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Abstract: Addition of nanoparticles into drilling fluids can maintain the wellbore stability and decrease the invasion of drill-
ing fluid into near wellbore formation when drilling hydrate bearing sediments, which may also affect the formation of gas hy-
drates in the wellbore. In this study, laboratory experiments were carried out to investigate the effect of nanoparticles on
methane hydrate formation, and the induction time, the amount and rate of hydrate formation at an experimental condition of
5 °C and 5 MPa) using pure water and various drilling fluid formulation were measured, including distilled water added with
hydrophilic nano-Si0, particles (30 nm and 50 nm of particle sizes) with concentrations of 1% —5% . The results show that
nano-Si0, particles can efficiently inhibit the formation of methane hydrate. In comparison with pure water, addition of nanop-
articles (50 nm and 4% ) , the hydrate induction time can be increased by 74% , with the amount of hydrate formed reduced
by 21% , and the rate of formation reduced by 56% .

Keywords: CH, hydrate; hydrate drilling fluid; hydrophilic nano-SiO, ; hydrate inhibition

Y85 B #3:2017-06-17

EEWA . EHEKARFEGTH (41672367)

BRI INEESR (1987 ) , Lo W58 A4 DF5E 7 0] RARSOK B W4T . E-mail: 550232155@ qq. com,,

BIEMEE. TRIE(1977-) 5 082 W4 WA S0 BF5E 0 R KRR SR G IR 57F % . E-mail: nflzx@ cug. edu. cn,



- 82 - T E G HKFFIR(ERAFR)

2018 -6 A

RIRRE OB IHIT K A TR K&
Yl 3 R B B T, R B T AR A
JEBETF R K AW 0 53 AR B O T I BR
X LU T, 78l I8 A5 I 8 F) 48 K AR 2
— AT AR IS ARG RN K A P I
P53 I AT JEL A A 10 AL 25 40 3 e 52 e L
SERFTARIURE T 18 TR S BRI L — %
SRV, SEFEBCRKAK Si0, fERBFEXR
X GRTURL A B LB P CH, K5 WIIE LS
MEFEATIITE , I8 7R KGR Si0, 50 CH, KEY)
TEISRIA A A A ERIL R, A5 1R K 5 0 Bl 1A 2R
B AR S

1 i I8

1.1 R

ZENBE K SRS T CH, 7K A W T R 4
RIS AR 4 . 2 KT 4T 99.9% B CH, <Ak
(BRI BB R SR BRA ) 5 58042 R 30
F150 nm AR & A 22K 40K Si0, (V195 2K
ML TARRAF) s 8K (S8 %E AHl) . BLLES
R A AS TR A2 0 T2 11 40 K 0k 5 2% 08 K AE
20000 r/min = EAEFE T SR Aok B b
LRI EP SR NS
1.2 KW H*

K FIE R AE 255 94T CH, K& W0 ok 44t
g S E KA YR A ROR
W E IR IR A 5. 0 °C 3 MR UE Mk B FUAF K A0 & 1Y
KRR A WA TS0 S5 A 3 8 2% T 2

HZH)

Wz 6

IR K 73

K CH, ZKEWIE Y Im 5 E J1{E R 4. 56 MPa,
T4 A %t L A3 A, 0 iR B W s R
5.0 MPa, AT /N CH, "URZERHLE I i
TR A K CH, KRG PITE B, -8 £ 40 K B0k A2
PRt 9 P 0 20 B AR v v R, B 4R
TEHUMRAR R BE 4 1200 t/min EHZS ST 528,

IKEWIE A g A T A E 0 & HCSHW
-1 BIZIIREK A W) R B AR B S (1), 3
KA RAT .

(1) ¥EVEAFN 650 mL Y 5 AT FLAL B2 B 48
I N, K50 S 8k,

(2) 44 250 mL FRMVEAEHE A2, T Rrskit &
25 30 min; [1]) 28 oh P9 A CH, SR IF X ] 10.0
MPa, T IR 45 52 GoXd 5N 48 1 1 0 YRR 0 2% o
WEPNY CH, SARBEFTRE IR (R b7 1E 90K JoUkE 3R 4R OF:
FEATUHE , 7 I RETE 300 r/min B 3245 4614 F ot
TR ) .

