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Abstract

This study aimed to determine effect and relation between tetraethyl orthosilicate precursor (TEOS) and NH3
catalyst for nanostructured silica preparation through condensation method, based on their molar ratio. The
nanostructured silica was prepared in mixed solution of NHj, ethanol, water with previous given calculations. The
preparation was established at room temperature for 12 hours followed by filtering the as-synthesized precipitate. The
precipitate was then dried and calcinated at 120 °C for 12 hours and at 600 °C for 3 hours, respectively for the final
nanosilica containing products. A series of nanosilica containing samples were studied based on the molar ratios of
TEOS/NHg, and the sample with the finest morphology was chosen for further characterizations. As the obtained
results, the chosen sample with TEOS/NH; of 1.5/1 existed in amorphous phase with particle size ranging from 12 nm
to 25 nm. Some techniques were used such as SEM, TEM, EDX, FT-IR and UV-Vis for characterizing the morphology,

element percentage, functional groups and silica absorption band respectively of the as-synthesized material.
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1. MO PAU

Nam 1968, Stober va cac cong su [1] da tong
hop thanh cong va hé théng phuong phap tong hop
cac hat nanosilica don 16p dang cau trong cac dung
dich ancol khac nhau, voi tién chat 1a céac
siliconalkoxit, trong su c6 mat cia NHs;, va da dat
duoc cac hat nanosilica c6 kich ¢ tir 50 nm dén 1
um. Tir d6 dén nay, nhiéu cong trinh da nghién ctu
vé vat lieu nay theo nhiéu huéng: giam thiéu thoi
gian téng hop, thu nho kich thude hat théng qua viéc
diéu khién céc thong sb trong qué trinh téng hop nhu
nhiét do, thoi gian, su khudy tron, ty Ié gitra cac
thanh phan tham gia ban dau... [2, 3]. Ngay nay,
tiém nang sir dung cua loai vat liéu nay rat rong rai,
tir viéc 1am chat mang cho céc xuc tac, 1am chit dan
thudc trong co thé, lam chat hap phu dé Xu ly nuéc
thai..., dac biét gan day xu hudng nghién ctu tong
hop vat liéu nanosilica cho cac ung dung trong khai
thac va hip phu dau mé dugc quan tdm do kha ning
tiép nhan mot luong 16n dau so véi khdi luong vat
liéu ban dau, hoic kha ning lam thay doi tinh chat
ctia c4c via dau sdu dudi long dat [3-6]. Quy trinh
chung dé tong hop nanosilica can cd cac tién chat
nhu cac siliconalkoxit, cac chat xdc tac kiém va moi
treong phan tan co thé 1a nwde hoac etanol hoac ca
hai. Tuy vay, su phat trién caa hat nanosilica thuong

kh6 dy doan do phu thudc vao nhiéu yeu to, trong
mdi nghién ctu riéng biét thuong phai khao sat tat
ca cac yéu td nay nham rdt ra quy luat cho quéa trinh
t6ng hop. Trong céac nghién ciu trude day, ching toi
dua ra quy trinh tong hop vat liéu chira nanosilica
theo phuong phap ngung tu hda uét, trong d6 da tim
ra quy luat anh huong cua nong do chat hoat dong
bé mat CTAB dén tinh chét cua vat liéu tao thanh,
qua do6 tim ra ndng d6 CTAB thich hop dé tao céc
hat nanosilica c6 kich thuéc nhé va dong déu nhat.
Trong bai bdo ndy, cac két qua nghién ciu anh
huéng cua ty 18 tién chat/xuc tac, cu thé 1a ty 1& mol
cia TEOS/NH; dugc cong bd nhim dua ra anh
huong cia hai thanh phan quan trong nhat trong qua
trinh tong hop vat liéu chira nanosilica dén cau tric
va hinh théi hoc cua san pham. Céc tiéu chi danh gia
dua trén kich thuéc hat thu duogc, tinh chat co cum
va sy dong déu ciia cac hat do.

