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Preparation and performance evaluation of nanoemulsions for water
control fracturing in tight gas formations

LUO Mingliang, SUN Tao, LU Zilong, WEN Qingzhi, SUN Houtai

(School of Petroleum Engineering in China University of Petroleum, Qingdao 266580, China)

Abstract: With amino polysiloxane and one environmental-friendly surfactant fatty acid methyl ester sulfonate ( MES), the
optimal formation conditions of nanoemulsions were obtained by the orthogonal design experiments, which can be applied to
water control fracturing in tight gas wells. The matching between the size distribution of droplet in nanoemulsions and pore
throat in dense cores was analyzed. The effects of nano-droplets adsorbed on core surface on microstructure and interfacial
properties were investigated. The water-flooding erosion resistance and water control performances were evaluated by core
flooding tests as well. It is found that the optimal formation conditions of nanoemulsion are as follows: weight ratio of modified
amino silicone and water 1 : 2, the amount of emulsifiers MES, n-butanol, potassium amino are 40.0 % , 20. 0% , 5. 0% in
that of modified silicone oil,respectively, and adjusted to pH 6.5 with acetic acid. The average median diameter of droplets
in nanoemlsions is about 28. 5 nm, which matches well with pore throat sizes in tight formation cores. And with the increase
of nanoemulsions concentration, the surface morphology of core pore are gradually transformed from sharp groove shape to a
uniform, smooth peak valley structure and the wettability also presents strong hydrophobic properties. Core flooding tests

show that nanoemulsions possess good erosion resistance, reduce water phase relative permeability over 60% and have little
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effect on gas permeability with 0. 5% nanoemulsions. These demonstrate that nanodroplets are firmly attached on the surface

of cores through the physical or chemical adsorption of polar groups such as Si-O bond, Si-H bond and amino groups. And

the hydrophobic silicon methyl groups in molecular chains alter the rock wettability properties, which results in greater impact

on gas/water flow in porous media.

Keywords : orthogonal design; amino polysiloxane; nanoemulsion; water control; hydraulic fracturing; tight gas formation

HEHE SR AR S B/ KRR
e, R R Nl A R AR MM s &%
WO E K i IE R EUR R E SIS KA R
FHof5 R = R R R R N LR ATl AR
FEIF RLJG 28 5 FF 2R A 6 10 B 3 48 1 & IR 452 =t
PA] I % — 26 R FH HE 7K R ST 28 BUAS 882 /5 B 3
HAHACR R T 2440 K S A B 2R U
P/ 1= ) O (B T R 7 e | S BT 2 N i 2 B
T TR RE Y E R SR B
AR TEE RS SR =0% . BRI
K F 2R TG R G W s BRBR | BIVAE B i
TR 8 v = A — S 3 T 7R I T R
SERMB B R, AR R AR AGE E | B
P AR A G e M AR I R AR R T 3 Zaitoun
51OV IO A S B 114 R A5 W00 e L AT R R T
R 2 B AR K AR AR X 98 385 238 350 /DN I B e (IR <A
HXTB B R L B KRR UL 4R
HP o J ER IO 1 3 28 5 1B 4 X DA 4R s A
KM T i 1 e 5 T F R S I B K R T
Pefb 5 HERePE A, = X K 2 A AT B8
Hh RE WA B W AR R BAT — 5 HAEGE
JE5A T AR E , T2 ME LA ] R AT X
TAFAE = B B IE A, i A/ K TR 2 3R/ K
ST AN Wit 2 AT e il BB 3B R R R
W B A B RN, 5w MELBOH e, il T
AN N 5 S T B IR B N2 R B S SRy S B ek e il
U (RS2 K RUBE 1) T B 5 oy 13F N BU% A i
/NFLBRERL 2 4% | B K b 3 T R AT i 40 K 0 TE
A R TR A R R A OK LR S )2 Y 4 ik
B e A AR B AR N O . T8 OK L
ARAEHE B I SRR W ok aE B DL K
REHE Y SR EBE Y E A T —
8T K 9 oK L T 3O SO R AR OK O T
PR IO . VI R ek A b i 5K e 2
KFLI FEEH oy, BA 0 R A 501 3 M i A
T 247 ft P R 375 PR A RV B A R 3R TH I i —
EE] BUKFE SRR 2 DR A
FHE U R FR P s 152 4 ( MIES) Sl = Bh ), 7 I

