4rkisn
Fig2.1l. BREN—EEMBIKE, RLHRENEZNSRUEREE, biF
4k LA AR AEET,

0.10
0.08

0.08 [

Absacrption

0.04 |-

0.02 |-

0.00 |-

1 i 1 A L A [l M A
0 20 40 60 80 100
turbidity {degree)

Fig.2.1 The standard curve of turbidity and absorption

2.3.7 BIEHEESH (SEM
& B MRS R AT IR MRS R A H A JSM-5900 &
PR T EHEME KR EREN M.

2.3.8 X {1844

H & RS mEE AR MG RSIEREATE YR AT
XpertMPD & X SR TSR B HRBFE IR S E M.

23
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B=F HBEUOHEREWRE

Hit B BB KEBRE A, FHAWERS R ERTTBRE-KTHERSA
HEIRM, BEL_EEPHHNEREE (MPEGAA) S5TERR (AA) 3XE,
&M T REHE A BE R 0K EHEED P (AAMPEGAA), ATH
ELE R SRT AHRS 2-NE B R-2-F EHIERAMPS) M Tt R P

(AA/AMPS). T-400 & P (AA/MPEGAA (400)).

3.1 BET 2 HEYEERMT N
3.1.1 P (AA/ANPS) 5 T-400 BI& X
3.1.1.1 SR

EIRANERBA AR, REEE. RENEEBKRENEAERT,
SR AA/AMPS. AA/MPEG(400)AA IS & &, SR ERTIEEYH %
T HERYMKRS . RS, B3R F RN SHERES.
PEBERRSE IR R X R W Fig3.1(a). Fig3.i(b).

g

= £
£ 1% %
:
5 1% &
e T | *©
[ s o
pat i E
£ 2} 2
§ I —x—CaCo, 1 ?
2w} —o—Ca POy, 12 =

3 b &

o i N 1 " 1 P i " i i . o
0 20 ") 60 80 100
Monomer mass ratio (AMPS/AA)

Fig. 3. 1{(a) Effect of P(AA/AMPS} monomer mass ratio on the scale inhibition rate



JU 11 K 2 1 - 2538 3

B Fig.3.1(2)7T %1, AMPS B4k £ 25%2 00, FBMEEEL TR
A, LHHSEET 25%K, ARRSEREESTMRMNER, AMPS B
it 10%)E, ZHEYES EELREEEREENRS. BT, AMPS
BASEAR, HABRRSENEHIRE. WMEBRSE, AMPS HEEE
ik 20%Z 81, HHMESHEREREAZE 100%, FHERERN AMPS 5B
B (20%~70%) 1R 100%MFREE, (€4 AMPS SRET 75%/5, H#
MEFENERTHE. S45EEBRREHNEARRERNERE, WER
PREIMRE R AA/AMPS %F 4/1. &1 Fig 3.1(0)TT41, HEREREEES
MPEG(400)AA & B0 I JF 44 % T /5 X F&1%. MPEG(400)AA S B% 10%
W, PHRRERSSIE RIAEIB K. MPHBEERYSYEEME MPEG(400)AA & B
LR RS, kA AAMPEG(400)AA Bt R 9/1,

1] e ey 100
[*)

v, —~—
§ g XX leo é
-l o -3
Q 1 ©O
Q a
[+] S
Q 460 o
e O
- L3
2 ¥ —o—CaCo, 5
E, —x—Ca,(PO,), 1° &
= o
= c
g “°r |
; 12 8

-
g B2
< [~
<

40 Fa— i | i 1 i 1 i 1 M 1 Fu— )]
a - 5 10 15 % 25 30 35

Monomer mass ratio (MPEGAA/AA)
Fig 3.1(b) Effect of T-400 monomer mass ratio on the scale inhibition rate
3.1.12 FIZAX AT A
HHEARE ., RVEE. BEBAMHE. RN ERSKREFENFR

T, BAEEAE, AR—RIIEESY, WEARFIRNAREEKERS.
BRI X A B L Fig3.2(a)- Figl.2(b).
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100

-4 00
~ -BOA
£ sl 1 g
on .'Toov
3 1 5
5 ] 8
250- 450 5
g jo §
2 1 @
§ 430 =
1§

=] -

& ] 2
0 <

40 1 - 1 d [¢]

0 2 4 [ 8 10

Initiator dosage (%}

Fig 3.2(a) Effect of P(AA/ANPS) initiator dosage on the scaie inhibition rate

65 . r r v . . . 100
3 X
e —
- 60| X Joo 3
£ x—%" : =
" b L i
8 & lo &
8 3
H S {3
[ sob --x—Cacoz 1 %
2 —o—Ca (PO, >
g | g
E s 20 g
! 2
40 0

[] e 1 i L i 1
2 4 8 -4
Initiator dosage (%)

Fig 3.2(b) Effect of T-400 initiator dosage on the scale inhibition rate

i Fig.3.2(a)" T 40, BEE S| AR EREIN, BRI Z LB mRE R
1€, SIRFAENAANRERN 3%, RARKERRSRE, W3EAA
EXBROHEEEEWAK, RESIKABEMENRELRERN 3%. H
Fig3.2(0)a %1, BEESIRFARMEM, HARRSHERTHREREMN K
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FARAEADER 6%, BHIERATIRA, REMMTIRNAR, HIFE
R Pk, FEBRRG R RBEE T KA A B MM ARLA K, BHishes Rz
HENBEBER 6%. A\ B hE#E MRS RNIEA S, REYTHY
FTERETFSIRARENTFHIR, dFREGRHSFRERE, EAEL
—IE R ARG RA T OB EEM, HIRELRER, Tt
EVMFHLTERAD. HEFURSUS FENERGELEEEW, X
BRI REMA K.

3.1.1.3 ##BAATHYH

FRARH., RNERE. SIKNHAR. REEERBREFAEHELT,
BEHHEBARE, SH—RIRESY, WEFAEBAERSHKERES.
BRI R X A B . Fig.3.3(a). Fig.3.3(b).

