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Abstract

This paper covered a nanostructured silica preparation by condensation method, and effect of variation of CTAB
concentration to structure and property of the as-synthesized nano-silica. The condensation was established in an
alkaline environment caused by NHj; solution, and the precursor TEOS was used for the process. The condensation was
carried out at ambient temperature for about 13 hours; then the precipitation was filtered, dried and calcined at 600 °C
for 3 hours to obtain the final product. The nano-silica existed in amorphous phase with particle size ranging from 20
nm to 30 nm in ethanol solution with 8 % concentration of CTAB. The nano-silica could be used in various applications
such as adsorption, support for catalysts, etc. because of its high surface area, fine and uniform particles. Some
techniques were used such as XRD, SEM, TEM, EDX and BET for characterizing the obtained nano-silica.
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1. MO PAU

Céc vat liéu nano ngay cang thu hat nhiédu su
guan tdm nghién ciru do mé ra nhiéu tng dung quan
trong mang tinh dot pha. Ngay nay, nhiéu cong nghé
da va dang ap dung hiéu qua céc tinh cht dic biét
cua vat liéu chi thé hién khi dat toi kich thude hat ¢
nanomet nhu diéu ché xic tac, chat dan thudc, cac
senso hoa hoc, sic ky, phan &ng vi dong va anh sinh
hoc [1-6]. Vat liéu nanosilica la mét trong nhirng vat
liéu nano c6 tiém nang ung dung to 16n nhu vy, nho
s& hitu cac dic tinh quy nhu ty trong thap, bén nhiét
va co hoc va tro héa hoc [7-9]. Kich thudc cac hat
dong vai tro quan trong trong cac ung dung cé dung
vt liéu nanosilica, do d6 c6 nhiéu nghién ciru da tap
trung vao viéc giam kich thudc hat cling nhu thu hep
khoang phan bé kich thude do. Stober va cac cong
sy [10] vao nam 1968 da dua ra phuong phap tong
hop c4c hat nanosilica don 16p dang cu trong cac
dung dich ancol khac nhau chtra céac siliconalkoxit,
trong sy c6 mat cua xuc tdc NHs, dat dugc cac hat
nanosilica c6 kich ¢& tir 50 nm dén 1 pm. Chrusciel
va Slusarski cling cong bd qua trinh téng hop vat
liu nanosilica dung tién chét 1a san pham trao doi
este gitra tetraethoxysilan véi n-dexyl ancol va
(aminopropyl)trimethoxysilan trong méi trudng chat
nhi hdéa [11]. Venkatathri [12] nghién ctu anh
huong cua cac chat hoat dong bé mat dén kich thuac
va su phan b kich thuéc cac hat nanosilica va cho
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két qua 1a khi c6 sy xuit hién caa cac chat hoat dong
bé mat, hiéu suat tao nanosilica ciing nhu kich thuéc
cac hat déu duoc cai thién. Tur do co thé thay, quy
trinh chung dé tong hop vat liéu nanosilica la phai c6
cac tién chit chua silic nhu cac silicon alkoxit, moi
truong phan tan c6 thé 1a nuéc hodc cac rugu nhu
etanol, isopropanol va chit xuc tac giGp cho qua
trinh thuy phan tién chit duoc nhanh hon nhu NHs
va mot s6 amin bac thip khéc. Trong bai bao nay,
chung t6i dua ra quy trinh téng hop vat liéu
nanosilica theo phuong phap hoéa uét, dong thoi
nghién ctu anh huéng cua chat hoat dong bé mit
CTAB dén tinh chét cua hat nanosilica tao thanh.

2. THUC NGHIEM
2.1. Héa chat

Cac hoa chit sir dung trong nghién ciru bao gom:
Tetrathylorthosilicat (TEOS), dung dich NHz 25 %,
etanol (C,HsOH), va cetyl trimetylammonibromit
(CTAB) mua cua Merck.

2.2. Ché tao vat ligu nanosilica

Pong moét lugng hop 1y etanol va nude dua vao
cde ¢6 canh khudy, khudy déu hdn hop véi toe do
400 vong/pht; thém ting giot 5,6 ml TEOS dong
thoi voi dung dich NH; 25 % vao cbc nay va khudy
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trong 10 phut, diéu chinh pH sao cho 6n dinh trong
khoang 9,5-10,5; thém tiép 2 ml céc dung dich
CTAB 0, 4, 8 va 10 % trong etanol vao cdc theo
ting thi nghiém; sau do, hdn hop duoc khuiy déu
trong thoi gian 1 gio roi day kin va dé tinh qua dém
(khoang 12 gio); san pham két tua tring thu dugc
sau 12 gio duoc loc qua phéu loc chan khong va ria
bang etanol tuyét téi dén khi pH cua nu6c rira dat
tuong duong véi pH cua etanol; két taa say tai 100
°C trong thoi gian 10 gio dé siy kho nudc, sau do
nghi&n min va nung tai 600 °C trong thoi gian 3 gio.
3 mau voi nong 6 CTAB thém vao khac nhau duoc
ky hiéu 1a SNO (0 % CTAB/etanol), SN4 (4 %
CTAB/etanol), SN8 (8 % CTAB/etanol) va SN10
(10 % CTAB/etanol). Phan ting chii yéu xay ra trong
qua trinh ché tao nanosilica dwoc md ta nhu sau:

