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Fig.1 Structure of SPAM
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AR2000 #1325 (35 TA A7) ; ZETAPALS/BI-200SM %™ £ 8% #UiH{X ( 26 [ Brookhaven 2%
A]) ; Tecnai G2 F20 #3551 1% i o+ 1 fl85% ( TEM, 3¢ FEI A ] ).

1.2 SLIGHTE

K H AR2000 A2, 7E7. 34 s SYYIHART | MR EE N 1 mg/mL [ SPAM ¥ THB W in A = 2 B
Jie , 5 Fe A ARk,

Ay SAERSA T ALK FRBC ] SPAM IR SPAM/ = Z B i 8 A 1R, Horh SPAM W4 1 mg/L, =
CEREHR BN 0. 8 mg/L, KAk S B H AR, S H OS5 44.

Ay AR Ak K FPC ] SPAM WA SPAM/ = Z Bz 525 W, SPAM M 1 mg/mL, =2
BERH R 0.3 mg/mL. BAAESL AT 800 nm — IR MEIEAR, 8 24 h J5, 7625 °C R @ ik )2 Az
Koy AitE .

3 IELH] SPAM ¥ W FN SPAM/ = C B B 52 A W W, SPAM YR B0 1 mg/mL, = & BERCE JE R
0.8 mg/mL, 7£ 25 °C FillEH: zeta HIFH.

A3 BC ] SPAM ¥R AIAS R TEA 1) SPAM/ = L BEREE AV, TERNAE 20% , R 25 °C R il
L RhHPERE.

A3 e K FR AL kK HR L] SPAM B RRT SPAM/ = Z BE I S AR W, SPAM N 1 mg/mL,
= LPEREARE R 0. 8 mg/mL, FEATHUBT UM RE AR PR PE eI

2 #RE5THE

2.1 SPAM/=ZEEREH FHERAMEHRIE

W E R . SO CHUN BRI zeta FLEEEXT SPAM/ = Z N4> T 1R B I 45 A AT 224, ]
FE SPAM W 1 mg/mL, A = ZEERG 5 RN 2 B, SPAM(1 mg/mL) FJZRWET
VIZEEE N 81 mPa - s, SN AMRHREE 19 = Z iy, SPAM BEEEZS A6 AN YA = Z B ek Ji e 3t
0.4 mg/mL J&, TKZMBEEE I B3I, ERATE AL T SPAM/ = Z i > FAR & A 0. 8 mg/mL =2,
M s, VR R A FEWERFE A E) 205 mPa » s, 22 SPAM FWMEEFEN 3.5 5. XA REEH T SPAM 5=
IR J B = 2 R 28 ZE A R4 TR R4 K T SPAM FOZEREFRER. MK 3 Al L, SPAM/ = Z e #8 4%
TRZR TR —Fh o g HA P BIESURRE , JF B AP 4 K 2250 SPAM AW L4 Ay 1 J i e R 245
FIFELE, SRR TEREZI N 13 nm. FEAHFIZRME T, 54l SPAM 9 TEM 8 R I 57 2R 5 W % i) il g8
SRR RS54 2 PR RILAEMESARIE , FLIR R T B2 = LB 5 SPAM 2 [8] ¥ 55 AH AR PR T
SPAM A WpkE 2 B EEES. IAh, =25 SPAM Z (B fF7E i I A 5, XS S B — & (07 1)
P, TR E T SPAM A Wk 4h i 143 k.
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Fig.2 Effect of TEA concentration on viscosity of Fig.3 TEM image of SPAM/TEA supramolecular
SPAM system