&0
I 100
55 b
£ sl -au;.f.é
S of g
3 L eog'
S wl -
2 E [~
B ol &
g %®r 1° o
= I |-
30
- I
25| ] -
m. .............. o

Chain transfer agent dosage (%)

Fig.3.3(a) Effect of P{AA/AMPS) chain transfer
agent dosage on the scale inhibition rate

M Fig.3.3()FT LUE HBEF R B AIA B AN, RERSAREE LA #
¥, HHEALAGETER 5%, HEEREMEAETE. MERSH
VRBEEERBAAEEMBAASK, dtmAEREBROREL8EER
B 15%. M Fig3.300)al A1, BRI hEREEESHAEEMTEERE
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®, HEAEHEE %G, EEREMEZTNEE, HEE 5%F 10%2H
FHIERBUAK, 7 10%EEAE, TAEEYT 10%/5, HiREXIFGERE
1%, TUBERRSIRIG REEREBNABMENREAR, BlredEEn
ARABREREN 10%. BEEAHENHEERNERHEESEWESY
Mo TERPMRLAN, HES, 278D HED, #7FEK BEER
FFERRENAEY, #EBTINERESE. '

~ 20

. £
£ g
Q eof g
S o
Sl I
55 [=]

£ —»~CaCo, “ £
2 5ot —x—Ca,PO,), T 2
E ki
- i

-

2 z

] " L " L A 1 A L i
2 4 [ 8 10 2
Chain transfer agent dosage (%)

Fig. 3.3(b) Effect of T-400 chain transfer
agent dosage on the scale inhibition rate

3.1.1.4 BB EH YA

ERARL. SIRFAR. BEENAR. REMBRBKRETENE
T, BRRMEE, AB—RIIREY, WEARRNEE SHEKRRS.
BMSIER X R B W Fig.3.4(a). Fig.3.4(b).

1 Fig 342" &1, RROMEREERNBENEN, £ENERE,
T Fig.3.40)" 40, FEEFREMMEM, BEEBEMK, Eit 80C/aMIEEH
MEREES. RARBREEE—FESESIRAMEEZMR, ERE
VG EEERHEM, EREESR, JH-THEENARESRIEESE
BRAERBMR, FEESFRTR, NMERERLS R85 K.
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Fig. 3.4(a) Effect of P{AA/ANPS) polymerization
temperature on the scale inhibition rate
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Fig.3.4(b) Effect of T-400 polymerization temperature
on the scale inhibition rate
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T, SRR, AE—RIEESY., WBARERRFESHEKRES. 5
R A 3 2 (¥ 25 75 ] I Fig.3.5(a)- Fig.3.5(b).
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Fig.3.5(a) Effect of P(AA/AMPS) polymerization
time on the scale inhibition rate
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Fig.3.5(b) Effect of T-400 polymerization time on the scale inhibition rate

HY Fig.3.5(a). Fig.3.5(b)& H, BRER45RAYE3RE R A (B REACTTE 0, X
Yfe 3 MR, BRERSREE R MEAERTE, TR RS
BZERE . BRHERERMEEN 3 /M.
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BRI, &RItEY PAAVAMPS) M BET H 44N, RARK
CAA/AMPS BT /1, SIRFARLGEERE 3%, HEBHNARSAARE
15%, BAERN 80C, KMNA AN 3 M FHEY T-400 SRNOBETE
%M. BAABCH AAMPEG (400) AA 25 9/1, SIRFAIAE SEERE 6%,
BHRBARESRARRE 10%, REEENDN0C, KNGS 3 Mo,

3.1.2 P (AA/MPEG (1000) AA) B AL
Bl T-1000 /%% P (AA/MPEG (1000) AA). BIBERIEMFR T E,
EARK T-1000 MBRETZE&HN: BARERK AAMPEG (1000) AA X

41, SIRNARSREAE 6%, BREBFHAERLSEERE 10%, BAEE
71 80°C, RPLEHEA 3 pET.

3.2 HRYHIFHEEERIE

KTransmitance

145795

2
] , g
. Sampla i ®
503 Mon Apr 02 10:48:42 2007 .
2500 3000 2500 2000 1500 100G . 500
‘Wevenumbaers tom-1}

Fig. 3.6 IR Spectrum of P(AA/MPEGAA) Copolymer
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M Fig.3.6 47aT40, 2937. 1em ™ (C—HYBMZERED, 1457.95¢m™(C—H)
SR, 2336.63cm™ (P—H) #4Rzh, 1719.03cm™ BEHF (C=0) #iR
2, 157534cm™ MERR (C=0) #4%3h, 1249.51cm™ B (P=0) &3,
1119.25cm™ (C~0) &4%35), 1049.87cm™ (P—O) &%=, 1410.86cm™ (P—C)
By, XEHEREEREZRESCYTSHBRE, RE. BEREEA.

3.3 B Tg 447

1000 200.0 200.0 0.0 8000 000
Tamp. C

Fig 3.7 TG thermograph of P(AA/MPEGAA) copolymer

M Fig3.7 o &1, St BY7E 1285 CZ IR EA P FHERERE, 1285C~
403 CHIERTRERAERHAE, BL 48 CEHRE, HNAXENITR
METRE, HERAYERERAHNHRES.
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Y. N0\

EEEY PAAAMPS)NBET Z4M44: 24K AA/AMPS
EF 41, FIRAHAZSNEERE 3%, EXENBEESEERE
15%, BESEER80C, REKIMEMN 3 M.,

BRIEEY P(AA/MPEG (400) AA) (T400) MIBETES&MS:
H{XECEE AA/MPEG (400) AA 5 9/1, BIRFIFIE S BKFRE 6%,
BHBHAE S RERE 10%, BSRED 80°C, KRN EN 3 /M
i

ARIEEY P (AAMPEG (1000) AA) (T-1000) MBETZ4H
k. BAREIRE AA/MPEG (1000) AA 5 4/1, BIKNHEENA
HIRE 6%, BHERBNHESRERE 10% KESEENR 80C, R
Rty 3 /et

LR R & IR G YT LAIR TR B4 9B SR AR 45 45 AR 7 O FEL 8%
BELHNER. BEAPNL FEMEKBRERNEREREX, ¢
PRSI M RE R R, IXPTRE S B FP B 35 BT xd LA A R A9 R
FNEEX.

