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Abstract: We described a polymer grafting technique for surface treatment of illite clay minerals and examined the dis-
persion-improving behavior of surface-treated illite in organic solvents. For polymer grafting on illite surfaces, illite was
first treated with silane agents to provide primary amine groups on its surfaces and was subsequently reacted with poly-
ethylene-grafi-maleic anhydride for PE grafting on illite surfaces. PE-grafted illite was characterized using Fourier trans-
form near-infrared spectroscopy, solid-state nuclear magnetic resonance spectroscopy, powder X-ray diffraction, and
thermogravimetric analysis. Dispersion behaviors of PE-grafted illite were examined in distilled water and xylene. PE-
grafted illite formed precipitates in distilled water, whereas native hydrophilic illite exhibited good dispersion stability.
In contrast, in xylene, PE-grafted illite exhibited excellent dispersion behavior, but native illite was precipitated. The
excellent dispersion behavior of PE-grated illite in xylene was also confirmed by monitoring scattered light intensities,
which were estimated by dynamic light scattering analyses.
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ME. defolEx @AWY AFS A8 -
Aminopropyl)triethoxysilane(APTES), polyethylene-grafi-maleic
anhydride(PE-g-MAH, composition of maleic anhydride:
~0.5 wt%, density: 0.92 g/cm’® at 25°C) 2 xyleneS Sigma-
AldrichAboll A 718 5= F7H2Q1 g A7g glo] ARS8k
t}. Toluene, methanol, n-hexane= J. T. Baker Al Al %4
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711 AT glo] ARE-SISiT. Ado] AMSE &
illiQ Plus 7|71& ARS8t S/3FA L, Eol23tA1Z]
5, GaEE el o8 BAlsksdt

PEZI M Jef=8E 2A2}0|E M|=. Yto|E FHAE
A GAR, dap ovl7I7F EYE ko] Efillite-NH)E A
Z3IT AR e R, dEfolE 508 EF4 100 mL
o FAkAZ1 F APTES 50 mLE YL 110 °CollA 24417} &
QF A4z sloA WA Z T HES- & p-hexaned}t W EHE:
2 3H AAE 5, 80°CollA] 2487F B WF AZRAA
Z illite-NHyS 5319t TR DAR illite-NH, S AR
st A} PEZF 2 2 ZgE Aol Efillite-PE)E A
Z3IAJt) B Aol illite-NH2F PE-g-MAHS] WFS- feed
FARE 552 3to] AFS Mgt dat oR7|7F =
Y= illite-NH,ol PES %W 22 =¥ 3}17] 93l illite-NH,
3 g% xylene 30 mLol| #4FAIZ1 -, PE-g-MAH 3 g& 37}
3te 100 °CollA] 2471 7F &<t A4 Slof|A] wHAIF T 1S
FTE F, 3000 rpmelA] FAEEE B30 xylene® = 31 Al
AL 60 °CollA] 24A17F B3 Wy A% & F%F illite-PE
£ g55Rith

Z2|of ek MelM 2okt M (Fourier-transform Infrared
Spectroscopy(FTIR)). ¥2to|E A} £H PE 2228 o
5 gRlal7] flte] FTIR A9 33} 4 (JASCO FT/
IR-460 PLUS spectrometer, Tokyo, Japan)yS =33} t}.

Solid-state 'H CP/MAS #{X}7| 3 HEA('H CP/IMAS
Nuclear Magnetic Resonance). YZl0|E YA}e] HA g
%, illite-PE 39| PE 7+2& 3I5}7] 98t 244 'H
CP/MAS NMR(Varian Unity Inova NMR spectrometer, Palo
Alto, USA) #4& 3 skt

FAMEXB0|AE 24(Scanning Electron Microscopy
(SEM)). e 2=ate] defo| B} I@a7F 2 2y
Zho|E Y] FEjo} Alo]= ER1E fI8te] FARAAIANA
A8 Aldsisit). detolE YAk 39t FENE, carbon
tapeel] 21 AR = F71 9 }le] NOVA NANO SEM
450(FEDS T3] 299 dth. SEM olm|A] W 207]¢] =}
£ WgslA AMHs| Ht 3719} standard deviationS -5}
t}.

