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Abstract: Based on good properties of suspension dispersion, cation exchange and cohesiveness of montmorillonite, in this
paper, a series of bentonite drilling mud products were prepared through the compound modification of bentonite using the
CMC-Na organic polymer and inorganic light magnesium oxide. The effects of different types and dosages of modifiers on
the pulping properties of bentonite drilling mud products and their action mechanisms have been investigated through the
high-temperature hot rolling experiments in combination with analytical methods of the SEM, X-ray diffraction, FT-IR and
Zeta potential measurement. The optimal compound modification scheme has been obtained. The results show that the
bridging function on the edge of montmorillonite played by the long carbon chain of the CMC-Na significantly improved
the mud viscosity and enhanced the stability of the mud system. The magnesium hydroxide produced by the hydration of
magnesium oxide improved the dispersion and expansibility of bentonite in water. When contents of the CMC-Na and light

magnesium oxide are both 4%, the viscosity of modified bentonite mud was 42 mPa-s, the filtration loss of the mud was
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22 mL, and all the performance indicators meet the requirements of the national standard. The compound modification
process scheme proposed in this study is simple and low-cost, which provides the experimental basis and theoretical
support for further studying the modification and viscosification of the bentonite mud. Therefore, it has extensive
popularization value and application prospect.
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Table 1. Chemical composition of bentonite sample (wp/%)

% SiO, ALOs Fe,0; MgO CaO Na,O K,O TiO, P,0s ek

o
fem

55.04 15.24 5.74 1.63 0.70 0.80 1.50 0.34 0.06 12.95
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Table 2. Physical properties of bentonite sample
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Fig. 1. Double bar charts for the effects of modifiers on pulping properties of clay minerals at room temperature (a) and high

temperature (b)
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Fig. 2. Double bar charts for the effects of the CMC-Na (a), light magnesium oxide (b) on pulping properties of clay
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Table 3. Effects of different dosages of composite modifiers on the pulping properties of clay at high temperature
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Fig. 3. XRD patterns (a), infrared images (b) of modified bentonite mud samples by using different dosages of modifiers
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Table 4. Effects of the dosage of modifier on properties of modified bentonite mud at high temperature and different pH values
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Fig. 4. XRD patterns of bentonite mud samples at different pH values
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Table 5. Effects of the dosage of modifier on properties of the modified bentonite mud at high temperature and different times
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Fig. 5. XRD patterns (a), infrared spectra (b) of modified mud samples with different modification time
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Fig. 7. SEM images of bentonites with added compound modifiers
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Fig. 8. Effect of pH value on the zeta potential of the bentonite-water suspension system
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Fig. 9. Schematic flow chart for the process of the modification and viscosification of the bentonite mud

3 4

ASCCLHEE A O EOR, Gl A AL e A R R OR S AR A A A i
PERE, WEIC T SRV R B AR R BTG bR, RA/IILIT4E5E:

1) PR N PR A B J5 PR E BRI 25 0 T (¥ OH 5 BV Wi b /b | Mg 1 L
M1, I Mg M e 5 I A UKL (B T i SE D SRR I B, RIUNF I Lt

2) CMC-Naft y—MAHLERY, W TKIENEIEARBEIER G, H B 7> 7 i 1 5
B 25 g ) RS 2 TR, g e RORSE [ B A 22 A 23 - BB, Ve KRN R T

gi bprik, fExt I LR AR B Aok )E, RIS $094% CMC-Nafil4% %5 i 4
B R e, R EEAEANIE R B LB E bR 20K @m0 T REWARREAMEARKE ST
L, AT -AHSERIF S &R L2075, KRR R iR R, TERERT & L gusliHF
Je S A E AR EOR
i IR R, AR TVFR ARSI B 1o, FRERE B S IW P R R R, AR S
MRS FRBCRMIE S EFF. FIMKFEERE. ™8R SE U OIFU R I, bRz, ik, Rt



1004 VI /= S 2025 4

SR TR I L ITAE R 2 B v I A AR AL S0, FER SO G R b s TR St S HE B AT R SCRE A i i
FRAEN M) 52 AT 7E T A%

EEPEE

[1]1 4R WA R T Fudt (D). EAIAL L, 2021, 50(S2): 361-364+396.

