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for applications in solar panel glass. Ti-SiO; films were fabricated on
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TiO, nanoparticles. The obtainted results indicate that the
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properties. With the variation of Ti concentration in the range of 7-
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27%, the transmittance of the Ti-SiO, coated glass was increased from

SiO, 90.2% to 94.7%. The highest transmittance of Ti-SiO; antireflection
Tio, film coated glass, 94.7% at the wavelength of 550 nm, was observed

. at Ti concentration of 7% and film thickness of ~ 100 nm. Ti-SiO;
Transmittance films are hydrophyllic and have a contact angle in the range of 4.2 -
Hydrophillic 58.9°. The optical and hydrophillic properties indicate that the

achieved Ti-SiO. films are very promissing for applications in the
solar panel glasss.
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Ngay nhan bai: 19/01/2022 Trong bai bao nay chung tdi tap trung nghién ctu va t6ng hop mang
o mong Ti-SiO; cho tng dung lam mang chong phan xa. Cac mang Ti-
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nanocomposite cua cac hat nano SiO, va TiO,. Cac két qua thu dwoc
cho thay ham luong Ti dd anh huong kha manh dén do6 truyén qua
cling nhu dic tinh wa nudc cua mang. Véi sy thay doi cua ty 1é phan
tram Ti tir 7% dén 27%, do truyén qua cua kinh pha Ti-SiO; ting tir
90,2 1&n 94,7%. Kinh phi mang chéng phan xa Ti-SiO, c6 do truyén
qua cao nhat 12 94,7% tai budc séng 550 nm khi phan tram Ti 1a 9%
va bé day mang 1a ~ 100 nm. Ngoai ra, ca&c mang phu Ti-SiO, déu co
tinh chit ua nudc, véi goc tiép xc nam trong khoang 4,2-59,8°. Cac
két qua vé do truyén qua va dic tinh wa nudc cho thay vat ligu Ti-
SiO; rét c6 tiém ning cho tng dung 1am 16p chéng phan xa trong cac
tam panel pin ning lwong mat troi.
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1. Giéi thiéu

Cac mang chéng phan xa dugc tng dung rong réi trong nhiéu linh vuc khac nhau nhu kinh
xay dung, mat kinh, kinh man hinh dién thoai, cac té bao pin mat troi va kinh caa tam panel pin
mat troi [1]-[3]. Pdi voi cac ang dung trong linh vuc pin nang lugng mat troi, cac mang chéng
phan xa thuong duoc ché tao truc tiép trén cac té bao pin mat troi hoac trén tam kinh bao vé cua
tam panel [4], [5]. Vay tai sao can I6p chéng phan xa cho cac tdm panel pin mit troi? Khi anh
sang mit troi chiéu dén bé mat kinh bao vé cua tim panel thuong sé bi that thoat khoang 8-9%,
nguyén nhan 1a do bi phan xa nguoc tré lai tai bé mat tiép xdc gitra khong khi va kinh [6]. Dé thu
dugc toi da lwong anh sang chiéu téi tam panel, cac tam kinh bao vé thuong duoc phi mét lop
mang mong chong phan xa [7]. Chiét suat cua khong khi va thuy tinh trong tng la 1 va 1,52, do
d6 cac mang chéng phan xa thudong duoc lya chon phai c¢d chiét suat nam trong khoang 1-1,52
[8], [9]. Magnesium flouride (MgF) c6 chiét suat 1,38 tai budc song 550 nm kha 1y tuéng cho
tng dung lam lop chdng phan xa khi phu trén kinh [10]. Tuy nhién, nhuoc diém cua mang MgF
1a thiéu 6n dinh khi & méi trudng ngoai troi [11]. Hau hét cac wng dung cia mang chéng phan xa
MgF. duoc ché tao truc tiép trén cac té bao pin mat troi [12], [13]. Mot sé nghién ciru khac sir
dung mang da 16p cua cdc Oxit kim loai nhu SiO./ZnO/TiO2/kinh, SiO2/TiO./kinh, hay
SiO2/ZnO/kinh cling da ngan can duge do phan xa tr 2-7% [14]-[16]. Han ché cua mang da 16p
1a cdng nghé ché tao phuc tap hon, do d6 1am ting gia thanh cta san pham.

Trong nghién ciu nay ching tdi tap trung vao nghién ciru cai thién do6 truyén qua caa mang
chdng phan xa Ti-SiO, dugc ché tao trén dé kinh nham ung dung cho kinh bao vé tam panel pin
mit troi. Ngoai viéc nghién ciru dic tinh quang dé ting do truyén qua, chiing toi ciing nghién ciru
kha ning tu 1am sach ctia cdc mang ché tao dugc.