P(AAMPEGAA) AL SN BIE SRR R B iR RE. B
ERBEE, Tg B ELREVRAETRENHELEEE.
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FME LBUMAELGE. 98 EHtRTR

KABFHEGERR T HRDEARRE. BB FIREGKRERKE.
B HENBAAR pH E T X HRERGE . BRI BHRME Gt
ERTHAMARARSERRZ B (5TEN 400 7 1000) 5 HEBRE R
FEYIPESER (T-400 A T-1000) FEHFEKN KA THIGHENZR, WETH
MT P (AAMMPEGAA) JEAERBIFH MMt R EBMEN TR,

4.1 HEYABEISIHRMENTR
4. 1.1 BEYBRHRTRIR B R 520l

Ca?*=625mg/L, HCOy=600mg/L (FJLABEREGH), FAIRHIRE SHKRE
ERRZEPXFEN Figd.l.

Anti-scaling rate of CaCQ, (%)

ﬁ T
——T-400

—-—T-1000

L DL AN RN A [REND Ny BN JNE S S SN R R SR

| B LI
2 4 6 .8 10 12 _14 16 20
Conceng'ation of inhibitor (mg}E)

2

Fig. 4.1 Relationship between concentration of

inhibitor and anti-scaling rate of CaC0s

M Figa.l TTLAFH, FEBKEESYE 250 PG 7 ) iR BEAU s N T oK, {6
WMKBRHRES. XERFDRRSAEREEERABBARE THEENR, &
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RE/PRBERELLEER, SEHFE/LERK, BEARKRENEE, H
BRI REESMIEERBUME, EERbEZHK. BERAREDST
8mg/L B}, T-1000 FIFHIRRCERE R T T-400, #Bid 8mg/L B T-1000 KPR
ST T-400. FIH T-1000 5 T-400 MIFEHIRIN, HIEERKERT
12mg/L J5, BBRERAAK.

4.1.2 5B FREMEIG

{R¥¥F HCOy=600mg/L ( LABKEREG ), FBYIRE N 12mg/L, pH=7, 80°C
HIE 10 /het, BIEHLEYEERESEFIRES A 312.5. 500, 625, 750,
937.5mg/L. (BABRKRRESTH) BHKBEPRREN T, 4R Figd.2,

100
o]
0.

70

40 - —x— T-400 .
1 —o— T-1000

Anti-scaling rate of CaCO, (%)
3
(]

L v ] M ¥

300'460.560r660'760'8009001000
ca™ (mg/L) (As CaCO,)

Fig. 4.2 Relationship between concentration of Ca”™ and anti—scal ing rate of CaC0s

MFig42 ATRLEH, PRS2 REE SR FIREMNEINTI RS, B
KEHHE. BNKPERTRENSRE, TR T KERTEENRSTE,
WEAEX, FEEMERE, KRGSEEX, BT ZERYNH SR
BIBEST, AT BEAR T B0 B MRS 15 1 A 1 0 53 e R AL 2 T e
EE BRI, HBEERIMEN IR RRE, HEFERENR 300mg/L i, M
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BHEE 95%LL L, 500mg/L B, BEYEZREHEL 70%, EETLAHFE SRS
EHAAHNBIHRKER. EHRSEFIRET, T-400 KGR T T-1000,
BMESBETRENT K, ZHZRHNEEEERER.

4.1.3 IRBEERIRERITE

BR¥F Ca¥'=625mg/L (BLEERMBH), HEWIREN 12mg/L, pH=7, 80T
{58 10 eF, MR YMERERRERE FIRESH) 300. 480, 600,
720. 900mg/L (CABKERYSH) BHKFEF RS RMAEN, 45 Figd3,

40 —x— T-400
»1  |[~o—T-1000

Anti-scaling rate of CaCO, (%)
3
1

0 T T T 1 T T T T 4 T d T '
300 400 500 600 700 800 800

HCO, (As CaCO,) (mg/L)

Fig. 4.3 Relationship between concentration of HCO, and anti-scal ing rate of CaC0,

M Figd3 ATUFH, FHEKMREEEES KRR E TIRE KIS Mm%
%, EAKPHBERE FIRENEM, BERER, FdBRnNERE 8
ST ZERDWSIREMEESH, ATEHESR TR, EHARERERE T
BT, T-400 HIFAIGREHTRTF T-1000, BMEEHRBMEBETRENET L, =%
Z BB E BB K.

36



TR M43

4.1.4 pH BYE IR

{74 Ca=625mg/L, HCOs=600mg/L (FUIBRMREEH), HLBYIRER
12mg/L, 80°CHEIR 10 /hBF, W3RV pH 8 T AR
fI3E4k, 4521 Fig.4.4.
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Fig. 4.4 Relationship between pH and anti—scaling rate of CaCO0,

M Figd 4 FILUE Y, BRBKMRYSYR ZFEE YA pH 0038 KT PEME, PR
BEHE. 7 pH6 b, BLIERELR LXF 100%, 7124 pHI0 bf, FIFHEMEK
B 40%Eh. BEEAHT, KPEEFHSERR, KRERETHEER
E¥E), BRBETRE, NIEEETFRECHFETKS®, HLHEERE
i MEREEAHT, KFHEAEREFEEEE, FRRERNBLELE,
KABEBRREEFRERR, SUARBRSHHERK, BRETREFR AT
i T HED RS IR S, FREEE T M, R pH ET, T-400
HIFRYE & F T-1000, pH8 28I, —#&FZ MY ZE 28 pH HE & Mg A,
pH &L 8, —HZFIMEERENEZE D, BpHIO K, HEBEEET
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4.1.5 REMEME

B Ca®"=625mg/L, HCO3=600mg/L (HJUATMEE ), HEYRER
12mg/L, pH=7, 1Bif 10 /pEF, REIBYAEAESFRE T KEFRE
TN, 4R Figds.

x] |—x—T-400
zo-: —e— T-1000

Anti-scaling rate of CaCO, (%)
3

0 U d | ¥ ¥ L) v J v 1 v ¥

Temperature (°C)

Fig. 4.5 Relationship between temperature and anti—scal ing rate of CaC0,

M Fig4.5 TV E KBRS ZMEEREN T ETEEK, TEa%H
B. BEOABRUEHRBRE GRS, ™ E KRR TS TR
BRGRLEER, XRYEM TRREGERANEAD TR, BIEHRER
S REER. HREET, T-1000 (B RET 7400, BAMEEEE N
m, —HZFRGEEZEHER.

