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Abstract: The effects of 0. 1%—-0. 5% modified starch, CMC and XC on CH, hydrate formation under different temperature

and pressure conditions were studied. It is found that three thickeners inhibit the nucleation and growth of hydrate with differ-
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ent degrees by binding water molecules in the system. When the driving force is weak , hydrate formation is almost completely
inhibited when CMC dosage reaches or exceeds 0. 3%. When XC dosage reaches 0. 3%, the same inhibition effect can be a-
chieved. However, with the increase of XC dosage, the hydrate inhibition ability is weakened due to its strong foaming and
foam stability. Compared with CMC and XC, the hydrate inhibition ability of modified starch is relatively weak. When the
driving force is strong, the three thickeners can slightly slow down the formation rate of hydrate, and XC shows the best inhi-
bition effect because of its more complex spatial structure in aqueous solution, which can bind more water molecules. The re-

sults show that the viscosity of XC is strong and the rheological property of its aqueous solution is controllable at low tempera-

ture of 5-20 °C, which is more suitable for hydrate drilling fluid system.

Keywords : hydrate; drilling fluid thickener; driving force; hydrate inhibition; meso-structure; influence mechanism
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Fig.2 Changes in temperature and pressure in each experiment when driving force is weak
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Fig.3 Hydrate formation induction time, amount and rate change with mass

fraction of solution when driving force is weak
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Fig.4 Changes in temperature and pressure in each experiment when driving force is strong
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Fig.5 Hydrate formation rate changes with mass

fraction of solution when driving force is strong

2.2 I

Bl 6 Ry & TR T4 AN [ A BCT 1A WL 4
Fy, Horh 58 AR I RERIK A o R AR R
R LB A [E] . WS 6 Al AT, 3 B FAK IS
i 80 0. 3% I, eV BE Ry KAk 43 AL 25
() 45 4 328 R AT B R R B AR I 48 5 48 ( AR
290.5~3 wm) 4L, LB 2 (R4 2 AE L A
EAi24) 5~25.50~80 F1 100 ~200 pwm L, H AL
BRI IE 3R (AR 2 50 ~ 100 wm) | 7% 38 P38 4T
CMC KA T R R 11 23 (R 25 40 = B 43 A 580

BRI R R 2 (JEEEZY 0.2 wm, I [ BE
2520~50 pm) S5H#5 554 T ENTZ SR E 28
(HAZH 0.5 wm) LA, W R R L 2Z ] G FLBR
243 [ AF X A0 1 A9 ) 2 /N — 6 (LB 3 AR 20
5~50 um) HIEABE % XC KA FRAEMER MR 25
[ 2546 55 CMC 2SR, {3 PR R o (SR R 2
0.1 wm) FULEIFEE/N(Z 10~50 wm) , S
AR BZ RS E (AR N 0.3 pm) 5
A A (A5 ) 45 23 [A) FL B B /s (FL B E B AR
230 2~30 wm) HIESTE %, BEEER T 3 Fhll
R R T e, ER RS R AR AR 2 A i
SR IRAR IR AR, IF HALBRZS [ R SIS WRpE
AN AR Ak R ERTIR 3 Rl B0 A 2K AR AR
Do 245 B L4 25 () 25 R A AR SR 2 5 T 3k 2 2 S il
A RERERIFULE T BN TR A grE"

3 Sth5itit

3.1 BRI K G W0 0 e 10 AL

IKAEWIIE UK Sy ) s, S8 T IR IS LR
FAF LR CH, UM i T 25 2L, h T ek O
W AP A7 A 8 3 D A g 9 AT AR B
PAHOKAR 73 5 4 Mk 1 be 2 T AR X 85/, O B
F T AL B 25 [ B A7 A, 2 7K BT 3 B oK
35 BRI Jr AT 8 7K o AR G b SL B 2 T



- 132 - T E B K FIR( A ARHFR)

2021 %2 A

(¥ A KA AR B 2 K AR CH,,
TR TP R AR AT REE 2 MY 2 BT A K
AL 2 ] v VR ik TR R 2
SR AR R IR OR S H, Br DL B 1 Ok
EYI AR B, B N RO, BAR L

2 S

(a) 0. 3%k M3 )