2. THUC NGHIEM
2.1. Hoa chat

Céc hda chat st dung: tetraetyl orthosilicat
(TEOS), dung dich NH3 25 %, etanol (C,HsOH), va

cetyl trimetylammoni bromid (CTAB) mua cua
Merck.
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2.2. Ché tao vat ligu chira nanosilica

Can chinh xa4c mét luong etanol da tinh toan tir
trugc cho vao coc co canh khudy, khudy déu hdn
hop véi téc do 400 vong/phit; nho tir tir 5,6 ml
TEOS dong thoi véi mot luong dung dich NH; 25 %
theo ty 1é mol TEOS/NH; nhit dinh vao coc nay va
khudy trong 10 phat; thém tiép 2 ml dung dich
CTAB 4 % trong etanol vao cdc; sau do, hdn hop
dugc khudy déu trong thoi gian 1 gio roi day kin va
dé yén qua dém (khoang 12 gid); san pham két taa
trang thu duoc sau 12 gio duoc loc qua phéu loc
chan khdng va rira bang etanol tuyét téi dén khi pH
Clia nu6C rira twong duong voi pH cuia etanol; két tua
dugc dua vao ti sdy tai 100 °C trong thoi gian 10
gio dé siy kho nudc, sau d6 nghién min va nung tai
600 °C trong thoi gian 3 gio. Cac ty I&¢ mol
TEOS/NH; khac nhau dugc khao sat va ky hiéu nhu
sau: SNO,5/1 (TEOS/NH; = 0,5/1), SNI1/1
(TEOS/NH; = 1/1), SN1,5/1 (TEOS/NH; = 1,5/1) va
SN2/1 (TEOS/NH; = 2/1). Phan tng chu yéu xay ra
trong qué trinh ché tao vat liéu duoc mo ta nhu sau

[3]:

Si(OC;Hs), + 4H,0 — Si(OH), + 4 C,HsOH
Ngung tu
nSi(OH), ----------=--=--- > nanosilica + nH,O

Xuc tac cho qua trinh thuy phan nay chinh la
NHs, do ;Ié ty I€ tien chat TEOS(NH3 la mot trong
nhimg yeu to anh huong 16n nhat dén kich thuoc
cling nhu phan bo cua hat nanosilica. Anh huong
cua cac yeu to khac nhu nong d6 CTAB, NH; s&
dugc nghién cuu trong bai bao tiép theo.

Dinh Thi Ngo va céng Su

2.3. Phwong phap dac trung vat ligu chia
nanosilica

Phé tan sic ning luong tia X (EDX) do trén may
Field Emission Scaning Electron Microscope
S-4800. Anh SEM va TEM duoc chup trén may
Field Emission Scaning Electron Microscope S-4800
va JEOL 1100. Pho hdng ngoai (FT-IR) do trén may
Shimadu IR Prestige-21. Phoé UV-Vis duoc do trén
may JASCO V-670 UV-visible spectrometer.

3. KET QUA VA THAO LUAN

3.1. Anh SEM ciia céc vit liéu chira nanosilica tai
cac ty 18 TEOS/NH; khac nhau

Anh SEM cua céc vat lidu chira nanosilica tuong
tng Vvé6i cac ty 1& TEOS/NH; khac nhau (mau
SNO,5/1, SN1/1, SN1,5/1 va SN2/1) duogc dua ra
trong hinh 1. Tiéu chi cho mét vat liéu chia
nanosilica dién hinh nhu da dé cap trong phan dau,
la chira cac hat c6 kich thudce < 300 nm. Mac du kich
thudc nay van 1én so véi gigi han cua mot vat ligu
nano (kich thuéc hat < 100 nm), nhung cac hat cé
kich thude dong déu, gan voi dang cau va khdng bi
co cum thanh tung dam. Nhitng tiéu chi nay giup
cho céc hat silica c6 hoat tinh hay ai luc héa Iy tét,
tir d6 ¢6 nhiéu tng dung nhu 1am chét hap phuy, 1am
chat mang cho xuc tac [7]. Céac két qua trong phan
chup anh TEM cho thay cac hat nay duoc tao thanh
do céc hat rat nho két tu lai. Trong céc nghién ciu
trong tuong lai, chung t6i s€ nghién ciu phuong
phap giam thiéu sy két tu, nham tao dwgc mot vat
lidu chira nanosilica dién hinh.