Kl 4 7: 1T SPAM Fl SPAM/ = & B MR 4 1R R W s 8GO E 455 . H K 4 AT 0L, SPAM (%)
TR T2 AR E A TE 2 A X S—AN X LS F N 45 A R FRERI A B i 28k 3, Hiik 2%
HARZN 50 nm; 5 A XEILISFE S A8, Hiik )2 HARZ0 180 nm. i SPAM/ = Z FERE
IR R AR )2 AR TCIRTE S — X [H] (140 nm) 255 X [H] (780 nm) ¥ W &34 X, i H SPAM/
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S LFERGR S TR R R T2 EARTESE — XA A3 RSB &, UiBH SPAM 5 = 2 B 2 [A] B AR B AR
FMESE T SPAM BEYTHIBEZEE. B 5 45 SPAM Hl SPAM/ = Z Bl 70 TR 2R 1Y zeta HLH, W]
UL SPAM TENNA = LML )G zeta BAH KA BARE. IS Al L, SPAM EATBARE) zeta L (-31. 66
mV) , K SPAM FiiH AL MM, 755 5% 20 KA h KRR Ca® /Mg 1 T3 AT T B 6
2. IMA =L ERE)E zeta FRFAAE R -0. 13 mV, BLHH] = Z B ME o i A SUBEAH BLAVE FTKS SPAM B B8
TREWRAER, HRT BRI BRI 4GB Tk, 4538 T LT P gl e ik, 75—
JE A T R k.
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Fig.4 Hydrodynamic radius distribution of SPAM
and SPAM/TEA in aqueous solution

2.2 SPAM/=ZEzRRBH FHRRPF RN
BRI R AW I E ER AR 0 RGBS e DU K R 02 Sz e
SE T TEA &% SPAM/ = LB 7y 5 VR R B BE AL R0 (ULIE1 6) , SPAM 1 SPAM/ = Z B8 71
TRRFEEZRETTUIER (0. 1 ~1000 ™) B ALAE &0 L K AE 200 ™ R T 5TY] 5 min J5 26 5 0] &2 PEfE

(WL 7).

zeta potential/mV
Fig.5 Zeta potentials of SPAM(a) and
SPAM/TEA (b) in aqueous solution
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Fig. 6

Effects of TEA concentration on G'(a, c, e,
g) and G"(b, d, f, h) of SPAM in aqueous
solution at 25 °C

Fig.7

Effects of shear rate on the sheer viscosity of
SPAM (a,b) and SPAM/TEA (c¢,d) in

aqueous solution at 25 °C

Concentration of SPAM/(mg + mL™" ). a, b. 0.2; a, c. Without a pre-shearing; b, d. after a pre-shea-

c,d. 0.4;e,f 0.6; g, h. 0.8.

H I 6 AT UL, 75 Bl it R P, B TEA YREFRYIE N, SPAM/ = 2 B HE 43 1K 2 (1 3
PEREER (G TR PR (G7) BTG K. HAh, SPAM/ = Z B R /> 114K B B B PR R T 3k A i HL
TAHEMEAK, U TRREIEEE T BN AR, B 7 8T SPAM Fl SPAM/ =2
SR 53 TR 2R BT DDA L B Y DT 42 (0. 1 ~ 1000 s7) A8 AL e J2 ) 200 s YA BT ) 5 min 5 8
X} SPAM Fll SPAM/ = BERIEE 7 TR R AT U (% 0. 1 ~ 1000 s~ ) By Y I P 48, SPAM/ —
LGB PR R R BB 5 T SPAM WHTBIUIME (B 7 354k o Ml c). MR 7 354k o AT, TERBY
PIHH (1000 s') T, SPAM fIZEEE FIE ] 9.5 mPa - s, ZEEEHISC 2K 88% 5 K 7 34k b AT %01, AH A

ring at 200 s7! for 5 min.
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ST B TERRMBEUT%E] 124.3 mPa - s, ZEEBIR AR 39% . L) 200 s~ A3 5T B4l )
SPAM F1 SPAM/ = Z BEHE > TR R 43 BIBTHT 5 min 5, FEE & STUIHR M 0.1 ~1000 s 8547, Fr
R BTN b A1 d SR BT VIR o ¢ FEARTE G, UERR LA R8T DI & . X 2%
JER R SPAM 5 = Z iz 2 A1 A S5 AR AR A, Vs R e AR AR FH A A D R VE R 3 TR A IR R
Foke ek, (HHEXAN 85U s MBI 2. o — i, Ml T RARZLE UG, TR
SSAHEAE PR AT , SPAM 5 = Z B v] LU 4L 2% M o PR Z, A IR 52 3 5 D) it i K7 24 10 =
YL 2 5 R LK.
2.3 SPAM/=ZEEREN FHR R RIERE

