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POHERS B, e S5 - JURIEHIRE /K 4 5 B A RELR) 1 1 2 K 1k g 603

1100 -+ /\ KR (MPEG) , N MR (AA ) 5 TN I T e
(AM) FLR 53] T —Fp =0 Y, i~ 0.025%
AT R R AT K 65% . 4RI 0 4 1 14 I Pu 46 I
il £ T —FPK B HE B K 54K DM, I LA DM Al
AM 2 S N LA SE 2k ARV VR R B vk L A T R BELR
P (AM-DM,,) , F# 4 0.06% i [ BH % 1T 3% 70% LA
o Tan 25 ARYE SCRR [ 12-13 ]G R H G o kg 21
& CLAM 1 DiCLAM, il 1 2 [ FLIR Ak 5 AM
AA 2-TA W -2 F SR PR R 4 (NaAMPS ) SE 5 4l
£ T PR B LR, I 9 T LT A A BH
8, 2510 R IR , B 7K 46 -G 300N AT ol R BE 7R A 4 — a2
T 10 3 —F B A A, DT AT 58 A 1) B BELPE i
Wang 25/ L AM | AA | 2- T4 i B JHig -2- FFY 5k D ik R
(AMPS) LA K i 7K BAAAA B Joe 356 PR A T P A s I 4.
A 38 LK S R Bl 4 T —Fha 5 B SR DY I 1
JHeREBH T ACS-210, A 5% & B, Bk sk L K i85 )
FRRY T AR T ACS-210 YTt Eh 5T 8T VI RE ,
T 0. 2% R BH 28 78.3%.

ERTNwi = R NS A NS o7 N1 B 7R ] S (% Sy
Vs igtene, I, 256 D EEER G EREGIA
O BRI A SR R o A BEL ) ) it 8 i 3R B 1 LA A%
R BEL P e A LB, SR SRS Wit K B A B A
DA K B ) 2 55 X0 SR W s e e i A0 R e L
EVEREAIRZIR , ek N, N- S T 3 20 501 5 1
TR-3-FR I e 1-TRIE e - ke . 9- (TR
Fo) T IUBE AT R N A R T 4 FPBH B T Z ek ek
PR AQAST . AQAS2  AQAS3 . AQAS4, 75 AM
KRR ARG T 4R AN A K 2544
f —JCIL B ¥ P(AM/AQAST) .P(AM/AQAS2) .P
(AM/AQAS3) .P(AM/AQAS4) , IFHF5E T it & i 38
B ERYE R BT U LA B
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(TR 3E) T I (98% ) , 11322 i kA= AL BHEE A PR
OS] 1-TR-3-ZE LN BE (98%) L 1-TR IE T4 (98%) | 1-
TR e (i al) |, BT TR (i) A PR
PR (23 Hral) A7k (30~60) , TR R L T A
B ] 5 EA
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Agilent 400-MR DD2 % #% i F 4R AN, 98 [ 22 448
7 ; Brookfield DV2T BU % B 11, ¢ [ 1) €A Al ;
MCR102 # & Z5 i U0 A2 A3, 78 [ 22 AR A 2N )
HAMZ-TV £ e 5249 B BH DAY, V19548 22 B
A BRAE
1.2 EWHE
1.2.1 & -F ROk h) &

Z: 7% SCHR [15-16 ] 19 5 6 il 4% BH 25 i 1k 2R
& B PSR 40 mL W TR A 100 mL 9 =35
B, ARIR ) = SRR I A BE R R 111 /Y
N, N-" W LN LR 5 1-1R-3- 3 e, 16 50 °C
AR RN 24 h, J I 58 BRI T e DR 2 AR R R
FI e Je A FH A T (30~60) BRI 3 U, 15 3 #5 (4 6
PR IBAR R R N, N-—F L0 T 2R B T e S 1R AL
#(AQASD) . fE%LL B LA N, N-— H B a ™
FEFRE IR 5 (AQAS2) o HRIRIRERY HL o, 5 5 iy
TR R 2 65 °C |, S WA [ E K %2 48 h, il 5 N, N-
T N R -9- R T L BV AL B2 (AQAS3) |
N, N-ZH RGN 3 = e 5Lk % (AQAS4) . 4
PR SR ) G s 2 an 8] 1 s .