Hinh 1c: Anh SEM ctia mau SN1,5/1

Hinh 1d: Anh SEM cua mau SN2/1
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Két qua anh SEM trén hinh 1 cho thay, anh
hudng tuong doi rd rét cua ty 16 TEOS/NH; dén hinh
thai hoc cua hat nanosilica: ¢ ty 16 TEOS/NH; thép,
tuc 1a nhiéu xUc tac, c4c hat nanosilica tao thanh kha
“th6” va co cum lai vai nhau thanh tung dam chu
khong tach biét, didu nay lam giam sirc cang bé mat
c4c hat, tuy nhién lai 1am giam hoat tinh hap phu [3];
Dbi véi mau SN1/1, cac hat da bét co cum va giam
kich thuéc, tuy nhién su phan bd kich thudc van
khong dong déu; Mau SN1,5/1 c6 cac hat “dep” nhat
v6i hinh dang gan véi hinh ciu, cac hat phan b
ddng déu, rat it co sy co cum; DSi vai mau SN2/1,
cac hat lai ¢c6 xu hudng co cum tré lai, kich thudc
c4c hat khong dong déu.

Hién tuong nay cd thé giai thich dya trén kha
ning xuc tac cuia NH; ddi véi qué trinh tong hop
nanosilica, bao gom ca hai giai doan thuy phén
TEOS va ngung tu cac tiéu phan silica tao thanh hé
nanosilica. Qua trinh thay phan TEOS thanh cac tiéu
phan orthosilicic c6 téc do cham va 6n dinh, thuong
cham hon so véi qué trinh ngung tu cac tiéu phan
nay thanh mang ludi silica [1]. Khi c6 xuc tac NHj,
hai qua trinh nay déu dugc day nhanh hon. Do vay,
twong quan gitra hai qua trinh nay cé anh hudng
quan trong dén hinh thai hoc cua vat liéu chta
nanosilica tao thanh. Ban dau khi luong xuc tac NH;
cao (mau SNO,5/1), téc d6 chung cua qua trinh thay
phan va ngung tu cAc tiéu phan silica nhanh, tao ra
cac dam ngung tu 16n va lam céc hat co cum lai. Khi
ty 1€ TEOS/NH; tang Ién, tirc la giam lugng xuc tac
NH; xudng, téc do thay phan tién chat TEOS va téc
d6 ngung tu cac tiéu phan silica déu giam xuéng (toc
do thuy phan TEOS giam nhanh hon, tac l& cham
hon so v&i toc do ngung tu cac tiéu phan silica), lam
cho qua trinh thay phan va ngung tu duoc diéu khién
on dinh hon, tao ra cac hat gan voi dang cau hon; do
chinh 1a truong hop cia mau SN1,5/1. Tuy nhién
dén luot miu SN2/1 do c6 qué it NH,, dan dén téc
do phan Gng thay phan va ngung tu xay quéa cham,
c4c hat tao thanh ban dau it bi co cum, nhung do
ching c6 sirc cang bé mat riéng nén dé giam ning
lwong bé mit, ching s& dan dan tién gan lai véi nhau

Namo Silica.
Print Mao: 208000x & %1 mm

20 nm

Nghién citu anh huong cuaty lé...

dé co cum lai thanh cac dam. Thoi gian cang dai,
mic d6 €O cum cang ting, tuy vy ciing khong thé
rit ngan thoi gian do téc do cac phan tng cham s&
lam giam hiéu suat tong hop nanosilica.

C6 thé thdy, toc do cia qua trinh ngung tu tao
thanh nanosilica khong nén qua nhanh ciing khong
nén qua cham vi luén co6 su canh tranh gitra su phéat
trién cua hat nanosilica va su co cum 1am giam stc
cang bé mat ban dau cua cac hat. Vi thé, ching toi
chon ty 16 TEOS/NH; = 1,5/1 dé can bang giita cac
yéu tb trén, cac dic trung sau nay cua vat lidu s& chi
ap dung cho mau chaa nanosilica nay. Hinh 2 1a anh
SEM cua mau SN1,5/1 & gdc chup khac.

Mau SN1,5/1 chia cac hat véi kich thuéc rat
ddng déu ~ 250 nm, cac hat c6 dang cau, khong bi
co cum nén rat thuan loi cho cac quéa trinh bién tinh
sau nay.