4.1.6 (BRI EAIE MG

ERARDKRAS, HEBITHEIMER, KORBRAE, K%
BFRETHERRR, SEHEEXTHERE, ELUENERNE, 3R
FILEFE. G Ca¥=625mg/L, HCOs=600mg/L (HLIEKEME), LEY
WEEH 12mg/L, pH7, BEER 80°C, B YBEIE AR REHE K A T K
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PPRRIERKNAEN, 2R Figd.6,
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—~ B0
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Fig. 4.6 Relationship between inhibiting time and
anti-scaling rate of CaC0;

M Fig.4.6 FT LI H PH 35 22 B 5 BELIFG I BT 64 SE < 7 A, T B S 0
Z. FHEASTFEERRERREREERIIEAEZRENEK, BE
B fi) ) 3 < BRI P R AR B 48 VR B T SR 46V 6, R BUHIR R T . MR
PHYRE ], T-400 AIFEIR L R &T T-1000, =2 [8] i) BHL 5 22 2= Bl PE 375 i 1) 9
EKMBEEEK.

4.1.7 KR

Ca®*=625mg/L, HCO;=600mg/L{3 LA CaCO; i), BEIHEFHRE X 12mg/L,
80°C/KBBEME 10h, JET T-1000. T-400. BAEE(PAA). ERERY2-
RAEB-2- A EAHERILEY (P(AA/AMPS)) 4 F# Y5 7N B B 5 45 A BE 35
#, W Figd.7 Fim.
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Four different inhibitors

Fig.4.7 Anti-scaling rate of CaCQ; of four different inhibitors

B Fig4.7 WLAEH, MFEGRNRESHEEERMEFY: PAA>
T-400 > P(AA/AMPS)>T-1000, PAA I AWM E BT, T400 KZ.
P(AA/AMPS). T-400. T-1000 =28 MIFRIGEEHER K,

M EREHBRRBRESHEELMPHEETURE, BMERS, T400
BELBK B2 4% 5 B9 PE BRI IF T T-1000, DYFPFHYEHIAI LBt L, PAA h B, XX
ABBKREETE, RAWPRENSEREI TEEXRNER, LRE
B, EWERSEENTEEANAIRE. SR, BEEZWKRSHERL
FHENARETEXNEAH, XESHNENPHEFLITR.

4.2 HEYMESERISIRMEERIM R
4.2.1 XEMHEEFIRENE R

Ca?*=250mg/L (L CaCO;it), POs =Smg/L, pHI, 80°C F1HIE 10 /e,
HEVRE SHBREIEHEE R KRN Figd 8.
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Fig.4.8 Relationship between concentration
of inhibitor and anti—scaling rate of Ca;(PO):

B Fig4d.8 WTLLE HY, BHIGEBEEEARE MM K. EIEHRE
1 dmg/L ZF1, FRBRAHE: WEE 4mgL—8mg/L Z R, FHIEERE
MWK, HIREIET Smg/L i, BRERCER 93%LL L, PHEHRIERL; b
JE AR M Y RIVREE, BHIRER EABHAEZE. T-1000 5 T-400 £ R E
TRHEEHESRK, T-1000 BET T400. %EMEEHZEHREES Smg/L.

4.2.2 EEFREMTIH

X T B T-1000 55 T-400 FIFABERASIEME, IR T Ca2'RE

(BL CaCOs #H) XEHIE B E W, Figd.9 B PO 45N Smg/L, FFEH)

WEEH Sme/L i, ANFE Ca " B SHER MK E %R,

Fig4.9 87, FIGZEEH CaZWERNEIN, T-1000 5 T-400 #HRILH %
1 e e PR A s T-400 9T BRASSEE T-1000 FK; ZEHIRIM CaRE T,
T-1000 KPR RE T T-400. B LETTLAF H, BEMF Ca* AR 500mg/L
i, FRFRIERIBLSE R IGRFE 90% LA L, RH %GBS E
AT RREEHENERKIER.
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Fig. 4.9 Relationship between concentration of Ca”
and anti-scaling rate of Ca; (P04

4.2.3 BEMEME
Ca?=250mg/l. (B CaCO; #t), PO =5mg/L, PAGHIKER Smg/L K,
AREE TIER 100 B2IHMEE SHEIGEZ MM R BN Fig4.10.

100 4
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K--.____x_______
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£ - -0 T-1000
2
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g
= 404
g 4
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Fig. 4. 10 Relationship between temperature and
anti—scal ing rate of Cai(P0J.
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Fig4.10 aJLLEH, FEEAMEGEEFRENA ST FE, BTG
EHAK. 60°CH, FHEERMPRERERTERT 100%, BEFHZE T
i, BEIGERE 88%LL L, T ZEMHIENERR T hH BT HHEBMREGE
RIZR. T-1000 76 RNE T B Rk & T T-400.

4.2.4 pH{EMEM
Ca?"=250mg/L (L CaCO; i), PO =5mg/L, FRIGHIWKE X 8mg/L, 80°C
KBEETHE 10h, FFE pH ETHITES pH K2R X Fig4d.11.

1004 % =
o x
90
80
70
g7
® 60 —eo—T-400
® ] —X—T-1000
g 50
Io
2 ¥
20 -
104
0 g ey T——————
7.0 75 80 85 8.0 9.5 10.0

Fig. 4. 11 Relationship between pH and anti-scaling rate of Ca:(P0J.

M Fig4.11 \JLAEH, BIGREELTRAKHES pH EXEMTESL T,
£ pH9 Z B, LIe/KEER pH AT FREIRIRE LB ER S SR B B : pHAE
fE9-10 2 [A), PRIGEEMTHEAHE,: HEEH7E pH (&5 10 6, PN
FE 45 20 SRR AR B0, X1 AR 2R R B I I F K R 6 pH LA KBS, &
¥ pH EHESHE KRS pH ERLEAHHENER. MR pH AT,
T-1000 fIBH G2 B& & T T-400, FrHIREpHS 2 /5.

4.2.5 1EER B E
Ca?*=250mg/L (BA CaCO;s 3, PO =5mg/L, BEIFFHIKE ¥ Smy/L, 80°C
KBBETHE., SCEREERE, WEMGEHESHIGERXZED Figd.12
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Fig. 4. 12 Relationship between inhibiting time and
anti-scaling rate of Ca;(P0.).

