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o] BAUAol ALTF 27 F7HHAAL, EEAEAM NayCOE A= WSB-29| HE7F 7P =74 Yeistth. o] A=
WSBel| 23HE BEN A7} edge-to-face®] 22 Aol dojupr] Wi o8 A = glok E3 WSBo| YA 2
Sol& ANBALA I ¥ WSB-4, WSB-5 2 WSB-6& At we} Are] #Halrl A9 e ZGo) oz A5
Ak, Sol& AHIAIA A Tetrasodium Pyrophosphate(TSPP)E #7135 WSB-39] 7Z-$-+ Addo] W& Fx7} 10004)
o] zpoj7} Fo A QWA (thixotropy)S WERNSIZ, ©] A2 RE TSPPY 2°]2°] WSB-3¢] Z¥H BEN YA edge
of Migdtty A9 4 Uk

ABSTRACT

Six different composition of water-swellable bentonite rheology modifiers(WSB-1~WSB-6) were prepared by the compounding of
peptizers and anionic surfactants as an additives with Bentonite(BEN) of montmorillonite group. Average particle size, particle
morphology and water-swellability of WSB and the viscosity with additives were measured, respectively. And the rheological behavior
of WSB were investigated using the rheometer. The viscosity of WSB-1 increased with decreasing both pH and average particle size
of BEN, WSB-2 treated Na,CO; as a peptizer showed the maximum viscosity. These results can be interpretated cause for
rearrangment as the edge-to-face structure of BEN particles containing WSB. Also, WSB-4~WSB-6 containing both peptizer and
anionic surfactant was sol phase that their viscosity was not nearly with the shear rate, however, WSB-3 containing Tetrasodium
Pyrophosphate(TSPP) as an anionic surfactant showed the thixotropy by the viscosity difference of 1000 times with the shear rate.
From this result, the anions of TSPP can be explained to arrange in edge of BEN particles containing WSB-3.
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HZ F442A o] E(phyllosilicate) T2 & 7} 4t
GA 2HELO] E(smectite) FE, F EEHFE1}Io) E (mon-
tmorillonite), ¥ E&}0] E(hectorite), ¥l E1}0] E (Bentonite:
BEN), AFELO]E (saponite) 52 =884 (water-swellability),
A, ol 235 (Cation Exchange Capacity: CEC)
o] ¢t ol FEFEL Ye2AY sheetde] 7
B2 ghg(exfoliation)dtd ¥} EASAY T &
IEAE A (intercalation)N) 71 0 ZA) F7tAA R, €A
A, ZEA} ZREEE T o8 = UE F/R7] Y
A ge] Azel] B3t A7t ] Az gy
olHF FHEA FAIEA FEE 4 2 F3AE 2
SHAl(gelling agent), THA|, 454 NAA Foz 2 F
AHQ o877 2 Aozw A Yot oy
A AEE FEAANM e EAEHA S Yeh)
22 75 Qg mHAE3] 98 B BEES A
Astoogt 31429 7158 Uehd ¢ k'™ ojzjg A
AHES] FHE B3] YA FHaA0) 53 A
EE st & 4 ¥, B3 AdHe JES FA S
o AT = Aok ZUAEE FIAF, A L A
Ag FAAGA, Mgty FHxA 5 dgFor @
o] &&3t7] A FHeAd HAES FEH=) YL
oj&ish= Aol FAKRT T3 Z YA (peptizer), Ul
2 9 o] AAEA A (surfactant)e] H7lo| WE §5
22l A7} ol BiuEolA 7 gk !

H dFME Fol2 u¥e L FI/A7) BEgA 3@
o) 431, A st FRN3H A FAkE
AEFE F oA A4EE BENS 2-9712 A
& EEA 2 2ol ANEAAE wigete £
4] BEN(Water Swellable Bentonite : WSB) 54 713
655 AxsAT Az 754 MEA WsBe z#
T B4 ¢ IUILE FFEAUL, pH ¥ BEN 970
TS WSBY H4H3S Ay BEgton 234 2 goje
ABREARA ] &35 AdYo] & {EFHUA Ase
= AT

