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T 7K A 25 AR DB BELAE BE | 5 S S5 A0 RE 25 E AT I,
HRE TIZoR AT SR ) DX ) B N T DL

1 SR

1.1 #MR5NEE

BN A A AW KFPY, LR M i fe (AM) (15
TSI (AA) |\ 2-TH J5 BE i -2- TP L N B 52 (AMPS) | B
BT R AR R K AR MI-D12 (20 T WK 1 R)
S BARBRAATAE, Horf AMPS B8 0.5% , MJ-D12
FHEE ] 0.03% , A% 43 F it o 537x10°, 7K iR R
23%, PUIDET RGP TA FRA 7 5 BN M IR RS
FLALT G144 St JE M TN ik i B 208 ik 2% 1) e 55
ZP-6, WG R A WAk TA PR F 5 106710, /%
241 0] PR & AR A BRA B A DLk i £+ gl
LRI £, B sE R T A RA R 9k AR
A Ak TSP-L30, VT I KATH ARG FRA 7] 5 R Hs ik
W ZL AL ZC-1 (AM/AA/AMPS = JCALE Y,
AMPS 4 8% ) , AHXT 53 BTl 1364x10°, 7K i
JE S 20% , A3 30 E R 35%, TU DG RS ik T4
BEL S ) 5 2R TR s T e 21 2 77 W Ak 77 HX-1 (AMY
AA/AMPS = G5 Y, AMPS FH4 10%) , AR5
TR N 2128 % 10%, K R 25% , A3 40 &% 1 45%,
VUG SR A WAL T A BR AN w5 o 3 5 W, b
0.38~0.212 mm(40~70 H ) , #rs i H TR A
FEBE ; REEISHEFL ] DY 202, i L6 H R A IR 2>
IRy iR ST R A TR T IR RN R e
Mral, R R IRF) . BOOH K I 18 K,
U116 522.4 mg/L, FELE FRaRE A mg/L ) :
Na' 4329.22 K' 2097.92,Ca’" 397.16 , Mg’ 106.4,
Cl 9591.68. Az, HAEHN2.5em K A5 cm,
SIMB B LY 13107 pm?, I 5T 57 85 R A bR
HBR AT,

H C|\C12H25
HsC

1 FHE AU BEGK SAR Y 7T 2K

LB20ES Y waring #if ££:4% , 1t 52 71 LB A FR
/3Tl 3 ZNN-D6B W HL Bl S MUiEHE 26 1, & B E
IEHLHE & A BRA T 268 A DI E B
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T RFAMBH I E A R A A M ICE I, S5
0.6 mm, ¥ R B RES T . HAMZ-IV JEE B
RAEE", A T SR Bk B (LA
WE 2 Fim) %6 PR R 2R e 3255 . —
RN Ry S EE T AR R ) L E S . B
b, 3247 M RO 4% K < 4% B8 < 4% #5=700%6x300
mm , 53 SCHE TR T B K x 4% B < 48 15 =700x4 %300
mm. FAEH 1# 288 38T ML ; — B L AE TS
5 58I O f FE 4 AT (AT 3R AR E 0~45°) |
55 4 T T 7THT AR O [RDREURES B 4% 187 ) 2T K7
BT AR 104 AR OB T 5 7K S 7 1) A7) 5 —
Ry SCEEALFE S FAETY BLE ) 45°ff1 S#T- M (1 )
AT +5 T84T 687 M T BT 4% 8#-T- M+
FAT T F25% oA

e Hr4
64
HE3 Hos T
> 45°

AH 1# ‘n_ 2 3H |'_‘|Z'| 01

,~'~-']A# 8

S45°
kK iﬂj 15
Hr2

2 AL Sh AR S A TS A (IR
12 EWH*

(1) G4 BRI BRI i 2%

FRU242.5 g FIE T 1 L AR, P85 B 4
PREETE A 1000 r/min, IA 7.5 g UFLILF G14 )5 65
F£ 10 min; A 25 g B9A AL R 1 )5 Bl 20
min, FEAITA 225 g BPLER 4 & R A ) KFPY J5 4k 4:
P 30 min, JE 46 5 AL TR R L ] GAF-TE.

