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ABSTRACT

The surface hydroxyl groups of silica have been modified by the treatment of chlorosilanes
and alcohols. And the hydrophobic properties of the silica have been studied by IR spectra,
propane and water adsorption, surface area, and DTA.

Alcohol modified silica exhibited OH absorption band shift from 3750cm-! to lower frequency
along with the increment of alkyl absorption bands at 2985~2860cm-!. Similar results were
observed with silane treatment, showing most optimum treatment temperature at 200~250°C.
The adsorption tendency of treated silica toward water were significantly less than untreated
silica in the decreasing order of monomethylsilane >dimethylsilane>trimethylsilane.
Adsorption properties of propane gas to the methyl-hydrogen silane treated silica proved to
be the best adsorbent to the gas with active hydrogen adsorption site. Others, however, hardly
proved themselves to be better adsorbent than untreated silica except ethyl alcohol treated
silica. These results are attributed to the hindrance of bulky groups such as dimethyl or
trimethyl. The heat of adsorption for propane gas on the monomethylsilane treated silica
was 8.2 Kcal/mole, while the other silicas treated by the others was 4-5 Kcal/mole.

The surface area of treated silica decreased to 174~200 m?/g because of the alkyl groups
covering the micro pore of silica and hindering the adsorption of oxygen into the interior of
pore volume.

In the DTA curves of the trimethylsilane and ethyl alcohol treated silica, it was found that
the peak intensity due to the desorption of water remarkablely decreased and the endothermic
peaks due to the decomposition of surface substituted groups appeared at 480°C, 530°C,
and 630°C.
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Fig. 2. Infrared spectra of silica treated with me-
thanol during the course of reaction for
1hr, respectively.

(A) : Original silica evacuated at 380°C for
2hr,

(B) : Treated at 100°C,

(C) : Treated at 200°C

(D) : Treated at 250°C

(E) : Treated at 300°C

(F) : Treated at 350°C
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Fig. 4. Infrared spectra of silica treated with eth-
anol during the course of reaction for 1hr,
respectively
(A): Original silica evacuated at 380°C for

2hr
(B): Treated at 100°C
(C): Treated at 200°C
(D): Treated at 250°C
(E): Treated at 300°C
(F): Treated at 350°C
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Fig. 5. Variations of infrared spectra of silica trea-
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Fig. 7. Infrared spectra of silica treated with TMCS
at different reaction temperature for 2hr
(A): Original silica evacuated at 400°C for-
2hr
(B): Treated at 100°C
(C): Treated at 150°C
(D): Treated at 200°C
(E): Treated at 250°C
(F): Treated at 300°C
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Table 1. Adsorbed amounts® of H.0 at room temper-
ature by the treated** aerosil

Treated 1 Treated Untre-

temperature ,(gfii)ﬂ’(gl%ﬁ‘ ‘S*IHI_ISCIZCSZII%%L Csz ated
100°C | 6. >821 2.612) 1.517[11. 506/11. 980(12. 188
150°C | 1.843 2.109) 2.024] 9.602 9.811] —
200°C | 0.589' 1.448| 2.501] 8.396| 8.949 —
250°C | 0.554 1.926( 2. 394/ 8.798[10. 250 —
300°C 0.485; 2.452| 1.699/10.585[11.583] —

* mmol H;0/g-aerosil
** Treated with silane derivatives and ethyl alcohol.

KB Rel A8 WMPsta 58 Tadle 1
dlA & 4= glvh, olek e MAF LS HE

Biol whebAd shd fERSH) A Lxq 2oo~
250°C o] 4= trimethylsilane>dimethylsilane
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Fig. 11. Adsorbed amounts of propane gas on silica
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Fig. 12. Adsorbed amounts of propane gas on silica
treated with CzHsSiCls
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ratio | 0.048 0.119 0.205 0.689 0.734 1
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(6) propane °| RMWE
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group o] FAsHA ®Fo] dolndria FriElm
#M hydroxyl group 8] zbF-zkel] wle}l REEL
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Table 3. Heat of Adsorption® and Adsorbed Amounts** of Propane Gas at Various Temperature

by the Treated®™* Aerosil

Adsorption Treated
Untreated
temperature (CH3)3SiCl (CH,),SiCl, | CH,SiHCI, ‘C.H;SiCls C-HsOH
25°C 1.97 1.53 1.75 3.44 1. 80 [ 1.81
50°C 0.9 0.95 0.93 1.10 0. 96 0.82
75°C 0. 60 0. 64 0.59 0.47 0.55 0.43
AH 4.9) 3.59 4.48 8.20 4. 89 5.92

* Keal/mol
** mmol C;Hs/g-aerosil

*** Treated with Silane Derivatives and Ethyl Alcohol

o] Zekxl= FEE AT ol =4 &
B %l silica 8] HF#S] =be]= propane o] BH
4 4 3+ hydroxyl group & FF9b <ol #
Bislel oh& Aol F vEbE ez Hold
DCMS ¢] 73 9ut& E-o]%F K& mechanism &
b & Aoz Balrh