Al
A
&
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2. 4 #

21. ¥ AN

2 A7 HE 554 /MEAY WSB A=) A3
=t Wl ELo] E(BEN, $E A= HFYZH o] 10um
el AL Agated o)W AxPeae}l o] A7)
A A8E AX BASAT WA 01N HClo 94
%2 BENS T35t 80°CollA 1117k Fet awbsly, A
71 &4g FHFZ 33 AlFT F, 0.1 N NaOHE 80°C
2 1AZ Bt FIEE FSHSE 33 AR A-Y
7] 22]¥ BENS 80°CollA 2447 AZ3FH & ball mill2
43I, AAE BEN 29 FaUZEL 2.50 um%d

T} =% BEN 979 9%g z@siux, JAELS
shate] Ajzhell whel 8] (1800 rpm, 10~30%)3F A3
Aol A Hoj BENS| U742 0.28~045ume] HHE Y
EpsdT,

EHAZA sodium carbonate(Na,CO,, E43}8H), sodi-
um silicate(N2,Si0;, FY3 ety AA 1A ¢z 2=
ARG 3 A€ BENSY $:322H0E $44]717)
A3 ol AHEA Al (anionic surfactant)ZA] Tetrasodium
Pyrophosphate(TSPP, Na,P,0Q,, A]L7}A]), sodium hexame-
taphosphate(SPP, (NaPO,)s, 54818HA]), 2 Sodium Dodecyl
Sulfate(SDS, CH3(CH,);;0S0;Na, A 3}3tA)E A #|glo]
JE AREEIETE WSBY pHE &S H,S0,7 NaOHZ
A 1.0~12.09] 92 2EsA

2.2. WSBe| M=

B dFoXe Hdest uieh o] g7z HA 2 A
Z¥ BEN £%3% SH5E &8sl A%247)(600 rpm)
B2 2oA 6AI1ZF B9t ksl y =84 A BENS £
ARt 3td BEN 898 12417 B9 447
2, 4EHE 33 283 wZ7)(decantation)st] WSB-1
< Azseh Az WSB-19 2] 7.0% Na,CO;
Al &AS AU 2447 4% &, FHFE 33
Al H st WSB-2& A#3193, T3 o] 4%T e F
A ZH I =9 NaSio; £4L A z)sle] WSB
g A|z3IHc) 3, WSB-29l 20| AHEAAQ TSPP,
SPP % SDSE 37t AERHE7](>1000 pm)E 30827+
ujgHsled WSB4~WSB-6& 7t7} A 2393, WSB-3&
WSB-19 1.0% TSPPSF H7}ste] Azttt WSB2 A
Z23RE Fig. 19 HERA S, Table 19l€ A3 WSB
6% 4L JeRiT

£ dFAE) HEd JES F13 =H4=ZHA A
Zol| A3 o] AFE'eA] Mg nie} o] A ZsH
WSBE F#4HE BEN {4Ake] Sz 4543 Ht
AEHEA L ol ARGAHAND 2% FHNFH Ay
of HAYo 2 lste] Eul(separation) Z ) (exfoliation)
Aol WAIElaL, BEN 9A EW(face)e] -4 3tel 7h4
212 (edge)e] FAsto] 2J8)A “house of cards structure”
& edge-to-faceZ A B3l FFEo| FUsPOEA
FH a0l ZE RAoth'®Y HEo] RS 74
3, 299, st e 2RFHog g2 H7A
of o3 HES BH ¥ spgxiEle) AslE 2o w
A R Ao A & Fxo Ao {54
o] 2Ao] 7hE3tA "ot

¢

)

23.WsBe| #Y4 U FEYHH MY 5H
B A7l AH8-3 BEN@E SR, AAED, JAE])9)
U472 Particle Size Analyze(PSA, Shimadazu Co., SA-
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Bentonite(BEN) Powder

[ ¢——— H,0, Stirring(600 rpm, 6 h)

Hydrated BEN

[¢————— HCI/NaOH, Aging(25C, 12 h)

Washing & Decantation

Purified BEN

[¢—————— Peptizer, Aging(25T, 24 h)

Washing & Decantation

Peptizated BEN

Anionic Surfactants,

‘_—_—
Stirring(>1000 rpm, 30 min.)

