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Z B AA3AL 997 B SASEH (RESAARTE) o) Jish vidd 342 WHER 3 ¥l ¥
s} Al o] o ey, RHEte BAdo] A2 glY] wiEel ot e B F2ho] A doiubA] kot FAbe] vl ¥ A
olc}, meba] & AFfolAe AMelHHE o185t Fdol] ABDM & £#3A17 BN & 4£FANA 5P o2 M7 &3
dete Folld Fdgiate] ¥4 WA EE DLVOoIEE o83t ddstsich. Hd9 Aetd s} 22.6mVrl H=& ABDM 9
¥2% 20mg/g) % 271 (pH 10014 12412 &3 & BFA7™H £ARYA (Ty) o] 44,5212kl TEAMA & Aot g Az
g < sdth

Abstract  The surface of natural graphite has not only good electrical conductivities and lubrication properties but
also has strong hydrophobicity. There are no functional groups and chemical properties on it. It is difficult to jin with
any other ions and to disperse in aqueous system. In order to increase dispersion ability throughout modification of sur-
face property, it is necessary to let graphite have some function on its surface by the adsorption of surfactant mole-
cules. In this study, using zeta potential adsorbed surfactant molecules(ABDM) on graphite surface and its surface
properties turn hydrophobic into hydrophilic. The dispersing mechanism of graphite particles in aqueous system has
been explained using the DLVO theory. It is concluded that the high dispersable graphite suspension of which dispers-
ing stability(T),,) is 44.5 hours at pH 10 and 22.5mV zeta potential can be produced.
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Ao S8 Fr1EAel 2 F3HESE e ;g
3ol 4] Bl3}lzbR-g- Who}l AT T2 E e Hd&de] A
At Fade T2 E shiS 3w (REAAET
i) o] FagsA MidE FAFZEA AAFA AN
0]5o] Zt= AASNAE (crystallinity) ol =t A4t al
~+&.o (crystalline graphite), 2= &< (synthetic graph-
ite) & EAZ-o (amorphous graphjte) 0.2 E&4d},. &
dujAte] nEASI|IES dHL 4R ¥ 24 &9
Mgl gt A2 7eNE Eoke SA2g A4 o
a3y FHole Azv)e, A Ay Y F54 8 A
Z7), ALEA Ax7lE, LHEA (colloidal graph-
ite) & o] 4% B8 =HAH 8 B3 85, U4, »
o, WAtsl Aol BAE Zhe 7154 84 FoE H
o HxtaA, U, FAHE TR £27t ng3E
7tz ek AIER e % FA9) QWA 2u)yg

Ao 7hgo] Sy =3 oA el FIT E4H4
& FAAA F7) A% FdxH e 43 N 2%
TRAS B4 Vlee] Hestch Fode] FAA <d%g
UAle 84RE A 37, ¥4 % 29 B4
ott. ¥3) gty FAL FAxAMEE A ge 4
go)7] el Hoj¥t 71eg 71 EUE FAEH F3
A|A o]ER FHHF Fd Eo] Fol JIsAE A &
oo} Yot GHo BRE AWT A FHe ¥4, 7,
HAES FA B, T2e= €49 £4 A, 2
T, &8, BRUAHT F ok Fobeld 2T 92 ¥
o} ARR A Al A7 2AEAHYE EATTF} o Bat
3 FHEA oot FAF sl JALE Afe]9] ubg
He 722 & 30 B4 dAClEoRE AYEHA) g
7457} @t
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£ d7ele Q4 JddEde 9 BA4& W3 A
Al Aste] 334$ F71A1717) S8k F4 w@Art
HAE ¥ete) FolA alkyl benzyl dimethyl ammonium
chloride (ABDM, Benzalkonium chloride) & & 2H*]7]32
BAkrAs AYe Ysigdct. F33 ABDM 9 3, AeghA
2], CMC (critical micelle concentration) ¥% $¢] 37
&5 (FARIAYA) o v]Xe Fdkd] i3l 2alstdch =
T FAYAE T ARYAA] F2 T B4 &3 E
e AT 74 &N dAFe TSR o
E A7|H by Y ¥ g T =& DLVO
(Derjaguin-Lindau-Verwey-Overbeek) o] &l A3}
o Fahdct.