(2) BT MRS M AR DA

FEIRE 25 C BY VIR 170 57 5 46 A 7
B IF AL GAF-TE AU ZHEE 5 R S5 H B 07 43 3
A SAE BRI, OF A 25 C 1 1E AL
SRR TR IR R 7.30.60,90 d JiT Y F LS
JE ISR BRI AT AR O

(3) TR /K BC

FHL500 mL (EL K LA 1000 mL (B
P RE RS R 500 r/min ; 32 BRIE TR K L e T &
VTR K B R B B AL IAE S s I In ABCTRK H
SRIG NI 0.1%~0.2% B HEF] . 0.1% ~0.15%# 7L 5
SEUS NG, BEFE 3 min, BB ST . A SCHTAR R
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22 SR MBURFTT TR - 2 A1, S, B PV S - B Y oo A SEL P 0 s SRR A A 5 17 389

il 5 24 9% FH #9346 577 (GAF-TE . ZC-1 . HX-1) # 0 ik
A B VR EE 100%1 1.

(4) VIR K PERE T

Fi 8 NB/T 14003.3—2017 (A5 JEZ4 45 3
T A3« 3% SR IS4 BB AR AR S VRN Oy ) A
ST ik R T K AR S RE

(5) ShA&HER T RR I

AL ER LG, AE KA G F4E 1#.2# .
3HFN— o 4% S Ry L BE o, AR IR N
o WA FC D5 e A 150 L IRk, T 9% nl 9L S de 2 4%
A B B AT 9053 3288 o# iy 1, SCH HA 43
THEW B BAKR A T4 — R B SH. R
4337 B o s BOIRURE TP oI 15 L B v %% B Bk, 338
Y157 B B AR HER M 50 L/min, 35 k10 5 0 #E5)
EEHE R RO TR A RS b
HRREHISEA TR F5E 2 il
R SRR

2 LSRG

2.1 BERBAFMESRE
2.1.1 ARk

SR 3 AP AN [ £ 00 C i 14 TE 7 A 88% i+
3%FLALT G14+9%Fa i 1| i) 2k 7 JE W A AT i 238 D
Flo IR 1ATHN, A HLECERZIE - 9ok — A ARk
TAC ) P B V7 AR AR P A el 3R AT T P R i i = e
B o AN AT HLECHE R I = A9k — bRk )
SRR SR B T S FL A E T NS T
FLAC I B AT s A SRR Y K R, 5
FLAC R 2 P A HERRAE T, R BO R R 1 B
Rl T =

®1 BFERHBERRRERFRE
NIl E ] () L PR BT I %

FE A
7 30 60 90
LRI 0 0.3 0.6 1.0
YK A hE
TSP- 130 0 0.5 1.0 1.4
LRI 1+ 1.5 5.1 9.2 13.8

DA AL E + Fngh ok — A AkRE TSP-L30
e ) C T AR A 500 75 1R 45% Y BT IR Ak 5] (BiC
77 M 45%B1E 5 KEPY +2%FL A6 G14-+52 2 F+1
TH) L AN [ERRCE 7 2 T B R AR A ) AR AR B

W2 WFE2 AT, Bl A AL AR,
WAL TR B AR 6 B2 H s AR TR R 2 RN & T, A
AL A M 408 L IR i A T RO ) B0 AR AR 236 2 L o
K TS AL fiE TSP-L30 B il i , B A7 3 4 19 37t 3
Mo Gk AL RE AR LA HLER PR I E Ly B
/N, BRI B, AEFLAR W AR S AR ok 2
[ JEC 50 B 5 ) A2 RS A P, T R P B B A 45 4 26
JE S R ik 2 M AR AL R B sV, B i A

SRR B AR TR P R B W
AR B RS E P L B T DL PR R 10 - A A B i W A
AR E R

R2 AEBEFME TEZRBUFRERE

AFEFET N T BIF AR A A
hE/(mPa-s)

FER
1% 3% 5% 7%
B AL 1 63 93 126 153
Yk LA A
TSP. 130 72 123 186 246

2.1.2 BFRAANK B AT
LA AL e R 1 oA RS ) T AE SR 5
(F3)FgAaoE R LRI AR AR X
VR WO Ak R e M G 90 d BTl 38) FLAS R ZE
FEfsZm, 2503k 4. UL G14nE: R 1.5%,
®3 EXERAR

2 K
1 2 3
FREFINL/ % 3 5 7
PN/ % 35 45 55
PR A /mm 0.180 0.125 0.096

x4 BIEFRRUFREERAERE

e RoEslma Mk Wk drimss AREFhE/

~ /% SN % mm % (mPa-s)
1# 3 35 0.180 8.4 81
2# 3 45 0.125 7.5 93
3# 3 55 0.096 5.2 136
4# 5 35 0.125 1.5 114
5# 5 45 0.096 1.5 147
6# 5 55 0.180 10.4 246
T# 7 35 0.096 0.5 172
8# 7 45 0.180 3.5 189
9# 7 55 0.125 3.7 285
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AT 4RI AR TN B, BT TR B AL 1
BT BB, B PR AT, (AR o0 3 5 5 [T A AR
AT B, 28 17 PR Ak AR AT i e o R
25 HRAL AT B 57, AN 3R 3% 5 Bl Ny
RBFIRAR AR TR SRR AR e . 4560
YL Rl GO0, ZE00 PR IE # S EMATHE F S &
PR AR BT A RS 2 AR IR R B
LU SHIT S < 5% A WLSCHE T = +45% bt b 46 &
B4 W) KFPY OB A% 0.096 mm) +1.5%FL 4k G14+
48.5% i o
22 BiRFEANFIAEEITN
22.1 R