4

571

PEGERT K AL 73 5 B e PR By Le 2 Tl BRA BT 0 R B
ZREEHE rh A FLB 2 TR A B/, B K 23 1 i 8
A BT A {E LB S 8] H AR ] REAT) A7 1R R R
(9 FH K 731, A B S 9 K S A 2 A
TE— e AR AT B s

(h) 0. 5% CMC

(i) 0. 5% XC

Bl 6 ARREBSBUERFIKBBRNNTINLEN

Fig. 6 Meso-structures of tackifier aqueous solution with different mass fraction

CMC 7KW Rtk Aok Ak 7 1 R A2 1k
IR FRARXT BN B A AT B R 34 50 248 B 4R Y EL 3R
TAIFRAS R LR ZS (B RPN HIR S 24, i 2%
IR CMC 7K AR5 F B A8 T 2 5 22 1) 7K 7 16 L
i FLBRZS ] [ H K 53 PR AR X A Sl
CMC 7K G WAl 5 T e M v By . CMC it ik
F0.3%~0. 5%, KA Sr F AL LAY X 2% B B2
ARJE AR, R AU TR, FLBR A | R 5B &
WAAFH /N HE (K 6) , FLEZS [ Al e LT
WA H K FAETE, I BB K FEA N
SRR AR (KA T W P AR AT B LA SR AR 4 K 5
WA KPR AEAE i 7 FioR) | dEmiE KA
T RCIR B F1 A S A IS LT, K o AR ME L 2 0 A
SUHAE AT A2 [ HESIE B ZE T 2542 L-F- i
T KA TR B, 3 — 3061 7E 5 20 2430l
FAE 28 2500 T W0 A0 K A 9 8 B Y HL
FAALZ

XC HHEEN 0. 1% F1 0. 2% I, 5 9K 3 F IRk F 20
LR AL 3 5 4 1A HE A ] B 0 50 CMC /KA TR
H AR /N A3 AR AT T A AR T LR
23 A RSP T /N JEASTE R 2% (H K G A ] 1 2w 555

T CMC; 455 18] 8 X AN i B 73 MR AR R 0K

oG VAV R S e St o M Ly
m’;’?&«,giﬁ- ERAS ALy
A SIS AN

O R S,
e

5

NP FEH E
%
NPXFHEH

32Ny A —
o 3 5" Lo * IR VLe ¢ 08
T S e e B D) i
s :
WMERKLATRER HikST  HO
B 7 B&PkSFRIZEES fRHE
Fig.7 Spatial distribution characteristics of

water molecules in solution

1. 005 : %ﬁéﬁ
1. 000 y )C(BC/IC
< . @ "
 0.995 ¢ : ' L]
% 0.990 3
- 9850 0:1 0.I3 0.I4 0.|5

0.2
BRI H/%
8 HEWBFFIKBRHIKEE

Fig.8 Water activity of each solution



FA5E H 1 I 0,5 . RRAEIH M T RS BT AT E LAk RIS RE M iR 69 % vf + 133 -

WM AR BUR XC KR TR IR R IR RO
F14y b 2 10 R K (HHR 48 7K 20T RE 7 AR 55
SZ AR IRy F AR BOUK A P il P w55
T CMC, XC &N 0. 3%}, Hoktbr Fre s b
ZH R I SR 2 A AR A5 BRI 2, FLBR s ) R F AR 1S
TN, BR KA F o 4l 7K 431 1 RE 7 A R 555
EAE B AR R L R T A K A5 T, FLIR 45 [8]
FRI 7K TR T BE TR R 15 LA o K B AR S T A7 AE
LT E&FKEWIE R, XC 3K 0. 4%
0. 5%J5 , W 455 4R kg iF — 2B A A8 42 2% FL
B |t —2 /N (K 6) , HALBR A 6] 7K 435
FEA i AR AR H A D K AP AL, X
RATRES XC /K ¥ W EL A 5 m 1 & 6 pE FRR o
XY,

T R, SO TE A N CMC 7K 5 W R SR 7
BEPEER N B — 2 i &tk B TRk 2
T BTV W P 0 AR 25 o 1 24 T 1, M DA R e A7
TE, XC 5578 K i W 5 A DR i bR B e 245
P, M HGR B — 5 S e, ) e SRR T T AR £
BB B R T A RE AR B R (AR
R G T HAERRIZ R shAs 24 Rl e 17
P A XC A E] 0. 4% F1 0. 5% )
FEPEPEVE R T T SO 28 WP 2 T8 K R RS e A A
F1R) PR A3 T T A A TR 42 kT AR K, A T
e DK AP L AT R TRt i, i
S50 T XA IR AT XC KAl