Fig.4.12 F 3 1 P45 28 56 BELY5 ) () ) S R 1B A . FELYRRT RIFE 10 AN/
W2 A0, BHIERAT MEBCAES, il 10 4~/ EREIG 2 T R i 18
m. B&, BMEAESERRY 16 i, RN BHREHIREES
7 80%BL L, Bk, ZISPHIEIWT AT 0 (Bl RO PE BE AR 4530 .« R, T-1000
7 A7 1R PR e 1E) 0 PR YR 2R B8 5 T T~400, H7EREYRRY [RIAEL 6 /hflxﬁf:iiﬁiﬁ%
ZBMEEZHEK,

4.2.6 3L

Ca**=250mg/L (EA CaCO; i), PO =5mg/L, BAIE W E X 8mg/L, pHI,
80°C/KBBEME 10h, FET T-1000. T-400. BHEM(PAA). KK R/ 2-
FR B -2- AR NERILRY) (P(AA/AMPS)) 4 7 FE Y57 % B B 45 35 9 RE 15
#, I FPig4d.13 Frir.

B Fig4.13 ATULEY, NMEERMBRSHEHEEZERBTF -
P(AA/AMPS)>T-1000>T-400>>PAA. PAA HIIHIEH BREZE, P(AA/AMPS).
T-1000. T-400 R HMR R, B=FZ HMABEREEESIK,
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Fig.4. 13 Anti-scaling rate of Ca:(P0.}; of four different inhibitors

REYNBRESEHERHRYEWEERY, SERRERER, B
FUPHENRECAHRAIEEZERER, ReUTHARKMEN
T-1000 BHBERRA5 5 I PEBEEF T T-400, 55 P(AA/AMPS)H K B BRFR B (1 15 FH
AL, T-1000 B4 ELE AR BRI T T-400, 33X 3% B PH 35 77 R SRR 4% 45 10 = EEHIE
R Ay 23 #UFE AL

4.3 HEMBRERGIEERERTIR
4.3.1 XEYAIFFIRERLTG

100 -

8

Anti-scaling rate of CaSQ, (%)

30 1 A A L _— 1 A L
1 2 3 4 s 8

The concentration of inhibitor (mL)

Fig.4. 14 Relationship between concentration of
inhibior and anti-scaling rate of CaSQ,
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Ca*=6800mg/L (LABHERSSH ), SO =7100mg/L (LIBRESH), 70CTF
il 6 /MoF, FEIEHIRE S EERES R 2 A % & Figd.14.

M Fig.4.14 vUAE H, PHERERASIE % b A PR 45 7R FE RO 38 Im JF S R 1
R Ea%kS, BEETHRE. HEFKREND 2mg/L i, METRSEERE
2 80%LA_L, 4k4LHhN T-400 &5 T-1000 AOVKEE, PHIGEtihn, LPEYEIR
8T 4amg/L B, BEREFLERT 100%. i LHEERREHERE,
T-1000 FIFH IR BT T-400, BEFRERIMIN, — &2 MKEHEENBE
AN

4.3.2 B TFREREIE
{545 S0 =7100mg/L (LIFMRMIT), LEYIRE % 4mg/L, pH=7, 70C
EE 16 /pit, et RYRRERIZER RS E TR E N KRG & m3E 4k,

&R Fig4.15.
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Fig. 4.15 Relationship between concentration of Ca” and
anti—scal ing rate of CaS0,

H Fig.4.15 0] LAF Y, FHAT AR45 45 22 Bl 5 45 B8 1 IO TR B 18 T 77 °F 14, T-400
TREMBEERT T-1000. S5 TFIRESIT 9000mg/L, —HFIMHERIREE
85%PA k. AT, T400 5 T-1000 E&HSREFHA.
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4.3.3 BE/MZE :

R Ca¥=6800mg/L (LAFRER4E), SO=7100mg/L (LABERSA),
HEOREN 4mg/L, pH=T, 1HE 6 DB, BEARYRGFERFRBET
KEEP R, 4R Fig4d.16.
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inhibiting temperature (°C)

Fig.4.16 Relationship between inhibiting
temperature and anti-scaling rate of CaS0s

B Fig.4.16 7140, PHBIEBRESHREMEERENARTEE, 70°CZaT, H
W FEARBE N, T-400 5 T-1000 B FEIGE RERFFE 95%8L 1, #Bit 70°C,
BHIGE 2 HLZ TR, 7€ 90°CE T-1000 KIBE 35 B 70%, T-400 9B G 288
ABid 30%. eHiKAT W, T-400 BHEIMESEA MR AERAN 70°C, it T-1000 7]
LLE 9OCHIEB T EA.

4.3, 4 pH{EKFID
{R7F Ca*=6800mg/L (LABRERESH), SO =7100mg/L (LABRERSHIH),
HEWAERIRE N dmg/L, T0CABRE THE 6 Iit, B3 pH, WER
A pH EH 5 PEEE M <R W Fig4.17 Fimr. :
B Fig4.17 AJLLEH, BHAERYSIREMEE pH M8 KT REIR, HEMRK
BEAK, ZpHI0 B, PRYGRAEET 80%, B4, pH MRS BHER
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Fig.4.17 Relationship between pH and anti—scaling rate of CaS0,

4.3.5 {EEF BT

fR1 Ca’'=6800mg/L (LIRS, SO =7100mg/L (LABRERETH),
HEYHEGEFREAL 4mg/L, TOCKFRE FHE, SZEHEERF, WEHE
Yt (Rl S RAEE A X R W Fig4.18 Fi7R.

