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Abstract

To enhance the performance of xanthan gum in oilfield exploitation, the crosslinking modified
xanthan gum was prepared through the reaction of 1,4-butanediol diglycidyl ether etc. with xan-
than gum. The structure and rheological properties of the product were characterized, and its ba-
sic properties as fracturing fluid were investigated. The results showed that the properties of the
modified xanthan solution were significantly improved. When the cross-linking agent accounted
for 7 wt% of the mass of xanthan, the apparent viscosity of the modified sample solution increased
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up to 6.9 times, much better than the current literature reports; and the comprehensive proper-
ties such as shear thinning, viscoelasticity, thixotropy, temperature resistance, shear resistance,
salt resistance and sand carrying capacity were significantly improved. The product has a good
application in the field of oil exploitation.
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1. 51§

TR (XG) 2 Fh 0 S B B AT 7 A 00— o 2 B B 7 HE AR 2 B 1], AE =GR HoAR R Ay L
W& 2], ER R IRAE M PR RE LA/ TE 2 R, flanfl etk . s BT oI, i tEA e, HEAHRL
RAFrim, ENAEE 2Rl ot ORI L i i, H AT R 08 ot D7 i B K et [3]
[4]+ HEBGYES] [6]. SHAMAELRMAZRENESE[7]. HAp B T A S8R s ulGiE
N TR ROR B EF UM 2 AATE bR TEHLHR N 3 252 2 i e Jm B 1, SR D
RN BT ESRA R TGS SR %Kok s N 2 2R H . A HLSZBGR H AT 24K
TR ZmBERRAA[SI I AR A KR (915, HX B B —E R, SRR AR NE.

N T T BRI, ATAREM 1,4-T B 4K HMBERIERE T R 4K H e E 9SSR 0 x5 i
RS, il T SRR, JFREAT T RAE SRR ERERT AL, JAS L R AR PSSR A R m
SONEEYE TohE . e, IR S, eI REDL R, AR RS R A TR R N AT AR

2. KBRSy
2.1 MRANLER

WRR(XG, ‘), WARBFERBERAR; 1,4-T B 4K HhEi(BDDE, ¥4 {H 0.63~0.74),
T BT AR E PR A R SR B 467K H il B#(PPGDGE, A4 {H 0.28~0.36), T [ FkM Bk T
MEAGIRATR TKZE G, EZEERmAaRAR . 20~40 H iRk, %% 1.67 glem®. A\ L
IK 48 59242 LA R ECEE[10]: NaCl 26.7, MgCl, 2 2.2, MgS0, 3.2, NaHCO; 0.19, KCI 0.72, CaCl, 1.15(g/L).

4 I S L AR 4T A A (ATR-FTIR, Nicolect 6700 %, Thermo Inc.35[H); X 5L HT5HX(XRD,
D8 &, M w AXS, fE[E); AL (DHR-3, TA, EH).

2.2, HEEIE

2.0 g XG JIAF] 100 mL L= -F/KF, HisaEm, B 1 mol/L EH0A™T pH A 11. BEFE N in—¢
B RXOA A5 K H g, THEZE 50°C, HEERN 4h, FH 80% L FEMT =W, M TE/K LEESRS 3 ¥k, 60°C
TE 24 h, W ARG .. SCBRBA SRR EL, 52— RIFE 5.

2.3. MR S5 FTAE
KH ATR-FTIR Wl 52 FE S 4544, D7 Tl 4000~500 cm™t; S FH i 3 AR A 52 J 22 WK B R AR 1k
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B, BETONELLR 40 mm (¥ 2°HEN, TRIRR 53 pm. FUREEEINR: BUUIEER 170 5™, FERIREE 0.2~0.7 wi%.,
BYY) ARG LRI AOREE 0.5 wive, R 30.0°, BYUIEZR M 0.01 #0%) 1000 st FRGFHMIR: SR N
1.0 Hz, FASH#TEEDS 0.01%%] 100%, FSRIMERGHPEX P ERR. RN M2 iof 0.1 2
100 rad/s. Ml AEtEMR: HZEE—BORTE 30 s WETUIHER N 0 FHEH 170 s, 55 BURAE 30 s BT YR
M 170 PR 0 s R BT UIEREMIR: $6F NEAR 40 mm fFH, [AIFR 500 um. 7£ 170 s fHZ BJY)
ORI E BE A [R5 4E, RETE 15 min Y 30°CTHE % 80°C, #RJE7E 80°C F1HIE 45 min.

Bl — &% XG F1 DXGL ¥R, MR LA 30%(1) 20~40 H Mk, BEISHEmFE5 5, BIA
BEEPEHE, WHRITHESHER TR .