X-Ray Diffraction 24 (XRD). ¥elolE ®axlg] 74 5
o= ol EL] AAF2It FAIHEA] AFE ERish] ¢
3l X-Ray diffractometer(D8 Advance, Bruker)& ©]-8 gt
A7z FAE s
= 2 4A{(Thermogravimetric Analysis(TGA)). PE7} 2}
¥ illite-PE W] PE 3hd ¥ ¥ 28] §88 g
3171 918l TGA £41S d=2k)71eA g el 9Fsle] 4=
3121 TGA 412 NETZSCHAR] (29" : STA 409PC)
715 ARgste] FalEkgl o, Fr1EQl detolE Yarst
PEE #W 2 ZHI f/57] dEtolE YA A4 7k

b
<

N o2 o K



sl £ 10°CE 800 °C7H] B 7hate] &4 A
2RE deolE YA el 2ejZyE PES] FAH] e
< Ikt

PEE EMI|ssE 220|E YRt Sujet 2MAHS H
7t PEZ} ¥ 22" illite-PES] 7Y EAAES &
s Qal, FHAEA] ke dEtolE, illite-NH,, 2 illite-
PEE &4 2 xyleneol| 217} EAMA A EAMASES H7t
Stk ZF AlZe] 10 mg/mL F59 4 E4k 2 xylene
Fakoll-S- ]3] | equilibrium AEfo| A 2] FARAFe] T gk
optical imageE LA AL AdL 74 E4HA S
vortexing® 2 527+ £ & 5% Fof Br1sisint

SX 2N Dynamic Light Scattering)2 0|8 PE 11
=2 E LZ0|E AKXt Wy EiT M. PE/} £W
=R illite-PES] i B Ok 71 S
e, FHA A e dtolE, illite-NH,, 2 illite-PE2]
xylene 749 FANEE F2FAE 418 Sl AT
7 AES SFT B xylenedll 10 mg/mLe] FEZ A
Z1 ¥, MalvernA}2] Zetasizer Nano ZS90S AH8-3e] Kcps
(kilo count-per-second) &= S 3IITh.

PEZ} =W O =E & AZI0|E XK(ilite-PE)2] H|=.
PEZ} o] 2 =R deto|ES Axslr] 91 4
82 Figure 1] JeplIet. A DA, defolE 97t 9

illite

Figure 1. Illustration of the surface grafting of PE on illite surfaces.
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9] OH 15 toluene &4 reflux ZAo4 APTESS] utb
S-S B3l ol wkAgo] Zhg NHy(EA oy & =943t
o] dto]E JAk(illite-NH,)E ATt FHA A2, A=
H illite-NH,*| PE-g¢-MAHE W-3-A|# PE7} & 18 =H
H deto|E ARl illite-PES #|%31S] Tt

o] ¥ PE =¥ 9H3-2 illite-NH,2] ¥ NH,7|7}
PE-g-MAH®] maleic anhydride 22| +32] 714 (carbonyl)
BAE FATO R HEA O R ojulo|= (amide) AFCE PE
7} defo|E FHo) 2 ZEEA At PE ¥ 2H =S
A3l AHEE EElE 2Ake] deto]Ex= Figure 20] FARAAL
AuA oluAoflN Hi= ZAXH W F2E 0L 9lom, i
A obal 22 illite-NH, 2 ¥Holl PEZF 22 Z8E illite-
PE= Y2lo|E GAlE9} Hlwe A] 3 32 9 A 5 Al
ZF o7 defolE 219 YAEAY WElglo] Az Zlos
gelE ). Aol Eg} illite-NHA= $7E F27}F A2E R

oL, illite-PE= UF S E FEo] #AHAUL o] &
42 PEQ] YElo|E 3w ZEZgo] drke] E2]4 AdElo|

[e]

i}

[e]
5 HskE 72 Zo 2 AlEEY. v o= ot
F Aol E | llite-NH, 2 illite-PE 2} ¢=}e] Hit =7)&
9.82+4.40, 9.44+3.48 2 987+4912 ZAF T} A7) =4
Tt Aot illite-PES] 73 3% o] i EA
st} Ha AR 7] 2 standard deviationoll A AF F71E
A71E Holu, w9 & Aol glvke AS &+ AU
HelM BEZETAH|(FTIR Spectrometer) 24, FTIR 2%
EHS &4 illite-NH,9} illite-PE®] =gl w}& 724
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Figure 2. SEM images of (a) illite; (b) illite-NH,; (c) illite-PE.
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Figure 3. FTIR spectra of PE, illite, illite-NH,, and illite-PE.