IKAWIIE IR 3h s i, Wl B ) Kk Ak o
SRR TR SRR RIE B, B
TCE K G WY B, (A BB A% — i At 13 b s
KA FIE B IE I 25 | T LA 45 4 386 786 70 /K s vt
IKA W 3 VR PR SRTE T SE 2% K& W 1
R, FL— 4 48 F Bl 26 5790 R 4 B0 38 K g
WS, AT RS 8 2 R I R K A T Y
AE 1 AT E 2R Z KAk 4 B 52 SR 487K o F B X
TR I HAOK Ao T 3 sRA T R m 1K
SR E] THEMEEN, BAR XC 7K A PIE i8R 3h
TG A A e 55 T eMC, (HHK 4B 4T
RERMGEFT /N, R K, It HAE P4
TP PR 245 23 ) 45K T R B 4%, T 22 (10 7K - o Lo
WA, R XC IZE KA YIE L A B
58T CMC FIECPETERS

25 LR 3 Fh B R K AL 5 AR T WO R
TR T AR 2S A1 25 1 9 450k B 2R 45 44, - 5 24
SRRIBELAS H B 0 K 43+ B9 12 By, 7 25 8] 5 (i)

X EARALEB ORI S A R R A AN )
B RS2, R 7 AN [R] IR 3 g 26 R A [ 7 2
TSR,
3.2 BEFFEFRHEFEERDERNE

IKE PR A oA A R K S
KA, T )R] BEORTFH IR 5 W14, RIDAEFr 4t
AL T AR Y TR 2 A R BRI B T W e
H PRI A PR AL THF 2 A2 AR, Tl H
14285 JEE A IR B AR AR RS2 R L e AN BT SO, 9 1 52
W TSR AR Y B LUFE AR B K 45 O
B RIS, A2 1 1 286 700 X K 5 W B 2
i, 14 22 FE R B AE 1 I AR 25 AF T Bl IR
R A IR B2 | DT A 45 P T A 6 9 A 28 e B AT
By bk . IR ENEEE K S YR T KR
JEVEIE (3 C~ %) ™ % 5~20 C 44T % 413
BT K WA B 5 2 B E AT IR, 55 Hh A 4
VEBCEA [R)IRLIE 2% 1R 1 2 WL 286 B8 A VB PR 2 L | 25
RIE 9,

SIMTIEL O IR, 25 LI WA AR LR 5 I B
JE 57 T R0 1) 00 ) 0 DA IR AR R R 1 AR i
KX G RFAR AL 731 B 4 ) 1 ZREE R o)
oz S p A VIR 5C | J5 i 20 K 34 0 2 ol k0 45
HAAE R HIE S 2 2% | W) fL B 25 A0 2728 /N U
AT H HIK B 2 R K AR 5 5 SR AR K Y
KT ST VISR B SR EE AL B X E 5 i A 25 1 B ) IR
SR PR I 2B S B R R KA S AL
23 (6] FROK G319 RG2 Bl s , LK 53X T 46 2 551
KA Z [ A X 32 3 B 1) 2 o A T 227855
T 75 18 285500 /K A 233 22 18] 5w LA 2R AR X iz
gt TRl B2 BRI K AL S AR T T R AETE A
P26 S 3R G BE AN TR 52 R, CMC 19 2 2 AE ) I
58, XC R, i A 5 55 5 52 A WA E 1 AN )
AR AR 26 16 T BRCPE T A A XC KPR A2 1
(AT s AR R, CMC /K22

LR TR I FRRAU S 36 B A R R K
SCEG A SRR A RAT XTSI O A Ak B
AR LI R R T 5, 7 AT Bt BUK 5 B iE i
PETTYE A 2 AR B AYNG BT, DU Bl 10 236 790
A 2 B ISR RE ) SOk W il 1  an SR T il
Fe 25 AEAL T oK G AR P10 i B SUT , BH3 rP S ik
FE =T 0. 3% CMC J& , 7692 U4 R B IR
F9 ) Pk SLREAT R il /K5 4 B TR i, B 9 el
IS AN WA i 50 5 245 A il PR A% g K
B R B B SRS 1 I, 254 XC A1 3l



