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The effect of high temperature treatment on the
structure of sodiumbentonite montmorillonite
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(1. Key Laboratory of Ministry of Education for Solid Waste Treatment and Resource Recycle, Southwest University of
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of Science and Technology, Mianyang 621010, China)

Abstract: The bentonite from Wuhu, Anhui (WH), Santai, Sichuan (ST), and Xinyang, Henan (XY)
were used as the raw material, and sodium carbonate was used as a modifying agent to modify three raw
materials (named as WH-G, XY-G and ST-G), then the sodium samples were heat-treated at high tem-
perature. The phase, structure, thermal properties and spectral characteristics of samples were charac-
terized and analyzed. The results showed that the temperature of the montmorillonite losing adsorbed
water and interlayer water in the three samples WH-G, XY-G and ST-G increase with the increase of the
layer charge number of the montmorillonite in the samples, but its thermal stability is opposite. The
structures of montmorillonite WH-G and XY-G samples are completely destroyed at 900 °C, while the
structure of montmorillonite of ST-G sample is completely destroyed at 800 °C.
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2.1 ER5¥E

JEkE: BT R ok B 2 BGE . a1 = & A
WA PRz 8 1 g5 40 0 o WHL XY il
ST, R HE J TR E X AT HE 40, B 205 i 2
S WH-T  XY-T,ST-T, $4f i J5AE 5 i 3=

BN 1. RA O D Bkt f 4l
JERER TS AR A TR T HE SR LR
ST J2 B AT B, 43 R WHET, 0. 354, XY-T 0.
470,ST-T 0. 725.

x1 EATLEATRATEHEROLERS (WB/ 1)
Tab.1 Chemical compositions of samples before and after

purification of bentonite in different regions

(wB/ %)
FEMARR SIO; ALLO; MgO  CaO  FeyOs

K;O Na,O TiO;

WH 71.69 13.78 1.22 1.94 1.56 0.28 0.51 0.17
WH-T 66.17 23.17 2.50 2.51 2.60 1.61 0.16 0.19
XY 73.22 11.75 2.57 1.39 0.89 0.16 0.26 0.11
XY-T 66.88 22.32 5.13 2.37 1.26 0.33 0.92 0.18
ST 59.28 16.01 4.58 2.41 2.59 1.14 0.17 0.28

ST-T 62.99 22.64 7.00 3.30 2.71 0.53 0.18 0.27

e CSIOTL 8 o P88 R T4 4 s KSD-6-1300 7 7]
A L.
2.2 ZTHRSH

(1) i A Ak AL B 2 50 H 10 ¢ fZiE +
A, R AR S DAk 45 1 217 8 Ak WHE: Na,
COs AR 220 (B A 2 BHAERTTE] R 3 min;
XY:NHZ C()3 j][]/\%j‘j 3% N Eﬂ{& Hﬁj‘?f 2\%|7‘]ﬂ§HTJ‘IETJ
jj 2 min; ST : Na, COs j]ﬂ/\i?@ 6%\ @(fﬁ Hﬁﬁ N
BNAEETTE R 3 min. FHALJSFESL A 105 CHEF
e BB B AR AE L 43 i S 5 o WH-GLXY-G,
ST-G.

(2) BRI - RS TR B, 23 B UL S
MIRESD 0.5 g A SH S KA i R I — S Tl A
g, BL5°C /min () T 4350 T & 200,
300,400,500,600,700,800 F1 900 °C , F™ b B 5,
PRI 1 b, FR SRR 2 BB K B URE U
B R =, U HE AR AE. FER T S
WH-G-T.XY-G-T.ST-G-T(T AR RIEE).

2.3 #HRWKERIE

it B AR ZE 18 S ) AE 72 Ak He far 22 AR X
SPRATHHACI E MRS Cu $8, B 40 kV, 4
W40 mAL I 2. 2 kW 56 . 3°~80°. R
FE TAALER A SDT Q600 [a] 25 #4537 A A6 A
a4 T I AT R 2% 1 SR - TR R Ry 20 °C/
min, 28555, 2S5 E 100 mL/min, AL O, 314
CRnas). FT-IR R HEEJE & S A rl -
i) Nicolet-5700 BIZT AP HEAX, KBr He Jr i il
GG 400~4 000 cm !,
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1SR =i X B - ek S 9 XRD fis 5
Eik, WE R AT DLE L WHLO XY il ST = AN R
WS A doo fH 50 10533 8.1, 518 1 Al
1.519 7 nm, 33 A #0859 55 3L i +. g fe b B
Ja S WA doo (B & T B8 AE , WH-G,
XY-G fl ST-G =AFER R ZE WA 1 doo H 53 51 R
71,230 7.1. 235 6 F1 1. 231 9 nm, XK R4k
iR, Na ™ BB T S WA Z Y Ca®" , [H] i
Ko F 24 Ny — )2, Sy B R 52 0 A 0 S5 4
FRAE.

