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Abstract Natural polysaccharide polymer modified materials such as cellulose and starch have been widely used in drilling
fluids, but the conventional modification methods have limited space to improve their properties such as temperature resistance,
salt resistance and rheology. In this paper, Flaxseed Gum (FM) was modified by carboxymethylation using the solvent method,
and a treatment agent with multifunctionality, Carboxymethyl Flaxseed Gum (CMFM), was prepared. The successful synthesis
of CMFM was confirmed by infrared spectroscopy test and substitution degree determination, and its EC50 value was 4.68x104
mg/L, which was non-toxic and environmentally friendly. The inhibition, rheology, temperature and salt resistance of FM and
CMFM were evaluated, and the experimental results showed that the swelling rate of bentonite in FM and CMFM aqueous
solution was 28.05% and 27.52%, respectively, and the recovery rate of shale was greater than 80%. 0.5wt% CMFM drilling fluid
was aged for 16 h at 120 °C, and the apparent viscosity, plastic viscosity, and kinetic shear force reached 14.5 mPa-s, 8 mPa-s
and 7.2 Pa respectively, and the AP/ filtration loss was 10.7 mL, which has good performance of high temperature resistance.
Compared with sulfonated asphalt FT-1, amphoteric polymer filter loss reducer JT888, amphoteric polymer encapsulated filter
loss reducer FA367, polyquaternary ammonium salt (large cationic) and vinyl monomer polycopolymer PAC-141, CMFM can
increase the viscosity of drilling fluids, maintain a better performance of shear dilution, and maintain a good rock-carrying
capacity. The molecules of CMFM have a good resistance to high temperatures, and have good resistance to high temperature,
The CMFM molecules form a self-assembled space structure driven by van der Waals force, electrostatic effect, hydrophobic
interaction, hydrogen bonding and other forces, adsorb and wrap on the clay particles, changing the original network structure
and strength, thus increasing the yield stress of the drilling fluid and enhancing the network structure formed by clay particles
and polymer molecules, which is conducive to the suspension of rock cuttings and aggravating materials. In addition, after
20wt% NaCl contamination, the API filtration loss of base slurry added with CMFM was 18.8 mL, which indicated that CMFM
possessed stronger filtration loss reduction ability and salt resistance than FM. The drilling fluid system formulated with 4wt%
bentonite + 0.5wt% SK-2 + 1% SMP-1 + 1% sulfonated asphalt had lower loss of filtration and better salt and high temperature
resistance with the addition of CMFM compared to the drilling fluid with FM. CMFM can be used as a class of multifunctional

treating agent with good performance of anti-temperature, inhibition, viscosity enhancement, and filtration loss reduction.
Keywords flaxseed gum; carboxymethylation; shale inhibition agent; viscosifier; drilling fluid-loss control agent
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Table 1 The main components of flaxseed gum

S JRRAT I Hp ) 48 B B T R AR SR RO, A R H LT
JRRAFIE o S RRAT B PR HH B A sk S niy 7 AR R
FM—OH+NaOH — FM—ONa+H,O(B#fL 5 ) - (1)
CICH,COOH+NaOH — CICH,COONa+H,0 )
FM—ONa+ CICH,COONa— FM—O—
CH,COONa+NaCl ( kL 52 ) (3)
BT IR NAN, A DL RN M
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Table 2 The composition and content ofthe monosaccharides in flaxseed gum

AR AL FRPH BT APl AWk N Gkeki i
TR /wt% 17.51 19.31 29.04 29.5 11.91 19.28
x3 TEHFRBT MRS
Table 3 The mineralogical composition of shale samples.

W) UEES JifkA ESR A FHA HzAfl AI£ el T5ERIZ
T /% 27.1 14.5 13 0.6 3.9 2.4 13.1 3.6 21.8
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Table 4 Parameters and results related to degree of substitution
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Table 5 Effect of different concentrations of FM on the rheological properties of freshwater-based slurry

—_— 120 °C ZALHT 120 °C #Ab)5

AV/ mPa+s PV/ mPa-s YP/Pa AV/ mPa-s PV/mPa-s YP/Pa
0 6.5 3.0 3.6 5.0 3.0 2.0
0.3 17.0 10.0 7.2 11.0 5.0 6.1
0.5 22.5 15.0 7.7 15.0 8.0 6.1
0.7 28.0 17.0 11.2 21.0 14.0 7.2
1 39.0 25.0 14.3 31.5 20.0 11.8
R 6 AEKER CMFM X iRk ERTT NN
Table 6 Effect of different concentrations of CMFM on the rheological properties of freshwater-based slurry
R 120 °C ZALHT 120 °C #Ab)5