Hinh 2: Anh SEM cua mau SN1,5/1 &
g6c chup khac

3.2. Anh TEM cia vt liéu chira nanosilica

Anh TEM cho c4c quan sét & muc sau hon vao
bén trong ciu thanh vat liéu. Co6 thé thay qua anh
SEM, céac hat c¢é kich thuéc ~ 200-300 nm, kich
thudc ndy khong phai tric cua vat lidu, c6 thé thiy
dugc kich thudc that cta cac hat tao nho, chua phai
thuan loi cho cac qué trinh @ng dung nhu hap phu
hay x(c tac. Anh TEM cua mau vat liéu chua
nanosilica tong hop dugc dua ra trong hinh 3.

Nano Silica.004

—
Print Mag: 208000x ¥ 51 nm 20 nm

Hinh 3: Anh TEM caa mau SN1,5/1
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Pung nhu vay, anh TEM cho thay 15 rang hon
cau tric bén trong cua cac hat chira nanosilica. C6
thé thay, vat liéu chira nanosilica thuc ra khong phai
chi ¢6 cac hat ¢6 kich thudc ~ 250 nm, ma chra cac
hat c6 kich thudc bé hon rat nhiéu, chi tir 12-25 nm,
ching két hop véi nhau dé tao ra hat I6n hon nhu
quan sét thiy trong anh SEM.

Trong thyc té, viéc tong hop duoc nhiing vat lidu
¢6 kich thuéc hat nho hon 20 nm dung roi rac 1a rat
kho khian, vi niang luong bé mat cua céc hat do cao
nén ching rit dé& két tu lai thanh cac hat cd kich
thudc 16n hon dé giam niang luong bé mat do. Tuy
nhién, vi vat liéu duoc téng hop Vo6i muc dich st
dung cho qué trinh hap phu, nén can phai giam kich
thudc cac hat nano xudng cang thap cang tdt, hoic
két hop tim ra cac phuong phap méi 1am tang su phu
hop gitra tinh chat bé mat cua nanosilica voi chét can
hap phy (bién tinh hay chiic ning hoa bé mat). Cac
két qua nghién ctu nay s& duoc cdng bd trong
nhitng bai bao sau. Su sai khac nhau gitra cac kich
thudc hat khi quan sat anh SEM va anh TEM cua
nhiéu vat liéu da duoc kiém ching boi nhiéu nghién
ctiu trén thé gisi [1-5], trong truong hop nay su khéac
biét d6 van phu hop.

3.3. Phd FT-IR ciia vit liéu chira nanosilica

Phd FT-IR cia miu SN1,5 dugc dua ra hinh 4.
Phé FT-IR ciia mau SN1,5/1 thé hién cac dai hap thu
dic trung cho vat lidu silica: cac pic & sb song
khoang 1600 cm™ va 896 cm™ dic trung cho dao
dong cua nhém —O-H va nhdm —Si-OH, thuoc vé
cac nhom hydroxyl bé mat; cac sé song tai khoang
2250 cm™, 984,73 cm™ va khoang 480 cm™ dic
trung cho su oxi héa bé mit cua céc phan tir
nanosilica, trong d6 sé séng khoang 2250 cm™ duoc
cho la do dao dong cua nhom Si-H khi nguyén tu Si
lien két voi bé mit silica thong qua cau ndi oxi (lien
két H-Si-O-Sip: mat)- S0 VoI SiO, vo dinh hinh (50
s6ng hap phu cta cac nhom twong Gng 1a 1250 cm™
va 1090 cm™), cac s6 soéng & 984,73 cm™ va 896cm™
cua nanosilica bi dich chuyén do. C6 hai cach ly giai
cho hién twong nay: thir nhat c6 thé do hiéu tng

“giam ham” (hi¢u Umg trong do kich thudc hat nho
hon nhidu so véi budc séng cua ngudn phét -
confinement effect) trong cac l6p mang siéu mong
¢6 kich thudc nho hon 5 nm, hiéu &ng nay lam tia
t6i mat mot phan luong tir do twong tac véi cac
mode dao dong cua nhom chuc trong vat liéu gay ra
chuyén dich do; thir hai do trang thai oxi hoa dudi ty
1€ hop thac cua Si (SiOy, trong d6 x < 2). Trong
treong hop nay, cac hat nanosilica c6 kich thuéc nho
nhat 1a khoang 12 nm nén hi¢u tng “giam ham” kh6
c6 thé xay ra, nhu vay nanosilica chtra cac phan tir
cd ty 1é hop thirc bt quy tic SiOy 1a hop Iy hon [7].