AN | Sl | Br
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1.2.2 B eg 4] &

FREUEE JK e A 99.8:0.2 [ N M B 5 7 /K PR
CRPAR TR E0R 20%) ¥ Tk H L FINA 5% (5
R BT AR 38 A AR 30 min, fRl A SE
JE A 0.5% (i B B ) 1951 & 77 (NHL ) .S,0%,
70 C R4 hd i, BAERMERRESD
P(AM/AQAS) B T4 Wi, 75 21 1 € [ 44
KA, 5 100 H i 9 5 FH 2 B4 0745 H -

DL T e (AMD) 55 TR T2 81 (NaAA) BE K L
Sk 7525, FE AR [R] B 0 SN 2R £ e
BEYP(AM/NaAA)

123 ##kie

AN [ BRAR B HL SR ok FHAS [R) 35 751, 1 FH Agilent
400MHz ¥ RSO e ARG 18] TR
TRALER (KBr) F i, VAR RV ) EL
LT AT GRAE FRAR B AR 4544
1.2.4  ERDeGEREIFN

(DB fRPERE RN SR PEREMNR . SR LB 7K
Fic il Jo B VR A 6 /L B LSRR, R A — e isf
0] J5 LR R A W T RS o SR A ) o ik
(0~20 g/L) i NaClI# VR L i B s vk ik 6 /L iyt
BRIV, FH Brookfield DV2T BU%k B 15 25 15 . 37
YIH%36.69 s Tl AN [ f0 T IR P i )
BHIE , LARAF R P RE

(2) Tt FEP B VI REM . o FH 3 AR 430 52 2R
S YRR E 5 30~100 C BTV R K 170 s
AT . R T, AR e 2
EYIVETRAE 170 s F 374 1800 s i 28 W0 55 FE BE BT 1)
BT A5 £k

(3)BEBHMEREI A . SR FH 2= PN A8 T B8 S 3k
REYMFEBLYERE , B N AR 10 mm KR
2500 mm, SEHG IR 25 C . B, 1 SE I T
HIE N 10 g/L A9 NaCl K &8 2 15, SR 5 7K b
T [F e BERS E (0.05%.0.1% .0.15% ) I B 7
Rrmm ot a5, I RE i 20~45 L/min R Hi ARG
22 1R, f e i ad 25 AR AR e 2 (1) 313 R B A i
FEREA (0 ).

_Apy—Ap o
n_iApo x 100% (1)

Horp, p—FE R, % ; Ape—Ek 7K 38 2 BE BHAGI 045
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2.1 MMERERABRYNENRE
2.1.1 FT-IR 5#1

Bl 2 h 4 Fp ok B {K (AQAST. AQAS2,
AQAS3 AQAS4) LI AMEIER . Hirp, AQAST Y
T, 7E 3400 em™ Ak S B ER T N—H I 4R R
B, 7 1640 cm™ 4b Ry C=C B4R IR o, 75 1475
em ™ Ab SRyl FeaE H C—H YA PR shi , 7F 3030 em™!
HARF T C—H P4 sh1% . AQAS2 5 AQAS3,
AQAS44 ZER AL, 76 2920 em™ &b Ay b BE 5% b AY
C—H 45 3R 3h 1% , 75 1640 cm™ &bl C=C 1 44
B, 7F 1474 em™ Zb Ry e ik C—H 925 i PR 3)
I, 75 720 em™ &b R IRARLERE (CH. ), (n=4) BYTHN
FEAR W, JF oA B s W IR AR G K C—Br 1Y
600~500 cm™ IX.[i] ) i 4R R sl , R WTRACEE R B
5N N-Z RGN A T R &8 b, al e
KN =R A B AR