3.2 iR RN RTE RIS AN fh R4S

Bl 2 =40 g = ahfe S B Y TG
DSC fhgk. MIE 2 sl LIE . =AFE Atk s
BB T = AN BH SR R AASEON 5 43 6 R 52 WA
8 2 i Rt A 5 2 ) A | 4 A K R 52 A 4
FAJZ I FUAR T

SR — W ARV, 3 B 52 A O 2
KRN JZ B 7K BT, XoF LA L i A e Ak i
Jei i DSC &k, il AF 2 = AN i -+ 5w 76 =5 1 ~
200 CA P AA 5 — D IAAFE 96~ 109
CLAME 171~175 CH —AD/N IR s Mgl k
Je BORE B U — AR SR R R A5 52 A
JZ )& A P Z K31 H Ca®' kAR B &K, Bre fin
P A i Sk IR B K I B Ca™ ()2 1K 4
T BRIGTE 171~175 “CHfHiE 2k K5 Ca® Bl 45 &
(K 43100 aE— 25 2 B JEURLRE S 4 B ) 4 4L
WH-G.XY-G Hl ST-G =ANE & a5 — AN W ARG
R IR R S B — o R L RV 25 22 F far 5 188 A
T TE . o3 A D R Ay 2 e fr 500 57, i B 2 () BH
BETRE, 52 B2 R 25 G OK 2 8 2, )2
() 2355 7K B9 53 ek J32 v T B2 e 7K P O o 1k B A1 ot
JEHL AR A ST-G R 8 — W BR300, 4 L
W hem , XY-G HE b JE o, WH-G B il =4
P 7R — B BE 3 I 5 2R 43 R 6. 25046
7.70% 1 8. 75%.

X THAL T RRRE i 575 AN BRI s = A
W AN 590 % 552 O A P O 6 ik (5 40 KO 28
FAIJZ FUARE s WA A R ARG 5 52 A 1 AR e
HH G s WA 0N XoF 17 P 10 8 ki » 52 A ) AR
SE MR A0 = AN 3 R A W AR 11 R
1, F I A B A R . WH-G RE S B s, 43 5 h

693 1 921 “C; XY-G BE& R, 4524 680 FI1 888
C5ST-G et AL, 4390k 614 F1 851 °C L fliE 2
FEL i 500 38 T R AR Xt B B, = AR i A 3R
EPE WH-G 547, XY-G B, ST-G f12%.
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Fig. 1 XRD patterns of bentonite before and after sodium-
ization in three regions
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J2 ()35 BH 85 1475 RE W B 2R 55 P oK 437 645 7K AR I F
PR 2R ST-G R 5 28 e T A 345+ K 52
JUIRIGRE S =# 2 P 2.

(2) 500~800 C. # TG-DSC 734, Z i A
TEIX — BB Je R4 b 7K. 3009 B RVl 7 i Y2 2k (2%
F47K) Z 1 55 F 500°C I #A 5 5 At A i P
KB JFREER , 2 B BEORFFAE 0. 97 nm £ 47, R
JZE A TP B R IR T
700 °C, & 800 CHEZ ML A W L5t K G RE P+

TOT RIZERE JZ F) 2 L P 2SR5 .