- 134 - ¥ E G K F (A RFFRR)

2021 %2 A

ORI RERS o S MM R I B R R A
BT K G PIE AR BE R O AT SR A PR, 7K S Pt
et T AR v o 1 P RIS AR (4 Al
TLLIK B A2 KG9 R i 049 H Y, BT LA
D3 35 790 I A (E 2225 JE R BE 1 FK & 4y 4 il

—_
D 0 O N
(=== ]

FMEFE/ (mPa « s)
85

(=}

12345 12345

AR H/10°
B E b CMC XC

12345

P, 30 B FRAR IR JE H R AR 2% R Bl A
L AR R Al R R, BT LAJCIE I N iR 2%
PRSI WIIE SCEAT B35 588 A9 B 3 7 T, XC AR
Libsprdjil

—_
(=23 < B =T\
o O O O

MR EE/ (mPa * 5)
3 8

(=}

172'3745 '1 273 475'
HESH/10°
B E CMC XC

12345

9 FREBEFHTEEIRNRUNEMEERE

Fig.9 Apparent viscosities and plastic viscosities of solutions under different temperatures

4 & it

(1) 7KE YT LSR8 T 555 s B0 T, it Ry
0. 1% ~ 0. 5% By PETER XF KB W i B A —E 1
HVEH  (EAS BB K &I 1, 1 CMC B
A 0. 3% ~0. 5% N A 3K F ] L-F- W) E 06 K59
TE BB ; AR XCOMELN 0. 3% B A e
il 7K G W % B, R T 34 K #) 0. 4% F1 0. 5%
J& , SZ RS Y 2 e AR gt | KA A
P A TR .

(2) KEWIE WL AK 3N T 1G0T, RS
SEIE K, 3 TP B0 B R A — i R MR B K G
YIE HGE R, H T XC 80T /K 3 8 ol e pl o
TN = AR 25 [ 254, REAE R AT 2 K 53+,
I HAK A Pl R T CMC RS TE B

(3) BRI B Fh S SOK G WA #E o 2 tF
RS AR XS AKA Y R B 3K Bl VR S, CMC B
T8 TN T AROR R A ) B R R XC R HAE
JESH= 8 o A et e AN B o S OB o e o
TRAL BRI AR R 5 R IR S X KA e
A BIR BV F i, XC O B 5 A A o0 ic 1 75 HL K
B YA AR R

SE Lk

[1] SLOAN E D. Fundamental principles and applications of
natural gas hydrates[ J]. Nature, 2003,426(6964) :353-
363.

[2] COLLETT T S. Energy resource potential of natural gas
hydrates [ J ]. AAPG Bulletin, 2002, 86 ( 11):
1971-1992.

[3] LIUC L, MENG Q G, HE X L, et al. Comparison of the
characteristics for natural gas hydrate recovered from ma-
rine and terrestrial areas in China[ J]. Journal of Geo-
chemical Exploration, 2015,152(3) :67-74.

[4] MCCONNELL D R, ZHANG Z, BOSWELL R. Review of
progress in evaluating gas hydrate drilling hazards [ J].
Marine & Petroleum Geology, 2012,34( 1) :209-223.

[5] NING F L, ZHANG K N, WU N Y, et al. Invasion of
drilling mud into gas-hydrate-bearing sediments (1) :
effect of drilling mud properties[ J]. Geophysical Journal
International, 2013,193(3) :1370-1384.

[6] NINGFL, WUNY, YUY B, et al. Invasion of drilling
mud into gas-hydrate-bearing sediments (1) ; effects of
geophysical properties of sediments [ J ]. Geophysical
Journal International, 2013,193(3) :1385-1398.

[7] HEGE E, MAJEED Y, EIRIK S. Hydrate control during
deepwater drilling: overview and new drilling-fluids for-
mulations [ J ]. SPE Drilling & Completion, 2001, 16
(1):19-26.

[8] ZHANG L, ZHANG C, HUANG H D, et al. Gas hydrate
risks and prevention for deep water drilling and comple-
tion; a case study of well QDN-X in Qiongdongnan Ba-
sin, South China Sea[J]. Petroleum Exploration and De-
velopment, 2014,41(6) .755-762.