3. R5iT1ie
3.1. AZHEEESHI

A2 AT R S A ot 2 UK B RIS L2 1o 7E 0.5 W% HIWR R, XG IR MUK N 44.4 mPass, 4
BDDE 5 XG [¥1/5i f2 L A 1 wt% i F] 7 wtdert , AR FE B 186.7 mPa-s 1 /1 %1 305.7 mPa-s. ¥ /] PPGDGE
AETEDIVET, KAk A [F], FEUUKS A 180.3 mPa-s 14 N5 258.5 mPa-s. it PERE it I 2 WUk BE I A8
PR IG TIPS REaE . MM R Y& Bk — B3N E] 9 wielt, SeHEAE S 1RV,
FER R PG, SRR, U BRI ER, SRS R SRR, SRR B A K TR [11] .
RLtE, R4 ORI T, ASBRELAI [E 2 72 7 wtdb.

Table 1. Effect of cross-linking ratio on apparent viscosity of modified XG

= 1 ZEKEEGIXSELME XG FRIUAE B HYF M

FEfb AR FH B (Wit%) XG(g) BDDE(g) PPGDGE(g) FUHKEE (mPa.s)
XG - - - - 44.4
BDDE-cXG-1 1 2.0 0.02 - 186.7
BDDE-cXG-3 3 2.0 0.06 - 210.3
BDDE-cXG-5 5 2.0 0.10 - 2438
BDDE-cXG-7 7 2.0 0.14 - 305.6
BDDE-cXG-9 9 2.0 0.18 - 91.4
PPGDGE-cXG-1 1 2.0 - 0.02 180.3
PPGDGE-cXG-3 3 2.0 - 0.06 202.4
PPGDGE-cXG-5 5 2.0 - 0.10 226.4
PPGDGE-cXG-7 7 2.0 - 0.14 258.5
PPGDGE-cXG-9 9 2.0 - 0.18 77.6

3.2. LLHARAE

o P SRR X SR AT TR AE 20 = 20.7° AL ELAT SR AT, SOk T AR R SRS TR, X
N b 1 6] 2 2% 4.08 nm. BDDE-cXG #1 PPGDGE-cXG 7£ 20 = 20.3°#1 22.1°4b A B & () 5 s, 1 7]
FEAY 9 4.3 nm A1 4.0 nm, BTSN TXICAEMLEY), Stk XG 5 XG KI5 ng A A (K 1(a)).

et B R IR 2L A (1] 1(b))Ean: #E 3000~3700 cm i) v W g g 2 i -OH 3 1 A i 4 R 5 51 ke
(f1, 2889 cm ' [FIRFAEIE St C-H BRI FRAIAS AR 48 R8N 51 ALY, 7 1721 cm ™ A1 1605 cm ™ &b Hi B
(IUEAE 73 ) /& BH XG H C=0 B LA A AR RAR 1 RS o B T WU A A B 38 S5 e ) AR B, 3
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BTG IRES S XG LA G AR 2. 7F 1022 cm ARSI S C-O-C Tk (R A U 1 [12]
[13], XG. BDDE-cXG-7 fil PPGDGE-cXG-7 7E AWK e i s R[], itk i 3 SRS 7E 1022 em ™ AR
W g 5 B L S R R, U B SOV S R (A B N, XRAXUA AN A S XG R KT

(a) (b)
XG 1022
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Figure 1. XRD patterns (a) and FTIR spectra (b) of XG and modified XG
& 1. XG 2t XG #y XRD Ei(a) LI s iEk E ()

3.3. MIMERE
3.3.1. RUWHME

DS AR M VR ) 2 RGBSR LI 20 A b 3 ORG B A B A B s, e
BDDE-cXG-7 fll PPGDGE-cXG-7 #4 il B AR . 7F 0.5 WtolIFE Mk E F, XG. BDDE-cXG-7 Al
PPGDGE-cXG-7 KR WAL/ A 44.4, 305.7 Al 225.9 mPa's, BDDE-cXG-7 Fil PGDGE-cXG-7 HJkiE
I3l XG 1 6.9 f5 A 5.1 £ T SCHRHRE SR P 480 S0P Jot 28 Ik S e o R Y P 2 WA E AN 4 7 2.6 i
[9], AT Tt AR XA S A B e 1 2 JE A B SE ARPE R A e, SRR FE B 38 . bR TR 1 XU S A A
a3 T RE PR B AN B IR OB 45 B 0, ORI VA VR 3 WRE 2 2 3 K. A S PR3 0 A SRt T v i i e
P& FRARRAS . $Emi (R R A 1> EE M L.
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Figure 2. Relationship between apparent viscosity and
solution concentration of XG and modified XG
2. XG Mgt XG HIFRMHE SHRREXR
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3.3.2. HYIEHITAH
s 3 iR, XG RIS HEAE i (kG B B 5 BT D R G I BRI, b 2 B BEAE R B U R I )
SHHBRIBYE R AR BT V) AR 4T . Cross LR AT DL FH R HAR VA T K AR R PE[14] [15]
M — 1,
1+(ky)"