(3) 800~900 C. #Hg TG-DSC 43# , FiX —
B B 58 Jit A Mot 2 &5 #e) /K 25 4 )2 i 3R O S B e M
AT AR, WH-G Fil XY-G B4
S SRR SR A IR B R 900 “C L1 ST-G A i
TEAAKNERTEE A 800 °C B 52 i A1 45 F4 B IR, It
A 52 J8 A () AR AT S A G TR 2

LR =AWEL, ST-G A b 1 & A 1R EE IR T
WH-G Fl XY-G # i, X it B ST-G FE g
EMERR2E 5 TG-DSC /3 Hr4s 5 —3%.
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Fig. 2 TG-DSC spectra of bentonite before and after sodiumization in three regions
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4 =0 1 Ak J5 B H Ak B
Y FT-IR 3%, & WAL FRIRN 22 L3k 2. M4
B BT IR EIE AR AE - v 52 0 254
Fifbss AR A R R S S = AR AL

(1) Zifd~500 C. FESLIR L FE N 52 A
FRFLEHFN K o3 B W S 0ee I R & A= B B i A8 b L 3
S PRI AT IR 0 TRl P 52 I3t 2R 2 I B 7K R 22 TR 7K
Jii UMK 152 i 2540 S5 8 A= s s O R &
R B ARk, 1 033~1 040 em I BEAIT 1 093~
1114 em 9% B3 0l Hh 58 B A i Si-O-Si g A
SO Bl o 45 4z 3l 51 1S 1145 350 HE g 0L &5 #4) 2 Pl
T2 B ST 8 E T K E R A &

xR 2 FAET WREE AL SRR DI BIE 18Tk
Tab. 2 Assignment of infrared absorption peaks of the

bentonite samples after sodiumization

WH-G  XY-G ST-G 5]
3633 3629 3628 IR AR S
3 449 3 449 3 455 Hz()ﬁi’:’{ﬁﬂﬁfjj
1 640 1 640 1 640 H,O 25 #5230
1100 1093 1114 Si-O 455 3h
S ) o L
N 1040 1036 1033 Si-O-Si 4R IR 3N
{78 /em™! i i
919 914 913 AFALIFOH 25 i ¥ 3
797 797 797 Si-O 45353l
623 630 628 Si-O-Al 25 i1 35 3h
525 520 522 Si-O-Mg 25 i §i% 3y

(2) 500~800 °C. Fifi#5Ab 3 iR B 4k 2 Tt i L 52

B AL-AL-OH Fé W I 28 39T U8 55 27 2% L iX T
RSEWA TR T REFAE . S8 TE s
PR T R B A AR G A X . (EJ2 L 7R b

PHE T TS S R K TR R
T BT Si-O-Si S Si-O Hlf SO PR 3h .
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O-Si Bl g B 06 WSO 3 » 30 B 52 A 11 )2 1R 25 44
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TEPAE IR E > 800 °C v}, 52 i 41 1Y 4544 & 1
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Fig. 3 XRD patterns of sodium bentonites and their heat-treated products
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Fig. 4 FT-IR patterns of sodium bentonites and their heat-treated products

4 £

it

TN BT I R 1 A i B LA B ) Y
Z5H L TR B AR AR REA T T 5T A5 B LT 45
1B (D) = IR R FE df 2% IR K 5 2 1)K
(AL L35 2 L i 2 )8 T v 6o o 5
OGS HE 2 UM Al L 505 22 A S = P A 48
IR, (2) =0 LA AL R R i A S A 42
400 B 500 “C it AbHHS , 2 18]35 BH B 7475 5. W Fff
IR o IR JZ AR, ST-G A i 28 e T b 3
SRR IR BE I o = F 2 h 2. (3) ST-G
b ERAAE IR JEE O 800 “C IS A1 19 454 E Bt

WEIR , BEBHUAEAE A S WA, WH-G il XY-G #
ity P 52 A A 25 R B B IR A TRLEE SR 900 °C 5 IEERHY
AT A, (O =8 IS i e
At e RS PR A 1 WHEG BE Y, XY-G R
fEH, ST-G HEf e 2. £ WH-G fil XY-G ¥
B e i R

SE Lk

[1] GongZ]J, Liao L B, Lv GC, etal. A simple meth-
od for physical purification of bentonite [J]. Appl
Clay Sci, 2016, 119. 294.

(2] RN, INLGE. DA, 45 RS P LRI

035002-5



% 58 % N KR CH KA FR %34
T YRR SR E R RIS (T, o [15] 2. RE22, L], S LS I b R Rk

[3]

[4]

[6]

7]

(8]

[10]

[11]

[12]

[13]

[14]

HATHER A2 AR, 2020, 39: 173,

SR, AR, BRI, S5 B2 00 W)= R E
HAERE A ELT] 7R 58, 2019,
39: 93.