FE 35 18 F K i A — 2 5 19 22 77 WP Ak
GAF-TE, i $1  [F] isf [8] J5 ¥ W 26 B2 W (25 °C
170 s EERILF 5, Pk 30 s B, ISR Bh ik 3] 58
EVEREE 90% LA L, UiBIFR L GAF-TE A8
LFI A IR AR T3 R AR
i, U R SRR T TR, BB 12,

F5 FEEHERE TRARERBE
IR (s) T VR

GAF-TE (mPa-s) TFE 30 VAU
Ingt/% HHA%
60 180
0.1 3.2 33 33 97.0
0.3 10.4 10.9 11.1 93.7
0.5 18.7 19.8 20.1 93.0

2202 AR

53 A AE 35 18 H 7K o fin A — % () GAF-TE.,
ZC-1 HX-1H4E5), 34 3 min 7 AR QN A 3
Fis . 2R FAL 7 GAF-TE 761 18 Jk ih B AT

100 —o— GAF-TE
I —o—ZC-1
- —— HX-1

ZhE/(mPa-s)
s 2 =

33
S
—

(=]
—

0 02 04 06 08 10 12 14
HAAE TR /%
K13 ARl BEBR AR A O 3 2
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I BLRE 1, 100 Z2C-1 JHX-1 Bk 2 v GE I
i 55 T GAF-TE, 7 fm Wk BE 5 10 T, W W 6 2 AR
30%~50% , ik MR 2% .

SRR IF WAL GAF-TE i =880 It
BRGKEEREY , ES T E5E LTI T HiKE
DL RALER B . AEAKI W, BT B K AT B
IKAE LK, U el e A A ) e - AR B
A 5 BE DY AR, IR B8 — 4 2 0] X 45 25
¥ o B M BE A3 K, S [ (1Y) 5 7K 46 R R 3
o, R AL RN R AR . KR, BT
T8 b5l A KT NI EE Ak, & ok i =3
8], BELAS 93 i 2 A A 1 5 O — D7 T, SRk 5] B A
PERGSR | B K SE P i — 3 4y F Rl 46 A E R, K
I3 F LA BRI S 2, 0 R B S R
BELY . ZC-1 LA B HX-1 2 8 RN s ok e 25 9 1k
A, 2 BLE 1 o T8 2 [ A g S5 4 TR 2 L 725
Kb, RGBSR, TR R Al R
JFE R T R, IR 22 B BE R MERE
223 RFAMEAE

K 3 18 H K FEdil (R & BE (2~4 mPa-s) 1 5T
17 B0M 0.1%189 GAF-TE . 0.3% ZC-1.0.2% HX-1
(AT TR K B R BEL P RE AN 4 BT o 7R3 18 17k v,
GAF-TE 5 HX-1 [t ZC-1 14 ¥ fi if 1) 58 42, H
GAF-TE R RE e b . 7EMIRIE SR T BN
WSBERE L) 2C-1 HX-1 £ UIVE T A B it
g2 FLWT & AR oA R 43 74 W I sh 7 Tl L)
AT 7 it 3 00 18 7 A AT T Ik sl B k2D
TRER PR, BRI N RPN o R R
FHALEESL , PRk GAF-TE 4> T4 151 A4 & Hufk
TE5r FREWN AL SR, B A — e ny i

100

80 - '

60 Id
2
o —%—0.1% GAF-TE
= 40 —8—0.2% HX-1
&

——0.3% ZC-1
20
0 1 1 1 1
0 60 120 180 240 300 360
Hif )/

K4 HHRK R ERLTERE
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22 JRUBIRFT R - Z2 A1 T, R PSSP YA o RO BEL P50 e RO A W i 5 391

PE. TERBETUIERTT , X e i P 254 5 Ji i E
AREAE | 288 15 5P kX005 ) PR AL 43 T I T T FE
5, YO BIC R 7 DX CUn A BE 2 3 X)) B, P4 i
A7 B BE B LS IR HE ok, 2 0Bl N i U BE 1 A
L IR B — e BREBHAE I =2 R, e K, B
IK Gh A AR T AL ) GAF-TE () FEFH R RE T RN
TR
224 HEBAMELRE