2. Phuwong phap nghién ciru

Tong hop sol: 22 ml tetraethyl orthosilicate (TEOS) dugc tron vao 128 ml hdn hop dung dich
cta 9 ml nude khir ion, 2 ml amoniac va 117 ml ethanol. Sau d6 dung dich nay duoc khuéy bang
may khuay ta & nhiét do 40°C trong vong 7 gio. Tiép theo PH cua sol thu dugc dugc diéu chinh
vé 1 biang axit nitric dé thu dugc hdn hop sol on dinh. Déi véi sol cua TiO,, 8,5 ml tetrabutyl
titanate dugc cho vao trong hdn hop dung dich ciia 67 ml ethanol, 1,8 ml nudc khir ion va 0,25
ml axit nitric. Hon hop dwoc khuay déu trong vong 2 gio ¢ nhiét do phong.

Han hop sol SiO/TiO; dugce diéu ché bang céch tron tir tir sol TiO; vao sol SiO; theo céc ti 16
phan tram nguyén tir Ti (Ti*100/(Si+Ti)) khac nhau: 7, 9, 11, 16 va 27%, va khudy trong 2 gio ¢
nhiét d6 phong.

Ché tgo mang: Cac mang Ti-SiO; duogc ché tao trén dé kinh bang phuong phap in gat; bé day
ctia dé kinh 13 2 mm va d6 truyén qua ~ 90,2%. Bé day caa mang mong Ti-SiO; duoc didu khién
bang cach thay doi nong do Ti-sol SiO2 va sb lan quét. Cac mang Ti-SiO; sau in dugce dé kho ¢
diéu kién phong, sau d6 nung 550°C trong mdi truong khong khi véi thoi gian 1 gio dé loai bo
cac chat hitu co du thira cling nhu sy hinh thanh cac pha nhu TiO; va SiO..

Cac phép phan tich: Cau triic pha cia cac mang chong phan xa duoc do bang nhidu xa tia X
(XRD) (D8-Advance, buc). Thanh phan cac nguyén té trong mang dugc xdc dinh bang phé tan
sac ndng lugng tia X (EDX) (Jeol JSM-7600F) ¢ di¢n ap gia toc 10 kV. Bé day va hinh thai bé
mét cua mang dwoc quan sat trén kinh hién vi dién tir quét (SEM) (Jeol JSM-7600, Nhat Ban).
Do truyén qua cua cac mang Ti-SiO; dugc xac dinh bang phé UV/Vis (Cary 5000). Dé nghién
ctru kha niang ty 1am sach ciia cac mang ché tao duoc, ching toi xac dinh goc dinh wét ddi Véi
nudc bang may anh chuyén dung.

3. Két qua va thao luan

Do bé day cua cac mang phu la kha mong nén viée xac dinh thanh phan pha cho mang bing
pho nhiéu xa tia X la khéng thé vi cuong do nhiéu xa rat yéu nén khdng nhin thay cac dinh nhiéu

http://jst.tnu.edu.vn 65 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn
https://pubchem.ncbi.nlm.nih.gov/compound/Tetrabutyl-titanate
https://pubchem.ncbi.nlm.nih.gov/compound/Tetrabutyl-titanate
https://pubchem.ncbi.nlm.nih.gov/compound/Tetrabutyl-titanate
https://pubchem.ncbi.nlm.nih.gov/compound/Tetrabutyl-titanate