100
g "l
g
§ !
S or —x— T-400
g ' — o~ T-1000
2k
E 3
N S

inhibiting time (h})
Fig.4.18 Relationship between inhibiting time and anti-scaling rate of CaS0,
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9 Fig.4.18 A LAE i PELARER 45 55 ZR RE A A (] AR RE KK T PG, 0 ELBERAY
B R 35 K, BRIG R M) 7E 10 /NEF 2 BT, T-400 55 T-1000 [ BE 35 B AR (R K7 7E 70%
P, 883t 10 /Med, —H RIBRIR AR T Ay b b, 48 R BE YR Y (A1, T-1000
IR 35 M R8T T-400, % 2 (AR BH IR 2R 2 B E PHIG R RI O EK TIRK. A
SERT I, T-400 5 T-1000 H B EHEBRMRSIEE B R 10 /Mt #Bit 10 MR
TR 5T o

4.3.6 L3I
{RHF45 Ca¥*=6800mg/L (LABIBRESH), SO =7100mg/L (LAFHRERHNIH),
FERYIHIERIRENR 4mg/L, 70CKABEZETHE 6 M, JET T-1000.
T400 . EAHERPAA) . TERL2-AEBREK2-PENERLEYD
(P(AA/AMPS)) 4 MEESGAIN BERRIS R IRESR %, W Fig4.19 Fiw.
B Fig4.19 ATLLEHE, WREEFHEERAOERBREEHERE, BIE
2 [AAZEAKH YR ZE#ET 80%.
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3

8

8

PAA PANAMPS) T-400
four different inhibitors

Fig.4.19 Anti—scaling rate of CaS0. of four different inhibitors
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PLE, BR PAA HILEREMMEER, X&T5RREATRAINEERE
Ko HEGKEEANEYE, MEATHLENZHERRESRS, EHit,
e RBECRRE, BRE, WHHRRSRABFWRIER.

4.4 HBYSMENTE

Ca¥*=625mg/L, HCO5s=600mg/L (3L CaCO; #), BEFFIREH Sme/L,
S0°C/KHME 10h, HHMEHEMBEREGRPAL). BRNGR2-KIEBE-2-
FE R ILEY (P(AA/AMPS)). T-1000. T-400 DU BB I 7122 B/KFER
whiE, KRS R Table 4.1 Fron.

Table 4.1 The results of turbidity testing

B35 e = PAA P (AA/AMPS) T--1000 T-400
P
(FAUD

>20 >10 =0, 4 () ~=(

M Table 4.1 TLLFEH, HMT T-1000. T-400, P(AA/AMPS)ZKEEFihk
B R LGN PAA FOZ5 EZKREROIMEED, %M PAA KERFIHE LS HKFER
ME DN . PAA T B SIS BAERATRE — & RBEIEIH R R KM AR,
BB R R, BEER A CBVEM; 3 T-1000.T-400. P(AA/AMPS)
PEFIIATERSBIERARNRE, HBIERBRME, ARERMHERE R,
EEZLREC/KEEHEN. RRPERD, 0 T-1000 F T-400 KK
FERKERTERE—E, NEFERORATRE, YRR ARS,
Hik ik QI ELEHEN; 7 PAA R P(AA/AMPS)RIZAKHE, HBTF=ERK
G, T2AETHERY, BEMEREFERRAOE, ELEERK
G, BIKEMERS, B POAAMPS)HAREZETFEY. XRH, 7
I PAA F PAA/AMPS)IZKSEE, HEiTHERXR, RUGMPAABEER. M
BEX, BTEE BESTPHIKHNEINELUADETEEESE, X
M RRE SR THEFKERT2HEE. T-1000 F 1400 E&H KRB
%, ERUMEESBIEANEN EREETE, BERAMTBNERES
R, BREXRS S TR BHER, ATFEREROME, BRE
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AREFETHIR. RELSHEGFIGXHH M REME, AEGeBE
FrizFl T RRESE T OEIKER, TTTHE.

4.5 HBMHHEURIERENTAR
EEARANKRET, EHERRSHOMFE. B TFRALKRBIHER
RRE ENMBLREEREE, MALHELRETEN, SREAFOEHE.
B8t T R AR AR HK AL AL B AR, MBI BEA RN ARE—A
THREWRE. Kk, ZETIERY T-1000 7 T-400 4 HEML KL,
L4 RN Table 4.2.
Table 4.2 Ability of dispersing Fe:0;

FEIEFRRE (mg/L) 0 2 4 6 8 10 12 15

% T-400 733 641 624 596 617 597 587
¥ T-1000 971 718 657 668 646 642 594 585
# PAA 904 662 61.7 625 538 467 474
(%) P (AA/AMPS) 851 646 536 429 48.1 444 ¢ 454

M Table 4.2 ] LUE HZE AR MM SRR, IR L EEBNELEN 97.1%,
MALBBEFAENE, LEBRAEREEE TR, BMEEHEIES 8K
RSB B K, BREIBEERRE N, BAERE, KA HE
ERPHENEEE, EMSBRST. BR80T KARE
R ER/NMER S PAA F1 P (AA/AMPS) #3, B AmMERHER
iz, KEBENFAR TG BT —CHRBIIME, REERTHM S
PFREEE—E, AL, ERIAMENERIERANBELEHRIEER; %
LR AR AR EH A G T 5RNEALKIRAR TR BiTiE,
FRENRY, ZERMELRRESERAL, aUlafsrin, Xxt
TERAHKERAE R L. LB T-1000 0 T-400 BB R ALEAEE S
ER

4.6 HEYEMHEENTHR
Tk F=E HEARA HAK P Ca¥*. Mg, COS S BEH, BIWE
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EREFREFTER, ABFRFETEGD BHRE, 3IBREARETRE,
FFEMNERTIRER. RMRUEWRERHHEVE 0N, P (MPEGAA/AA)
THREARERE. BESN), THMRER, XER AR NAAR

Yo HtERE, BRA—EMEMIELE, Figd.20 NIABYRESEBE [
FHRE.

100 ~

80 |- » —%
£ sl
o *
[
=]
=
.gw_
20l
0 . 1 . 1 . 1 . ¢ — i
0 10 20 30 40 50

Concentration of inhibitor {mg/L)

Fig.4.20 Relationship between concentration of inhibitor
and corrosing rate with P(MPEG(400)AA/AA)

M Figd 20 STLLEH, FEELRYNRENSM, BWEFHEM, BiE
TR A 20me/L BF, BB 80%EL, WG, BHBRERREEFE,
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FEGE

3LEY P (MPEGAA/AA) (T-400 F1 T-1000) Bf RIFHIFABERS
ERERe, RRAMHBERGHEFERRSRNMEE, HEEEET
WEERE M. FRIREAEMNF R, pH B A K B M LT E
FEREARANTRES, BRRERTEHKRESROERKE
-

MFHEKBSE, T400 HHEEEFTF T-1000, PAA T P
(MPEGAA/AA) F1 P(AA/AMPS), REREEZWIRMRSHRERN
FERE.

