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Thermodynamics and surface characteristics of DTAB and BS—12 co—modified bentonites

LI Wen-bin', LIU Wei', MENG Zhao—fu'*, REN Shuang', FU Qian', XU Shao—e?

(1.Department of Natural Resource and Environment, Northwest A&F University, Yangling 712100, China; 2.Key Laboratory of Plant Nutrition
and Agri—Environment in Northwest China, Ministry of Agriculture, Yangling 712100, China; 3.Department of Biological and Agriculture En—
gineering, University of Arkansas, Fayetteville 72707, US)

Abstract : Three different BS—12 modified amphiprotic bentonites were chosen to explore the impact of dodecyl trimethyl ammonium bro—
mide (DTAB or DT) re—modification on thermodynamics and surface characteristics of BS—12 bentonites. Their adsorption thermodynamic
properties and temperature effects were studied. In addition, TOC (total organic carbon ), XRD (x-ray diffraction ), Sger(specific surface—
area ), FTIR (fourier transform infrared spectroscopy ), TG (thermogravimetry ) and SEM (scanning electron microscope ) characteristics of
different modified bentonites were analyzed. Results showed that : adsorption amount of DTAB and turning point of temperature effect ( S,/
Sy ) decreased with increasing hydrophobic property of BS bentonite. CK (bentonite ) presented positive temperature effect on DTAB ad-
sorption from 20 °C to 40 °C, while BS bentonites showed negative temperature effect; DTAB adsorption on CK and different BS bentonites
were a spontaneous process. With enhanced hydrophobic property of BS—12 bentonite, the adsorption spontaneity was promoted and the re—
action changed from endothermic and entropy increase process to exothermic and entropy decrease process; TOC content and interlayer
spacing increased, but SBET decreased in different BS+DT modified bentonites with enhanced hydrophobic modification by BS+DT. FTIR,
TG and SEM results all proved the modification effects of DTAB on BS bentonites.
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Figure 1 Structural formula of BS—12 and DTAB
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Table 1 Physicochemical characteristics of BS-12

modified bentonites

At L pH {& TOC/ CEC/
Modified proportion pH value g-kg mmol - kg™
25%BS 8.49 52.1 775.4
50%BS 8.45 131.7 664.5
100%BS 8.34 185.2 569.7
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Figure 2 Isotherms of DTAB adsorption on BS—12 modified bentonites

32 DTAB RMIHA N F SR
Table 2 Thermodynamic parameters of DTAB adsorption

TR EE/C KRB (r) ] L BRMEE(S) #I1#2HY Thermodynamic parameters
Sample Temperature ~ Correlation coefficient gufmol kg’ b/L. mmol” Standard deviation AG/kJ-mol™  AH/KJ-mol”  AS/J+mol™ K"

CK 20 0.953 3%** 1.23 11.69 0.159 5 -5.99 33.26 133.91
25%BS 0.939 0** 0.77 26.04 0.103 5 -7.94 -5.42 8.60
50%BS 0.936 1** 0.69 21.08 0.091 8 -7.43 -9.28 -6.31
100%BS 0.958 1** 0.63 39.46 0.067 0 -8.96 -19.37 -35.53

CK 40 0.934 4** 1.24 27.95 0.194 7 -8.67 33.26 133.91
25%BS 0.943 3%* 0.77 22.59 0.098 6 -8.12 -5.42 8.60
50%BS 0.911 2%* 0.63 16.53 0.094 7 -7.30 -9.28 -6.31
100%BS 0.990 1** 0.55 23.75 0.025 9 -8.25 -19.37 -35.53

TE % FORTE P=0.01 /KFAHIDC 3 5 2 H i /=8, B MKF- P=0.01 B, 1=0.765,,
Note: ** represents significant correlation at P=0.01,with DOF=8,P=0.01,r=0.765
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T LA DA IR D8 0N BB TAB ML AR . ANTA]
EMAEEC BS B £ Sa/Sa TR H BUFE T ELA 5351
9 150% .60%F11 20% , ILET K 746 H EE DTAB
B K B . Bl BS—12 1ENEIE 1 Fe mifs i o i 1
Wavw, L AERE B KA N, R RS BT
DTAB IS KIEM, SHMARRE T Sw/Sy F 3T HL 6%
R AN ESPSKE L2

% 3 ANEMES BS-12 BSiiE 33 DTAB IRBHERESURZLL (S4/Sx)
Table 3 S4/S, of DTAB adsorption on BS-12 modified bentonites

M?ﬁiﬁﬁ%ﬂﬁﬂ CK 25%BS-12  50%BS-12  100%BS-12
20 100 1.00 1.00 1.00
40 1.01 1.00 1.00 0.99
60 100 1.00 1.00 0.99
80 101 101 0.98 0.98
100 102 101 0.97 0.95
150 102 1.04 0.89 0.90
200 104 099 0.93 0.82
250 103 098 0.91 0.78
300 102 096 0.85 0.78