2. Ay

21 SeisiEtlR|x

Tl g Azo] AHY ARE A4 ATWYIeZ
AZY 20y TALAZ AU ZlE laser
scattering¥l o 2 B4 A o 0.6mA =]

Bgel FALAE 100ml B FRAFT 24X)7H5<k
T A pH7F AR 13 Fdggag Azsie & A
o) REAED AHgetelch AZY 154 T Yt (B
2A2)3% & 100mi%e] A7lde &3 U= ABDME
xql golg NE EPs] HE T YA A=aA
t}. o] o) &4 Vet <o) FA3)Ake) pulp density: 2.
5% (w/w) o]9l%, & A7 AH43 ABDM & oFole A
o HAZ D4A0) wj$ e VARG FHA T 2o,
QA E Fig. 15 th 4442 FH02, 444, W12
Fel4] o] Qbgste) dT g, oAE, ShAEAE, AFed
seriols S 5A, s 2ol $2) Yoy

o] 4] 7}¢d R JulR o 2 Co~Cis2 7 AR &
7)otk & APANAE n = 129 2¢ AHesHETh

22 M3 3 =1

¢ ¥=gde) pHE 94 NaOH EFgdoz =4
HeA SRR, Faol o8 o] A (N5 9
ZdgiRbe] Exkebg Aol thshod ARt

2 o4 AHet E3ael ABDMS $30l4 #2
Ho] @7te) 28 FolA (-) BHE 7HAT Y= FA
A} Elel]) QYIE 74 (+) o) Lo] FHste] FAYAt B
Wo] A4Ade] Hek. webA FAF e FHUFY &
o) Zof do} 2l ABDM & &7 & 742 (+) o] 9] %

(|3H|Cl
041
CHyCl ==
RNH, —» R-NCG —s R-N—C}I,—<_> .l
Hy

Fig. 1. Chemical structure of alkyl benzyl dimethyl ammonium
chloride.
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Fig. 2. Changes in zeta potential of graphite sample.

€ HCIOE 3715t &#A71E 713l (+) 0]&) + [C10J 9
AQo 2 Agsted Fadch AepAHE A7)
(ELS-8000, &.=7} Az}, d&)E °]43le &4stct.
RE &L 26~27CA stz ABDMS CMC
5= $£354 05~10mg/ml FEHNA4 CMCE&E
£77] (DRM 1021, e.=7} A}, )& AH-shed). &
o Hede] Fal gL o= AAHAch
ABDM o Z ojkstAl F39 256% (w/w) v=e Fd&
Ab detallg 2417 Fat AR 2702 JAA 2ikEt
3, 500ml cylindric andreasen pippet tubeel @3it}. &
A7) Aol AT ok F¢ ole) $2 FUA FE3) 2
wsioich. b AL ARAIZL T &5 A
T2 FAFGHo] He Folo] F7e 2 o|FF wrtx
o] Yo At B FAsEchY ARDRAA Fel 2
Ak $3 B4 ¢ A48t} $8-9 el FH)yAEY
EAsied @2 H7|H 5l 9 Qe g 294
A=) E Aeld9E o]4, DLVO o]&o) As F3}
Adrt. =% & A AREAAA F3AF HELS
dynamic contact angle analyzer (CAHN, u]=) & ¢]&
sl AT &3 54T &4zl 2o BA HEE
A8}t

3. &n o n¥

3.1 Z¢ siEfo M1 Total potential Energy

Az F4 13 F=hde] pHe A9 o9 43
(isoelectric point) ol 7}74-& ¢F 4.50]%ict. BF& pHel A
FdEd Aske (+), ¥ pHAME (<) HEE 7HA
o, Fig. 2014 Ro4E ule} zho] FHAe] Oo] & e
pHE < 4222 AebHHE SAHT HAFolct,