n=n,+

Hrpy REVIRE, n, RSN RRRKE, n, @FHULER TR, k 2575 i
ARIER, mEFRE. v 7 KA mER 2. FETUIRE n, BEAE 3G I IEK, 7£— e
JEE SO T R ) R 55 2 ) e P R AR TR R 0 o AC BRI 5 5 mp PRMEL IR 4 5, 7EAH [FIIR 2 T, BDDE-CXG-7
Lt PPGDGE-cXG-7 [{E iy, 15 B MERE i B B G i3S BE /), IER s i B R 3. 78 sy Dl e
X3k, BT AT WA VI P B o 2 A S5 ) 5 M PR Sy, AR AR BA R R 3. AR SC R EL(R® > 0.99)F 1,
T sl 26 1) S EOE 510 & 45 R A RIF .
3.3.3. fhodte

REHPE SO T AURBERT [ R AR R, WA 4 R, SRR GEEANMMSNE LS AL, XG
AR SR 2 I S EERAT o CEAHIRIIREE T, CSCPERE B S S B G AR VER B G T
XG ¥, BDDE-CXG-7 ¥l =T PPGDGE-CXG-7 #iii. M T LG o THEBLESE BN, W48 45 Ha
BRI S VAR R S T SR RV

(a) 80 (b) 120
m XG ® XG
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Figure 3. The relationship between viscosity and shear rate of xanthan gum and modified XG solution: 0.3
wit% (a), 0.5 wt% (b), 0.7 wt% (c) and 0.5 wt% modified XG solution in artificial seawater (d)

3. IRERERME XG BRI E SEYIRER X 0.3 wt% (a), 0.5 wt% (b), 0.7 wt% (c)FIATL
sE7keh 0.5 wi%RIE M XG iBi&(d)
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Table 2. The results of cross model fitting XG and modified XG flow curves
% 2. Cross #2RIA XG MM XG KIRFNZ%ER
) ) B S ,
R R (Wt%) R
1o (Pa-s) 1. (Pa-s) k(s) m
XG 0.3 4.6087 0.1098 1.3828 1.6236 0.9943
XG 0.5 18.2519 0.2257 2.4068 1.4498 0.9963
XG 0.7 46.0437 0.3923 3.9068 1.3670 0.9968
BBDE-cXG-7 0.3 39.9145 0.1901 16.9332 0.8446 0.9992
BBDE-cXG-7 0.5 126.6120 1.4343 11.6607 1.1631 0.9981
BBDE-cXG-7 0.7 248.0619 1.8350 19.6330 1.0994 0.9977
PPGDGE-cXG-7 0.3 96.7132 0.5373 26.7752 0.8927 0.9991
PPGDGE-cXG-7 0.5 104.8373 0.4388 16.0535 0.9474 0.9987
PPGDGE-cXG-7 0.7 179.7440 1.2565 18.1076 1.0373 0.9965
XG (A Ti§7K) 0.5 49.2173 0.3158 5.1484 1.1016 0.9979
BBDE-cXG-7 (A Lif#/K) 0.5 208.1972 1.3828 18.6987 1.1776 0.9965
PPGDGE-cXG-7 (A LK) 0.5 170.9668 0.9042 21.4732 1.0758 0.9969
3 3
(a) 10 = XGG' (b) 10 m XGG'
o XGG" E ;(PGG(]EDGE-CXGG'
A PPGDGE-cXGG' & PPGDGE-cXG G"
& PPGDGE-¢XG G" . ﬁggg-cigg:v
102} * BBDE-XGG' —~10? © © e oo e
- X " 22 @ e A A A
é OBBDE:X(:C;.,gill“ QE :::2222AAAA
& a? e 22 g Efarg8s
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Figure 4. Viscoelasticity of XG and modified samples at 0.5 wt% (a) and 0.7 wt% (b)
B 4. XG FNHERERTE 0.5 wid(a)Fn 0.7 wive(b)ik B T Hufhs 4
(a) 30 —e—XGLi7% (b) 90 —e—XG L1758
—o—XG Fi7 a8 go|——xcTrz i
—A—PPGDGE-cXG L AT £ __,._—D'_Eu'fﬂ —A—PPGDGE-cXG £ 174k —D‘“y,
4() p——PPGDGE-cXG F 174 2 A 70| ~—rropoE-exa T ﬂ,ﬂd“?
—a—BBDE-cXG F 74 § ﬁﬁl;h' » r,Ajf —8—BBDE-cXG k74 B ag wﬂm‘
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Figure 5. C The thixotropy of XG and its modified samples is 0.5 wt% (a), 0.7 wt% (b)
& 5. XG RE M RAIAITE 0.5 wt% (), 0.7 wt% (b)
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3.3.4. T