AQAS4
1638

718
AQAS3

il 1644 >
® |aQas2

1640 oo
AQASI

3030 1640
3400 1475
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WA/ em™

K2 4Rt R R LM A

T4 B 4 Fh AL R P R 20 A6 TS I 3 BT
Hrp  P(AM/AQAST) (&l , 7F 3450~3400 cm’™
A Sy A 9 T e v N—HL ) i 4 41 3 0, 2926 em ™ FlI
2858 cm™ iy C—H KX FRA 4 REAIE I, 1700~1600
cm™ 4bh C=0 MR PR3N , 1600 cm™ 5 1450 cm™
B 3T R AR B R SRR AR I, 775 em™ BRI S 2R
¥ C—H 1w 4h 25 s e i i . P(AM/AQAS2) P
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(AM/AQAS3) .P(AM/AQAS4) (i & 1 724 cm™
LA ARAEY TR 3 (CH) n(n=4) B Ik,
R BRI O 55 o R B 1620 em™ Ab
C=C BUFFIE M 0, A R A ok oy B AER
BN

P(AM/AQAS4)
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W
%
725

Bt

3421
M/AQAS2)
723

3421
P(AM/AQASI)
775

3422

4000 3500 3000 2500 2000 1500 1000 500
WE/em™
3 4Rk & TR NG BEE 2T A MG

2.1.2 'H-NMR 5#¢

4 TP PR BRI A R IR S A BT 4 P . FE
i1, AQAS1 ) 'TH-NMR % (DMSO) 1, 6=3.26~3.32
b Sk CH, 119 5 T (d) , 6=3.00~3.03 &b "NCH;
EY T (e) , 6=3.980~4.017 4tk CH, | Ay i T
I (£),6=5.97~6.064b)=CH FI¥iiF14(g) ,0=5.58~
5.654b=CH, BT (h) ,0=7.20~7.34 Zb oK
REER B T04(a) , 0=2.58~2.63 kb 5K HH
% CH, F #5118 (b) , 0=2.00~2.06 4b & CH, |11
T4 (c) . AQAS2 Y 'H-NMR 1% H7, 6=0.85~0.89
Qb kg CH, T4 (a) , 0=1.24~1.32 kb 4 CH, |
) 5§14 (b) , 0=1.63~1.73 &b}y CH, I 4 Ji - I
(¢), 6=3.20~3.26 At & CH, I ) it + I (d) .
AQAS3 #J '"H-NMR i (CDCl,) H, 6=3.35~3.36 4t
J'NCHy, AT (e) ,0=4.46~4.49 4t CH, |1
JEFE(f) ,6=5.93~6.00 kb =CH L1 Tk (g) 6=
5.76~5.80 &b h=CH, b1y JirF14(h) ,6=0.87~0.91 &k
Jy CH, F T4 (a) ,0=1.22~1.32 4~ CH, - A4
F1&(b),6=1.76~1.78 &b~ CH LAY i 1% (c) , 6=
3.45~3.47 kb CH, LW i T (d) . AQAS4 1, 5=
0.86~0.90 24 CH; LT F i (a) ,0=1.21~1.32 4K
CH, [IHFFI4(b),1.83~1.87 5 CH FAYFFI&(c) .

ARG, Bl | JR A5 LA IR TR /K 4l 5 B RELRT A i 5 S Mg 605
h\/f\%r—d b b
AT e
gh f d °) aoasd

h f dj b ¢ AQASI

g

1 1 1 1 1
8 7 6 5 4 3 2 1
0

K4 ARMerE AR AR S 1A

T B SR (R iR S WL S TR, 0=
4.8 kb R ) DO W I . P(AM/AQAST) &I,
0=1.27~1.83 {L[F N N R EW £ 5 CH, E ¥
U, 6=2.01~2.36 YL IH PN AR AW 4% CH L4 i
TUE, 5=7.18~7.39 L [l P b it ik AQAST HoK
WU, e mT 2RI A e R A
P(AM/AQAS1) . 0=1.35~1.80 &t R4 ¥+ CH,
YR T, 0=2.03~2.32 4b S CH | Y i T, 78
X ] R 43 P (AM/AQAS2) . P (AM/AQAS3) 5 P
(AM/AQAS4) ) CH 5 CH, Jit F % kb 4 9 A 1:
1.96.1:1.91,1:1.93. i P(AA/NaAA) H16=1.21~
1.78 JJy CH, | Jii T, 0=1.92~2.29 & CH 1Y Ji
U, CH 5 CH.Jit F4k b 1:1.80,