S2 et oA QIAE A OE H7|H
whk o Uz 4] (1) & AAE 5 Uod

ER=
€ medium9 FAHAS,

67fln {1+exp(-«H) 98]
7 © o] wbRE,
k . Debye-Hueckel reciprocal length parameter

H : F¢427k 713 g A

Ak A k7 !'=10"%cm< aqueous surfactant solution



AT AU R

Potertial Energy (T)

2
A0d

Fig. 3. Potential energies between graphite particles.

10" mole/ liter & AHE3 Zolch.? M & ea®] A
#2 g¥HEd, v B 2777} g +344 (relative
dielectric constant) 2 ¥ 25CdlA] 78.3¢]t}. &t A
7+ B3-§ (permittivity of free space) & 1.11X 107"
CV'ICm™ '} y=0.3%10"*m9 zt& 2}, JAE Alo)
2] A7} opF 2E w) (H—0) YAHE Alo]9) uhulz wled
2 3ol gl potential energys A (2) 2 AlArslgch.

__Ar

VA=1om

(2)

A= Hamaker A5, & oA Fd2) A gr&5.0%x1071
(erg) o]t}.”

2 Ao MaLsta 9l DLVOolEe w29 15kT
2] energy barriery o}F b4y £4F AE WtEEd &
B BaEe] ch? FAdjial Bab dg FolA
pH104® ABDM 9] &3zt Exd F3 ¥ iy &
Ag)Ate} T AR T3¢ Fig. 3o Vbl 2§
oA B uie} 7o) ABDM o] F&E 3] ¢ &1zl
Aet Hele 1TmVE, E9A YA -kTFE 7HH &
o gAY Sl A doidd A5 & Uk 28y
ABDMe) &5 Ae} LA gho] of 225mV o w9
ZeAd oL oF 20kTE DLVOo]&aA] #A|gE ¥t
b A AlAg)g == 2% 15kT 9] energy barrier}
ulwste) B of, FA9xFe) FAEAHA S o) F & = Al
ebH 9 e oF 225mV oAbl & § i)

3.2 ABDME2jof| 2iBt EARAXIS| Zeta MY Big}

Fig. 4= A& ©}& pHel4 ABDM o] F33 X4z}
o] Aelde] HEE HoE} pH 6, 8, 10 ZFolA]
ABDMe] F3t=7] Mo Fadgd Yoo FRHYE &
(-) 85 dck. F39 o] FIFRRE MR Al
SHAL AV TEAdE wmEA L (-) A F ()
22 prhedl, oL ARIAA HegY Fol4
ABDM micelle®] EWeo] (+)2 A= et s}
(+) 5 Jehdg oojgict, Zwdele pH 8, 100149
3% ¥4 20mg/g & AHEA HYo =g Bald),
% (-)2 i Fdgda Tl pH7 /M SE 4
A F25le o 5 ok ABDM EAHEC] 142 &3
3o Fdg)a} FHE 243} (hydrophobic) A1717] W&
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Fig. 4. Changes in zeta potential of graphite as afunction of
adsorbed amount of ABDM at various suspensions pHs.
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Fig. 5. Changes of bilayer charges on graphite surface by
adsorbed ABDM ions.