TNU Journal of Science and Technology 227(08): 64 - 69

xa. Vi vay chiing t6i dd st dung sol Ti-SiO da tong hop dugc, sau d6 sdy khd va nung & diéu
Kién nhu ché tao mang dé do pho XRD. Hinh 1 1a pho nhidu xa tia x caa cac bot Ti-SiO; vai cac
phan trim Ti khac nhau. Déi véi mau khong co Ti, chi c6 mot dinh nhidu xa xuat hién tai vi tri
22,6° cua SiO,. Quan sat hinh dang dinh nhiéu xa ta thiy d6 rong cua phd 1a kha 1on va cuong do
yéu, diéu nay cho thay SiO; 1a v6 dinh hinh. Khi thém Ti vao véi ham luong thap 7-11%, chi
quan sat duoc mot dinh cua TiO; tai vi tri 25,3°; cac dinh con lai caa TiO, khdng nhin thay la do
ham lugng Ti thap nén cuong d6 yéu. Tang lugng Ti 1én 16 va 27%, ngoai dinh SiO, tai vi tri
22,6° thi xuat hién cac dinh khac tai cac vi tri 25,3, 37,9, 48,0, 54,8, 62,7, 70,3 va 75,2°. Céc dinh
nhiéu xa nay tuong tng véi cac mit phang mang (101), (004), (200), (211), (204), (220) va (310)
cua TiO2. Nguoc Véi SiO, cac dinh nhiéu xa cia TiO, dwoc nhin thy & trén pho kha sic nét,
chung to do két tinh cua TiO, trong mang cao. Pé tinh cac kich thudc hat nano cua TiO; chiing
t6i str dung cong thac Scherrer (1):
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d6 tinh bang don vi radian va 0 1a vi tri goc nhiu xa. Kich thudc hat nano tinh thé TiO, duoc
tinh cho dinh nhiéu xa chinh (101) 1a ~7,6 nm. Mau SiO; 1a v6 dinh hinh nén ching ta khong thé
tinh dugc kich thudc ciia hat tinh thé SiO,.
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Hinh 1. Phé nhjéu xa tia X cua cac mang Ti-Si0, ~ Hinh 2. Phé tan sdc nang leong tia X ciia mau voi
vdi ty I¢é phan tram tien chat Ti khac nhau ham lwong Ti 27%

Hinh 2 14 phd tan sic niang luong tia X ciia mang vaéi ham lugng Ti bang 16%. Ching ta thay,
ngoai cac dinh cua cac nguyén té Si va Ti thi xuat hién thém cac dinh ciia Na, Mg va Zr. Nguyén
nhan cua sy xuat hién nguyén t6 nay Ia do mang phii c6 kich thuéc kha mong (~100 nm) nén
chum dién tir da ban pha sau Xuong dé thuy tinh; cac nguyén t6 Na, Mg va Zr ton tai trong dé
thay tinh nén da Xuat hién trén pho tan sac. Quan sat phan tram nguyén to ta thay ham lugng cta
Ti so véi Si trong mau l1a kha thap S0 V6i ty 16 tién chat dau vao. Cu thé, ty & phan trdm nguyén
tir Ti do dugc 14 5,5%, trong khi dau vao 16%. Ty 1& Si/Ti do dugc cao hon nhiéu so vai ty Ié tién
chat dau vao la do hai nguyén nhan chinh: (1) do bé day mang pha mong nén phan tram Si thu
dugc bao gdbm ca Si tir dé, (2) do dinh tan sac cua Ti tring chap véi dinh oxy va cudng d6 dinh
oxy lai vuot troi, nén s& rat kho dé xac dinh chinh xac ham luong Ti trong mau vat liéu dxit.
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Hinh 3. Anh SEM bé mgt va mat cat cia cac mang  Hinh 4. Phé truyén qua ciia C4c mau kinh dioc phii
phu vai cac phan tram Ti: 7 (a,b), 9 (c,d), 11 (e,f), mang Ti-SiO; Vdi cdac ham luwong Ti dauvao 7, 9,
16 (g,h) va 27% (1,k) 11, 16 va 27%

Dé nghién ciru ddc diém cau trdc hinh thai caa cac mang phu ching toi da do anh SEM bé mat
va mit cat ngang ciia mau; két qua duoc biéu dién & trong Hinh 3. Tir anh SEM bé mit cho thay
khi ting ham luong Ti tir 7 18n 16% thi khdng c6 su thay d6i nhidu vé cau trdc cua bé mat. Mang
phu dugc tao nén boi cac hat nano ma khong phai 1a mang dac va lién tuc. Kich thudc cac hat
nano nam trong khoang 10-30 nm. Tuy nhién, khi Ti tang 1én 27% bé mat mang khac hoan toan
s0 v&i nhitng mau c6 ham luong Ti thap hon. Cu thé cac 16 xbp trén bé mit da duoc 1ap kin hoan
toan. Piéu nay duoc giai thich 1 do vat liéu TiO, da l4p day cac 16 xbp giita cac hat nano SiO..
Tur anh mat cit ngang cho thdy bé day caa cac mang phu 1a 93 + 2,5, 103 + 1,7, 108 + 4,5, 94 +
2,0 va 110 + 2,8 nm tuong (tng véi cac ham luong Ti dau vao 7, 9, 11, 16 va 27%. Cac mau c6
ham lugng Ti = 7-16% ton tai cac 16 x5p phia sdu bén trong mau. Tuy nhién, khi Ti = 27%, cé4c 15
x6p nam giira cac hat nano SiO, da bi lap day boi TiOz, do d6 mang nhin kha dic. Déi véi cac
mang chng phan xa, bé day cuaa 16p phu téi vu thuong duoc thiét ké 1a A/4n; trong d6 A 13 budc
s6ng anh sang chiéu téi (thuong dugc chon tai cuong do cao nhét ciia pho niang lugng mat troi ~
500 nm), n la chiét suat cua 16p vat liéu pha (chiét suit téi wu cho vat lidu phu nam gitra khdng
khi va thay tinh 1a 1,23). Tir cong thic trén ta thiy bé day téi wu cua 16p pha ~ 100 nm. Cac gia
tri bé day mang phu thu dugc trong nghién ctru ndy nam trong khoang 93-110 nm la khé& gan véi
gia tri toi uu.