[2] BRI, wmisgiy. W ok LR AT R L)), P E AL B S, 2008(2): 27-28.

[31 XUEE, XUREYe. B2 1 E HLEC 70 (0], RERR BhiE R, 2009, 28(2): 285-288.

[4] E8L ZBCA AP RS BT A D] FUH: L TR, 2017.

[5] S, ZXGHE, 5K, 5. AT b FRP IR AL BT ST R AERRIAT - BL[T]. BN B, 2024(2): 19-25

[6]1 ERM, Dk, Bz, & ERMETEEE LA 1 - B A- 5 56 B 2 PR A ) 46 . RAE SRR BRI AL )], R EG 229K,
2024, 26(3): 570-582.

(71 XDEESC, 5800, wdlh, S5, Wi 2 s 2 i Vi 1 0 5 P T P o Jd K AR R (0], BRI RLSAIT I, 2024, 37(6): 1303-1314.

[8] ZE, R, W], S5 ARSI LR FTSEBORT L[], RERRERE R, 2020, 39(3): 837-843.

[9] T2 GME, WA, IR, S5, A0SO v v it R BT F R W P E T[], FABERLEE, 2022, 43(12): 5676-5686

[107 F5 Rk, M L i Sl R RV BE T AL D). b [E HE B H™ Tk 5, 2023(3): 55-57+60.

[11] FREE, Tk AL, LR, 5. B2 L0 oo AR R R IS A I]. A THAR S TR, 2016, 45(2): 20-22.

[12] REZE, RKE, AR, PAFES IR BH1 & A PLEERT SE 0], JE2J8A, 2008, 31(5): 1-2+61.

[13] THkdR, S, KI5, S KRG 38 5 Sk f s A e K BIAIRT FE[0]. 577 03 S FIH, 2022, 42(4): 60-67.

[147] faritng, Jfe, fefpinde. JiiE -t F TR R e 3 ook SRy LER I [I]. A E ARG R Tk 57, 2002(4): 15-17.

[15] SkEl =, & &, PP, & RS & B L g S e P R 5t 0], T Ew Lk, 2013, 22(7): 101-103.

[16] 3K, SHAHEA, T4, 55 35 R A b B it 3 - K VR JE 3T B b R XU R I 1) 2 SRR [T]. R 244, 2021, 46(6): 17681780

[17] EH:T7, 2EZE, #a(T, 5. 8 R A + /% T2 ). E&EI, 2017, 40(1): 37-39+42.

[18] E=, A, &I, & RUIEMIERIE R FHPMCEEIZE L AIBB TERE]. ISR, 2024, 44(9): 5035-5043.

[19] Cao F Z, Miao M, Yan P Y. Hydration characteristics and expansive mechanism of MgO expansive agents[J]. Construction and Building Materials,
2018, 183: 234-242.

[20] %, RE2, R4V, & @0 TREVIRERE G LR LU TC[]. RERREER, 2021, 40(7): 2256-2263.

[21] Du W, Yang Y, Hu L, et al. Combined determination analysis of surface properties evolution towards bentonite by pH treatments [J]. Colloids and
Surfaces A: Physicochemical and Engineering Aspects, 2021, 626-631.

[22] Karagiizel C, Cetinel T, Boylu F, et al. Activation of (Na, Ca)-bentonites with soda and MgO and their utilization as drilling mud[J]. Applied Clay
Science, 2010, 48(3): 398-404.

[23] V&S, BRI, RBRRM, 5. bk AL BE S ki + 5 A I T AR AR AU (0], TP K2 2R (B SRR R), 2024, 49(2): 291-301

[24] SKRIHA, 2640, 20K, 5. BAWSEE LR mBHS R BT A1) JEmA™, 2021, 44(4): 8-11.

[25] Syed Masoodhu S, Natarajan N, Vasudevan M. Modification of bentonite with black cotton soil and carboxyl methyl cellulose for the enhancement of
hydraulic performance of geosynthetic clay liners[J]. Water Science & Technology, 2024, 89(7): 1846—1859.

[267] XIB. UM SR I 03 B R ) Zeta HUSL B JEAR € PR FE[D]. 0L iU TR 22, 2010.

[27] J3IL, Ewele, XIEH. BT -K SR R izeta LB TL[I]. LB, 2017, 40(4): 23-25.