(3)IREAK RIBERELE 5.0 CJa, W % vh i
W) CH, SR V2 it D EAZN, K ik
F 5.0 MPa 55 1L, SR 5 FH0 Hi ok FE 3 28 1200
v/min , 5T IR R A 42 I B LU ) B &2
RIGLE R,

TR0 b e Al R U B AR ML S 42 5 R
PR R e R 5 EE R R A
TG AR Sy il 28 AT HE X, DA A 3 56 0 T S 4
MR A AR A v EE N, R EE 3
Wik, 3 WAL A SC B R BE 34 2 0GR 7
BfH,

1. 254k O OEAfERES)
3-MURERE. HO

AT FEAT

5. 6l Ehkas

B1 RAeEETEE

Fig.1 Schematic of experimental setup

1.3 IeEHEALTE

FIH HCSHW -1 %I Z DK A W) i B B0
TiE 28 B BCH SR B AR e i i B i e g 4 PN TR
(S TRIAH ) 0 7 Bt s ) £ 28 £k, P % R B

Xk BT A R 1A Ak B S A R B it B R it
2 R K ST IR A5 LR BB I 1 A 45 o
HEH

K2 yzstiok b CH, K-S WIE MUK SR B TR



P25 F3M

INEE L FRYK SO, 3 CH, REHT RN YR - 83 -

JIBERT RIS A B 2 A 3 AN SR 2 28 IR A
LRI, b 75 36 K & 0T BR R J8C R0 T T 3%
e R L8 R T RE S AR 4 19 Xk IO, 1R A7 — Bk 1]
AN E )38 B, BEOK & W B & F IR TE
R AR, AT BK A YT AR TE R R I 5 K

BYIERIFE TR ¢GRI SO BT A B
BT U6 28 SR TE I Ak I U R B ) BRI B 22 1
(3 BER ] 0) K G H A5 R JE U] ¢, , DA KK
BTG A5 ILTE R 2N R TT p, F p, .

5}(7) \l%ﬁs[‘;% — EEE 185
4_8{ L — EH

17.5

6.5 &)

S~

=

15.5 g
42F oA {HEIJEE%}I’ 4.5
[ ! 35

4.0 1 I L 1 1 1 1 o2 1
0 30 60 90 120 150 180 210 240 270 300 330

i [] /min

h-KEY 30 minft  H-KEW
FaEmR  FREN FILEK

2 ZBAKPKREUMHBEBREMENEN

Fig.2 Changes in temperature and pressure in hydrate formation in distilled water
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Table 1 Hydrate formation in distilled water and simulated drilling fluids

N 75 T 1sF ] KRG YT IETE RGPt 1EIE RGP 1T

R t,/min it 17 p,/MPa fit ] ¢, /min it 17 p,/MPa
ZEMIK 12. 67 + 0. 66 4.91 +0.22 235.65 + 0. 63 4.23 +0.10
ZEIBIK+1.0% 30 nm EKGK Si0, 11.48 +0.52 4.90 = 0.51 365.12 = 5.73 4.23 +0.09
ZEMIK+2. 0% 30 nm ZEKHK Si0, 12.91 + 4.39 4.91 +0.19 378.57 + 0.97 4.25 +0.16
ZEM87K+3. 0% 30 nm SEIKEK Si0, 16.54 + 6.21 4.90 + 0.26 395.28 +5.31 4.31 +£0.27
ZEMK +4. 0% 30 nm FEKYK Si0, 20.50 + 0.97 4.91 +0.34 410.83 + 2. 19 4.36 +0.58
ZEMWK+5. 0% 30 nm FEKHK Si0, 11.92 + 3.88 4.91 +0.15 385.69 + 4.08 4.38 +0.22
FEMEK+1.0% 50 nm 3EIKYK Si0, 11.59 + 1.29 4.90 = 0.08 370.37 + 6.25 4.24 +0.17
FEWIK+2. 0% 50 nm SEIKYK Si0, 13.23 = 8.76 4.90 +0.23 385.11 £ 3.16 4,27 +0.24
ZEWIK+3.0% 50 nm EKGK Si0, 16.98 = 2. 15 4.91 £0.12 409.46 + 1. 15 4.34 £0.13
MK +4. 0% 50 nm ZEIKHK Si0, 22.04 +2.93 4.91 +0.10 422.05 £ 2.72 4.38 +0.31
FEMBIK+5. 0% 50 nm EIKEK Si0, 12.58 +5.98 4.90 = 0.21 396.38 + 7.32 4.39 +0.18
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Fig.3 Induction time for hydrate formation

in each set of experiments
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