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Abstract

In this experiment, fatty alcohol polyoxyethylene ether (AEO-7), maleic anhydride (MA), and so-
dium hydroxide were used as precursor materials, and potassium persulfate was used as an in-
itiator to synthesize a new type of polyether scale inhibitor (PMAEOQ). The effects of the amount of
scale inhibitors, the concentration of calcium ions in the solution, and the pH value on the perfor-
mance of calcium carbonate scale inhibition were studied by a static test. The results show that
when the amount of scale inhibitor is 2 mg/L, the PMAEO inhibition efficiency of calcium carbo-
nate can reach 98%; as the addition amount is constant, the scale inhibition rate gradually de-
creases with the calcium ion concentration increasing; the performance of PMAEO inhibiting cal-
cium carbonate scale decreased significantly with pH increasing; compared with the commercially
available scale inhibitor hydrolyzed polymaleic anhydride (HPMA), the scale inhibition efficiency
perform well.

Keywords

PMAEDQO, Scale Inhibitor, Scale Inhibition Performance, Scale Inhibition Rate

—FSRBE L FRIEF R A R S 1 RERI ST

kBT, FBRY, TR KO#E, REES £ KL AL, 8§ 7L oHoO

WO NS AR, I TG KA R K R VEAL TR A R AR 2y e, POI Sk
20U 1| F PR 2R R MR BR A E], PO 35
Email: '739931717@qq.com

ks H . 20205E2 HaH; FHAHEM: 2020462H18H; KATHI: 202042 25H
SEIER .

XESIH: G, B, /AR, WK, REE, R, B, BT, B — IR B YERA RS 1 R
] TS HEIR, 2020, 10(2): 65-72. DOI: 10.12677/hjcet.2020.102010


http://www.hanspub.org/journal/hjcet
https://doi.org/10.12677/hjcet.2020.102010
https://doi.org/10.12677/hjcet.2020.102010
http://www.hanspub.org/

Iy &

H E

LI DURB B SR A 2B BE(AEO-7), LRBREF(MA), SEALWAER, FAEHRBEIESI ZH, &R T—
PR R EA KA IEF (PMAEO) . BB AL THEFAR. BRE S TFRE. pHESNPMAEO
PEBRTRAEIG M RE OO, S5 RRHH . LFIEFAE N2 mg/Lif, PMAEORHRRMBAE KT 1598%; L
InEfEEr, BEESSFIRERNYIN, FHIERZE T ME; PMAEORHARERSS I R 1t B8 FE pHAR A3 KT B
ZRK; 5STHEREIERKBRRDRRE (HPMA) A, FHIRMHERE R .
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1. 518

RBERFHYR 2 0 7)1 BB (-C-O-C-) 5K R N AR 745 S L el B, 38 9 FHLR 7 231 (KK i
P, BETTORIESR = S I A ([ SRR IR RIS R, Re O P I 7, IR SFL
FIEIIER, W RVERIEIEN . B 5. NG S5 ATE KV VR FH A AR R R 2R & — I B F T
BRI A R T PR SR & AR SR BRI (2], HARXS 205~ 73 %179 400 A1 1000 g/mol, Ffiid s K I
XY A RAF RO BERRES MERE, 110 HLX Ca® M B, EE 1 Ik ) 2R & P 5 i BE 35 71 PHL 4 12
PSIPEREIEATL R . WS IRIRBA DI T — R R B E G RI[3] [4] [5], IXKBHIGHIEAREM LA
FEPIMSORIE R RER], X BRIRES AIBEIR S Ja I ROR B, X A3 BN th B RAF g imtt, HECHrE
Sifo RIS H AT BH I N (O ar R B RER], B MR S R > T AR . T RER
PMUUCERERIB H ER A K. WAL, EZAEAAOKTT . . K71 pH B AR szmaLe] [7]. A
R DA SRR I A0 7 T R A L T o DR 5 F— o R FR SR SRR 77, IRt FE LR i 4%
B TIRPEAT pH SE25 A% CaCOs 153 IIREM,  FRIRIS I S 3R A — € B 1845 2 [8].