AV/ mPa+s PV/ mPa-s YP/Pa AV/ mPa-s PV/ mPa-s YP/Pa
0 6.5 3.0 3.6 5.0 3.0 2.0
0.3 15.0 8.0 6.6 10.0 4.5 5.6
0.5 21.5 14.0 7.7 14.5 8.0 7.2
0.7 27.5 16.0 11.7 21.0 14.0 7.2
1 37.0 23.0 14.3 30.0 18.0 12.3
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7S INFM AT CMFM 2. 2 19 i T %5 ¢ Herschel—Bulkley
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Fig. 5 Effect of the amount of FM and CMFM on the filtration

loss reduction performance of freshwater-based slurry
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/NI . FMOFI CMEM it W 9 1 2K 12 S48 T BR R 1
ST R Z AN A BRIV R g R & TRIE, A
CMFM UL e 2 5 8.8 mL, VKT #R Fi K2 4
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Fig. 6 Herschel-Bulkley model base slurry rheology curves for different additives (a) with initial shear stress (z;) and final

shear stress (7y) of the base slurry for different additives (b)
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Fig. 7 Effect of different additives on the filtration loss

reduction performance of base slurry

KA &, T FM BB IE 2k ik 3] 10.5 mL,
UL CMFM BA B4 FEIE RO . CMFM 5%, 1275
L2 )T 8 1) 38 TR 35 R A 20k 5 B A e YR ik 2 0 21 4t
&K, BCEEF R BEIE R MR
2,62 NaCl&EHEH

1E 0.5Wt%FM Fl 0.5wt%CMFM F 523 b fin AR [
M NaCl, MR A TERE, 25583k 7,

M ANaCl J&, BB B TR, FM LR
IK L AV PV 4y 5 1 22.5 mPa+s, 15 mPa-sif/H

%7 NaClyinE3t FM il CMFM £ 37 I 15 8L A9 RN
Table 7 Effect of NaCl addition on the rheological properties
of FM and CMFM base slurry

NaCl &

— 0.5wt% AV/mPa-s PV/mPa-s YP/Pa
w/wt%
0 FM 22.5 15 77
CMFM 215 14 77
s FM 20 13 72
CMFM 13 8 51
0 M 18.5 10 87
CMFM 11..5 6.5 5.1
s FM 17.5 10 75
CMFM 10.5 6 45
FM 19 10 9
20
CMFM 10 6 3
FM 18.5 11 82
30
CMFM 11 6 5
18.5 mPa+s. 10 mPa-s, [ CMFM 3t £ 7K 3 3 AV I

WM FRE, 45 21.5 mPa-s. 14 mPa-sik /NN
11.5 mPa*s, 6.5 mPa-s, =% JENa fi [k CMFM [ #&
FRENSEAT RS, R TaE RSB, KRS,
FHEE M TR, RIS, FfiZE NaCl 38, £hkIIK
FEAAK, BFFefefeiaim. 255, BT
FEIE AR FH A JRRFF AT — 22 b Ab fig

NaCl { il i Xt FM Al CMFM %£7k%éﬁnﬁﬁi§é§%
WE 8. Rl NaClVR YN, U8k EGg K, £
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20wt% NaCli5 4L )5, CMFM k7K 3% 1 APLE iy
18.8 mL, 4FZL K NaCl & i, APIUE K & fie KAl ik
34 mL, il CMFM A] LIHRHT 10wt%NaCl g5 4%, i
FMIIMA I Swt% /K365, APIUER R e it T
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Fig. 8 Effect of NaCl dosing on the filtration loss of FM and
CMFM base slurry

% 8 FM#CMFM =345 H ki 2214 EERI =20

ZRAPTIR, PR L RROFE I B S O T ORI B g
J1, AT 20wt%NaCl R A .
2.6.3 xH4E K A Bt A R

S T B W RR FF RS RN R BRI SRR AT AE Al
WK Z b i, ) 4wt R T 1 +0.5wt%SK—
2+1%SMP—1+1% il L i 5 A H AR &R, A FM I
CMFM, FEINE AR R A TERE RS0, 45
UL 8, B SN, B ELERE] %
Wragom, APLUE R & K 0E T B, 4 FM I CMFM I &
H 0.4wt% I, APLE 2% f 43 5l & 8.3 mL Al 7.3 mL,
Wi J 3 8 P 280 B R D T R EE RS, {HL 8 R i %
PEREAS, O S L r iR 0.4wt%. [FIRT, CMFM
Xl I v B RN R ) 0 1 52 e AR RE R 59 T FML, T
CMFM [WREIER M RE 5 F FM, X Ui CMFM Lt FM
AL PERE T4