ol ABDM 23} layert ¥32 ¢F 10mg/g 6 4464 &
22 fx o tail groupd FHAck ABDM E#9)el
ABDM &S 1A8H $1¢ ABDM 133 (bilayer) ¢}
A7) Az o $5 dojir}r] Axgict. & ABDM 9
2214l {22 A7#E ABDM micelleo] HAd=o] A9
el X3} 2 w7k FUkske 99)He BHgtel A
Hatgovd Hyo) = (F2F of 20mg/g) T Hele <
A3l =gich AwolA da] PAY o|FF Hee AR
7rastey y=09) gto) T3 "}, o]& DLVOo)E%
o]4-8te] Astd mlo|ix HHE JHA FAYz7E E9
= etlol ofol2al ABDME& v}k (Fig. 5(a))
HYF Fol2g B FAANT FT 7Y 9o
Fig. 5(b) & 22 ¥3& ¥}, o] of F23 ABDM o] ot
T 3¢ A vAE A FHP (25E Aye R
7 A) gt AR AR A F, x=09149
AHolBZ o]FF e HHE ol £Xoj tfgsled x
7F F7 el et Agole F3 Wl A gk
c}. o] Ao Yehid

U= Lekx (3)
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g, x=044 F={E Jepic}®

P g9 Qholl= 1419 gAYt A7) L. (Fig. 5(c)
ABDM ¥%& $7H171d F3x F7HERA §= o5 7
4250 FlEe ¢ =0¢] "I} (Fig. 5)) 9% o =&
37217149, ol FEte]l dejut 9 Rz A
(+)E "}, Fig. 5(e) 9 [&= 295 2] (H)F22 ¥
B x &l HALgr}. o]¢} o] ABDM & #17]¢} ubel 35
A Fdz el FaEo] 22 At () Aol "oy
& 2 8 g Baohel, AEE AU EETE (+) 2 9A
AlZick. & ABDM £x}5o] ¥ 2 Fddx 29
o} Ad) o] B LA ql A} dodd& & + U

3.3 2A0HEol clist ABDM S| &tz 3 HIEIM 9o A%

E4EA7 e 2 3554 P25 5o A A
714 Ay uh ] 7o B AL4-EE Aelige] =
7} g+ 4 mvVolck. gAte] el ol F o (20mV
o) & 81zt Abel9) A7) wbl¥L Van der Waals ¥
B} 202 A& ybiste AP gl FR20lE A}
7} Aol 7 550 Fok. F2ole =9 At
gtol 2hg = qlAbe] nehe 5ol o EAsA &
Aeo)HA M2 FEIHE MY wbiHRco Van der
Waals o] 222 F 27} o 3119 A= $3
.

Fadg)ake] BAkerY L Fig. 6, Fig. 7 R Fig. 8414
B ule} zte] ABDMeo] 0ol 10 mg/go.B Fa ko]
Z7eba A 404 B 453 Y chainE7ke) 7k
Aol oA F43] FFiste ARES =t gk A 3
% 10mg/g °lA CMC 5% ¥ 333 715t 3
40t AF reAE A & = Ao F3A=F 10mg/g
Bo AelAg ghel 0¢] == point of zero charge
(PZC) AAeol™, oo} ¢ 21§t sx.of F8-HellA] ofo]
2 ABDM 2| 23} F3}of| 23 AR 7fA-el st £
A AL 5-2]%ch, ABDM Ex1e] &3t3o] 3 wiets
o] YA o Fodo] B o5 kAR ol AHE ybit
sl H-2]g2] v 3+ disjoining pressure AA wFo|c}.
I ALY 274 FBL o}F HA oujy FeTIE
AR A e FEo] R R o]F YAEL HE FH o]
WA A7 B o2 dAET 3 3HE (coagula-
tion contact) & ¥c}. Fd YA ST HGEE ¥
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Fig. 6. Changes in zeta potential and dispersion stability of ag-
ueous graphite suspensions with ABDM at pHS6.
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Fig. 7. Changes in zeta potential and dispersion stability of aq-
ueous graphite suspensions with ABDM at pHS8.
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Fig. 8. Changes in zeta potential and dispersion stability of ag-
ueous graphite suspensions with ABDM at pH10.