25 LAy, 4 Flgi oK 46 G B TN 04 o i 2 SR )
BRI o

P(AM/NaAA)

! i A

J P(AM/AQAS4) M

) peasmonss) g
Jk P(AM/AQAS2) I
L

'“”/@”‘““” J k P(AM/AQASI1)

I

8 7 6 5 4 3 2 1 0
P
K5 P(AM/NaAA)S 4 Fhgisk 44 g
IR e (A e R S A
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22 HEWHRIERE
221 ERMpAEMBIERR

JIT 6 LR 4 R g 7K 2 G R0 3R TN 9 e Y P (AMY/
AQAS1) .P(AM/AQAS2) .P(AM/AQAS3) .P(AM/
AQASA)TEZ M T I ARIEOLIL R 1. R 1 ATHI,
TETTR IR 6 /L IIEOLT , 4 PP I e 2R
Y AT K S5 R A R IR P(AM/AQAS ) 1] 5%
SV, T BT 7K 25 44 Sk ELEE I P AR LR 4 P (AMY
AQAS2) .P(AM/AQAS4) 5= B 45 f i I R 9 P
(AM/AQAS3) Nl PERE — M o 13X A7 Al g PR R el
PEEAR AQAST Tl 2R A2 A HAT B R 23 ) o
BH., 76 2R & b v PR R e K 2 )37 FH- 580 AQAS T
1EE5E 45 G G T IO ILER , (et i AT pi
B A TS SR e S5 H AT P(AM/AQAST)
TEK PR R R LT . X T 5 AQAST H AT # [F] Ak
JFF Y AQAS2, 1] BE R A HEIR S5 #4 1) 23 (A1 BH AR
IAH LN, AQAS2 B i ] THEL IR Wy Il i 7K
B Bt B, DT REEARR 1 9 i 5 T %o i JE %5
Z 11 AQAS3 Fll AQAS4, i 7K i (1) 38 2 K ¥ 1%
A 2E R

R ATLRYEABEIERE

REW LA W EEE
P(AM/AQASI) AQASI 3 TR R
P(AM/AQAS2) AQAS2 24 ROV AR
P(AM/AQAS3) AQAS3 24 HBAT VS i
P(AM/AQAS4) AQAS4 24 i ganadi

222 ARG A A

3 SV AN ] 3 ) NaCl s 97 i 1 Sk e 38
6 gL WAL R Y, N P (AM/AQAS2) | P
(AM/AQAS3) .P(AM/AQAS4) 75 7K Hh o 1 58 4 1
fiff, DIUL B 2V, R IR BT VIR 36.69 s R
MR G YR R FON R 25 R WL 6. Bl 6 7]
W, EEAE R S 0 I, P(AM/NaAA ) % 1) B ¥ e
1, 1] 35 98.96 mPa - s, Ifif P(AM/AQASI1) . P (AM/
AQAS2) .P(AM/AQAS3) .P(AM/AQAS4) I 3 J¥
BAR, 76 10 mPa-s £ 47 o Bl 0 A0 B A0S s
P(AM/NaAA )% A% B2 2080 TR, 24 NaCl i fe ik
JE R 2 g/L I, BHEERE N 25.25 mPa-s, B B RN
25.28%; 24 NaCl JiT e ¥ i 4 10 g/L i, 224 10.0
mPa-s, BB R SRR 10.18%., BiK4 A HES
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100 F ——P(AM/NaAA)

——P(AM/AQASI)

80 b ——P(AM/AQAS2)

~ ——P(AM/AQAS3)