Agha M A, Ferrell R E, Hart G F, et al. Physical
properties and Na-activation of Egyptian bentonitic
clays for appraisal of industrial applications [ J]. Ap-
pl Clay Sci, 2016, 131. 74.

Anh HN, Ahn H, Jo HY, etal. Effect of alkaline
solutions on bentonite properties [ J]. Environ Earth
Sci, 2017, 76. 374.

Beno ] B, Vontorova J, Matejka V, et al.
tion of the thermal resistance of selected bentonite
binders [ J]. Mater Tehnol, 2015, 49. 465.
Magzoub M I, Nasser M S, Hussein 1 A, et al.

Effects of sodium carbonate addition, heat and agita-

Evalua-

tion on swelling and rheological behavior of Ca-ben-
tonite colloidal dispersions [ J]. Appl Clay Sci,
2017, 147. 176.

S, il S I + 4 Ak o B 2 M 5
[D]. & PR, 2009.

Boylu F. Optimization of foundry sand characteris-
tics of soda-activated calcium bentonite [J]. Appl
Clay Sci, 2011, 52; 104.

Holtzer M, Bobrowski A, Zymankowska-Kumon S.
Temperature influence on structural changes of foundry
bentonites [ J]. J Mol Struct, 2011, 1004 102.
. FZ OIS AL S A O R BT LT .
BARAE T, 2004, 24: 100.

RHLR, EPOR. LTSGR R iR X G4
RERgEL) ], VIR HbITT. 1988, 13: 47

INIR, SZRIL, XL SWA BRIk o
Hr2E00 ] NTdiks£4iE, 2008, 37. 350.
Kaufhold S, Dohrmann R, Stucki ] W, etal. Layer
charge density of smectites-closing the gap between
the structural formula method and the alkyl ammoni-

um method [ J]. Clay Clay Miner, 2011, 59: 200.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

HOARMIELT ], fERERE R, 2020, 39. 837.

Boeva N M, Bocharnikova Y I, Belousov P E, et al.
Determining the cation exchange capacity of mont-
morillonite by simultaneous thermal analysis method
[J]. Russ J Phy Chem A+, 2016, 90 1525.
Alver B E, Gunal A. Thermal, structural and ethyl-
ene adsorption properties of Ag-, Cu- and Fe-modi-
fied bentonite from Turkey [J]. J Therm Anal Cal-
orim, 2016, 126 1533.

Emmerich K, Koeniger F, Kaden H, ez al. Micro-
scopic structure and properties of discrete water lay-
er in Na-exchanged montmorillonite [ J]. J Colloid
Interf Sci, 2015, 448, 24.

Balek V, Benes M, Malek Z, et al. Emanationther-
mal analysis study of Na-montmorillonite and mont-
morillonite saturatedwith various cations [J]. J
Therm Anal Calorim, 2006, 83: 617.

Ursu A V, Jinescu G, Gros F, et a/l. Thermal and
chemical stability of Romanian bentonite [ J]. J
Therm Anal Calorim, 2011, 106 965.

TRIERL, ZEITE, IR, . S A L
MM g A BB L] MU e I, 2017,
63: 471.

INELHE . 2[RIV, XU S50 2078 RS KoK AL Fs
IR0, W a A, 2006, 26: 22.
RV, F A M F G T A AR O R AR
(D] 77 P EFREABEDF A B M R AL F
ST, 1998.

Zymankowska-Kumon S, Holtzer M, Olejnik E, ez
al. Influence of the changes of the structure of
foundry bentonites on their binding properties [ J].
Mater Sci+, 2012, 18. 57.

Calarge L. M, Meunier A, Formoso M L. L. A ben-
tonite bed in the Aceguda (RS, Brazil) and Melo
(Uruguay) areas: a highly crystallized montmoril-
lonite [J]. J S Am Earth Sci, 2004, 16. 187.

RS 4
T Sc. B, BREVL. MO, S5 BRI X AL £ S G SR A IR T ] DU R AR T
E R, 2021, 58: 035002. 1
; & X: QinY T, Peng TJ, Sun HJ, etal. The effect of high temperature treatment on the structure of sodium ben- +

+ tonite montmorillonite [ J]. J Sichuan Univ: Nat Sci Ed, 2021, 58: 035002. Jr

e enhen e e s s e on e en e s e ettt s s s onon e en e s X

035002-6