FH 3 AP B AL BL I BE 2l 2~4 mPa-s 2247
TR K ¥l SCHE R A AT O S R D%, T2 LY
WP ERTEAS DA S B rh TR 0 S AR Nl 5 . 3R 6
Fis o B S AT LA, 3 R 1R 7K 4 RE 45 A7 S #4711
PEA—5 904y S 4% ; GAF-TE B il W IR /K 54 52
FEFVURE G TE R ab 52 B 80 2245 A S TR S
H PR35 BEAR T 53 A0 PR AR A 700 e i TR K
FITE BRI . IAFR 6 AT, GAF-TE JC il 1 1R 7K #5

S AEFNTRE IS UM AP SRR RS/, B ZC-1 (178
/N 32.99% , o HX-1 89 98 /N 27.40% o 3% it B
GAF-TE 5 £k 39 Fic ] 14 ¥ 188 /K HL A o 4 1 5 b
J7, REAG SCHEEFRHE 2 iy b T
2.3 BiBKMERETEM

R 5 047 X6} i VP K 6 B8 LA B RE I LR, fE 4k
K B BCTT R 0.1% 884675 GAF-TE+0.1% B HE
F| ZP-6+0.1%BE FL7 DY202, 2, 1% 78 18 /K 1Y)
I BH 2R 76.8% , FRINH FLAF I BHACR s F 7K 18
26.8 mN/m, 55 153 [8] B9 ST 5K 774 0.96 mN/m,
FLEK 99% , % GO B FE R K 6.97% . L TRK
PPERE C AR BT AR EZE SR A A TR e R HE, B
XA R
2.4 BUHNBER

SR S 18 [X B MaHW 6433 13 T 8 B¢,
JEZJENL A 1T IR 4 (T1b21 ) B FH G iR it 28 26 6 249
% . B3 % M GAF-TE H 24 % (0.1% 4 1k 71

300 o 0.1% GAF-TE 4.4 _ - _

asof o 93ZC1 3 % GAF-TE+0.1%HJJj€iF?ﬂJ ZP-6+0.1%fH .7 DY202) (2
_a00] 5 sh & Bt).zc-1 E%i«a(o.m?‘rﬁlfhﬁu ZC-1+0.2% Bl HE 5
Eilso- 2 g;; ! ZP-6+0.15% % 7L 7] DY202) (2 Bf ) \HX-1 JE 2
= { Mk, (0.2% H8 4 ) HX-1+0.1% Bl HE 51 +0.1% % 3L 51
R 100740 DY202) (4 Bt)3F R AORBEA THE T , X He 3 A A R 7E
s0ffs R0 R T2 R VB (3 mms) 41 F iy

0 . ' PERE, 3 Tl 2R R I G0it L S8R 7, 3401

0 700 1400 2100 2800 TIhZ WA 6.
KOV B S /mm 37 R TR 22 Lo A9 58 1 3ok A 1 5] L) % Bl
5 W PRI A HEFR e L0 S5 A ) AR RS R, S A IR
O Ii,kﬁﬁfkfm%}i%ﬁﬁﬂﬂ%ﬂﬁﬁo }‘A%‘%ﬁf’ﬂ],
PErTT— GAF-TE ifHRU/K I B L ZC-1 HX-1 TR K R B
Bk ik, {5 GAF-TE 15 RK BA S a0 RE , IL7i%
FHE oE &it BN
e 0 MR FE K 440 kg/m’, B T )RR TR B, BAR
0.1% GAF-TE 1296 362.5 95.2 1753.7 ﬁﬂ Fé—] 6(8.)}‘]]"/71\‘  7C-1 HX-1 {’%"{%7](]5@1]1*%43@
A R T R 70 FE B G TP 19 0 1k FLge
0ol 196 2 7o 2 K, B E 6(b) | (c) . IR 5 ik B
x7 3WMERBERIAFEISH

B9 EHBIER Bk Jﬁéﬁ@{m%yg/ ﬁﬁ]{mu;;&%{mm HERE/(m*-min™) & /1/MPa %E@%E/ F%Eﬁ
SEU% (mm’-s™) SEU% B/ (mPa-s) (kgm™) %