Dinh Thi Ngo va céng Su
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Hinh 4: Phé ET-IR cua miu SN1,5/1

Vit ligu chtra nanosilica diéu ché duoc chta Si &
trang thai lién két v6i cac nguyén tir H trén bé mit,
c6 thé sinh ra do tac dong véi oxi trong khong khi
sau khi diéu ché, hién tuong nay pht hop véi nhiéu
nghién cau vé nanosilica va ching to trong vat liéu,
ty 1é hop thic cua silica khdng con la SiO, ma da
thay dbi theo huéng ting ham lwong cua Si. Tinh
chat nay ciing chiing to tinh chat hoat tinh bé mat
cua vat liéu, co loi cho cac tng dung lién quan dén
hap phu hoic xuc tac [7].

3.4. Phd EDX ciia vat ligu chira nanosilica

Phé EDX cua vat liéu SN1,5/1 dugc thé hién
trong hinh 5.
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Hinh 5: Phé EDX cua vat liéu SN1,5/1
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Két qua do EDX cho biét mau SN1,5/1 rat tinh
khiét khi chi chira hai nguyén té Si va O voi ham
luong Si 12 79,56 % va O 1a 20,44 % theo khoi
luong. Néu tinh theo ty 1¢ mol, ham lugng Si la
68,92 % con O la 31,08 %, tuc la ty I¢ mol Si/O =
2,22 — khac xa so véi ty 1¢ Si/O = 0,5 theo ty 1¢ hop
thirc ctia SiO,. Két qua nay rat phi hop vai cac tinh
chat ciia vat ligu chira nanosilica thu dwoc khi phan
tich pho FT-IR.

3.5. Phd UV-Vis ciia vt ligu chira nanosilica

Phé UV-Vis cua vat lieu duoc dua ra trong
hinh 6.

Phd UV-Vis cho biét vat liéu chira nanosilica co
mét budc hap thu xuat hién ¢ bude song khoang 225
nm, dic trung cho Si, khing dinh thém viéc diéu ché
nanosilica da thanh cong.
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Hinh 6: Phé UV-Vis cia mau SN1,5/1
4. KET LUAN

D3 téng hop thanh cong vat liéu chira nanosilica
theo phuong phap ngung tu trong diéu kién thuong,
st dung tién chat TEOS, dung mdi etanol, nuéc va
xuc tac NHs, chit hoat dong bé mat st dung la
CTAB. Céac két qua khao sat anh huong cua ty 18
TEOS/NH; cho thay, ty Ié 1,5/1 la thich hop nhat dé
tao ra vat liéu chira nanosilica cé hinh thai hoc

Lién h¢: Nguyén Trung Thanh
Truong Dai hoc Bach khoa Ha Noi
S6 1, Pai Co Viét, Hai Ba Trung, Ha Noi

Nghién ciu dnh hueng cua ty Ié...

“dep”, tuc la chira cac hat c6 kich thudc nho, dong
déu, khong bi két khdi;

Vat ligu chtra nanosilica thu dugc tu ty 1€
TEOS/NH; = 1,5/1 ¢6 db tinh khiét rat cao, véi kich
thudc hat tir 12-25 nm nhung bi két dinh thanh cac
hat c6 kich thudc 16n hon, tir 250-300 nm. Vit liéu
c6 ty & Si/O cao hon rat nhiéu so véi ty 18 Si/O =
0,5/1 trong trang thai hop thuc caa SiO,, chang to
nanosilica ton tai ¢ trang thai hoat tinh SiOy (x < 2),
¢6 nang luong bé mat 16n. Trang thai nay co thé dem
dén cho nanosilica cac tinh chat wu viét trong hap
phu va xudc tac.
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