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Abstract

Scale formation does great harm to the implementation of the technology of waterflooding and
dewatering in the oil-gas field development. Carbonate scale is the most common inorganic scale
during the production operation. There is great theoretical and practical significance in developing
advanced carbonate scale inhibitor. Maleic anhydride, ethanolamine, acrylic acid and NaH,PO2-H,0
are selected as the monomers of polymerization reaction to synthetise the phosphono-PTA-AA co-
polymer scale inhibitors by free radical initiated aqueous system polymerization. The effects of
scale inhibition performance of the polymer inhibitors on different synthetic conditions (reaction
time, reaction temperature, reactant ratio etc.) are discussed by means of the single factor expe-
rimental technique and the orthogonal test. The molecular structures of the polymer inhibitors are
ascertained through infrared absorption spectrum method. The functioning factors of scale inhibi-
tion performance about carbonate (calcium carbonate, magnesium carbonate and barium carbo-
nate) scale such as the dose of the scale inhibitors, evaluation temperature and time, the pH of the
liquor system and the salinity are discussed.
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BRERES 35 S AT R B B B 585 M 2 — . L SRR AL H Rl I A8 1 — 2Rk A R 7,
BB A B RRAT U5 (¥ ) R, (ELR AN BE A A4 ) 8 R /K AR BT U7 = AR B RR A5 U, B i ik
A SEEMEILSR, ARTH R, BRI, B SA S0 70 Ny O ATLLE i s+ ca®™
ERPEAVER: M HAREE . TR EE A K o DR e o5 1 BT S P AR, R B 3 o 1 i R ALt L
F, DEHEFRIEEIEER, MR REK K. RKAREWS THEINKERE. BEEEH, §
FFHE PR A B R ERE . FE, BBEEE[-POOH) 5| ABUKE AR IL R T, BT AE
BT U R A, 303 BA MUBE R Y 5 2 A 1 FH o IR R, & BN A MR R IR BB 5 71 PTA-AA,
Lol BiE T — 5, REIAE 2 R[], B3R RInEJy 20 mg/L, 70°C FHi 25 h X MgCO;
BiiYii %N 92.08%, X BaCO; i3 N 70.2%.
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AR B[2], SRR S ARG SRR ARG PTA, RAIIGIR AA 52ZILR, T
B3 PTA-AA. £ O BERR N N ORI NJBEEE[-PO(OH),], 4% —EIIIELL, PAXUEAK NG, 7%
K HATIRER S, RNJFEEIE 1 PR,
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IR, A7 SRR SE RV ARG, TN 2 B NaOH RO TR pHAE N 6 24, Bl E&8 4
NP (B R IR 5 £ WP EE 7K B Dy 1.02:1.00) 22 18 G N 21 =S5, 285 22 1% THiR 22 90°C fRiR [ ML 2.5 he
FRE=SUGI R IN — E B M AL R (UL B AN UL B UL 3:1 FEHI AR, 70 iR — E IR N
309 143 S8 B K IBURT — R LR A1 14 PR 12 45 R I B T 1 T 45 YRR i 281 = S5UBRL P » 48 1) — R IR MR L
ARSE SN — B[], A HIG AR B IR, BB PTA-AA SEERYIVE.

3. B RNEWEZES T
3.1. IE3ZIRIE4F[3] [4]

RIEYPERIGAR, KRR (A) . SR E(B). BRI E(C). SBIREE(D) S B [A]
(E)BOAERER R IEAIRE AR B & 1 .

LA, BARECLE D PTAPTIGBR (R 7K EL)s 51 A5 FH A0 R IV 6 PR B FH B0y o RS S B 1) T 0 5
BRI EE 36%0( VA VLA TR T 20 40 -

HI7E 2 pHral A, SRS 25 /2 AuBsCaDsEys IR ZE 73T, HiAE 1 3% IR & 1 M Bl ¥
I KA, I 3 FR:

HI0C 3, HRAE 5 BRIER AU ZE /N AT AR % DR 30T & ™ B 3 3 S A KO . SRARTCEE > 5%
FIHE > RNEE > KEBRHE > RBERE.
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Figure 1. Synthes is theory of the phosphono-PTA-AA copolymer
1. BEE PTA-AA HEYIKE KRR

Table 1. The factor design of the orthogonal test
# 1 EXHIWET R L))

5
KF A B c D E
FRELLE  SIRFIFE%  KOEBEERREARE%  RBLEEEC SN [l
1 1:0.4 8 10 80 2
2 1:0.6 10 15 85 3
3 1:0.8 12 20 90 4
4 1:1.0 14 25 95 5
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Table 2. The result and analysis of the orthogonal test
2 Lief® EXRWERS 5