TR, T-1000 AIPERRIFF T-400, P (MPEGAA/AA) A
P(AA/AMPS) K KIFTF PAA, 1B BHBERE4T 55 (0 BN 8 40 L
{EFILA.

TS, BA T-1000 MG T 1400, HEGHIENY
SEAERNE, BEMREMSERRX, UEEHERXN KRS
BEHEEEREW, Ei, T PAA. P(AA/AMPS), & & P
(MPEGAA/AA) SITRBRSIR A RAHHEE £,

LFH P(MPEGAA/AA) B B ERMEARIMBERIBE S, F] PAA,
P(AA/AMPS)HEL, P (MPEGAA/AA) REFKERRUE, £/
FHEES BN BT R, FEARNEHRRSTRASTHE.
Y PIMPEGAA/AA) R F —E 5 BB NE R G At RE .
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FLE MEREREEXNERSHEENTN

HEY T-400 BEKREHERAEFF T-1000, WHBRSEHEEIRT
T-1000, XRS5 BAFRGHERRGNRRSIEERAOLEY, EHS
TEA SO MR _BEPHFERERE (MPEGMA) A8k, FERFT
WMEMBEET, itk AAMPEGMA /RIS FBRMET.. BMRTHE.
EELENER. RERNEZER: 51 E D B4KBE/RYHH 2.5%.
HEEBR AR RELERSEE 6.8% KRB 80°C. RMKE % 3 /Nt

REFEREER 25%.

5.1 &k BEmE & & PHERES FE IR A 220

Ca®=625mg/l. (LIRS, HCO,=600mg/L (LBKES4SH), 80°CHHE
& 10 /N, W73 B AREE /R BC LEA R R SL BB G R RVR B F IR R 03
4, M Fig5.1.

— 4 AAMPEGMA=99/1
—%— AAMPEGMA=07/3

100 —x—n{AAMFPEGMA=95/5
[ —e—n(aAAMPEGMA)=90/10
— e {AAMPEGMA}=00/20
b | —a—n{AAMPEGMA)=T0130
— &~ AAMPEGMA J=60/40 +
—o— (AAMPEGMA}=50/50 o+
g 80 |- .
W3¢
;.,, e
O
8 60 |-
b " " s
g _
o 40
£ ¥
= A A
g /A\
9
2 20} —8
< /A 0
g—8
0 - 1 A L i 1 . M 1 iy 1
0 10 20 30 40 50

Concentration of inhibitor (mg/L)

Fig.5.1 Relationship between concentration of
inhibitor and anti~scaling rate of CaCl:
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H Fig.5.1 7150, MEEMEMRLAREREMNEE LERnr&s, B
ERRER S —ERER AR RERN, EAREA AR
BB 280 I of R B PR VR BE A —#E . LR MPEGMA ERZBE
1%~5%2 I, ZHERDAERITFHIEKRIGHTERE, MPEGMA RIE/RE
BB 10%/5, FMEHEME MPEGMA & EEINT K, EAERRAAE,
B A K S MPEGMA & BAE T d il R4, EFSBEKF.
LR EERSESERYTRERSENSOHFEXR, MPEGMA &
REED, BEERE: SES, BEZEK. EEE MPEGMA §EFEKNENR
T, EdEmEE A EREMRRRENSE, ARG ERRE XX
ERFA MPEGMA EREER, dTZREMAMEH, HREYLTFHEDR
BRETHESEETESRE RMEIKRS /D RE LU IEKRS RN
e

5.2 {5 M M X FE AR 4SRRI 2 I
Ca?*=250mg/L (LABREE45iH), PO =5mg/L, 80°CHEIE 10 oht, A E
AR SR BC U AN R R SE R I BSR FIAEAS RIIR B F R R 9354k, 10 Fig.5.2.

2

mﬁ;{g

8

3

—o— n(AA/MPEGMA)=97/3
—a— n{AA/MPEGMA)=90/10

+a
o
T

—+— n{AA/MPEGMA)=80/20
—*— n{AAMPEGMA)=70/30
—%— n{AA/MPEGMA)=60/40

8
T

Anti-scaling rate of Ca,(PQ,), {%)

| M | M 1 N 1 i -

2 . 4 8 8 10 12
Concentration of inhibitor (mg/L)

[=1

Fig. 5.2 Relationship between concentration
“of inhibitor and anti-scaling rate of Ca:(P0.):
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M Fig.5.2 aAEH, PRIGAIREH 2my/L N3 Sme/L &, FHBERGS
FERIREEMN, L 90%; PFHEEHIRERT Smy/L J5, MRS EEENE
AR, BIGENRESD 2myL bf, BEYFEHEE MPEGMA RE/RACHL I8 N1
#, & MPEGMA BREEBKXT 30%LUSIHBHE TR, RAMEERTLEK,
EHRERRFRHE; HEET sSmgL i, FAHFEBERUKNTLEY, |
N AR TROHEERR. XX, HERESFESHENRESEN
% />H K, MPEGMA /R & BE /D& T DUE i 5 i B35 719K B Sie 4R i PR S AR
EYRE, EERRE, HEBRSHEEY MPEGMA B/RE BRI TEE,
EBRREENLEEEATUZR, PEMNHECELHME T TREMH
FEMAMRSEE, BUKIEE R RS IE R VLN 4 B R FLE.

5.3 MEERFTENSBELEEEMNEN

Ca¥=150mg/lL. (ABRMEH), —F BBEFESEANE 10mgL (F
FeSO4TH,0 BCH)) Fe'HKE M, pHO.0, HRIEHIE 50 CHI/KBRSF sh, B
LEEE, AN BT 4200m AR EERE, BEEE/REHLARRKE
RYTRERIETHRE TELFHL, W Figs.3,

100
ol )
2 gl %ﬁw
L
[0
®
B a0l — 4~ H{AA/MPEGMA)=80/20
g —&—n(AA/MPEGMA)=97/3 |
& —%— n(AA/MPEGMA)=99/1
—o— n(AA/MPEGMA)=60/40
20} —a—n(AAMPEGMA)=90/10
ol—t . 1 . 1 s ] — 4 R

0 ] 10 15 20 25 30
Concentration of inhibitor (mg/L)

Fig. 5.3 Relationship between concentration
of inhibitor and dispersing ability of Fe:;
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B Fig.5.3 AT LASE, FHYGEFIRE B 2mg/L M3 Sme/L, &% H5E M
£, ML MERANRE, BLRILFERELHL. R, XEDP
AA/MPEGMA JE/RECH MBS E B mE L.

