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Methanol Merck extra pure
Ethanol Merck extra pure
Isopropanol Merck extra pure
Methyl Cellosolve Wako — %
Carbitol Wako — &%
Acetone Wako —
Dimethyl Sulfoxide  Wako —
Propylene Carbonate Wako — &
Nitrobenzene Wako — &
n-Butyl Acetate Union Carbide 99% [l

4B Hectorite National Lead
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hectorite, Bentone 27® D
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circulator

Microscope : Nikon Biophoto—~V microscope

SEM: Hitachi S-405A scanning electron
microscope

X-ray : Rigaku D/max-II A X-ray Diff-

ractometer
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Table I. Formulation of Gels Prepared with Various Polar Additives (% w w).

Substances GelMody bz s |als|e 7|8 |0 [10 ]
SDBAH 8.01 8.0 8.0 8.0|8.0[ 8.0| 8.0 6.0 4.0| 6.0 | 6.0
Methanol 2.4 — —_— —_ | -] - _ — | — _ —

Methyl Cellosolve — | 2.4 — —_ | -] — -—_ —_ | — —_ —
Carbitol _—] — 24| — | —| — —_ —_ — o 1
Acetone — —_— — | 2.4 — J— —_ _ — _ _
DMSO - — — | —12.4 —| — | 1.8] 1.2 2.4 3.0

Propylene Carbonate —_— | = — — | — 1 2.4] — —_—| —_ —_ _
Nitrobenzene —_ - —_ = -] — 2.4 —| — | — —

n-Butyl Acetate 89.6|89.6 {89.6[89.6(89.6/89.6|89.6{92.2 [94.8 |91.6 [91.0

b2 & 102 (1984) (51)



TableII. Formutation of Gels Prepared with Methanol (% w/w)

N123456789101112131415
Substances

SDBAH 8.0 | 8.0(8.0/8.0( 8.0(8.0[8.0[8.0] 8.0] 8.0} 8.0 8.0| 80| 8.0{ 8.0
10095 Methanol 1.6 | 3.2 |4.8|6.4| 8.0 - o -~ - -1 - - - -
959 Methanol ag.soln. - -1 - - -11.6(3.2] 4.8] 6.4 80| -t -| - - -
90° Methanol aq.soln. - - - - - - - - -l -] 1.6 3.21 4.8(6.4] 8.0
n-Butyl Acetate 90.4 |88.8 [87.2]85.6]|84.0 [90.4 88.887.2| 85.6| 84.0190.4|88.8(87.2;85.684.0
Subetamom Gel Nowh yo | 17 fig | 19| 20 | 21| 22| 23| 24| 25] 26| 27| 28 20] 30
SDBAH 8.0 | 8.0] 8.0 8.0] 8.0 8.0]8.0{ 8.0} 8.0| 8.0( 8.0| 8.0] 8.0 8.0} 8.0
859 Methanol ag.soln. 1.6 | 3.2] 4.8/ 6.4 8.0
809 Methanol aq.soln. 1.6 3.2] 4.8 6.4| 8.0
75% Methanol aq. soln. 1.6! 3.2] 4.8 6.4} 8.0
n-Butyl Acetate 90.4 188.8187.2185.6|84.0190.4 |88.8|87.2}85.6(34.090.4|88.8187.285.6|84.0
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Table [I. Upper Yield Values and Maximum Shear Stiresses of Gels

Prepared with Various Polar Additives,

Polar additive

Upper vield value(Pa)

Maximum shear stress(Pa)

Methanol 21.1
Methyl Cellosolve 33.2
Carbitol 5.3
Acetone -
DMSO -

Propylene Carbonate -

Nitrobenzene -

30.
71.
51,
43.

o 0 o o

Table V. Dipole Moments(in gas phase) and Dielectric

Constants of Various Polar Additives,5*

Polar additive Dipole moment(debye) Dielectric constant
Methanol 1.70 32.63
Methyl Cellosolve 2.04 16.93
Carbitol ~2.08 16 .25
Acetone 2.88 20,70
DMSO 3.96 40.88
Propylene Carbonate ~4 87 64 .40
Ni trobenzene 4.22 34.80
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Table V. Viscosity of Gels Prepared with SDBAH( 6 %) and DMSO of

Several Concentrations.