fitki AR R4 N A% T AE AN VR F R WU A A5 M T B BR, BOR R R T R R R, REUR T
PIAE RS, i P IR T A R A AR 1 . XG AR it I A PR WL 1S 5, BAT R DR T AT L2k,
KNG . EMFERET, SO s s B & oK T XG W, HBEE R RS,
TR BT A K. SRR, MR RE RN LG XG 51, BDDE-cXG-7 ¥ il W& = T
PPGDGE-cXG-7 ¥ -

3.35. MR YI1EaE

XG FICPERE it (N BY DI PERE L] 6. 25 3R, B e otk i e B 2 g . 7E 15 min N
TH#F) 80°C J5 1HR , XG.BDDE-cXG-7 1 PPGDGE-cXG-7 1A ¥k (114 B K 43 il 9 62.5 mPa-s. 161.1 mPa-s
F1231.7 mPa-s, ECPERES IR 0Bt XG #2717 3.7 {5 A1 2.6 1%, 1M SCHRIRIELE FRIFE &R, BB Tk
PETE R A OR BERG BE 3R iy 1.2 f5[16]: PAECE BE A8 R TS 1k 2 i e DR B Kb B 4 v 1.9 £5[9], e B AR TAE
SE R T SCRROE o X2 TR IE IS RO AR, WK T R R A A SR e 45 1), M0 T M R
gt f, PR T S IR B R .

400 100
350 F
300} %
2 250p
E S
= 200r PPGDGE-cXG 460 imié
£ 150} Z=

100
XG 140

50
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i 1] /min

Figure 6. Heat resistance performance of XG and modified XG
6. XG MLt XG KR B 14 68

3.4. TN

PLEAL N AN N W KORIE R, B T S0 S B e A il v VR B2 . anll 7(a) o, BE#E Na'
WREERIBE N, MR TR I RN, B B A%, it — 0380 Na" iR FER, RAURS 2 AR LA K[17]. fE AL
BRI, BIUIRR AT %A BB AR (B 3(d)), (HH Tl KIER T 20 48 3 RN T 3 5 1) BUE
TeLERE, A R 2 5 B PR (1] 7(D))o
3.5. #EREEE

el RLAEAS [ BE ) XG R tE XG & Bl 5 L% 3. FR T, oOtE XG5V VR I B b T
[ Bt N T XG #ERMETR: R H4L 48 h g, 6 o/l Btk XG ViR b B kLA Jo W B Ui R, 26 I ekt
XG HRHHERD T RE I BT XG VB
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Figure 7. The effect of NaCl on the apparent viscosity of the modified sample (a); the viscoelasticity of the
modified sample in Artificial seawater (b)

Bl 7. NaCl 3ot an R YA IR (2); A TIE7KIR R e A f BORE 3 1% (b)

Table 3. Settling velocity of ceramsite in XG and modified XG solutions with different concentrations

5% 3. BRIEARRELIRE XG MM XG B ik ERE

TR E/(mm-min ™)
WE (gL

XG BDDE-cXG-7 PPGDGE-cXG-7
4 1.9658 0.0917 0.1468
5 0.4013 0.0324 0.0612
6 0.1332 0 0

4, g5ig

FH XU A B 3 0t 8 R AT AC R sk, AR AR B 7 wite, Bt XG IR KR R,
FERRETTAL 6.9 £, 0T HBT CBRAOHRIE . 2otk XG AW HL ek itk Bl B BRI B G R G
A PERE . 7E 80 “CHI 170 sMEBIYIEZE T 45 min J5, Mot XG VAR B R 73 D3R e 7 3.7 4440
2.6 fiF, M SCERIRIEE . SOMERE S B RIS S, 7 A TR S AU A VB TR 1Y R T 5

E&WmE

TL754 B AR B4 4> (BK20161128), MOE & SAFEA for the111Project (B13025).
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