E ——P(AM/AQAS4)
E
@
Ei
®

0 5 1'0 1'5 '20
NaCl JFTeg %/ (g-L™)
K6 F:RYNARIT B RE NaClvR B 1451k

VI 3 R B BEAR A Z 0 AR EE 1R g i, Hovb P
(AM/AQAS2) ¥ I FR LA B e ey, JLIRJE P(AMY/
AQAS4) TN, 3 1T fE 2 PR b 3 W A g K 46 & 3R
G BB B K AT R AR EE K, 45 BT L
THON B IR EER . P(AM/AQAS2 ) T %
£ = T P (AM/AQAS4) % W 11, 3X 1T B8 J& K 4 P
(AM/AQAS2) 78 7K ™ i % ft 72 & = T P (AM/
AQAS4) . AL, TERR T4 B ARG LT, P(AM/
AQAS2) ¥ W B KT P(AM/AQAS]) IF 1, P
(AM/AQASA) ¥R &L BE R T P(AM/AQAS3) A
X R W ELBE I S5 A3 F SR = T MR G A 2R
FEE5H .

R FE N 3 /L I 3R W W P 0 8 i 3
TEFE IR LI 7, B 7 050, 4 FR B K 45 A T
T P 5 VAR 1Y % L 280 38 7 R T IR Ao A v A28 AR AR X
A, T P (AM/NaAA ) % 1 19 3 B B 4 R T
I 2 5 B, K 4R 2H B A 29.2 mPa - s, AR BN

30

——P(AM/NaAA)

——P(AM/AQASI1)
—— P(AM/AQAS2)
——P(AM/AQAS3)
——P(AM/AQAS4)

(S8
W
T

20 1

FMELEE/(mPa-s)

30 40 50 60 70 80 90 100
R/ C
7 RBAYIA R E R R R R ARk
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12.8 mPa-s, &AL T R D, 25 R 4 Fh
BRK S A BRI 5 | S8 e B 4R v A T
PERE,

TR BT AR 170 s F 4 Mg K45 R 4A
I W 8 5 it 5 1) ] ) AR fb DL 8. e RT 8 1]
A BRSSP (AM/AQAS) B4 W1V i AE
170 s T By I, 00786 2 i 55 1) A 1] 1) 2E 4 2
W N %, T AE BT 1000 s 5 F WA FE LR AR L
W OE BE B 25 R 45 M i P (AM/AQAS2) . P (AM/
AQAS3) .P(AM/AQAS4) RA WA W AEBY 1) 1800 s
LN AR RO AR, R I AR AN 22 55 V)M
FHISE M o FRSR PR G5 4 1) R W AR B o
A2 B2 A LR B it B V) BB 2% L (B AE 5 V1) 1000
sJa , FMBE B JLF-ToAR b . &5 1, 4 Fhelo i TN 45 Tk
LRI LI — o BT BT DI MERE

30
—— P(AM/AQASI1)
25t —— P(AM/AQAS2)
—+— P(AM/AQAS3)
—— P(AM/AQAS4)
220+
e
%
e
=10F
#®
5 Lo

0 1 1 1 1 1 1 1 1 1
0 200 400 600 800 1000 1200 1400 1600 1800
DY/

K18 RV L G 55 DI ] i 1

W e A
i T 4L 2% P(AM/AQAS2) .P(AM/AQAS3) .
P(AM/AQAS4) 1Y 1 fif Pk fig — M, JC kA8 K B[R] N
Vs i, DR I A TV A 2 BE B A i S R W P (AMWY
AQAS1) 5 P(AM/NaAA) 735l 4 T BHLAE F1 % Eb
S ULIE 9, HIEI 9 AT %N, 7E 10 g/L i NaClLIA
P(AM/AQAS1) [ BH R L P(AM/NaAA) 1 5 , 2
A AR REBR R . T 2 AU 0.15% 19 P(AMY/
AQAS1) IE W E W B}y 45 L/min B, 5 3] 1 {15
BH 3% SR, [ BH R 4 60% , 1 AH [H] 45 14 P (AM/
NaAA ) % W B BH 2R R 51% , P(AM/AQAST) 1Y
o L2050 S T 2 oA L 2% o e L 51 e 32 1 164 o i
by N 1B R R A A= i 0] R