TUAHLE a4 ¢ B8 $AHES SUSnE 24
kR Ae] sl e, o]F CMCHE olite] =84
ABDM & F3A)A BAse] JAg 243t Fony
FAREAG AL F7)EA ot

Fddgde] PFAHR A2 oE pHAGHA
ABDM ¥x2| it izt Al HE Jehd o]F 17
o4 ABDM F#3o] ¢l 40 Aeldgr) 29
2A) 2947] dFef FALA A o) BakstAlat £ dFellA
BARAA A9 Z1EeR AT e test tubed] 1/2
A7 A Y2 AIZH(T) o sec) & pH 109 7% <F 25
A7, pH 89 7$ < 16.64i%, pH 62 A% 11.6HE
7} 28 #H k. 22y 25 ABDM F3eko] ¢t F7}
3 Fgtle) FAlkAAe RE pH 994 F3ggo)
°F 10mg/ge o7hx] wzH Pojzch BUAF J9L
Feo] ¢F 15mg/ge) @ W72 ¥ - Qlen, RE A
$-o] & FaEk el RHEALE A7 o
#o| ABDM &3] 9§ £<bd¢ vepdnl. &, Fd4=}
E9e A4A (hydrophilic) sl4 444 (hydrophobic) &
2 wigich ¢jxle) RHEA W] &M, A7) F7hst
£ JAE Alold 4253t Axatsz g5t dAgLe 1/
A Aol 4] AHEAIA 2] 22% (second layer) ol |5+
A ApAde 2 © grix] wEA Fage RS o
I FAIPAL F43] 57187 ARttt /2 ®dHol
oA ApAdeR g o Zddgede] by e B &
AetA Y g pH 8, 10 Y4 FAsA F71He
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2o &t} pH 8, 10914 ¥33 20mg/go] Ho] Aeld
$] #tel 15, 2259 A¥ Tinfsec pH 8ol He <F 27.7
217k, pH 10¢14+< oF 4454138 vehdic}, 28y pH
6 et FHata7] £4F Al ] wiste BolR] ¢
4l ol Meld 9yt ot pHE9Y dgd3) vy o
7] diolrt. o]HL ¥ FHHF J96dA At}
Fd et o] BAF kAol o F o7 JUE sz, 4
Z uleg AYE Hol= pH 83 10914 kA A 2] W}
A& vk Y FEEF doof A= EUAT F4Y
g AtF Alele) 443t s 24 wE YIS
ol 27 RedEo) pH 62 52 F3F Q7 Ax Bt
Aol ALEE 2eE Rojx, pH 8§, 10 ZFelAe &
Zek 156mg/g 8 AL 43 F718la, o]lFRE Al
23} % E-& admicelle F230] A7) A)zsl= slo
2 Az,

3.4 ZHYUXEH off EX3t= ABDML| 2Xjulix| 7}
SELET .

7t AP A3E ujeto 2 Fig. 9¢) FgiAtw
el F235s ABDM 9 F-2pul x| M3 E g vehigic.

Fd3ix 29 9ol ABDM 9 F3¢& 39922 o
At & 5 k. A 1992 7P 2 w54 Fddzt
£ 9o 35t ABDM & Ao shsiusl 4
713 Aol o AQld], oldle FAYA} FHo| &2
3} so] Ao Wejx & 27|, H19 B} ¥
< FE4 AM2499 27 F= (D) &ME 13 #3189
ABDM 719] 712 G#E g3 o] Yo} Ak Ajo] 1
o] A}, o]F ¥ E S Fold 4459 ABDM chain
A3 7k steric ZH-8-o &3k 231 -2 (M) o] Loide). A
3992 23 Fito] 429 XA FHE ABDM ¢
o] ¥AsHA =32, olo] wie} Ale} Hefr} Hate] EAlok
A& o|FA Hc}. Bt ¥& Fxol4 ABDM chaing
Atelell Az atg-o] dojuiw, {32 s 2 A oty A)
zgc}, o|uj R RAPAHAFL #AEA F71E] Ajated
ot. ABDM 9 CMColatoll A F2he M2 Z4z 445 %
3t &4 chainEd A o]F 5o =23HA Ho] Fod

At low ABDM

conceniation

Fig. 9. Proposed orientation model for the adsorption of ABDM
on graphite surface, showing the conformation of surfactant.
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Fig. 10. Contact angle vs various adsorbed amount of ABDM.