1#  GAF-TEfR%& 0.1 3.2 0.6 24 5~12 83-50 440 76.1
2# ZC-11K % 0.3 3.34 1.0 12 5~12 82.4-60 390 74.5
3# HX-1{A % 0.2 3.14 0.8 15 5~12 87.4-54 350 73.9
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A ) /min
K6 GAF-TE(a) .ZC-1(b)FIHX-1(c)F
T /K 247 Tt 2k
GAF-TE BEf% i I iR e 1T 225K, ORfRE T 8
Gl L2, 12y 1 A 5 ELS T I 0 9 R K
FHAPEREOL S, SRR RRECAT , vh R U TR K R BEARE
53518 XY /K BA BT Ak NPk

3 4t

0 Ao 9 e AR A T, DAL RE 770 A3 750 A A 75 e
JE RIARIE R 25 BB T O 1677 GAF-TE, #f &
90 dFEATCIPZ s AMARELAR , AR LR A .

P L GAF-TE 7E 35 18 Ik i HAT IR 4 i
PR A IR VERE . AEIZOKBZRIE R TR KRR
IFEBHL AR R T 75% , #ERDPERE K47, BEAS A S A5
A ) SR8 U s, W e DR BB B R R/ N T 10%,
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HAMERESA SR B R SRR R R R EER

FE B 8 N A AR b, BT P 1R R
GAF-TE B il i R K AR RAHLE T ZC-1 . HX-1 R 3
WIARR SR ERE 4T, MU TR S AR, e
THLTIR 100% , HA KA 7K s W 1
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fluid in shale reservoir fracture network volume fracturing, the steric hindrance of twin tail monomers with different carbon chain
lengths, mean square terminal distance and mean square displacement of polymer materials were simulated based on molecular
dynamics. The drag reducer LMA-DiC.,AM-AM (LAD) was synthesized by micellar polymerization with lauryl methlacrylate
(LMA) , acrylamide (AM) and N, N-dodecyl acrylmaide (DiC,AM) , then the structure was characterized. The rheological
property, drag reduction and sand-carrying capacity of LAD solution were studied by rheometer and friction tester. The results
showed that DiC,AM monomer had small steric hindrance, the best chain flexibility of polymer materials molecules, the best
ability to bind water molecules, and the great drag reduction potential. LAD had good shear stability (viscosity>>75 mPa-s), shear
recovery performance and sand-carrying capacity. The temperature-resistance capacity was up to 60 ‘C , meanwhile the drag
reduction rate reached 67.4%. LAD had both drag reduction and sand-carrying properties, which was basically consistent with the
simulation result.
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Development and Application of Fracturing Fluid Based Suspension Thickener with High Efficient Drag

Reduction and Proppant Transport
MAIERYEMUGULI Anwaier', PU Di*, ZHAI Huaijian', LIU Kuan’, WU Guodong', YU Bo*, JIN Cheng**
(1. Engineering Technology Research Institute, Xinjiang Oilfield Branch Company, PetroChina, Karamay , Xinjiang 834000, P R of China; 2. Sichuan
Guangya Polymer Chemical Company, Ltd, Nanchong, Sichuan 637500, P R of China; 3. School of New Energy and Materials, Southwest Petroleum
University, Chengdu, Sichuan 610500, P R of China ;4. Baikouquan Oil Production Plant, Xinjiang Oilfield Branch Company, PetroChina, Karamay,
Xinjiang 834011, P R of China)

Abstract: In order to solve the problem of poor salt tolerance of polymer emulsion thickening agent for fracturing and the poor
stability of suspension thickener, based on the salt resistant associating polymer KFPY, the stabilizer, the particle size and
proportion of the powder polymer thickener were optimized by determining the stability time and the bulk viscosity of suspension
slurry thickener, the suspension emulsion thickening agent GAF-TE formula was formed as follows: 48.5% white oil, 1.5%
emulsifying agent G10, 5% organic modified bentonite and 45% salt resistant associating thickener KFPY. The performances of the
GAF-TE including solubility, viscosity increasing, drag reducing and proppant transporting were evaluated in the formation water
of Ma 18 well. The results showed that the dissolution time of 0.1% GAF-TE was 18 s, the viscosity was 2.19 mPa-s, and the drug
reduction rate was 76.8% . The dynamic carrying capacity of the GAF-TE slickwater was better than that of the ordinary
polyacrylamide emulsion. The surface tension of the GAF-TE slickwater was 26.8 mN/m, and the interfacial tension between the
GAF-TE slickwater and the kerosene was 0.96 mN/m. The lower damage rate of the GAF-TE slickwater to core permeability was
6.97% . The GAF-TE had been applied in Xinjiang oilfield and showed good solubility, drug reduction and sand carrying
performance.

Keywords: suspension thickener; long term stability; on-line mixing; slickwater; dynamic sand carrying; efficient drag reduction
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