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CHE TAO MANG MONG SnO; CO CAU TRUC NANO BANG PHUONG
PHAP SOL-GEL

Trinh Thanh Thuay, Tir Ngoc Hin, Lé Khic Binh, Lé Viét Hai
Trudng Pai Hoc Khoa Hoc Tu Nhién, DPHQG-HCM
(Bai nhdn ngay 29 thdng 03 nam 2007, hoan chinh stea chita ngay 26 thang 02 nam 2008)

TOM TAT: Chung 16i da ché tao mang mong SnO, tir vét liéu ban dau SnCl,.5H,0 bang
phuirong phdp Sol-gel va xét sw anh hzrowg ciia cde chat phu gia (PEG, axit oxalic, axit
tartaric, axit citric) lén kich thuce hat va kha nang tgo thanh 16 x6p trén mang Két qua tir cdc
phép do nhiéu xa tia X (XRD) va anh SEM cho ta thdy hat SnO; trén mang co kich thudc tu 1 3
dén 26nm tuy timg loai xic tdc. Buoc dau da quan sat dwge nhing 16 xép twong doi dong déu
trén mang. Do truyén qua cua mang la khd 16t trong viing budc song tir 400-1100 nm.

Tir khod: SnO> cdu triic nano, sol-gel, chdt phu gia hitu co, mang mong.

1.GIOI THIEU

Sn0; 14 loai vat liéu dan dién trong sudt dap ung dugc nhiéu yéu ciu cia thi truong. Dac
tinh nhay khi cia loai vét liéu nay cting dang gianh dugc nhiéu su quan tdm nghién ciru. Trong
thoi gian qua, chung téi da tién hanh nghién ciru ché tao thanh céng mang mong SnO; voi
nhiing hat kich thuéc nano trén mang bang phuong phép Sol-gel tir nguyén li¢u ban dau
SnCl,.5H,0. Mang mong & kich thudc nano véi nhimg 16 x6p trén mang dang c6 nhiing tiém
nang ung dung to 16n.

2.THU'C NGHIEM
Hod chdt
SnCl,.5H,0 (TQ) Axit Tartaric (TQ)
NH4OH (TQ) Axit Oxalic (TQ)
PEG (Merk) Axit Citric (TQ)

Qud trinh téng hop mang mong nhuw sau:

Cho dung dich NH4OH 1% vao binh phan g, nho tir tir dung dich SnCl; 1,2M va chat
phu gla can khao sat vao hén hop, khuay déu & nhiét d6 phong trong 24h. Sau khi két thic
phan (mg, dung dich xut hién ket tia trang duc, nho qud trinh quay ly tim, san pham duoc
loai ion CI- va téch thanh hai 16p. Phén két tia duoc loc qua bo loc ap suéit kém, rira lai nhiéu
Jan bing nudc cat va dugc phan tan trong dung méi nudc cat. Tién hanh phi méing bang
phuong phap spin coating. Cdc mau mang sau khi phu duoc nung ¢ cac nhi¢t do 400°C, 500°C
v6i nhitng thoi gian G khéc nhau nham nghién ctru anh hudng cia nhiét do va thoi gian 0 lén
su thay doi cau tric cia vat liéu.

Cdc phan ung co ban:

SnCl, +4H,0 > Sn(OH), + 4HCI

SnCly +4NH,OH -> Sn(OH), + 4NH,Cl

Sn (OH)4 = Sn0O; +2H,0
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3.KET QUA VA THAO LUAN

3.1.Anh huéng ciia qua trinh tao mang 1én ciu tric hat SnO, trén mang (véi xic tic
PEG)
Chat phu gia PEG (chlem 0,35% wt.) dugc cho vao trong giai doan du ctia qua trinh tao

hat, dugc hoa tan va khudy tron k§ voi dung moi, sau dé tir tir cho cc chit tham gia phan Ung
vao.