2. SCIGERSY
2.1, SEIERI AN ES

B R SR O RE(AEO-T) T I R I S AL B . LB AT . Bylk. SUILAS . BRI SN
LY IR AN ToKBRERIN . Seitiiill. A5, w7 al
I =0pei. TR BURIEIE K. ERHEREAS . ARG TR

2.2. S AERETE

2.2.1. BEREAHFRREIE
[ R A i 2 AN FEE 1 1 R JES i N 24.7 g AEO-7 (0.05 mol) £115.39 g &K FRTET, % 65°C~70°C
HEATERAL SO, A 30 min P = YIRRAE , R BRAE FEA R ANARIHEE 10 S B, AR ) He A Bk in N 85 mL
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I 4

2.4% NaOH /KA, KBl =42 s 2 5 250 MKV, 73 315 (33 50 1Y) SR TRk R B 440 I 7 8 5
LIGHE SR s . N5 RS S s 1R .

C]2H25—(CH2CH20)7—OH + /C\ /C\ —_— C]2H25-(CH2CH20)7-OOC-CH:CH-COOH
0" 0 "o

C,,Hy5-(CH,CH,0),-00C-CH=CH-COOH + NaOH —> C;,H,s5-(CH,CH,0),-00C-CH=CH-COONa

Figure 1. Schematic diagram of polyether macromonomer

1. RBABAENRERE

2.2.2. BEAENEFIHE

PG 1 R BT RME He R I = e o in N 9.8 g EhoRERIF, SRJE I 40 mL 20% NaOH
IR RAS EL TR B B 5 BN 259 AW, THIRE 85°C £ 2°C a4 3.14 g 25%:id RiBREH 5| & F5I/K AN 57.4 g
RBER ARSI NN 28, 1 h Nil5E, JR7E 85°C MEIRMN 5 h, RIS EBHYGH PMAEO, LM
TiRE R = an il 2 Frow:

[\ CH-COONa
C_  C. 1t HO + 2NaOH —= 1
g 0" o CH-COONa
QNa (?Na (l)Na
H CO CO CO
CH-COONa I I I
C|,H,5-(CH,CH,0)7-O0C-CH=CH-COONa + 8H-CO0Na — C12H25(CH2CH20)7_0_ﬁ_("(.j‘(f‘)ﬁc‘_ﬁ:‘)?n

O H H H H

Figure 2. Schematic diagram of PMAEO polyether scale inhibitor
E 2. PMAEO REEYEFIZH R EE

2.3. PRERERES M REITE

SIS 4 I B R A 2 LG P i ] bR VP 58 7772 (GBIT 16632-2008)i3E47[9],  HAf i F2A15 BR 4n
T FCHISEIG M CaCly, NaHCOs AR, pH ZZrfiA, EDTA b, FHRMWESICE R ik
HE, RIS B IR 250 mo/L, BRIREAR B TR N 732 mg/L, pH =7, [a] H A AN [ BE (1)
PMAEO BHIG7, il & 5256 K FE, SR N 80 CIE IR /K, [N 10 h JEHUH , HARA 15 i€, F EDTA
T EDEMH Ca® IR FE[10]. PRIRRCK i (iAW R [9]:

=Y :Vl «100% )

0 1

o, Vo AN IR SN AT AT I EDTA &(mL); Vi NASIIABRIE I SN J5 BT 7 1) EDTA &
(mL): Vo A BHIG 7 S B J5 BT 1) EDTA &(mL).

S BH Y5 RCR A I 25 SR 1) R B R R A VR I R L SRBRK AR AR S TR e IR =
TR R 22, SEH R ICTAT SEEG 22 U E FE SR U AR ME AR e 25 o HPAT I e 25 R W 4t 7
EAKF+2%.