223

1R o X e DR A B AL A R O A ) R T RO
R, TAATE RIS PN i it sl i LB VR AN R e 4
Lz ShIFAH LR , 77 A2 RN INBE s in AR
REFVE , RE Yo T S S o A Ak b,
o BT 14 3 R AEAC o BEL R 1 Ak T i 3L 19
JZ 0T HEG A TR I ARG R 5 A A A i
KA AR, A T EBRAE R, > 1 AR A
BERYEESERE ), FERHACR I AR Tt

70

60 [ A/t\A/L\‘/A

D
S

FAERH /%
S

~m0.05% P(AM/AQASI)
_e-0.1% P(AM/AQASI1)
30 _a0.15% P(AM/AQASI)
~w-0.05% P(AM/NaAA)
—&-0.1% P(AM/NaAA)

-4-0.15% P(AM/NaAA)
1 1 1
20 30 40 50
Vi/(L-min™)

K9 P(AM/AQASI) 5 P(AM/NaAA)HR&RH M RE

20

3 45t

It B 4 g 7K 4 T8 D9 s T e A SR i 7
0~20 g/L 1) NaCl ¥ b R 80 Hh R 47 Yy o b 1 5 7
30~100 C B P RFLL T , VLS B B vt 1 7
o T R AN M AT (R T Y 5 IR 4
T B A W) 2R 2 52 B DI I ] G S e 5K, ol
FERGE R R A W BE LT ASAZ 52, {H 4 Ff
RBEY R LR IEeE . AT LE R
10 g/L () NaCl ¥ & e il (%) T 52 73 200 0.15% 1) P
(AM/AQAS) ¥ WA I 54 45 L/min B, i85 T fx
FERE BT , BB R 60% , 1 AH [ 244 F P(AM/
NaAA) % W R B3R AR 51% , P(AM/AQAST) (1)
Rk BH SR T

A o KA TR A A B T K 4 A R
Vs itk — i, o TS PR BE R ] R G W W
B RE BE AN i o DRI A 5 B 3 A P BB A 1Y
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Preparation and Properties of Several Slick-water Associated Drag Reducers
DAI Yaxing', ZHONG Hailian', ZHOU You', LI Weisi', YANG Wanxi', LIU Xuemin’, ZHANG Peng'
(1. College of Chemistry and Chemical Engineering, Chongqing University of Science & Technology, Chongqing 401331, P R of China; 2. Division of
0il and Gas Cooperative Development, Bohai Drilling Engineering Company Lid., CNPC, Tianjin 300280, P R of China)

Abstract: In order to study the properties of drag reducing agents of hydrophobically associating binary acrylamide copolymers
with different hydrophobic structures, four kinds of allyldimethylalkyl quaternary ammonium salt monomers, named as AQASI,
AQAS2, AQAS3, AQAS4, were synthesized, and four kinds of hydrophobic associated polyacrylamide P(AM/AQAS1), P(AM/
AQAS2), P(AM/AQAS3), P(AM/AQAS4) were synthesized by aqueous solution polymerization using four kinds of modified
monomers with acrylamide (AM). The solubility, salt resistance, temperature resistance and shear resistance of four products were
studied, the drag reducing ability of P (AM/AQAS1) and P (AM/NaAA) was compared. The result showed that, four kinds of
hydrophobically associating polyacrylamide presented good salt resistance temperature resistance and shear resistance performance.
When the flow rate was 45 L/min, the drag reduction rate of P(AM/AQAS1) in NaCl solution with the concentration of 10 g/L was
60% , while the drag reducing rate of P(AM/NaAA) was 51% at the same conditon, as a result, P(AM/AQASI) exhibited more
significant drag reducing ability.

Keywords: shale gas; hydrophobically associating polyacrylamide; slick-water; drag reducer
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