3.1.1. Anh huéng ciia nhiét @p nung

Céu tric ctia hat SnO, (nung & 400°C, 500°C, @i trong 6h) trén mang duoc xéc dinh tir cac
phép do nhiéu xa tia X (hinh 1, 2). Két qua phép do cho thdy mang SnO, tao duoc c6 cdu tric
da tinh, cac dinh dic trung hién 6 va dinh nhiéu xa md rong ching t6 hat thu dugc c6 kich
thuée khé nhé. Cau tric SnO, thu duoc két tinh kha tdt ngay khi nung & nhiét do thap
(400°C).Tir phd nhidu xa tia X, chiing t6i quan sat duoc nhirng dinh dic trung cho cau tric t
dién caa SnO, ((110), (101), (211)) tir d6 co thé x4c dinh mang tao dugc 1a mang Sn0O; cé
chira céc hat nano tinh thé.

Kich thudc cta céc hat SnO, nhin duoc c6 thé tinh tir d6 ban rong cua dinh tdn xa dic
trung trong gian d nhiéu xa tia X (ng véi mit (110)) nho céng thic Scherrer. Két qua dugc
cho boi bang 1:

Bing 1. Anh hudng cia nhiét d6 nung 1én kich thudc hat SnO,

Nhiét d6 nung [°C] Kich thudc hat [nm] Hing s6 mang [A’]
a -’ c
400°C 20,8 4,778 3,170
500°C 25,6 4,797 3,186

Viéc nung mang & nhiét d6 twong déi thap (4000C, 5000C) nhung di tao dugc két tinh
SnO2 kha t6t mé ra mot hudng nghién ciru cho kha ning tmg dung clia mang trén cic vt liéu
ré tién, nhiét do thap.
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Hinh 1.Phé XRD mang SnO, chét phu gia PEG,  Hinh 2. Phé XRD mang SnO, chit phu gia PEG,
nung & 400°C, 1 trong 6 gio nung & 500°C, 0 trong 6 gid

Anh SEM ciia mang SnO, duge nung & 400°C va 500°C cho thdy hinh anh bé mit cia
ching. Qua do, ching ta cé thé thay céc hat SnO, két tinh khd tot & ca 2 vung nhiét d§ khao
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sat, trong do, cac hat dugc nung ¢ 500°C c6 cAu tric tir dién va két khdi rd rét, kich thude hat
kha 16n. Tuy nhién, cac hat dinh hudéng ngau nhién, khong xac dinh dugc hudng uu tién. O
mang duoc nung & 400°C ta di quan sat duogc cdc hat c6 cau tric da tinh kha dong déu vé mat
kich thudc.
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Hinh 3. Anh SEM cila miu mang SnO2 twong tmg véi cdc nhiét d6 nung khic nhau (a.500°C, b.400°C )

3.1.2 Anh hwéng ciia thoi gian 1i nhiét

Chiing t6i tién hanh thay dbi thoi gian G nhiét ciia mang SnO, dwoc nung & 400°C. Sy thay
ddi kich thudc tinh thé ciia cac hat SnO; theo nhiét dé u ciing dugc trinh bay trén gian do
nhiéu xa tia X. Khi tang nhiét d6 0, cuong do vach nhiéu xa ting va dg ban rong cua cach dinh
nhidu xa tuong tmg déu gidm. Nhu vdy, hat két tinh t5t hon khi cung cdp ning luong nhiét.
Bén canh d6, khi kéo dai thoi gian G nhiét, ching téi quan sat thdy céc dinh nhiéu xa manh lén
va thu hep dén. (hinh 4) '

Bang 2. Anh hudng ctia thoi gian i 1én kich thude hat SnO,

Chét phu gia Thoi gian @ Kich thudc hat | Hang sé mang [A"]
[gid], 400°C [nm)] a c
PEG 4 14,6 4,776 3,186
6 20,8 4,778 3,170
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Hinh 4. Phé XRD ciia mang
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Hinh 5. Anh SEM cua mang SnO2 (véi that xic tic PEG) dugc nung & 4000C 1 trong 6gidy

Anh SEM (hinh 5) ciia mang SnO, cho thdy hinh dang két tinh ciia ching trén bé mit
mang. Quan sit anh SEM, chung t6i nhan thdy céc hat SnO, két tinh khé tdt, cé cdu tric t&
phuong r6 rét, va kich thuée tuong doi phu hop véi két qua da uée luong tir cong thic
Scherrer du khong quan sat thay bién hat rd rang. Qua anh SEM, ching t6i ciing budc dau
quan sat duge nhing 16 x0p ¢6 kich thuée nhé, twong ddi dong déu trén bé mat mang.