(7)) EBEE silica 2] REHK
silane 3} alcohol & 200°C o] 4] B silica

o] REHES WHEFEY EEQ —183°Cd4
BET A=A 2 AlzEsted AAEE 3t& Table 49
Agek, ofs] BEFHRAL BEE HAGIS
o BER BRI T FdA S 14.6 A2 2 5l
Al AE ek, Table 4614 B aksl o] K
e silica o] EEHe]l 325m?/g ol w]he
B silica ] EEKS EEX HHEA ==}t
thds b=} o 2k 174~200 m%/g ¥ 91 & 7}
FAreh olsk o] KEMe] Ak AL A3

Table 4. The Surface areas of silicas treated with silanes and alcohol

Treated silica(m?%/g)

1

I

(CH)SICI | (CHSICL | CHSIHCL | CHSICh | CHOH | Jreeted |
18 | 7 201 | 192 | 189 | 325

=5 alkyl group o] silica ¢ micro pore & % o]
#2.2 micro pore Y AkA&-E=}] kS vl
7] w2l Aoz A, Ho Utsugi 22
silica gel & alkyl alcohol 3 amyl alcohol &
ESle ol Tl A silica EiEell X3k group
o] BgFE REMe] HATHe AL Hast
geh #ebA] EER silica o] EKE L alkyl
group 9] =34 x¢} =313 alkyl group 8] =2
Jldl g3t H3lgdotE A& & 5 drh

(8) BEEl silica o] #AYMHE

JarEE silica o] BWIKWES AEs] A3k
A£EH7] Lol A&l 4] 800°C 74x] ¢] DTA
éhije Fig. 13 JepRslel. REEEA silica

81823 20 H 6 & 19821 128

N

Endothermic
’ g

— 1 L 1 1 A —l
0 100 200 300 400 500 600 700
Temperature (*C)

Fig. 13. DTA curves of the treated silicas
A : Treated with trimethylchlorosilane
B: Treated with ethylalcohol
C: Untreated Silica



Alcohol 3} Silane 0.2 & Silica & EmH 443

A= 300°C B2l A HE W peak 7} v}k
Y] o] peak & silica HHe] BER K59
Mg 23 Aoz JZgt, TMCS &) ethyl
alcohol & IR silica o] A& 500°C H-22] 1B
#h peak 7} RpEFIR silica o] HEiA wgo] WA
H AL £ 4 &y o]A-L silica & silane ¥
alcohol & EFIEo 2 #Hskie silica 7} Bikik
o2 BEEote AL Yr sl TMCS 2 iR
= silica o] = 480°C £F35} 630°C L-of] 5
Mol i peak 7} Y Eh]e ethyl alcohol 2 g2
HE silica ol & 530°C o] shie] mpsk
peak 7} Yehtv] o] F peak £ Zwe] 7

= group E8 ] ¢ Aoz 42} o]
72 S Kitahara®®e] BzoA silica FFe
ethyl group ¢] 500~550°C A}o]ell wke] #|A =
vk AR s g8t #s] TMCS = g
= silica o] A = FH e W# peak 7+ JER}E
Ze g Mo} silica el F7H2 79 235

groupe] §lg& ¢ 4 ek

N. &

E

silica Zii-& alcohol 2 fEFIAIZ S w2 BF
o REEE= 300°C 4o, silaned] 7%
BOEREE 200~250°C iv}, 28] 2 silica EE
¢ E£KFE site & free hydroxyl group o] gr}.
WEEER] silica o KHWRERL REHES silica
o ¥k @A) Bt om 2 7 8F-2 mono-
methylsilane >dimethylsilane >trimethylsilane
e #Fmd] E#35 methyl groupo| o &
TF K5 BEELE Wk o]AL A
=] group¢] ¥ ¥<4E organic umbrella & 3
Asked BkiEE WAPAFA] = Eel gt
propane E o] #3F KERELS monomethyl
silane o 2 pEHY silica 7} & x| 51A] Borow
dimethylsilane o]} trimethylsilane o 2
=l silica = propane Ff4] %3 -& ahsfisl gl o}
propane F 4ol 3 WEES monomethyl-
silane o 2 pE#= silica & fitslne REE
= silica & 7% HAF5E 4~5 Kcal/mole o] &
2, o] HFEEHe KF mechanism - FE

5] silica 8] B2 mechanism 3} Fl3H-L oF
ket

EES silica o FMAifHe] 174~200m?/g o2
WAE 2L AAzxl alkyl groupe] silica 9
micro pore Z Qo] #17] u Fo] gl

JEHEE silica o] DTA & AET #E KEE
g silicadl] ®ldted k439 REA AT ws
peak 7} § A3 HAsld o olziex gk
t silica 7} Bik{Eo 2 W3l &-& ¢9br}

= 7l

Fo2 AWty BEMNRNES HiaKs &
B glom old] Hstd MEE Fsh ubolch
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