Yz BHol Ao R uiHA Hed) ofgA = Lk
AL 3715 A4 f X"k A4 & = 9t}

3.5 ABDMO| E&El &9 2H|2| Wettability (contact
angle)

QA Fdo Fi3 ABDM el ot H&ze
Double-sided tape®d]'"& AM&-8led 2437 A5E Fig.
10 vYebfi giek, 2/l A B ufe} 3ko] ABDM F o)
A3 g 20" FQ A9 HE7e oF 120° olgoy
Fa=o] 254 371 € A HS4E F7MY £49q
2t B 9o ¥F3shs ABDM 9 ¥3pix] spged 72
(Fig. 9) o4 &3t v}e} ho] P& Fied oA &
Y FAYHY §JRE Abe]o] 253t 4T 4o B
2242 F7137) AXAbEE7] AlAsked], F3tgke] 71t
°F 10mg/g® wW7x HEZe FAA Fokgd. ole
Jdizt do] 243 o FAbAA o] Hoix|= ¢
AY Aselx dXste Aolc}. F3=) 10mg/g$ A
w4 &L F435] Foshed 38 15mg/g ol
B A2zl & Z-& admicelle F&50) AYH7] Az}sle
Zleg AztEc) o= AFE uwlel o] olu:
ABDM chaing Atolell Az at-g-o] dojuba] Fito] w2
A doju} HEZzto] HAEAH 2ol x|7] Al=Hgc}. pH 10
o4 ABDM CMC S ¥Tol4 3¢k oko] ¢ 20mg/g
Aeold o] R Fe HE 4 45 JFee
254 chainEd} @7 0|5 Fe =23A Hef F4gla)
Ede] ALA o2 v = FAIYAL A w29
o g ] Ao} vlwste) By a6l e u}
s} o] A&7 9] ABDM CMC ¥EXZolA Fig
Z (2 20mg/g) ¥-¥] HEZE vl dol A wettability7}
T FAHEAE & 5 ot o4y Hats Fdgla)
34 ¢ F¥s5l= ABDM 9] 2l x| 7Mlesd 32 9
At 9], AR S sl 4P 4o Aspel A3
e S & F 2Tt

4.2 E

afe] e gatel, B E4o) A 7] o
2ol thE B9% ERFe] A7 Vol sob Eabo)
W ofele WA QYFAE FRAAE Fohod TRA
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3t A7zt Aetd g o435t Q¥ ABDM S
FEHAA RHEAE 250 AP WA &
AERE Ve L, v 2 AES A

1) ABDMo] Fi52 & FAdzte] AepAdds
1TmVE, Zeid uizxle -kTEE 718 349 a2ty
<o) 44 dolbx|wt, ABDMo] F23d e} ey
el oF 225mV o de] A ouyAE o 20kTR
DLVOo]&olA AAZE EAktA Al2w]lE stz 23
g 15kT < energy barrier9} H|iste] £ o, Z-<3j#19)
BARIAH AL olE 4 Ux Aebds] e oF 225mV o]
e &+ sl

2) 4 A ¥ 99 ABDM& % gdl= F AR
AY= =), 2 Ao ajat 24352 Ay} A5
Hadh A WA dAE ¥F 27 F9 g 249
ABDM 98] Ei4$] SAxlolo] ot 14 o2 ¥
agide] WE FUkly, ¥ HA4 dAs 134 #31
ABDM 3 £9%9 ABDM chain 43719 steric =&
o gk 23} Faald) 23} Fito] 4ud Yz} ¥
ABDM °|5%& 3AsHA =z, oo ue} Hdo) 39
3 B4 wstE] ¥ FAF HAAE A £

3) EAREAA (T & Aeb9) 225 mV, pH 104
445Xk 2 T EAA T Fetd e A2 Yot

ARG 114 A8x (2001
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