SR SR AL O LR A TR
U R A P 3 20 3 9 50 4 4K 2L
Fil i 2 K 5 R0 155 V4 5 20
i 1A S AR 44
AR FLR /KB R B

1 £ %

1.1 SLEHHENEE

AR AR TR P R R 40 ( MES , Tolk i, I 7R 42
BAATHBRAR) L8 IE TR, L8R (5 hrat,
25 2R IR A R s BB TR (A 3 R
R (RIRI FH AR A F]) 5 225 Tk A e
(ZMH 0.3 ~0.6, L EHEIFAIERRAA) , H
fl2 5549k

CH, CH, CH,
CH,NHCH,CH,~ Slli—(O—S:i)8_7—O—S||i—Ch1Ch1NHCHj
CH, CH, CH

X% CP512 7 KF (B as ( Bil) A
FRA ) 58212 fEE R RS (I B AR )R AR
AT 5721 BUAR GO RE T (LR v R AT Ay B A A
H AT s NEXUS AU B 205 MGE (T
400 ~4 000 cm™ , PEHOKE £ 0. 01 em™ , SEEJE & )
/NF]) sMASTERSIZER/E T 38 A7 B 43 (35 [ B /R
AL ES A RN 7)) 5 AutoPore9500 Hl R R A ( 35 [ 2%
TE/3 ) sHARKE —SPCA U4 fish £f I 52 AL (AL 5wy
BHRIGALASE ) ; JSM-5800 14 i 7 B 33 BE ( H A
HLF JEOL) ; 770 BR3¢ 8 (I &8 A W B A
BT .

1.2 XEHE

AF 58— 1 B0 S R 2 PG 4 s K
AR, Ay Y905 R VAR i 8 % B 1T 1 )
TE L BE I (1), R LA ks 22 4 B i 19 0 i J 2
MK AEXNS E | FRAREOR R 24T & AU
1.2.1 =K eeh R H &5 R IE

VEPE I AH LAk 2 ) 8 S TR Ak e DI RE 4K FL
W, il et R T ) 2 R AR A b T i A F LA
FIFMIA> T B8, IGEBEFE 20 ~ 30 min, i ZIRA
A) B8R JE I AG IR A 4y /K, 4k S35 FE 20 ~ 30
min , P IIA FRL g S5 AN 4% (R 7K B 28 A sy 45



$40 % %1

TR, BE AR RN R SLIR A B & B AR R - 157 -

W, Hil g e S ] o B IE SR Bk
RIEGOKRFLBOE LA 1F . AOKRFLIR N LS 6 R
RRTK EJIER AR AR, T MES, IET B, 41,
FALE, FEEAKIE L 2, A 4 Rl 4 IR,
Bt 4 HE 3 KFIERR S, S A 5C MES BE
AR ¥ o 2 R A AU B Y 05

=
ARRAUKFIE N
Kz
TRAETE
R

1 EAERFARIBREIBERE RS E
Fig.1 Schematic of nanoemulsion invaded into a tight

gas formation in water control fracturing
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Fig.2 Experimental effect photograph of orthogonal

test for formation conditions of nanoemulsion
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Table 1 Arrangement, results and data analysis of
L,(3*) orthogonal test for formation conditions

of nanoemulsion with amino modified polysiloxane

% W% B
K Wygs/ % Wy puanal/ % pH wge/ % /%
1 30 15.0 6.0 4.0 42.1
2 30 17.5 6.5 5.0 53.7
3 30 20.0 7.0 6.0 50. 8
4 35 15.0 6.5 6.0 73.1
5 35 17.5 7.0 4.0 69. 4
6 35 20.0 6.0 5.0 80.6
7 40 15.0 7.0 5.0 72.5
8 40 17.5 6.0 6.0 81.9
9 40 20.0 6.5 4.0 91.9
K, 48. 867 62. 567 68. 200 67. 467 —
K, 74. 367 68. 333 72.567 68.933 —
K, 81.767 74. 100 64. 233 68. 600 —
R 32.900 11.533 8.334 1. 466 —
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Fig.3 Infrared spectrum of nanoemulsion
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Fig.4 Droplet size distributions of nanoemulsion
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Table 2 Effect of nanoemulsions on gas/water permeability

[T k. £/ k.,

N ¢ s Frre  Frrye  Frer
L1073 wm? 107 pm? 1073 pm? 1073 um? i

1 8. 152 7.478 7.083 3.793 1.090 1.867 1.713
2 2.113 1. 960 1.735 0.805 1.078 2.155 1.999
3 0. 445 0. 407 0. 342 0.137 1.093 2.496 2.282
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varies with injection volume after nanoemulsion injection
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