SDBAH (%) DMS O (%) Viscosity (cps)
6.0 1 1,680
6.0 2 2,400
6.0 3 3,280

* Spindle ; No.3, rpm; 6 rpm

3.2 FRPERIA BEe AR wE A9
ik ULs s

3.2.1 HEEBIE

Fig.9~13- LARMAZA kg, ofsh
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T wgEeh ol &l KIS whE©l Table
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No.4, rpm 12 % fAPEstel vebd zieolch #7
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40,60,80 F 100% (w/w)H #Rbpshel 2z
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85 % /Mﬁﬁfol DMSO = 95% ZKEs#eol 7t

4w WEmIES Loz olvh wmeel 7
o TEWSEE 95% due AWEE A
& Aol A Rl 4 £ AR slof gl

o35 AA fiEs AR 80% UL KA
#ol 95% AK¥HEECE 3w ol K LFAY
Bl gl So) ubs] F o}

v R & oyl 24 H0 AL SDBAH
el o3 BEREC FESEE 4 7 Ak
Fig.9ol 41 & olebs @7 100% 95%
o o SDBAH &l oH3dled 809% #fn &=

BAENST Holx glow Fig.103F Fig.11
4= 75, 80 % 85% UTE KEKY o
WAES Holx 9lrk ® Fig.124lM = &
K#hol olsshe d4d% vekskeh DMSO9 7
++ Fig.133 Zx DMSO® #Fink: i
of wheb R/} dssha olud BAELS o
Ebubx] obobeh HE RERZYE DMS09 g
W= SDBAHES 100 % o] Aol 4l 1he}
3 AR o4dslch 95% DMSO K¥E# S
amgk Ae o2 Al wlsle A Fe K
L zhed ol 3.1elA Fiitgt wheb 7o
& MtEEEel sletvl=d el SpfEE o ol
ebsz Ay gl

LLEel A% gposiyl SDBAH A9
Bz mmmel Ao et gt M
MMM S5 At AR Bedw kT
ERAGEA 2A ekt SDBAH ] dis}
oo fR@Ee] AH&s ook SDBAH®| el
SR L 2A GebdE b 4 gl F
BIREST ol BRI Bol Roirel Ao
7 SDBAHS silicate fgo] X3 4rgs
A xotd el ArEashAl ol FelAla,
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Table V]. Maximum Viscosity of # -Butyl Acetate - SDBAH Gels
Prepared without and with Polar Additives.

.. Content based on A .
Polar additive weight of SDBAH (%) Viscosity(cps)
None 0 1,390
80 % Methanol aq. soln. 100 34,050
80% Ethano! aq. soln. 80 33,650
80 % Isopropanol aq. soln. 80 31,260
85% Methyl Cellosolve 80 35,610
aq. soln.
95% DMSO aq. soln, 100 ~ 50,000

* Spindle ; No.4, rpm;12

e JebdlE Ho2 Al o] Fig.159 Fig.160)4 K= ulse} o] —

RIS Aot x] ok p - Hul ol 5 BIETEgT A SDBAHES 20.40.80 9
o] Eel SDBAHE H#AZAS wel 571 i 1009% 2.& ZA¥ct 60% FHmmstds o 3
s AHES W REEEE vkl A EipE o] Holsb A4 2 ASFE Mol o|wf gy
< Table Vol 29tstich Wil el mEgsE st JhE ARS ¢l

o,

RS E 100% #leb23 80 %rlet& K
WIRS ek Aol mEMEE-S SDBAH el
) RSl Bol oheb gkl 9l
oF  glglch ol g fEE cohd AR
ebe KEKS AHEds ddx FdshA
ebuteh, o7l EERSG AL 60 %L °F 350
sec 1 o] Abo) BUERE A= 1009% # ¥}
2 wEE e e sl o 2EE Kol b
8 == ool 2ot dl S R2ABRA ¥

> o A
ws vlAge AL ¢ T Usdeh

3.2.2 #lg2x #k

A7 AinE < ¢¢&  SDBAH 9
rheogram-& Fig.14 b 2o} gifdpr = b
o ZA 2 HEE S e 92 thi-
xotropy RS Holi ot 4 g &3
80 % vletd KWEWS Wmgk A2 rheogram
4 Fig.15% Fig.16¢] vehig

Fig.159F Fig.16 2 WHMEEinm @igsdt
of w2t SDBAH 29 FEhethel b=l o
AL HodFzm oo mEFNM & 8ol
SDBAHES 40 %Y thixotropy M:HEel
A rheopexy MHEEZ @S = b o] et

Fig.160]4 80 % vlele K¥#K-S SDBAH
off Hslel 60 % ERAGE Ao mEEIER-S L

o B 2R 0~230 Lol A BuifipeSIel  =17)
# &5 ~ - A i i ge) =7
o o hysteresis loop+= BMERNK G E %f'kl; s sec | U R
7 S A8t gl o
o] Hrpmat 4 E Zbolx|i= ffFe] 9lid o] = b A8 A 9) =¥l sensor® rotor