3. BRE5VE

205 FOR LTI, HARr=4) PMAEO HUREY) 7)1 B K ZIAE 870 g/mol, MR {E Yy 894 g/mol, AHXix
72 N+2.68%.
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Kl 3 A ZREKFILIE 77 PMAEO (R AMR YO i ], 1Pl 3180 em™. 3329 cm™. 3464 cm ™ 4b kR
B A RFEVE, 2910 cm A1 2860 et A UL B SR 1 C-H Mh4idRzhi&, 7E 1400 cm™', 1300cm ™
AbAy C-H #2S ihiRshig, C=0 HiIZFiRzhig HELE 1700 cm &b, C=C 4R s0I& 1 BLAE 1580 om ™ [}
i, 1130 cm ™ I N C-O-C B LRI A B 4R 5h g, 900 cm™ & 850 cm ' & Z S R4S MRV, X3
WA TP &H QR SEARE LM 2 LT AN SO 3 B wT LAHEN,  H FRP=40°8 PMAEO.
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Figure 3. Infrared spectrum of PMAEO
3. PMAEO £I5Mtit &
3.1. A EIFEYRFIARINE 3} PR BRER £ 14 BE AV SN
KSR 2 PMAEO ¥ &4 %18 1 mg/L. 2 mg/L. 3mg/L. 5mg/L. 8 mg/L. 12 mg/L i}
X RS A R, SR g &l 4 Bk

102

100+

86 L/ L/ JEL i A [ [ A LA f e L [
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Figure 4. Effects of PMAEO additions on the performance of calcium carbonate
[ 4. PMAEO 0 & X1 BEARER $5 14 RERIRZAD

e
1 12 13
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HE 4 TRLE H, BEFE PMAEO HIEMIG N, FHIGZ e R E SR 528 T E TH0E,
MUNINEDN 2 mo/L B BRBRFRES SR e dk s AR TR, JEEFHYE )7+ o & -CH,CH,0-(EO Z:[4])
FUREIRIRIE A, -COOH  HE % WK H 75 Bk B 5 i A% 103 PR AR K R b, DATTT A 28080 o S VR AR 5 7 T
A K, IEBIBHIEI H AI[11]; SR 1T K H-COOH %[ A7 1E 2 {#43 PMAEO 5 Ca®* B AN T /K HIE R
M5 BB A PE R R [12]; T EO (0475 R e il A B 1 VE FH 4R =1 PMAEO TE/KH iR, H
EO [ B A 84 1 B B /E FH[13], 175 PMAEO f] LLR B H B 47 A4 A e e R, M R B H R 4F
WEL s i 05 285 2R

3.2. $EEFRERT PMAEO B CaCO, YehRERI=ZN

A T Tt e 5 7 2 LI 12 B 1) R bR v Y 52 J7925(GBIT 16632-2008), 4 B I 7714 2% & 10 mg/L,
HE s ARG R o DS R Ca® W BE 43514 250 mg/L. 500 mg/L. 750 mg/L. 1000 mg/L
11250 mg/L B X%t PMAEO BEBRERES (1 PERER A, SEIG 25 R anf&] 5 fioR:

100

4 I |
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Figure 5. Effect of calcium ion concentration on calcium carbonate scale resistance

5. {55 FIR B X P RRER S5 IR 14 REA SR

5 aTH, BEEASE FIREMREIN, PMAEO [ CaCOs Ja %R IZHT T %, MBRERES S I5 KRR
% (Ca* + 2HCO,; = CaCO, { +H,0+CO, )71, HInss a7 i, (kR Nia 4 850, Mt s
FEYTVE A . 7E Ca® iR FEAR T 750 mg/L i, PMAEO BHBRERAS X% & T 80%, 24 Ca? W& i T 750 mg/L
i, PMAEO [IFHIGRCcRGE R, &A%, PMAEO Xf Ca? [ 32 PEAS T, AN FH 4% B 1k & T 750
mg/L FIEIR K RS .