BEN Rheology Modifier
(WSB)

Fig. 1. Schematic diagram of WSB preparation procedure.

Table 1. Composition of WSBs

Composition (%)
WSB-1 WSB-2 WSB-3 WSB4 WSB-5 WSB-6
Bentonite(BEN) 52 52 52 52 52 52

Component

Peptizer Na,CO; — 7.0 - 7.0 7.0 7.0

Anioni TSPP - - 1.0 1.0 - -
onic

surfactants Sep - B - - 10 -

SDS - - - - - 1.0

Distilled water 100 100 100 100 100 100

CP3)E Z4313 . BEN9 4ol w35(CECY methy-
lene blue &2 (halo method)> 2 =A3A 50 F3%
4& AAE BEN 2% 1.0g 2 Table 13} 22 2AHO0=
W 2ol Zhz Wi BAAA 2487 B F, S
¥ BENS] R & S35t 3 AA" BENS A%
Ao X-A 3" B4R (XRD, MAC-Science Co., MO03-
XHF)Z A8t 3-ZE 5~50° HolAe] AL 8l
st

Az HEYOIE 354 /NAA WSBY &9 ==
25°Col 4 Brookfield H=A(DV-II+, spindle No. 31,
Brookfield Co.)& ©]-8-3t9 33195, WSBe #538H
AL 133571 A3 com & plate® 9] @] 2 HE](Physica

Ay st

Co., UDS200)E AH&3td 25°CollA| A& (shear rate)S
107'~10° s'e] WA s Fewse AU

2.4. WSB2| OjM7x 25

A ¥ BEN Uzke} el AFolA gold ZHF F,
ZF VA28 E) 7 (SEM, Hitachi Co., S-4200)2 AM&-3le] 3
Zshch 3 £ ApoA] =g WSBol £¥¥ BEN
AAe] FH Y d(surface topology)S AT E 7] alA
TSPP7} X3¢ WSB-3 &9 dAHE 20 mmx20 mme
slide glass¥1oll & 3}3F T, spin coater(ECH Co., SC-300)
g ol&3le 9AZE 800mpm & 29HAZ 2200 rpme] £
E2 2NIYEIL, A2 308 B 40°Ce Iedx]
A 2417 ZAzskgth ~AFHI WSB 289 B
Ao FAlera @ n 7 (SPM, Digital Instrument Co., nano-
scope ITla AFM)S ©] 834 tapping mode= & 3% L,
WSB ZE2 A= 1.0£02 um$ v}

3 #3 ¥ ug

3.1.wsBe| 843

B A7 FE 54 /MEA WSB AZRE f3 H&
3 BENS 383 zA0] Si0, 64%, ALO; 14.0%, MgO
1.6%, CaO 1.0%, Na,0O 1.5% 2 Fe,0; 3.0%% ¥24
& AHE3te ARE71E A Esiz, AAE BEN w2
9] ool WEEL 110 meq/100 g 2 YEFGTH Table
201 A=zg WSB 639 83 HAE erlide
o, 7% Na,CO;2 X 2¥ WSB2E V& IFFE &
Tt e 3 FaAdol 7 A4 e BENY £
AF @ Z Y (peptization) &7+ 584}

Fig. 2& & A-7olA A=g WSB-19] pH ®islo)] uj&
XRD #Hel-g YePd Rolt}, Fig. 2014 B RAAE WSB-
1pH=9.0) 2%€ FFHYAE +2E 7FA= BEN
27 A AFPHQ XRD SA4H A7} 7, 20, 28° T
oA Zhzb verstt. 5t 714 9] WSB(pH=12.0)= <F
@714420 WSB-1(pH=9.0)oll ®]3] XRD H€ell= o}F ®

Table 2. Physical Properties of WSBs

Property  WSB-1 WSB2 WSB3 WSB4 WSB-5 WSB6

pH 90 97 92 104 101 102

Total Sol(‘g)“’ntem 50 47 58 55 55 55
0

Brookfield viscosity
(25°C, cP) 427 1150 470 700 450 433

Average particle
size (Lm)

Water swellability
(m/ H,O/1 g BEN)

08 05 06 04 05 04

100 300 150 150 100 150
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pH 12.0
— [ ]
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o . pH 9.0
2 e (WSB-1)
2
E

pH 1.0

L) M T v ¥ R
10 20 30 40 50
20 (CuKa)

Fig. 2. XRD patterns of WSB-1 with pH.
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Viscosity (cP)
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Fig. 3. Relationship between pH and the viscosity in WSB-1.