A oEAe W A KEeA vel s Bl
olub Aol HiEiHel ANk A ebd
ey Bigel 2oR 39

SDBAH A9} fEs# bt Aobxlehe AE ¢
o]gtch, weld SDBAH AL oleteS i
mmE AERE A% 5o Ak Al
(58) e#rmitBEst 4 10 2 (1984)



Fig.173% Fig.182 100% weagzLty
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foll wla] hysteresis loop 7} Al Aolx|i
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Soglvh ol A2 BT E 13 wke f?—"ﬂ ne-
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HEY Aeolrh 100% A4 % 60 %A ¥
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3.2.4 WMEERES] BoEiRE

Fig.15~209 rheogramo)4] vehd Eo]
g RS EETEE Y ¥olA rheogram o
EHE A2 ARIKE H2719 BFEE 4 B
e el 2% Brookfield K& HIE
e MEREoE Ae] —#shA| b ﬁ%ﬁ?@?ﬁﬁ%oﬂﬁ
= KE 271el R #ksta 9ol Rhe-
ogram &= 8 T (RIUETHE Sl Sy R

T2l ZE7 MEE Table Vo Qobsioic),
Table ol A HRo] {EBTEIH A=
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b el Brookfield Mot 2 AlEal-g =
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Table V. Difference of Shear Stress between Up-and Down-curve of Gels
Prepared with Polar Additives by 20% of SDBAH Weight.

Polar additive

Difference of shear stress between up-and
down-curve at shear rate 20 sec™'(Pa)

None
100 % Methanol
80% Methanol aq.soln.
100% Methyl Cellosolve

85% Methyl Cellosolve
aq. soln.

100% DMSO
95 % DMSO aq.soln.

9
50
52
33
39

B el 4 olebgo] 24 SDBAHES 60
%z, egdasil: 40%2 olEF3xn Y2
o, DMSO+ SDBAHE® 100%=% k7t
et

283 809%9 olebe, oets W ojaEFE
#e3t 85% vleAgL£H elw 95% D-
MSO 7 K¥SHk-e MR Amind<
A B2 REES el RARES Table
Vel vhebolch  olw o] WmEEFEMAS =2
mole S AlAsle] Table Kol Aeistct
80 % ol ebe kiEHS ¥ dges B F9
mole HE AlAtsbd 2.25:10lth F LY
22 vete 2mole™ % lmole H.9 K&
ol 7t EMRQl EikAinmets A A=
olo} 72 FE R HB Bolo sili-
cate l@® Coulomb forcedl & &=
9lttE= At Farmer 5%, Parfitt 5 %8
2 Prostd 5ol Zugl ‘water bridge’ M
e HAS H# Bol2ol SDBAH A9
silicate J§ Apolol A wlet &t A K&
o} 9 MEE Fig.229 ol 44+ 3
tt Fig.22 % RFEH12°142 montmoril-
lonite @b hectorite HigEdpol —HES

(60) {eEStBE A 10 (1984)
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8e 5 45T g7 Aol F 78 He
AL skl EAERQl BaElA vebd 9
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Fig.23(@a), (b), (¢ ¥ @& #7 SDBAH
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5 REEESIoE 600w o w g2 BEI A
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Table VII. Apparent Viscosity Obtained from Rheogram.

Polar Content based on Apparent viscosity (cps)
additive | weight of SDBAH®) | at 20 sec’! at 445 sec™!
on upward curve
0 470 203
100 % 20 1,260 36
40 1,338 93
Methanol 60 2,029 205
80 2,173 181
100 1,839 139
20 2,352 47
80 % 40 - -
Methanol 60 : 2,430 342
ag. soln. 80 2,876 290
100 3,154 250
20 1,605 45
100 % 40 1,839 188
Methyl 60 1,449 127
Cellosolve 80 1,092 60
100 1,003 47
20 2,062 35
85 % 40 2,653 379
Methyl 60 2,731 319
g:l_ls‘zj‘:l'_"e 80 3,511 256
100 3,271 155
20 2,452 66
100 % 40 2,697 381
DMSO 60 2,943 354
80 3,522 334
100 3,790 3175
. 20 4,320 168
% % 40 3,611 696
DMSO 60 4,659 878
aq. soln. 80 7,747 903
100 11,659 1,179
~HelolAlglol E Fof] SEAIA AL AL = Zeo] gho] glr} wabd network HEEE
Fig.23 (aoll4] R%o| SDBAH KTEo| 4 ol -7l o g¢m e ghEES =HA g 47}
5% ot aggregationHe] Q& REZ gL A Rk SEdkES vwewd Fig.23 d=