3.3. &[] pH {Ext PMAEO B CaCO; ¥4 sERIS MG

N1 %8 pH X PMAEO BHBRERES 14 RE R0, CREFBHIG A RO ME N 2 mg/L, HE L
ARG IR, W 238 pH AE S5 7.4, 8.0, 8.4, 8.7, 9.0 HEATPHARIRAG LI, 4550 6 fix.

M 6 FTLAEH, BEE AW pH EH 0, PMAEO [l CaCO; PHIFRCR 2 R %, 4 pH (/T 8.4
i, BHIGRCR T 2R, 24 pH (N 9 I BEYGH N 65%, pH Xt BEYG 1 BE 52w A2 B T-i5 35 S 7R 2 1 f i
(AR 52T . Greenlee S5 NI, >4 pHAEM 8 Fhi® 11 B, GRERESUTIESGE N, VP45 &+ 2 b
[14], Wolthers % A I AL 3R B3 7 ff A Sl d R T KT LA 2 BB pH (0T i SRR [15], A BRIER S ol
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R THI ) FEL Ay PRI, A0S R 8] A HE SR A 035, X% S 3500 BT kL SRR R AE DT, BELYR T REBRAI,
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Figure 6. Effect of pH on calcium carbonate scale resistance
6. pH {EXJ FRARBR $5 1R 14 RERYZZ 0

3.4. 5ETHEMIER HPMA PRERES$5 M REEL &
SO 36 BT LG 75 7K A 58 SR R BT (HPMA) 5 PMAEO 7EAH [ SZ86 2 4t R HE4T BHAR FRAS LL 4%, S256:
ZRINE 7 Fios.

100+ —=— HPMA
1 . e PMAEO

86'I'I'I'I'l'l'l'l'l'l'l'l'
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Figure 7. Performance comparison of PMAEQ and HPMA against calcium carbonate scale

7.PMAEO 5 HPMA BRRER$5IR M BELL L

gERW, BE%E PMAEO 5 HPMA R IN&E 3N, & BHIGRCR LG A Brbqg, 24 HyE75 H
/N T 3 mg/L I, PMAEO [ FHBR RS BCRAR T HPMA, T 24 &5 T 3 mo/L i, PMAEO BHYE R
X HT PMAEO 43 FH A& A A8 LR IE, D m il ahn & R aT i 2040 N BRI E A, ke B
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FIREE T, BEYR7R 205 fK)-COOH MR B FEBRIR S i A% R 1 10—/ A 20 A B /K Ve Joe B M B B 2 5
PRI Ca® 454y, MM SBRIRASTE RILVIVE, FEPLIRRRA FRE[16].

4, gEip

IR, EEASH LIRS

1) % PR R 45 5 25 PELYG 1k e [ S bR P 5€ 5125 (GBIT 16632-2008) & B, MBI A AT A 2
mg/L B, PMAEO FHERFRES M Re s tE, FHIGRE N 98%.

2) B Ca?WREZ MM, PMAEO MIFLIR R 2 T FF#a%h, 4 Ca®EMLT 750 mg/L i, PMAEO
PHARIR SRR T 80%, 4 Ca? Wi = T 750 mg/L if, PMAEO I FHIG 8 30~ 4.

3) PMAEO (BRI ERESZ pH (MR K, pH ERK, FHYE MR

A5 ERRYETT HPMA AHLEG, 4 FHYE 71 B3N PMAEO 71 BH ik B AS 14 B8 7 THi AL 34 BH 2.

E&UH

ik T RH R 5 H (19ZDYF0021, 19Y'YJC0013); VU134 F 5 H (3 H 4% 5. 2019PTO07Y,
2018SCL001Z, 2018KC005Z); #ftHh.
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