BSES
A5 745 #/%(CaCOs3)
A B Cc D E
1 1 1 1 1 1 68.20
2 1 2 2 2 2 75.73
3 1 3 3 3 3 80.08
4 1 4 4 4 4 63.12
5 2 1 2 3 4 72.50
6 2 2 1 4 3 71.61
7 2 3 4 1 2 76.00
8 2 4 3 2 1 62.33
9 3 1 3 4 2 82.46
10 3 2 4 3 1 79.20
11 3 3 1 1 4 72.89
12 3 4 2 2 3 77.60
13 4 1 4 2 3 80.42
14 4 2 3 1 4 83.91
15 4 3 2 4 2 82.25
16 4 4 1 3 1 73.01

LAKFPHME k. 0.7178 0.7589 0.7143 0.7253 0.7069
2 KPPk, 0.7061 0.7761 0.7702 0.7402 0.7911
3K B ks 0.7804 0.7781 0.7719 0.7620 0.7743
4 KT PHM ke 0.7990 0.6901 0.7469 0.7486 0.7311
W% R 0.0929 0.0880 0.0576 0.0367 0.0842
s % A Bs Cs D E.

VE: BiRRIEAE SN 20 mg/L i 4 B Hr AR N R0 A R AR SAT I ARHE SY/T5673-93 (i I F i ¥
FUPEREVEE T [B1IE K

Table 3. The single factor experiment on the effect of scale inhibition performance

7 3. BEREME R RENE

SN A B C D E
ez 0.0929 0.0880 0.0576 0.0367 0.0842

90°C, JNit[a] 3 ho AR BARECLL, WA BAREL LG R P4 xt Bl CaCOs i P REIEATVPANY, FELARIRAE
FahnifE SYIT5673-93 (i I B IR FIPERE T 75vk) 47, LRWIINEE N 20 mo/L, SRIRgs F LI 2 fr
/j?:

B 2 AP0, fefE AL EE PTACAA R 1:2.0.

322 S|ZFIAENTE
[i] 58 2 B BARTE L PTACAA A 1:2.0, BAAKSIKREE 36%, ROV BEERANH & 20%, MR 90°C, KM
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Figure 2. The effect of scale inhibition performance of the
polymer inhibitors on reactant ratio
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Figure 3. The effect of scale inhibition performance of the
polymer inhibitors on the amount of initiator
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Figure 4. The effect of scale inhibition performance of
the polymer inhibitors on reaction time
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Figure 5. The effect of scale inhibition performance of the
polymer inhibitors on the amount of NaH,PO,-H,O
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Figure 6. The effect of scale inhibition performance of the
polymer inhibitors on reaction temperature
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Table 4. The optimal synthesis conditions

4 BRERNREFRN

B RIL(PTAIAA) 1:2.0
FURFEE (%) 12
S Rz [ (h) 3
YO BERR B FH (%) 25
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PR IR A USSR B AR 26, B It 77 T RS PTA-AA LI, 3 F 20 AN 1 [6]-[81HF 9T 24 )5 7~
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Wi, 1718.10 cm™. 1654.12 cm™ Jy—C=0 [K{H4E4RENM g (Hi 1718.10 cm ™t A¥RERIEF-C=0
THAFAR S s 1654.12 cm ™ Pk 3L F1-C=0 {4 R0 i i%) ; 1400.00 cm ™ A—CH,— 87 25 fi R 5)
W ieidg ;s 1171.50 em ™t 9-P=0 [ ZE IR BN I 1% 1044.66 cm * A—P—0 HIH4a IR Ikl ; 778.41 cm™*
N-P—C I ZEHR B . 7E 1171.50 cm '\ 1044.66 cm *. 778.41 cm * AL IR 45 1R 5 W g e i W 4 |
fAIERSSE . 7F 1740 cm1~1860 cm P E TR H—C=0 M M4a RSN E I, HoaTiF B F 5k e DR IR 45 1
MAE D REREI R . SR, E T &7 28I .
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5.1. BayaEsHlin &3P iaZRat s
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Figure 7. The infrared absorption spectrum map of phosphono-PTA-AA copolymer
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Figure 8. The effect of calcium carbonate scale inhibi-
tion performance on the dose of the scale inhibitors
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B3 PTA-AA FE W85 5 770 1 & Bl LM BEPEAN BT 7L

B 8 WL, 454575 F &4 30 mg/L B B3 R T A 90.29%.

5.2. BrtRimE BRI

i € B R AN & 20 mg/L, SUERRYRIEE, SRRT-1 WS ET IR, SRR st R 9 Bk

f e 9 AT L, 7= S TE 90°CHY B YE 24T Rk 80%LA I,
5.3. BryRRTIEIXI B YRZR AR M

li] 5 B3 45 7N & 20 mo/L, BiYEIELEE 70°C, SCRBYERS ], SR T-1 BSLI iR T PR, SEIRAE R
L& 10 Bow:

H P 10 AT, 4B YRI T I K3 50 h I, BidE A Re 4E R AE 85%L .
5.4. {8 pH EX PR

2 B IR & 20 mg/L, ByIRIREE 70°C, fHIR 25 /NEF, SARVER pH 1, S8 -1 B9 S2E6 7 i0F
firs SR IWE 11 froR:

HPE 10 T, ZrE ShTE S pH B T RIBE IR TE e B2 BRI .
5.5. B LB X EEYRZE AR

15 s i 7 B 20 mo/L, By ¥aii B2 70°C , A8 25 /N, i EG B AR AT P SR R 1 TR
SR -1 WSER A AT VEY, SRIR g LS 5 FR:

Hi# 5 Al L, 7 1kE A 10,536 mg/L I B dE RIAF] 95.68%, BIFE Ca™ k)% 413 mg/L i,
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Figure 9. The effect of calcium carbonate scale inhibi-
tion performance on evaluation temperature
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Figure 10. The effect of calcium carbonate scale inhibi-
tion performance on evaluation time
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5.6. FE¥RIIXIRRER SRR YR BERT R

BUSG B TR EE N Mg? 992 mg/L. HCO; 2673 mg/L, i#%i8HrHE SY/T5673-93 H CaCO, Hi B 3
PEREVPAN IV, 0= B BR DR D 3R M RRREAT VP4, S5 AR ILIA] 12:

M 12 WL, Y BRI E 20 mo/L B, B3R SRk 5] 92.08%.
5.7. BryaRIxREL NIRRT YRt RERT R

USR8 7% N: Ba®* 992 mg/L. HCO, 2673 mg/L. %8 br#E SY/T5673-93 H CaCO; 3 i ¥
PEREVPAN IV, 0= B BR DG 7 35 M REEAT VP AR, 45 S ILIA] 13:

M 13 AR IL, 4B G A 20 ma/L B, B YR ERIA E] 70.25%
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Figure 11. The effect of calcium carbonate scale inhibi-
tion performance on the pH
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Table 5. The effect of calcium carbonate scale inhibition performance on the sa-

linit
3 5)./ BRI E BRI
W46 (mg/L) Ca®* (mg/L) HCO; (mg/L) B 55 2 (%) (CaCOs)
10536 413 669 95.68
21072 827 1337 93.21
31608 1241 2005 91.77
42144 1654 2673 89.44
52680 2067 3341 71.13
63216 2484 4008 58.01
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Figure 12. The effect of magnesium carbonate scale in-
hibition performance
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Figure 13. The effect of barium carbonate scale inhibi-
tion performance
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6. &t

K TOHL AR O BERR BN 5 T R S S R BR AT AE D AR SRR, il T B PTA-AA JLRMID IR
T T TE A TR0 R B R B R B RSN R R AT TSR, W T R A R L 2 &M BRIEHEE
FERTEEARFZMT, HLEWYIEFRINT CaCOs Ji Btk ae. WITWIT, FEBTI5 7 & K S J7 TS
DA R :

1) WHFL T G UBERE PTA-AA SEE W SORLAE A0 S SE M, B 8 SR R BN BRI EE >3]

RFAHE > RN > KBRS > RV .

2) e T AR PTA-AA G BAER N A4 LAAKCORIER, BEE/K N EIRF], SRR LL
PTAIAA 5 1:2.0, 5 RFIFEN 12%(H A S0 S 1 T 2040, OB & 25%( 5 Sk e i i H
280, IRE 90°C T ARIR M 3h.

3) % SY/T5673-93 krk, XIMHEIE PTA-AA EAWIIBT CaCO, 5P BEREAT VAN -

OB A BRI [ FIVE R pH EAAE, SCERSERIFINE: P60 &2 30 mg/L i B 2 n]
1% 90.29%, JLET BARAEMBIIE SR . (H 2 s 40 mo/L B, BidR A TR .

QBRI & B e EAVE pH AEAAS, SORRRIRIE: LRV YT M Re 32 iR B BN,
SR E REBELE, 90°C I B iR AL 80% LA .

W7 I 710 &« B17 3 il B RV R pH B AR, 23 817 5 Bf 18] Rk A] P S A Xof 3 SR 97 315 28 1 52 1 A K o
B YRS [H AE K E 50 h B, BidE H RE4ERFAE 85%LA I,

@RI B RS R AN, ORI pH A R RIEE PR, BiEE N 89.44%,
E 5 pH BT 17 35 71 1R 77 305 1 R Y 3 P A1

OB a NS BRI E] L R pH BN 5 AR, AR BERT R B TR EE : Ly 10,536
mg/L. Ca®" ¥Ry 413 mg/L I, BidEikF] 95.68%. f 1k iAF] 50,000 mg/L I B35 R AT RE4ERELE 70%

KA.

4) XFREEE PTA-AA ZEEHIBT MgCO, S tEREREAT IFOY, 4BidE A& 20 mg/L, 70°C ~EIRE 25 h
i Bl Y5 %4 92.08%

5) Xk PTA-AA REYHIFT BaCOs JatEREIHEAT VPN, Wi JR AN 20 mg/L, 70°C R1E#E 25 h
B 7 35 %y 70.2%.
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