87} glglout 7ZAde] WSB(pH=1.0)= BEN®| basal
spacing(001'H)¢l 7°9) 547 = & 28°9 ZAARH a7}
ARRE RAE B UL, 20° B3N e M2 AF
Aol thg 9=7t eha ok ol d A= WSBE]
pH #3}oll wjet 714 A¥ o= Qs BEN ¢Ate 2
Aeo] Nz FeHz Aol dohtA yehd AR
oz A7E, fgdoa A9 Fig 39 A= AA9t
T AR g}

3.2. WSB2| E4HM

321 pH ¥ B2 A&

Fig. 3& WSB-1¢9] pHoll W& Hxwss AuE da
2 Jepd Aol FAE BEN 2Z2E A|xg WSB &
Hg e pHE 9.0010 3, F234 € 7H4t2A pHE
1.0~12.0¢] ¥92 =d3A) Fig 3914 EX°] WSB-1
9] AxE pH7l 9.0& AFA 242 Friske @S |
el o] A2 Fig. 2¢] XRD HEAM T £ nuig}

1 [Fe=028um .
400 ——0.34 um
—e—045um
300
% !
2
Z 200
]
Q
2
>
1004 ./.
] o
o . e
0_ L . g
T T L) T T
3 4 5 6 7
TSC (%)

Fig. 4. Relationship between the total solid content and the
viscosity in WSB with particle size of BEN.

7o) Aoz ZA4E ofolPAJo] SAEX]7] wltel WSB-
19 3 BENS] 34U AMA}o)oll edge-to-face attraction®]
Au] A o = dhAlEte] “house of card structure”Z. A E =
I Aol s e g Fxrt Adsd Zlojtt o]d)
wsle] ArIHo R A4E Sol24d0) A BRE face-to-
face 2 edge-to-edge2] double layer repulsion®] A|¥jZ O =
A4 =lo] BEN ¥=b7} 228 % dhe]so] Hx7h F7he
otz A sgch

E3 Fig. 4= BEN YAte] Byl @& wsBe| &
A ZAVSALA), AZF WSB-12 A7kl ulel H4lE
geted M2 T Y729 BENS ¥ghsls WSBe 13
H-(Total Solid Content: TSC)el] thall =& =AIE Aol
t}. Fig. 494 B vk} 7o) WSBe A =& L E0
Z7}842 BENS HaY7o] A& Jriste A%
< Yehfdth. £3] BENY 47 ¢l 028 umsl 12k YA+
2 FAE WSBE 1E o] 6.0% °)ddA =7t 34
3 Frhehe A4S JEhd o224 BEN At BAEFE
Asl7 2FEgE AMS & = AT

322 E&H A 0|2 AHEMHe g1t

Fig. 55 & 439 #54 /MAAZ A= WSB-19]
el ANAEEA 2 ol AREPA)Y &54E 4
HE7] 98, ZAZA Na,CO;9t Na,Si0;, 2012 Al
HEAAZ Na,POHTSPP), (NaPO;)s(SPP) % NaCH;-
(CH,);,;SO4SDS)S ztzt H7keted A 23 WSBelA H7t
Aol Fxd wEt AEE TAE Aojth UdwtFHoz £
A 9 {3A|Z2] pHE 8~102] W2 pHY & WHE
ol F54 MNEAAE Hgslodopst gt watr] & A
Folde FE714EH=9.0)%1 WSB-1 &3] E3d
BEN g#te] 43S U S FUiAl7|xr H7HAle] 4%
< w#AEY) Fig. 59014 Be AAY WSBel a3
ZYA AT NaSiosol vl Na,COy7t Fx0] wat

#1394 Al 11 3(2002)
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120
—=—TSPP
-—O— SDS
100 —o— SPP
—&—Na,CO,
—v— Na_SiO
~ 80 219,
né /
>
Ag 60 A
3 ]
2 =
> 0l
1
20-J o-0C
L )
i = \. v v v
0 v T T T g T T —T T T
0 1 2 3 4 5 6 7

Concentration (%)

Fig. 5. Relationship between the concentration and the
viscosity in WSBs with addition of peptizers and
anioinc surfactants.