[9] JIANG G S, LIUT L, NING F L, et al. Polyethylene
glycol drilling fluid for drilling in marine gas hydrates-
bearing sediments; an experimental study[ J]. Energies,
2011,4(1) :140-150.

[10] GRAY G R, DARLEY H C H, ROGERS W F. Compo-

sition and properties of oil well drilling fluids[ M]. Ox-
ford; Gulf Publishing Company, 1980:174-177.
[11] KOTKOSKIE A U, AL-UBAIDI B, WILDEMAN T R,

et al. Inhibition of gas hydrates in water-based drilling



FA5HK H 1M

I W, F AR A A T BRI R T AR e T A e S RIEAT RS T R v - 135 -

(12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

muds [ J]. SPE Drilling Engineering, 1992,7 (2):
130-136.

F/NAR B IR, 5. I 4 X S oK &
YRz [ J]. B S 58 ), 2005, 22 (34 1) .
50-52.

BAI Xiaodong, HUANG Jinjun, XU Fuhai, et al. Im-
pact of drilling-fluid ingredients and additives on gas-hy-
drate formation[ J|. Drilling Fluid & Completion Fluid,
2005,22(supl) :50-52.

k5 S SRR S KRR R K A
PESC G F 58 [ 1], B RS 58T, 2009, 26 (1)
23-25.

ZHANG Hao, JIANG Guosheng, GAO Shaozhi, et al.
Experimental studies on the inhibition of hydrates using
seawater drilling fluids[ J]. Drilling Fluid & Completion
Fluid, 2009,26(1) :23-25.

PG BPOR, BT, A5, B2 K BRI AR
SEVER 7 FORBUIR S OF 5B [ 1], [ il ok
SR AFRERT) 2019 43 (4) 1 T3-81.

SUN Jinsheng, HUANG Xianbin, LU Kaihe, et al.
Methods, technical progress and research advance of im-
proving high temperature stability of water based drilling
fluids[ J]. Journal of China University of Petroleum ( E-
dition of Natural Science) ,2019,43(4) .73-81.

ERIERA 2RI B A2 55, JORG T AR K BB
IR PLAS R [ ], B W5 58 R, 2016, 33 (1)
42-47.

QIU Zhengsong, LI Zhaochuan, HUANG Weian, et al.
Low temperature rheology of clay-free seawater base
drilling fluids[ J]. Drilling Fluid & Completion Fluid,
2016, 33(1) .42-47.

CAENN R, CHILLINGAR G V. Drilling fluids: state of
the art[ J]. Journal of Petroleum Science and Engineer-
ing, 1996,14(3/4) .221-230.

SLOAN E D, KOH C A. Clathrate hydrates of natural
gases| M]. 3rd ed. Boca Raton,Florida; The Chemical
Rubber Company Press, 2007:209-212.

LI G, MORIDIS G J, ZHANG K N, et al. The use of
huff and puff method in a single horizontal well in gas
production from marine gas hydrate deposits in the Shen-
hu Area of South China Sea[J]. Journal of Petroleum
Science and Engineering, 2011,77(1) ;49-68.

ZHANG L, SUN H C, HAN B, et al. Effect of shearing
actions on the rheological properties and mesostructures
of CMC, PVP and CMC+PVP aqueous solutions as sim-
ple water-based drilling fluids for gas hydrate drilling
[J]. Journal of Unconventional Oil and Gas Resources,

2016,14(3) :86-98.

(20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

(29]

FARHANG F, NGUYEN A V, SEWELL K B. Funda-
mental investigation of the effects of hydrophobic fumed
silica on the formation of carbon dioxide gas hydrates
[J]. Energy & Fuels, 2014,28(11) ;7025-7037.

SKOVBORG P, NG H J. Measurement of induction
times for the formation of methane and ethane gas hy-
drates[ J ].
(3) :445-453.

FARHANG F, NGUYEN A V, HAMPTON M A. Influ-

Chemical Engineering Science, 1993, 48

ence of sodium halides on the kinetics of CO, hydrate
formation [ J ]. 2014, 28 (2):
1220-1229.

PINFEIL, K8 22 AR AR, Bl I ) 40 ol % 2% <
IKEPIE SR [T]. A R 2274 (A SRR
2#JR) ,2008,32( 1) :56-59.