3.2 Anh huéng ciia cic logi xic tdc 1én cdu tric tinh thé SnO,

Chiing t6i tiép tuc tién hanh téng hop mang SnO, véi nhiing loai chit phu gia 1a cac axit
hiru co (acit tartaric, axit citric, axit oxalic) dé danh gid anh hudng ctia ching 1én kich thuéc
hat SnO; tao dugc. Cac mau duge nung & 400°C va i trong 6 gio.

Két qua duoc cho boi bang:

Bing 3.Kich thugc hat SnO, téng hop véi nhimg chét phu gia khic nhau duoc tinh bing cong
thirc Scherrer

Chét phu gia Kich thuéc hat [nm] Hiing s6 mang [A”]
a c
PEG 20,8 4,778 3,170
Tartaric axit 137 4,756 3,186
Oxalic axit 18,6 4,750 3,184
Citric axit 171 4,756 3,173
Khong c6 chét phy gia 80,8 4,786 3,179

’ Két qua nhiéu xa clia cac m§g méng duoc tong hop véi nhing che‘it phu gia khac nhau cho
thay tat ca cac dinh dic trung déu xuat hién voi do rong vach pho kha lc'm.’ Kich thuée hat
SnO, dugc tinh bing cdng thirc Scherrer (dugc trinh bay trong bang 3) cho thay anh hudng rat
rd nét ciia cac chit phu gia 1én kich thuge hat tao thanh. Kich thude hat giam dang ké khi ta
cho vao trong qua trinh phan tng céc chat phu gia hiru co.

Pho nhiéu xa tia X dugc 16ng ghép nham minh hoa cho sy thay déi kich thudc hat khi cho
cic chét phu gia khac nhau dugc trinh bay trén hinh 6.
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Hinh 6. Phd XRD ctia mang SnO, véi nhitng chét phu gia khic nhau
Hinh 7 minh hoa bé mit mang SnO, tao dugc vdi nhl“mg chét xtc tac khéc nhau. Qua do,
chung ta thay, voi xuc t’éc axit Citgic, ‘bé mat mang co sy dong déu nhat vé kich thude hat va
c6 sur xuat hién cac 16 x0p twong doi dong nhat.
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Hinh 7. Anh SEM cua cac miu mang SnO2 tdng hop véi nhirng chat phu gia khéc nhau

4. KET LUAN

Maéng SnO, véi cac tinh thé SnO; duoc tao thinh bing phuong phap Sol-gel théng qua céc
vat liéu v6 co ban diu. Cac théng s6 vé cau tric ming, kich thuoce hat duge xéc dinh qua céc
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phép do XRD, SEM. Théng qua d6, co thé két luan qué trinh xir 1y nhiét c6 anh huo‘ng 16n dén
cau tric mang va kich thuéc hat, su két khdi va phat trién ctia cac hat ¢ thé giam bét thong
qua viéc str dung céc loai xtc tac hitu co.

SYNTHESIS OF NANO-STRUCTURE TIN OXIDE THIN FILMS BY SOL-
GEL METHOD

Trinh Thanh Thuy, Tu Ngoc Han, Le Khac Binh, Le Viet Hai
University of Natural Sciences, VNU-HCM

ABSTRACT: SnO; nanoparticles have been synthesized by sol-gel method using the
simple starting precursor SnCl, SH>O. The sol-gel process with surface modifying agents
(SMAs) (such as PEG, Tartaric acid, Oxalic acid, Citric acid) in the solutions can improve the
ability to control nanosize and mesopores of SnO; thin films. The XRD results and SEM image
show that the average grain size of SnO, nanoparticles is about 13-26 nm depending on the
SMAs. The average transmittance of thin films is about 80% in 400-1100 nm region.

Key words: SnO; nano-structure, sol-gel, surface modifying agents, thin film.
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