WSBe| HEE TS F7HFHL, o] A3e o=
o]l 27 %7} & Na,C0,9 Na' o]0 ¢Ja] BEN ¥4#
Z7he] BBl Mg™, Ca¥', Fe¥t Bo) kol w8k(catio-
nic exchage)¥o] IAEE Z7MX7]= Zo=E Aztdct g
H 2ol APEAANA SPP 2 SDSE 1 o] F
Va2 WSBE Loy £ AL uAA AT,
TSPPe] ¢+ 1 ggo] 71855 Axrt AF F7t
e AL JeERIS Bk ohgl EA R |4 u
2 FE0.7%)IME JE Asdse 3A Yyt o
M2 RE TSPPY P,0,5 Lolgo] FojeAde uE
BEN 9=kl 7H3AtE](edge)oll M=ol HA71H Q¥
(electrostatic interaction)o] WAYSIaL, HEo] 2] 2 vig
Aol Vepd o2 TSPPY Fx7t Sl nie} WSB
o =7t 33 Asgnx st 25 2 4
o] HE 454 /N2A WSBY EAAHL ZYA B So)
< ARBAA Y] Artaart velgdez2A f554 A
ol JgL vHA F Aelrh

3.3. WBCS| REY M3

E Ao Az WSBe A wE Pl
Z FEoHE AEL 2&Z3H7] Y8l com & plated #H L
HEet2 S48 235 pH B A7 9%l Wt Figs.
6 2 79 z+z} JEhf ATt

Fig. 6> pH M3l & WSB-19] #54< vebd 7
o2, FAed pH I3 A} viRZ 734 (pH
1.0) 2 29714 (H=12.0)2] WSBE W& HAdt= oA
HAE7t 52 A4oE EABIAT 52 Adgrs 3
Tt ve E44o 7 AAolsEE WA (thixotropy)yS W
BRI, 2 AE9 XpolE pH 1.0914 S35 Uehst
th. 28y pH7F 9.09) WSB-12 A ] wabd HxE

o o=

F3A2 85

—&— pH 1.0
—8— pH9.0
e o H12.0 -
LLL p

u““.«.».\.‘_ ) A

A,
0o A,
-0 A
‘.~.\t A,
b S
b

a-0-N-u-0ua ....._._._-‘:&1

Viscosity (cP)
3

10‘%...,“ S

10° Ty e T
10" 10° 10’ 10° 10°
Shear Rate (1/s)

Fig. 6. Relationship between the shear rate and the viscosity in
WSB-1 with pH.

—— WSB-2

1 —A— WSB-3
10* —O— WSB4
—— WSB-5
—=— WSB-6

Viscosity (cP)

.i ifgzififgiﬂiiiﬁiﬁ’:&iiﬂ;ﬁ%gﬁsﬁﬁ_;: .L};;o.

Shear Rate (1/s)

Fig. 7. Relationship between the shear rate and the viscosity in
WSBs.

9] zpe|7b A WA &sith o] Ak dEdt niet 72
o] pH W3lo] wE WSBU 9 A 3}(charge) W37 24
stozA FH7NH Qg JFgoz HAHr)

Fig. 72 A7 & #4538 2L AmR7] §
& Table 2014 WSB-2~WSB-62] Atz o] wlE Hxw
35 JeSlh Fig 794 B AXE EEA £ &
o] AHEAA 7} A EIHE WSB4-WSB-6= AT
(107" s7'~10° sHell @t F=wsht A §le S(solyd
< Ve, o] AR2RE ol EPASL fole
A AREAA Atolof] z1stEH o] WA E o] AslE A
= AMS 4 £ AT =3 wSB-1 e 7.0%
Na,CO,E *zl3 WSB-2 ¥ 1.0%9 TSPP7} 7€
WSB3E e AgE10! sHg 2o ATH10® sl
A9l A=7F 9F 1000809] zolrb FozA QuAde] &
3] Jelgy, o2 Jxe| xtol= WSB-37} WSB-2 B}
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10° 4 [ proy v.“““ AdAadAhasAly,
M
4 ...
s
E’ 4 .
7] 2
10 - [
8 "3 )
S |
10! e . . S —a— WSB-1 |-
; —aA— WSB-2
: —e— WSB-3
R e —
0 10 20 30 40 50 60

Time (min.)