LB A 102 (1984) (61D



Aol sEadt HfokiEs o 32 e (o
>y @2l MEelvh ol 47k kel K
FE Avle) MEFFeR —FEeh 910 KR EYH
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sl el EEMS 4 F itk

3.3.2 EAETHEME o mER

Fig.249} 253 % 7kx SDBAH A9 #
L,g. 7b7b 5,000e]2F 10,000uH2] wig-E SEM
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(€)= Z7b BRI S st o8 AL
erg-vh o KEsEES Ringt 2 el DMSO
KRS W Ao MEsts 2o T3
oot

SDBAH A9 S#EE morphologyifel
A EZsv] SDBAH A2 (a—b—08 #k
B2 e o 7 9 a)oll 4l = SDBAH
ol # SpBEsI =l ¢hob aggregation HUEE
frfeshs Aol W EE ¥ o Uk e
SDBAH Arel = BMEAIIH L hBsiel
1 Tl A el A4 HEER &
R =0 9dge % F 4 80 % =&t
5% SDBAH#ES 100% fﬂnk Aol 4

swelling

A7 100 % vlebe& wRingt ARk fZH
o] ﬂ% & osle] ol ge 4 7 ek (Fig.
24 (0)-2). &l randomdtAl SpEkElo] &

H g} network%’ = A" = ok (

A SDBAH 7t fgol H@Es ol kr-reol &4
Kol A A" FHaEg M rod ok A
s £ ATk ol Ml A= W
Fol Sr#Exl silicate f# Abele] b % of
Yzl rod-like i Abole H7bl® A &
5lo] free solvent 7} HAatAl = el
2 O skl BiET el 7P6H1‘ Gl
fESS ol wkAl sl = KBkl 7 gl
= rigid 3t #iolm® @ggﬁﬁﬂ 3} A
gto] chZ A Mok zA "ok 53 95%
DMSO K¥#%-2 SDBAHES 100% winst
AL K EigA e A F MY B2 HE
J_- 7k rheopexy Hol dAFR=wl  J AL
b OREER A W Folzbx A A4Sk BRI
% SDBAH Ao Ehette A e =
A e o o]Ale SDBAHA
bRl e aRd AGHEE o T
oA et

heh

‘0 r‘ol

Table IX. Mole Numbers of Polar Additives and Water at Optimum

Concentration.
Content based onjA .Pure polor B.Water con-
Polar additive |weight of SDBA-additive content| tent(moles/| A/B
H (%) (moles g clay) | g clay)
80% Methanol 100 0.0250 0.0111 2.25
ag.soln,
80% Ethanol aq. 80 0.0139 0.00889 1.56
soln.
80% Isopropanol 80 0.0107 0.00889 1.20
aq. soln.
85% Methyl Cel- 80 0.00893 0.00666 1.34
losolve aq.
soln, *
95% DMSO aq. 100 up - - 4.38
soln.

+ This ratio was calculated from concentration of 95% DMSO aq.soln.

(62) {eHRibZest A 103 (1984)



3.4 X oA

SDBAHA FRe 8% EHo sl &
Fikib@el e X B omE 22 fiEskel
o}, Fig.26~29%+ Z+72 SDBAH ¥k, »n -
Helopdie o] E5 #FA7l SDBAH, 100%
DMSOE W44 SDBAH 133 95%
DMSO K¥#ke ®&EA7 SDBAHS X #
diffractogramol v}, —MayC 2 kit i
bR #hEshe HiELE2v HitWke AR
T omEAA flishe BB MRS BRI
of SAA WHGREER & b BiEste
ol frstad Al olzdl dA7lM = Fxbe) Kk
< Hatalel B Foll B BEE O
sregsted SDBAH paste % glass slideol

BAAIA A REE HE rhEmA ke I

Eol s wizkxl X#¢ diffractogram &

R#Este devh zeid JESEE B X#
diffractogram S 2 ¥.e]l 4 (001) #kBtol v}
ehity] AlAShEl o] ERABLE SElo] SEfy
A FE ARR ol Tt of= kel M
AR 7E Ao wekA Al et

Fig.28% 299 (a, b, % @+ RA¥
7b R gl A vhEA KBS A7
sk BEAHS Mo olch olwl Az
ety BoKEES] 9 A 2b BRMEERIE . si-
licate j|§ Kol W%4d o vehve KX
fifEsEel = BoAEEel <X 7y #Es A 2F
= AR ERsl EE HEEHE S Wl
Fig.26~290| viehd BAE S 2ZHE M
£ &bob 7+ Ko JRMHIRIEE d(001) & Bragg
wad 1 =2d sin § 2HXE -3t Table X
of A elatel et

Table X. Basal Spacings of SDBAH Layer.