Si(OC,Hs)s + 4H,0 — Si(OH), + 4 C,HsOH
Si(OH), — SiO, + 2H,0

2.3. Phwong phap dac trung vat liéu nanosilica

Phuong phap nhiéu xa tia X (XRD) thuc hién
trén may Shimadzu XRD 6000 sur dung tia bac xa
CuKa. Phé tan sic ning luong tia X (EDX) do trén
may Field Emission Scaning Electron Microscope S-
4800. Anh SEM va TEM duoc chyp trén may Field
Emission Scanning Electron Microscope S-4800 va
JEOL 1100. Phd hong ngoai (FT-IR) do trén may
Shimadzu IR Prestige-21.

3. KET QUA VA THAO LUAN
3.1. Két qua XRD

Nhu da dé cap trong phan truée, chat hoat dong
b& mat c6 anh hudng 16n dén qua trinh tao thanh cac
hat nanosilica trong phuong phap héa wét, trong do
nong d chat hoat dong bé mat déng vai tro chi yéu
do quyét dinh trang thai mixen cua dung dich. Gian
dd XRD cua ca 3 CNO, SN8 va SN10 duoc trinh bay
trén hinh 1.

Céc gian do XRD déu chi ra cac mau nanosilica
téng hop duogc tdn tai & dang v dinh hinh 13 bai cac
mau vi tinh thé SiO, dang quarty nam lan véi pha
SiO,voi mot pic ¢d chan rong tai géc 20~25°. Cac
pic c6 chan rong ciing chung to hat nanosilica co
kich thuéc nho. Céc két qua XRD niy ciing tuong
ddng voi cac két qua tdng hop vat liéu nanosilica
clia CAC tac gia [13-17] ca vé hinh dang va cuong do
nén c6 thé noi phuwong phap hoa uét ma ching toi sir
dung hoan todn c6 thé ché tao duoc vat lidu
nanosilica.

Vé mit cuong do, ching ti nhan thiy khi ting
nong d6 CTAB, duong nén vo dinh hinh cua mau cé
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xu huéng dang cao ching té pha vo dinh hinh tao ra
véi lugng cang nhiéu. Kich thudc cac hat nanosilica
cling dugc xac dinh mét cach tryc quan theo phuong

phap anh SEM va anh TEM.
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Hinh 1: Cac gian d6 XRD cuia cac mau
SNO, SN4, SN8 va SN10

3.2. Anh SEM ciia c4c vt liéu nanosilica
Anh SEM cua cac vat lidu nanosilica twong &ng

Vi cac nong do CTAB khéc nhau (mau SNO, SN4,
SN8 va SN10) dugc dua ra trong hinh 2.

Hinh 2: Anh SEM cua c&c mau nanosilica
SNO, SN4, SN8 va SN10

Két qua anh SEM cho thay, voi mau nanosilica
khong str dung CTAB, cac hat ¢6 xu huéng két tu lai
thanh khéi (hinh 3 s& rd hon) nén kho xéac dinh duoc
kich thuéce tirng hat.

Véi nong d6 4 % CTAB trong etanol (mau
SN4), cac hat nanosilica thu dugc cé kich thudc
khoang 350 nm, phan bé kich thuéc kha ddng déu,
dic biét cac hat phan bd khé roi rac tao nén vat liéu
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nanosilica ¢6 d¢ rong tbt. Khi ting nong d6 CTAB
I1én 8 % trong etanol, cac hat c¢é xu hudng giam kich
thuéc nhung phan bb kém ddng déu hon so véi mau
SN4, dong thoi bi két tu mot phan. Vi mau SN10
(10 % CTAB trong etanol), kho c6 thé phan biét
dugc cac hat riéng biét do su két tu qué 16n.

S4800-NIHE 10.0kV. 8 3mm x300k SE(M,LAC) 8/19/201

Hinh 3: Anh SEM caa mau SNO &
d¢ phong dai cao hon

Céc hién tugng trén co thé giai thich nhu sau:
khi chua c6 CTAB, sirc cang bé mat cia hdn hop
ché tao nanosilica 16n, cac tién chat Si(OH), tao ra
nho sy thay phan cua TEOS phan tan khong tét
trong dung dich nén c6 xu huéng két tu céc hat lai
v4i nhau trong qua trinh ngung tu; khi c6 CTAB,
strc cang bé mat cua dung dich giam xubng lam ting
kha nang phén tan ciia cac tién chat vao dung dich,
dan dén viéc tao ra cac hat roi rac d& dang hon; tuy
nhién khi nong d6 CTAB tang 1én, stic cang bé mat
cua dung dich giam xudng qué thp lai tao diéu kién
cho cac hat tién gan nhau hon va két tu tré lai; cac
hién tuong quan sat thay trén anh SEM déu phu hop
VGi c4c bién luan trén, tac 1a mau SN4 c6 cac hat roi
rac hon nhung sang dén cac mau SN8 va SN10 lai
thdy céc hat bi két tu tro lai. Véi muc dich tao ra cac
hat nanosilica vira c6 kich thuéc nho, via roi rac,
mau SN4 véi nong d6 4 % CTAB/etanol 1a phu hop
hon ca. Chung t6i ciing chup cac anh TEM cua cac
mau nanosilica diéu ché dugc dé khing dinh lya
chon nay.