5T T Z AR X B IR R RE A 52 mR, 45 21
U9, Al LA H, 100°C, 120 °C &4k 16h)5, X
i RESZ AN K, 150 °C2 Ak 16h J5 4 M R WL
FHRE . VEFE S Y) ) B B . FMAL IR R
FICMFM, iR R 2 A5 i ug e w3, 55
122 mL A1 11.8 mL, FHFMHICMFM E.& R IHAHE
IRMERE. 150 °CZ1L)5, CMFM FAIERBURTL:, X%
B CMFM $l M REZE4F T FM,

B FPT NaCl5 Y ERBAS L3 10, S LA
VS IR AT A R B B - 30K . % 3R 8, il A NaCl

Table 8 Effect of FM and CMFM dosing on the base performance of drilling fluid system

FM CMFM

i/ AV/ PV/ YP/ Gel/ FLuw/ AV PV YP/ Gel/ FLup/
wt% mPa-s mPa-s Pa Pa/Pa mL mPa-s mPa-s Pa Pa/Pa mL

0 9.5 7.5 2 0.5/1 12.9 9.5 7.5 2 0.5/1 12.9
04 25 15 10 4/9 8.3 20.5 14 6.5 3.5/7 7.3
07 41.5 21 20.5 6.5/14 7.7 32 23 9 4.75/10 6.8

1 47 24 23 8.5/18 7.3 41 30 11 5.5/13 63
x99 AEZBHREIEHRIE RN
Table 9 Effect of different aging temperatures on the performance of drilling fluid systems

FM CMFM

1k AV PVI YP/ Gell FLu/ AV/ PVI YP/ Gel/ FLp/
HRE /°C mPa-s mPa-s Pa Pa/Pa mL mPa-s mPa-s Pa Pa/Pa mL
25 25 15 10 2/4.5 8.3 20.5 14 6.5 1.5/2 7.3
100 21 13 7.5 2/4 10.1 23 15 8 3/7.5 9.4
120 17.5 12 5.5 1/3 11.4 21 13 8 2/4.5 10.4
150 7.5 7 0.5 0.5 /0.5 122 6 5 1 0.5 /0.5 18
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FhBREER 2024 4E 12 H oS 6 ]

F 10 10wt%NaCl¥t5h ik R EsE

IR

Table 10 Effect of 10wt% NaCl on the performance of drilling fluid system

AV/mPa-s PV/mPa-s YP/Pa Gel/(Pa/Pa) FL p/mPa-s
ZH 11 7 4 4/5 14.8
FM 335 18 15.5 6.5/14 11.1
CMFM 23 14 5/12 8.6

ZJa, 25 AR CMFM &0 It A8 1 R HA /DN
(AR 4k, ITEA FRYE Y, T FMORE W 5 R e 2
W, Ak, IIAFMAICMEM f5, $h K SL45 e m
UEAEA TSR TRE, 0oisE] 11.1 mL Al 8.6 mL,
Ui T FM A CMFM B & R 4F i hih FRus 2k veag, [
fF CMFM 3R R P T5 Ye BB U T FM B HRIR R .

3 4

L DL S K S, TR DU S S

1) SR R HH V5 I 0 19 7 3 60 SRR e 164 7 24
PR, BEMLUE . PrEk . K R R G ERE,
TR I RFFIE, £EAMETEUESE T MRS B 2
RHSAL, BRFIEBUREIRH] 0.961, R ILWFRATIL
Toi, HEBEIERE. BRI AR H JE R
FEIE B2 R AR BE , 0.5wt9% SV JRRFE IS AR H 22
S JRRAT IS AR T P AT R - i R I 32 53331 4 28.05%
H127.52%, FEZSAF T EIFIEAE 100 °C ZAb )5 v (A

%75 3Lk

WeE T 80% .

2) BRI RRAT IS E A 1 1 2 R I 10 Ok Tk g
A 0.5wt% I, 120 °C Z Ak 16 hJm 5 FH i 2 WL
RHRE . SRR B RN Bl ) g B B A S s B K Y
230% . 160% 1 210%, APIJE K B iR 2 430 15 3]
141%., SEELTITHFT-1, BITEE 7R &Y HEIE K5
JT888. WL R AW IR RN FA367 . R
R (KB E T ) 1 & 5L sk 2 oo 4L R ) PAC—-141 #H
L, AR SRR E IS BB IR 0T LA RE B A i B35 )
P B VE R A RE J7 . 16 20wt% NaCl 1544 )5, FR AL
ERRFF R APTUE R £ 18.8 mL, LV RRAFIR A
HHAF IR R BE ST

3) B B SRR IS FIT T B 18 7K SR BV A A8
WERPERE G, MRCEME Ry, H ke f
RE ST R UE S BE T o 8 W 60 JRRAT I g FH A7 T Bl >R
Toll, 2 ELATUAME . G BRI IS M R Y 2R
PPN, R EA —E PR . brikae ).
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