Polor additive d\:,:t (Ofoill)r,n;\ Ig(rgmf)l,lnk
None ( dry powder) - 18.90
#n - Butyl Acetate - 19.86
100% DMSO 34.65 23.10
95% DMSO aq.soln. 41.09 25.61

Table Xoll4l SDBAH 7z Fure) fgfiRd
R Jordanl4el » -27otR ¥ montmor-
illoniteo] wate] Ao 17.6& of w3t
% 1.34A 4% 2 d SDBAHO F oulitsl
Wl JEoll 71elgk Aolch » - HeolAlg o] E
mto 2 Ae2jxl SDBAHY 0.96 A uhel i jp
Al E3E Mol silicate @ Abol & ¥
Wik7y Golstal ool B HRol x| ¥
S 7Eskz 9lvl. 100% DMSO & 95 %
DMSO k¥s#e = A2zl AL d(001) kol
g A18] Wnska gl=dl DMSO 7} RS
®Ha S5 BEEImEA e {89 B

itk B3l 959% DMSO KIEHES Mg
w d(001) gtel b & AL Aol
A flEE A F 959% DMSO ABIKEOZ A
I3k Ao SEokiert A sk B L
7 Ewobe AR sl Asa gt
XY 5H R A M%) FHEE B
ok 809l =2 MRIMIR Wil o7 dae
Frops Aeo] W aleh z2ev e R %
4 AL GRE oo FA7 ok MMl o
obx] Alslel £ RS A7 ofuA =}
Bllel A Hi wtel o) vl Rz &
el Fol A" BMEEMA- SDBAH R

fLorfa bS8k A 103 (1984) (63)
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o F-E 2 EREES) S rheopexy HHE
otk
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SEIME S rheopexy BigE el glch

7D AR AHEE AR Aol
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ABSTRACT

Rheology of gels prepared with stearyl dimethyl benzyl ammonium hectorite (SDBAH)
and various polar additives in n-butyl acetate was investigated by measuring the viscosity and
rheogram. Including generally recognized polar additives, additional studies on the rheogram
and viscosity were made with ether-type methyl cellosolve and carbitol, with dimethyl sul-
foxide (DMSO) having sulfony! group, and furthermore with above-mentioned polar additives
containing small quantity of water.

It was observed that molecular size, dipole moments and dielectric constants of polar addi-
tives had a great influence on viscosity increase and rheology of SDBAH gel, and the increase
of SDBAH interlayer spacing was important factor in gel formation and viscosity change.

It was also shown that thixotropy effect was increased with the increase of polar additive
concentration, finally changed to rheopexy from thixotropy as the concentration of polar
additives was increased more than about 40% of SDBAH weight. In addition thixotropy
changed to rheopexy as the increase of shear rate.

It was further found that the aqueous solutions of polar additives (water content, 5-25%)
had more effects on rheology than additives without water, and particularly 95% DMSO soiu-
tion was the most effective. And the optimum concentration of polar additives showing
maximum viscosity in the same SDBAH concentration system was examined.
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These mechanism and result were proved by the following results;

(1) The increase of SDBAH dispersibility was observed with optical microscope.
(2) Gel structure change from random network to rod-like was verified with scanning elec-
tron microscope.
(3) The increase of SDBAH interlayer spacing was observed with X-ray diffraction method.
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Fig. 1 The layer structure of (a) montmorillonite, (b) hectorite according to
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(a) (b) B () “ (D

Fig. 23 Optical micrographs of gels prepared (X 600 ).

(a) no additiveis added.

(b) 80% methanol is added as much as 20% (w/w) based
on SDBAH weight,

{c) 80% wmethanol is added as much as 100% {w/w) based
on SDBAH weight.

(d) 95% DMSO is added as much as 100% ( w,w) based
on SDBAH weight.

(c¢)

Fig. 24 Scanning electron micrograph of gel ( X 5,000).
(a) no additives are added.
(b)-1 100% methanol is added as much as 80% { w/w)
based on SDBAH weight .,
(b)-2 80% methanol solution is added as much as
100% ( w,/w) based on SDBAH weight,
(c) 95% DMSO solution is added as much as 100% (w/Ww)
based on SDBAH weight.
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(a)

(b)

Fig. 25 Scanning electron micrograph of gel (% 10,000)

(a) no additives are added,

(b) 100% methanol is added as much as 80% (w/w) based
on SDBAH weight,

95% DMSO solution is added as much as 100% (w,/w)
based on SDBAH weight.
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Fig, 26 X-ray diffractogram of SDBAH powder .
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