3.3. Anh TEM caa cac miu nanosilica

Anh TEM cua cdc miu nanosilica dugc gidi
thiéu trong hinh 4.

Anh TEM cuia cac mau SNO, SN4, SN8 va SN10
cho két qua pht hop véi anh SEM: cac mau SNO,
SNS8 va dic biét 1a SN10 déu chaa cac hat bi két tu
nén khd phéan biét dugc ting hat riéng biét; mau
SN8 cho kich thudc hat twong tuy kich thudc xac

Nghién cizu anh huwong cua...

dinh tr anh SEM dong thoi chira cac hat phan tan
t6t. Két hop cac dic trung hoa 1y d6, ching toi chon
cac didu kién diéu ché cho mau SN4 vao viéc tdng
hop vat liéu nanosilica sau nay.
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Hinh 4: Anh TEM cua cac mau nanosilica

TEM Mode : Imaging

3.4. Phé FT-IR ctia cAc miu nanosilica

Phd FT-IR cua cic mau SNO, SN4, SN8 va
SN10 duogc dua ra trong cac hinh 5, 6, 7 va 8.
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Hinh 6: Phd FT-IR ctia mau SN4
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Hinh 7: Phd FT-IR cta mau SN8
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Hinh 8: Phd FT-IR ctia mau SN10

Céc phd FT-IR cua bdn loai nanosilica rat giéng
nhau v& hinh déng va ca cuong do, chua céac pic dic
trung cho nhém Si-O tai sé séng ~430 cm™, 760
cm™ va 900 cm™ trong mit phang Si-O-Si [15],
nhoém —OH tai sé s6ng ~3700 cm™, nhém Si-OH tai
sb soéng ~980 cm™ [14]. Su gidng nhau gitta cac phd
FT-IR ching té cé4c vat lidu nanosilica thu dwgc déu
c6 do tinh khiét cao.

Qua viéc lya chon phuong phap diéu ché vat liéu
SN4 lam phuong phap chung dé diéu ché nanosilica,
ching t6i ciing xac dinh thanh phan héa hoc cua
mau nay theo phuwong phap phd EDX.

3.5. Phé EDX caia vat liéu SN4

Ph6 EDX cua vat liéu SN4 duoc thé hién trong
hinh 9.

Anh TEM cua cac mau SNO, SN4, SN8 va SN10
cho két qua phd hop véi anh SEM: cac mau SNO,
SN8 va dic biét 1a SN10 déu chira cac hat bi két ty
nén khé phéan biét dugc ting hat riéng biét; mau
SN8 cho kich thudc hat twong tu kich thudc xa&c
dinh tir anh SEM ddng thoi chira cac hat phan tan
t6t. Két hop cac dic trung hoa 1y d6, ching toi chon
cac didu kién diéu ché cho mau SN4 vao viéc tong
hop vat liéu nanosilica sau nay.
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0 K 0.525 22.5 4887.44 0.01 34.14

Si K (Ref.) 1.739 77.20 202286.58 0.01 65.56

Total 100.00 100.00
Hinh 9: Phd EDX cua vit liéu SN4

4. KET LUAN

1. Pa téng hop thanh cdng vat lidu nanosilica
theo phuong phap hoa udt trong diéu kién thuong,
str dung tién chat TEOS, dung mdi etanol va nudc va
xtc tdc NH; trong diéu kién c6 hodc khong cd chat
hoat dong bé mit CTAB. Ca hai trudng hop co va
khong c6 sir dung CTAB déu tao ra duoc cac hat
nanosilica véi kich thudc nho, dd phan tan khac
nhau;

2. Khao sat anh huong cia nong do CTAB dén
cau tric cua nanosilica. Két qua cho thdy mau SN4
v6i ndng do 4 % CTAB trong etanol ¢6 cac hat phan
tan tét, kich thudc nho va phi hop dé téng hop vat
liéu nanosilica. Cac ndng d6 CTAB khac van tao ra
nanosilica nhung cac hat c6 xu huéng két tu tao
thanh céc khdi 16n.Vat ligu nanosilica diéu ché dugc
c6 ciu trac vo dinh hinh, rat tinh khiét vai cac thanh
phan Si va O c6 ty 18 khéc so vai cong thirc hop thire
S|02
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