skE 18T}, Figure 3914 B+ v} ZFo|, PES L
ZYAZl illite-PES A PE<] aliphatic C-H stretching©]
2919 cm!o| Al Y EFSE AL, aliphatic C-H bending vibration©]
1460 el A} UEPE-S ER1SHITE. o] A= deEto]Eof
PE7} A o® 2 2] IS SHoke Aot &
3 1685~1710 cm™ ¥ $lolM weaksll YEh = M F= PE-
g-MAH®] muFS- anhydride®] C=0, ¥9 Zgj=8 Wke- &
MeE Fele] c=0 93 ¥ PE 2 ZHoE JAH o}
ol=e] C=0 =7} EHo] I Yehtes ZleE M
T Atk Aldrict t25E 33982 PE-¢-MAH & MAH=
~0.5 Wt%2] T}$- he shol =R llite-PES] C=O stretching
S AHH SR weakd I A7t YR s Z10F sA €
Solid-state 'H CP/MAS Nuclear Magnetic Resonance
('H CP/IMAS NMR) 24, 7744 NMR 248 Ea) Yzt
olE #We| PE I =H 75 RISkt Figure 40
ERA v} 7o), dto|E R FollA] EAEA] e3kd AR
= 327} illite-NH, AES 2430 @] 1.97 ppmef|A] st
Al BAESATE o] Aike deto|ES] FHo) vh3-El APTES
9] -CH,CH,CH,- 259l 71918k o2 Algdr), =58 3
< illite-PE®] 73-%- 1.82 ppmollA] 7}st 3= 7F A E AT
o] 3|3+ PEQ] UEtolE W I zHe] A2 EAse
-CH,CH,- (ethylene protons)?l] 71215} YeElA H Aoz
A dEtolEL illite-NH,2] 2~ EG o)A AAE =
6~10 ppm % 9]2] chemical shift= protonation of silicate
oxygendl|] 71918k= Ao =2 YA AT} illite-PES] 73 ©]
A7t AR E Ae 384 wi%e] B o] PEZE ¥
ZEEHA dEto]E WS shielding®t} 549, PE
-CH,CH,-0] #&F ZA3t22 6~10 ppmollA L& J= o
8] -CH,CH,-¢] “4th 3 7=} vl §- 74 PEe) sjshe
1.82 ppm®iF HAE A, 6~10 ppmel A 2] I3 Fee 0]
o " Yz vopge] wE Aol AR Wb 33
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Figure 4. Solid-state 'H CP/MAS NMR spectra of (a) illite; (b)
illite-NHo; (c) illite-PE.
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Figure 5. XRD patterns of (a) PE-g-MAH; (b) illite; (c) illite-NH,;
(d) illite-PE.
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Figure 6. TGA thermograms of illite, illite-NH,, illite-PE, and PE-
g-MAH.

2 depolE FHol| sHEe] Rhgo] XIdE Z1E IRl
PEZt M =" E d2lo|Ee| M 1EA}; & o
2lo|E o PEZ} 2 ZHH o] EAgit= A3E 7w
o2, deto|E HHe 22’ ¥ PE FAMIE #1817 ¢
3l TGA €4S 3433t Figure 69 YERH ZAXH
800 °C7HA] T3S Wl defolES] FaFde 5.55 Wt%
o] illite-NHi= 5.93 wt%=Z 9=t wehr F &4 AL
ool 0.38 wi% xtol= 3 ¥R APTESO 7]Q1ZITar o]
ob7|g & AT} ofvl =YL flgh vk defolES] FH
oARE AFH o2 UojupE R, BES A] ARSHE Uepo|E
(5¢) thY] B2 % APTES(50 mL)S WHGAIZ 2ol = w)e]
APTES7} 3#9e] =91l 2102 Algdtt 5 Z3=<] PE
7b 3 =R illite-PES] 739 44.8 wi%o] FAlE ol
o -"@l"lé}"ﬂt} olyg AFARTH F7E< dpolE
o] §71&<2 PE7} 1111te PEA A% FAH] 384 wt%E ¥H
ﬂ]iﬂﬂ"iu S 9 AATH.