Hinh 4 1a phé truyén qua cia kinh dwoc phu bai cac mang Ti-SiO; voi cac ham luong Ti dau
vao khéc nhau. So véi kinh khdng phu, do truyén qua cua kinh phu da tang 1én dang ké. Tai budc

http://jst.tnu.edu.vn 67 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

TNU Journal of Science and Technology 227(08): 64 - 69

song 550 nm, do truyén qua caa kinh khong phi 14 90,2; trong khi d6 d6 truyén qua cua cac kinh
phu véi céc phﬁn tram Ti dau 7, 9, 11, 16 va 27% 1a 94,0%, 94,7%, 93,6, 92,9 va 92,4%. Ching
ta c6 thé thiy mau duogc ché tao & diéu kién Ti = 9% cho do truyén qua cao nhat 1a 94,7%. Do
truyén qua phu thuoc vao chiét suat va bé day cua mang phu. Chiét suat cia mang phu lai phu
thuoc vao ty 18 Si/Ti va do x6p cua mang. Do bé day I6p phu da dugc ¢b dinh trong khoang nhat
dinh (93-108 nm), nén sy giam xudng cta do truyén qua khi ting ham luong Ti tr 9 1€n 27% c6
thé do do x6p cua mang giam nhu da duoc dé cap trong anh SEM & mau 27% Ti & trén.

Hinh 5. Hinh dang c&c giot nueée khi dieoc nho 18n bé mdt kinh phai va khong phu

Dé nghién ctu tinh chat tu 1am sach ciia cac mang phu, ching t6i da do goc tiép xlc céc giot
nuéc nho 1én bé mat mau va két qua dugc trinh bay trong Hinh 5. Khi ting ham luong Ti Ién thi
g6c tiép xuc c6 xu hudng ting dan. Cuy thé gid tri goc tiép xdc cua cac ham lwong Tila 0, 7, 9, 11,
16 va 27% lan luot cho gia tri goc tiép xdc 1a 4,2°, 5,7°, 7,8° va 16,8°, 17,3 va 59,8°. Tir gia tri
g6c tiép xdc cua giot nuwéc va bé mat miu cho thiy cac mang phu vat lidu Ti-SiO, da thu duoc
déu 1a mang wa nudc. Do 1a mang phi ua nude nén han ché duoc swong mu tén dong trong thoi
gian dai trén bé mat kinh, 1am giam d6 truyén qua ciia kinh phu. Biéu nay dugc giai thich nhu
sau: khi cac giot nudc kich thudc bé roi xuéng trén mat kinh phi Si-TiO,, ching dé dang lan
rong ra trén mot dién tich 1on hon va nhanh chong bay hoi.

4. Két luan

Mang chdng phan xa Ti-SiO, di dugc ché tao thanh cong trén dé kinh bang phuong phap in
gat. Cac mang Ti-SiO, ton tai dudi dang nanocomposite cua cac hat nano TiO; va SiO,. Kich
thudc cua cac hat nano SiO, nam trong khoang 10-30 nm. D¢ truyén qua cua kinh di ting 1én
dang ké sau khi phua vat liéu nanocomposit Ti-SiO2, cu thé tir 90,2% 1&n 94,7% tai budc song 550
nm. Mang pha c6 tinh chat wa nude kha tdt, goc tiép xdc nam trong khoang 4-59° tily theo ham
lwong Ti. Cac két qua cho thdy mang Ti-SiO; da ché tao dugc rat cé tiém ning cho tng dung lam
kinh pha bao vé cho tim panel pin mat troi.

Loi cam on
Chan thanh cam on Vién Han lam Khoa hoc va Cong ngh¢ Viét Nam da tai trg cho nghién
ctru nay théng qua Dé tai phat trién cdng nghé ma s6: UDPTCN 03/20-22.
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