FH B8 7 21 5] DTAB 7E BS-12 & fz e +
B, — T PH S T R I R S T 2 R P
SRR TE W far AU R . HERTEB Y BS-12
Rt L AT 4 G5 o5 — 7 T BH B TR B R vT LA
1o B K B BE AN BS—12 B 5 7K Bk B T B 5% K 45 A 1
Fo # CK X DTAB (W B & S seii 1t 5 AR w1
AT 3SR P B - UEA T B T A g & L Bl DTAB 24 Lt
(R B R, R T 2 A AR B e P K 285 S o

X 25%BS & s, HFRNIFF 46 1 30 BS-
12 W5 KA, DTAB £ H3 A1 1) 5 W i A7 A2 — 5 53
B s (HF#E DTAB &4 3N, & 2 i)
PRGBS 3, BT LSRN, T 14 i o i 1
FEARIREE A/ s X T 50%BS il 100%BS g1k &k 3
PR 13, Howt DTAB (815 i 32 S5 2 6 T 0 i
SRR E KR EE 25 G AR R P 2 B
T AT (G N3] DTAB (W 4 H 50%BS &
Wit , 1009%BS &1 - A K 503 , B L2 3 R 48 o ot
100%BS &1 L it DTAB f il /EF 53 .

22 T#HH TOC EE  FRREBEEE(dw ) FA Sy
BS-12 BS+DT &1 i 1] £ 1) TOC % & .don 3

&4 ZEIL T HE TOC B8 do 7 Spr
Table 4 TOC content, interlayer spacing,and specific surface—area

of modified bentonites

Trﬁim TOC/% doo/nm ni“_”g .
CK 0.46g 1.432f 50.61a
25%BS 521f 1.457f 43.85h
25%BS+15%DT 8.21e 1.461f 40.23b
25%BS+30%DT 10.84d 1.570e 32.28¢
25%BS+60%DT 13.55¢ 1.772cd 25.37d
50%BS 13.17¢ 1.576e 11.87e
50%BS+109%DT 13.47¢ 1.765¢d 11.31ef
509%BS+20%DT 14.42¢ 1.710d 8.52efg
509%BS+40%DT 15.25¢ 1.824¢ 7.89fgh
1009%BS 18.52b 1.961b 6.25gh
100%BS+25%DT 18.66b 2.142a 6.02gh
100%BS+50%DT 20.66ab 2.013b 5.42gh
100%BS+100%DT 22.47a 1.997b 4.31h

AR FVNE FREFRR A RIAE 0.05 K V225 W2
Note : Different lowercase letters indicate significant difference be—

tween treatments at 0.05 levels.
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14 + 75 2920~2851 cm™ &b (%) N-H 4 1654 cm™ 4b
f)-C=0 Wil A , i B DTAB &1 %] 1 g -
T, ZE B F S M A I A S K AR, A2
FER 4R SRR K
2.4 AEMEHEAZE L ME(TC ) Lk

A AN RME AR I 109 TG ik (I 4) AT LLE
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Figure 3 FT-IR spectrums of original and modified bentonites
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Figure 4 TG curves of original and different modified clays
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KA BRI /N, CK Xt DTAB Fié W% FfH4) 5 1 v

%5 &AL TC-DTC 4
Table 5 TG(% ) and DTG(%*min™) of modified bentonites

BBt 107K )Stage 1(<250 °C)

BrBe 2CHBLER % )Stage 2(250~750 °C)  BrBt 3(AHJ= B )Stage 3(>750 °C)

ALFR Treatment — — — 582 %
RTERI% WEAE I /°C RHEH % VA IR B/ °C. VA Ik B/ °C.

CK 11.32 81.1 3.49 601 1293 85.82
50%BS 5.15 82.2 14.38 335,657 1302 81.01
100%BS 4.04 79.0 23.40 278,659 1133 73.17

25%BS+30%DT 3.38 374 16.17 370,632 1171 81.20
50%BS+20%DT 2.24 66.6 18.90 284,638 1139 79.41
100%BS+25%DT 4.12 53.7 25.57 261,653 1122 70.96
100%BS+100%DT 3.44 54.7 33.32 247,627 1114 63.64
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Figure 5 SEM of original and different modified bentonites

ERON, AR 4 XF DTAB 0 B 52 16 35 71 5%
N o CK FIAS [ BL5C BS 1 4= Saf/Sy B4 47 1 EL i
(DTAB B K &4 )43 318 200% . 150% .60% F1 20% .
& - FEXT DTAB W33 )& B & 5, CK X DTAB [
W2 86 R W RS 7, T AN [ A5E BS 23 % DTAB /Y
W2 R TR0 o CK 1 25%BS JigiE X%t DTAB W
MR AL B R L 50%BS &4 LAS I3 1= % DTAB 1
B —Ak . TOC & & do P FH - FEFKTH BS-12
B AR A P 3 5 T4 K, S BRI 7K A AR 2 1) 184 52
/N B BS+DT B KSR 5 , 45 AR
RERZEIK IR fhZH SEM FFIEAUEN] T BS-
12 F1 DTAB 7ERZE + 3R THI &1
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