5T SPAM/ = R 3 1A R AE s iR oK P sy DI RE ) S sy VIl 2 vk, 518 ik
7N, TE85 CTIEUHUW LK SPAM/ = 2 BN #E

FIRRA R E N 11.9 mPa - s, WA S - 10‘_XXXXXXCXXXXXXXXXXXXXX
gl SPAM ()R MEEE (1.5 mPa - s) IE T4 g

8 fi5. 8 BYYIMIZk ¢ R, BEHBYUIHEM 10 s~ E 1 } .
BHIHEE A 1000 57, SPAM/ = ZRERGH 5 Tk & g
MR L ARAE. 5 — T, #ELL 200 5™ SR BT 5 LA

S min J7, AN SPAM/ = L BRI HE 4y F 1R R AT @ 0lr

BIY) (% 10 ~1000 ™), PR8I YL d 55 . |
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MBI UIHIZE ¢ IARBEA T G, X LEH R UL R 7E
FHRE K, SPAM/ O REER T TR RIR I g g

Effects of shear rate on the apparent viscosi-

R RPTBTUIRE S ABS U R M. M — Ty R A ty of SPAM (a, b) and SPAM/TEA (¢, d)
A SPAM Hhis R AR 2+ i 7K AL BE ) 5% s 21 5 ) in mineralized water solution at 85 °C
BN, B—T71H, SPAM/ = 2B TR R B 4, ¢. Without a pre-shearing; b, d. after a pro-shea-
VTP zeta LB, HAZHT K Ca® R Mg™ (52 ring at 200 5™ for 5 min.
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Characterization and Property of Sulfonated
Polyacrylamide/triethanolamine Supramolecular System’

ZHU Yangwen', LIU Ge’, CAO Xulong'", SONG Xinwang', CHEN Yong®, LIU Yu®"

(1. Research Institute of Exploration and Development, Shengli Oilfied Company,
China Petro-Chemical Corporation, Dongying 257015, China;
2. Department of Chemistry, State Key Laboratory of Elemento-Organic Chemistry,

Collaborative Innovation Center of Chemical Science and Engineering( Tianjin) , Nankai University, Tianjin 300071, China)

Abstract Polymer flooding technology is one of the preferred “enhanced oil recovery” (EOR) technologies
used for improving oil recovery. Among the various chemical reagents for polymer flooding technology,
polyacrylamide has attracted more and more attention. To explore the improving effect of triethanolamine
(TEA) on sulfonated polyacrylamide (SPAM) , the interaction of negatively charged sulfonated polyacrylamide
with triethanolamine and the structure of SPAM/TEA supramolecular system were investigated in aqueous
solution and mineralized water by means of transmission electron microscopy( TEM) , viscosity, dynamic light
scattering ( DLS ), zeta potential and rheological experiments. The results indicate that, through the
cooperative contribution of electrostatic and hydrogen bond interactions, SPAM and TEA can form a large
supramolecular assembly with an average diameter of 780 nm measured by DLS. Significantly, the formation of
SPAM/TEA supramolecular system can efficiently improve the viscosity and rheological properties of sulfonated
polyacrylamide. In addition, the nearly neutral zeta potential of SPAM/TEA supramolecular system can
decrease the affect of Ca® and Mg™" cations in the mineralized water.

Keywords  Sulfonated polyacrylamide; Triethanolamine ; Supramolecular system
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