ARG

PORERIE R BRRSE  ABEILRERMEB, TR BARRIRAS
SEHEEEMBK; HARMRAS R R B E SRS B R I L AT N SE R
M, LA iE MIRREE S0 P AR /R & RAVAE S%BAT
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FARE BRRSRERFATR

BEERT B ENEREE™E, Eh— RRZATRRSEW
EHMEREK. SEEHELIAG: hTEARROTEAN SRS T
HEAEN, BHTNRAHEKTETR, AERATEERESSH
HAAEK, BRAMNGRE. XHSREREREERNEEREERT
RHIE, B—EaENARAR, S¥rhEHEEK— RN, NHX3E
ERIEM.

6. 1 BRERISIRRIAMEESR

#l%& T2 AR PAA f0 P (MPEGMA/AA) KIBRERSIGRE, HHAT T sk
FHENE, K Ca¥=632mg/L, HCOy=600mg/L (HILIBERSS ), HFEFR
Bk 10mg/L, KB E K 80°C, 15i8 10h. M}t Fig.6.1, Fig.6.2, Fig.6.3
iR,
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Fig.6.1 SEM micrographs of calcium carbonate scale
after testing with no inhibiter (a1l x500, a? x2000, a3 x5000)
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Fig. 8.2 SEM micrographs of calcium carbonate scale
after testing with inhibitor of PAA (b1 x500, b2 x2000, b3 x5000)

(cl)
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& Ak

T (c3)

Fig. 6.3 SEM micrographs of calcium carbonate scale after testing
with inhibitor of P(AA/MPEGMA) (c1 %500, c2 x2000, ¢3 x5000)
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HAR MG AR MR NREREER RN, BAFMES
FIKRER ST 207 R, RENE, BRAE, HFIBESF: & PAA
RN R, REABTE, BIERE KRN TSR
AIFESEN P (AAMPEGMA) SR BMEHEE, L FEARNER A
MREREFE, BERChER. 2. BROTERREE. TR, KEK
HEEAGEMEMA, FMEBHF TRERSEENEK, B THRRESENBR
XA, MEEKANEREREE R, BRATREKNERTRY, FEF
MTRIRKRARFELE R BEENEFET.

6.2 ExESEGIRRY X fiT5t 4R

X RARBEEKN S —FARTE. SBETREREHFHEEL &
SERABRTEBREF=ENTHNMGE X H%. EFERERPEF &
FHE X §2% 53888 d T B 3R f i RATRLIS T IR BT & AF = AT4T. A
YaReE) X ATt EP, Wi AT R, MR R RHESHT L
HE R TEENEG TRENAREER. REOHEEERREAEST LXK,

i Fig.6.4 ATLASN, 7ERMBASGRAIMBRERS X frES, RIAGBEH
BORIE 3.04,. 229, 2.10,COZE AT B LKD), WEHEFRELEH, WK
BRMRIRE 3305 2745, 3.58s WA K. H Fig6s ATA, ZERMEESEH
MBI X i EY, RAHBOMERED B IREESTHE LIEERE
It RILLE MPR SR FIFRE MR T AT S B S, STRF AR R
3.04, b —EWEBBEAHERK, HWHEMAERNE, FRaNEREORE,
MABASEHHERE, ERROEHRERRSHEEEHRL.
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Fig. 6.4 XRD spectrum for calcium carbonate with no inhibitor

T3
7

-—2.0845

Fig.8.5 XRD spectrum for calcium carbonate in presence of P(AA/MPEGMA)

AT

PHERERARYA, HEANMARZETERENER D, FERY
FEHREETHE. BN PAA EREREAFE- FEBIHENED B0
k@&, THRM P (AAMPEGMA) & RARREMEHE, HEER
AEe, ZH. BREOLCEREEEK. X fTHEEE—SF0, Fm P
(AA/MPEGMA) EREFTHBASEROES, BREEBHEN.
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Ft: 4 #

. EARZ - EYPEBRNEERS (MPEGAA) MAEE (AA) AILEEE,

C RAKBHERETREEH THERFRHENICRYHE S &80 P

(AA/MPEGAA). #IEMEBBERENHBREEE, HETRERS
REEM. &R TILEY P(AA/AMPS). P(AA/MPEG (400) AA) (KE
T-400). P(AA/MPEG (1000) AA) (fXE T-1000), ZFILRUIIARE
FIBL R M4 5 R AR B P ERAT IR 2 . SN GERT, FrE IRy
P(AA/MPEGAA)N B#57=¥1, Tg BB LR AFTRRBEMERE.

. EEY P (AAMPEGAA) BT RIFHIAKRSRHER, AROHERR
FHEAMERBRSREAER, FEEEETRENEN. EIERENTE.
pH EFMXEMHEERBHEKNFEEEERRNTRES, ENRE
AT RRREBERAEIKER.

. XTHBEREY, T-400 FTEREEFT T-1000, PAA #FF P (AA/MPEGAA)
I P(AA/AMPS), RIARERFWMKRBSAENEERE. W THHERS
Y&, T-1000 BIPEEESFT T-400, P (AA/MPEGAA) H1 P(AA/AMPS) K KT
F PAA, it BA PH BERR4T 3 i) X BB R b 2 BUE AL 3 F AR RR S5
BARKXMEENEN A EERNE, ERGREMNEERER UEEH
HAMEBRIERE ZEREH, PAA. P(AA/AMPS)FI P (AA/MPEGAA)
MRS ERE KA.

. LEY P (AAMPEGAA) REEBEMHLIARMERNES, F PAA.

P(AA/AMPS)FREE, P (AA/MPEGAA) B EH KBEEMME, EEGMIE
SHEFERN BB L&, FERPSERTRKS TS E. FHif,

SERY P (AAMPEGAA) ERF —EHFBERMERE MR,

. ERFWERNER T, BERENERSENHEBRSEN S SR EN
YRR WAL, TOX PR IR B MK KB RT S, &1

BB Sk BB R & B NAE S%ELT .

. PERERARE, BEANMAZZETERESNESHTR, TRENE
HRRETHRE. BN PAA FREFOTFFEENRIE D RN
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