Fig. 8. Time dependence of rheological behavior in WSBs.

A Jepsth o] ARZEE B A7 avAdS
& WSB-3v #4IEAY & F3pAlE 54
A 2 SHAZ H L A9, =g B opt
4 2 ARRY T At EXE FPE 9
o2 Algd.

Fig. 82 WSBS] §-53H4 AFe] A|7e]&4 L Potr
71 98, «#3}¥ BEN 424 WSB-1 £82], WSB-12
EPAQA Na,COE A2l gt WSB-2, WSB-19] &l i
g9l TSPPE A7hat WSB-3¢] thsha A= 10s™
2 FARAATIL 3087 AEHEIE FAsF s A
A7VE T o U AdgoA 2085 AxE &
3 Aot} Fig. 894 B RAAY, BENS E4Hio]
71 $4ela S AdE YERd WSB-3w AA7] 3
FoAN A=t F43] FUtsitht oAl gastdth o
HAL A o)six WSB-3¢)| E3HE BENS] %ol
43 edgedll TSPPS] £o]20] TA] o 82X dojub=
¥ A thixotropy BFE HERAATH 22 WSB-1
2 WSB-2& A7t Wit Fxrt Srksirt AA7E A
W Sk A&l gFhe] ARGl Yoo, ol
BEN ¢J#}e] B#3 23 (coagulation)] ¢ls] Ast7t o
olue RAog Azta”

oy ot
S o a o

3.4.WSB9| OlMj7=x

Fig. 9v £ a7 49712 ZAY BEN 4xte] 3
Bl (morphology)E A 1®7] 8§ SEM AlXl(a) ¥ WSB9)
323 BEN 4Ake] 93 d(surface topology)E 271 ¢
8] WSB3E ©§ F=Zate 333 SPM ARRI(byS 72+
yeRd Zlolt}. Fig. 9(a)llXl B AAE BEN YA=
730] 0.5~10.0pume] vPAFe R EH de RS
& Atk E3 Fig. b)dlA B4 2 8ol 7H
43 WSB-3 dE¢ XHINS HAHEH, WSBo| =%
# BEN Y= TSPPE] So]2d o) HA7|A e

o mz o

(b)

Fig. 9. SEM micrograph of purified BEN (a) and SPM image
of WSB-3 film (b).

2 YRR RUYARA AgAClE Z7ke] ] 2 i
so] 02um Wele] AZEFE UL J&E& ¢

9
44 £

SR &3 FEZA WEVCEBEN)S H7HAZA &
HA 2 ol ANGHAE wiFet 639 54 A
) (WSB-1-WSB-6)2 Azttt A=t WSBY Ht
Y73, YAEH, §98x @ FHFES 42 S5
ow, A7HAe] ¥ pH ¢ AA WE HxHsE &
Aetict. =3 WSBS -4 AsE deHEE Al
&35t FAbsto] The 22 AES dUh

1. WSB-1¢] A+ pH/} 7o s 745 BEN9| 3
Y7ol A2TF F7istd Asprt EH

2. ZYAZA NaySiO; ETh Na,COy& |3t WSB-2
o] A=rb 7P =4 velten, o] As= BEN YAV
edge-to-face T+ E Au]Go] dojur] WjFo 2 443}

A 39F A 11 5(2002)
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3. 2ol AHPAAZA Tetrasodium Pyrophosphate
(TSPP)7} H7F8 WSB-39A] TSPPe] X7t S7HdE
AEE 6 F7MAHE BT ofyE) Aol w3
E7} 1000009 zlol7t FOoBZA E43) AAde] el
doju= 234 (thixotropy)S WFERNAL, ©] @ozR
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