SUN Baojiang, LIU Xiaolan, REN Shaoran. Experiment

Energy & Fuels,

on inhibiting of drilling fluid add itives for natural gas
hydrate formation[ J]. Journal of China University of Pe-
troleum ( Edition of Natural Science), 2008,32 (1):
56-59.

BEPEEE LN TS AR B IR WA IR X R
RAUKEWIRIEM )] BB A2, 2010,38(2) -
190-194.

FAN Zexia, DONG Lishan, DONG Xiujun, et al. Effect
of chemical additives used in drilling fluid on hydrate
formation[ J]. Journal of Fuel Chemistry and Technolo-
gy, 2010,38(2) :190-194.

FRLLA  FEWIVT XUARA , 55. KRG HY B 7E AN [R)
MR A7 PR AT B 05 Bl 2 AR T L A T
AR A2 (A AARLAAR) ,2014,38(5) :178-183.
JIAO Hongyan, DONG Mingzhe, LIU Zhongwei, et al.
Molecular dynamics simulation of methane adsorption
with presence of water on different wettability quartz sur-
face[ J]. Journal of China University of Petroleum( Edi-
tion of Natural Science) , 2014,38(5) ;:178-183.
FURUSHIMA Y, ISHIKIRIYAMA K, UENO Y, et al.
Analysis of the state of water in polyvinylpyrrolidone a-
queous solutions using DSC method[ J]. Thermochimica
Acta, 2012,538(3) .43-47.

BAID S, CHEN G J, ZHANG X R, et al. How proper-
ties of solid surfaces modulate the nucleation of gas hy-
drate[ J]. Scientific Reports, 2015,5,12747.

LI HJ, STANWIX P, AMAN Z, et al. Raman spectro-
scopic studies of clathrate hydrate formation in the pres-
ence of hydrophobized particles [ J]. The Journal of
Physical Chemistry A, 2016,120(3) :417-424.
LEDERHOS J P, LONG J P, SUM A, et al. Effective

kinetic inhibitors for natural gas hydrates[ J]. Chemical



- 136 -

¥ E LR EFE (A RHFIR)

2021 §2 A

[30]

[31]

[32]

[33]

Engineering Science, 1996,51(8) :1221-1229.

KANG S P, SHIN J Y, LIM J S, et al. Experimental
measurement of the induction time of natural gas hydrate
and its prediction with polymeric kinetic inhibitor[ J .
Chemical Engineering Science, 2014, 116 ( 36):
817-823.

WANG R, SUN H C, SHI X M, et al. Fundamental in-
vestigation of the effects of modified starch, carboxym-

ethylcellulose sodium, and xanthan gum on hydrate for-
mation under different driving forces [ J ]. Energies,
2019,12(10) :2026.

S, Eoll R A A TRl R 5T U B
SRALTIRIA R PERE () ]. il 5 RAR LT, 2016, 45
(5) :56-61.

SHI Shenglong, WANG Yefei, ZHOU Daiyu, et al.
Performance of temperature-resistant, salinity-tolerant
and shear-resistant xanthan gum enhanced foam system
[J]. Chemical Engineering of Oil & Gas, 2016, 45
(5) :56-61.

E8, TR, RIRIR A5 T e AT 6 R
ARG S SBR[ T]. Al 24, 2017, 38 (8)

[34]

[35]

963-972.
WANG Ren, NING Fulong, LIU Tianle, et al. Dynamic
simulation of hydrate formed from free methane gas in
borehole [ J ]. Acta Petrolei Sinica, 2017, 38 (8):
963-972.
S, TR 2% A5 B IRAL B XA K S
A R BE A TR S WIS [0 ). B S S I
2009,26(2) :52-55.
WU Bin, ZHANG Yan, XIANG Xingjin, et al. A Study
on the influences of drilling fluid additives on the tem-
peratures and pressures at which gas hydrates are formed
[J]. Drilling Fluid & Completion Fluid, 2009,26(2) :
52-55.
TR A AR, B D, 45 KR BRI AR R S
K HXT BRI 1R [ ] A T.2240, 2005, 56
(10) :2019-2023.
TAN Guoxin, CUI Yingde, YI Guobin, et al. Influence
of different states of water in hydrogels on tensile proper-
ties[ J]. Journal of Chemical Industry and Engineering,
2005,56(10) :2019-2023.

(thiE 3 A )