PEZ} EH :LEH&%!E._I %'E}OIEBI PE M =& &
2 Y $5E. PE/I ¥ 2 ="4 illite-PES] A|Z A], PE
o] gy g&o] mj$ F83lth PES] depo|E FH 1
g T&o] W2 79, A T ZE Rk A, dEpo|E
oiv] FeFe] PEE ARgSllof stk @ o] Sl wEhA &
Hol| 2 ZHE ] S PEV} wasteR H7|HE &40 9L
7] Wizl & AFolM = detolE FA thH] feed PE7}
100% ¥ 2= E JeHE 3 232" 58 100%2
ARSI, TGA 48 B3l A=3t 23 EE 76.8%°]
HH 22§82 A o] A dEolEe] & 1

H Rk 7|Q1Eks AoE AlREH, =& ¥H 182y
8588 Holtw

s 4= 2tk PEZ} B9 :Lau%lﬂ illite-PE
o] A|F A, WS x ﬂ’\ Z3E & total feed ¥HS-E-2] FA
g¥] FFHo =z SR EE illite-PES] T4, é =

=20
TEE=E

o= Zo| uje- ZQ3lt}. illite-PEY] FEEC] B A9 &
T 49 illite-PEE gH317] 93 =ke] PEQF deto]
EE ARglof gtk whdo] Sl weba] defolE EH 9
PE 2 X¥ Uks- F5 5, work-up ZZA| 24 illite-PES]
&EAe Z‘?J_ UEE HA G Al loss7} HAYSHA] =
glslA A3S she Aol T3kt 2 dAela= vt
< Z—‘E—L ? %J_@—Erﬂ, 718 = P93 PE washing, #F]
»3}] = ,/,:/\10] H]—/\gé‘].x] g%—_r;_g pal xﬂ ;r,].
E7} 339 2= defo|ELQ illite-PE
F/ME 2 feed PES] FAIE st FA7E &4
A& 7§jr 100% F5E2 Asiier, 39 J7ks
Bl 792%= FAAZE dePo|ES] w2 7Y FEES
3]

PEE M 7|sstE U20|E UXte| S0y 2HHE
"It Aol Bl PEZF W e =¥ illite-PES] &1/
A sS A3 98, delolE, illite-NH,, illite-PES
7T 2 xylenedl] HAMAA BAMAES HrtEITh S57
FollA A 7R Bl A e FEE, dEelE
illite-NH,= dEle]EL] T 15400 71913 E4tko] o}xm
o= oz Ao 7 7|Ygu}, el PEZF I Z'H illite-
PE 739, PES] 458 SAO= Qlal] 7dolx P&l +
Zho] AFER] oL FHo] dojuh et 2 FleR o=
=3t

Figure 7(a)*4d, T8N BAATS AR 23, o &3t
ule} 7‘01 dzlolE H llite-NH,= G244 A 41
BEAALS fAEI oY, illite-PEE AEE)7) Ho] =54+ &
Hof| & HOF— AHE FAssint o] 23+ PE-¢-MAH®)

WE7t 092 gmLE XL W2 U] PEZL UElolE #
Hol| 1 zgE Ao BHE 5 7Fesiit. Wk llite-
PE7} 53¢l upper phaseo] A o= F-fole Ao 3
A 5 ot

ol gt 4 A 5l7] flal 23ke
= SES I /‘L‘?} 7Y% (scattering intensity)
£ 343} Keps® F&sIinh. et Aee E20l= &

Br¥ehs o FHe
Figure 7(b)x 7 deteolE 9 illite-NH,
=7t ﬂ—”ﬂﬂ/ﬂ el bttt o] A¥k= Figure
T(a)] YERA deto] Eo} 1111te-NH2°] B o 2]k &
Arolth whA | llite-PES] 7S FAM w7t F435] 7H48t
Atk o= 2573 PE 41:4 jﬂ]—LEMﬂ [ RS N ==
o3k Z1e =, Figure 7(a)°] 47153 dAshs 45
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ERH STt

Xylene & & o] &gt AV H7HE B8 4 F U=
AR E, xylene©] PEQ] ¥-&ull(good solvent)Z 28322,
defolE wHel PE7F Ao ww I EH s gl
™ xyleneoll A 2] EAMEA o] T2 delo]Eo Hlg)] 453]
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Figure 7. (a) Dispersion behaviors; (b) scattered light intensities of
illite, illite-NH,, and illite-PE in the aqueous phase.
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