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Tom tat

Trong nghién cuu nay, vat liéu thuy tinh xALOs3 - (100-x)SiO> (x = 5, 10, 15, 20) pha tap CuO dugc ché tao béng
phuong phép sol-gel. Cau triic vat liéu sau khi ché tao duoc khao sat bang nhiéu xa tia X, két qua chi ra sy hinh thanh cau
trac vo dinh hinh dic trung ciia thuy tinh. Hinh thai bé mat ciia cac mau thuy tinh duoc danh gia thong qua anh hién vi
dién tu quét (SEM) va hinh anh SEM cho thdy cic mau thuy tinh sau khi ché tao co sy dong déu cao. Cac nguyén t6 trong
cac mau thiy tinh cling dugc danh gia théng qua pho tan sac nang luong (EDS) va su 6 mat cua ion Cu?* con duogc thé
hién thong qua phd hap thy quang hoc. Phan tich phd tan xa Raman ctia cac mu ciing di cho thay sy anh huong cia ti 1
Al,03/Si0; 1én mdt s0 dai dao dong thiy tinh thu dwoc.

Tir khoa: Thuy tinh; alumino-silicate; CuO.
Abstract

In this work, xAl,O3 - (100-x)SiO, (x = 5, 10, 15, 20) glasses doped with CuO have been fabricated by the sol-gel
method. The structure of the obtained glasses was investigated by X-ray diffraction. The result showed the formation of
an amorphous structure characteristic of glasses. The surface morphology of the glass samples estimated via the scanning
electron microscope (SEM) and SEM images showed that the prepared samples had high homogeneity. Elements in the
synthesized samples were also evaluated by the energy-dispersive X-ray spectroscopy (EDS); and the existence of Cu?*
ions was also shown by the optical absorption spectrum. Analysis results of Raman spectra of the samples presented the
effect of a A1,03/SiO; ratio on some main variations of the obtained glasses.
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1. Giéi thi¢u

Vit liéu thuy tinh nén aluminosilicate duoc
nghién ctru ing dung trong nhiéu linh vuc nhu
laser, LED, khuéch dai quang, hién thi [1-4] do
chung ¢6 cac wu diém nhu d6 truyén qua cao, do
bén hoa hoc tot. Ngoai ra, vat liéu thiy tinh c6
kha ning hoa tan lugng 16m cic ion pha tap va dé
dang dinh hinh véi nhiéu hinh dang khac nhau
lam cho chiing tré nén thuan ti¢n trong viéc san
xuat hang loat. Trong sb cac ion pha tap, mot sb
jon kim loai chuyén tiép nhu Cu, Au ciing da
dugc sir dung dé pha tap hoidc dong pha tap vao
cac nén thay tinh khac nhau dé tao thanh céc vét
liéu phat quang hogc hinh thanh cau tric nano véi
cac tinh chat dic biét do hiéu tmg vé kich thudc
va hinh dang. Trong s6 cac kim loai, ion Cu®>" pha
tap vao cac vat liéu nén khac nhau dic biét hap
dan do nguyén t6 nay rat doi dao trong tu nhién
va gia thanh ré. Ngoai ra Cu con cung cap mot
giai phap thay thé cho cac kim loai quy khac nhu
vang, bac va platimum trong vi€c pha tap vao cac
nén vit liéu dé tap cau trac nano nhd c6 tinh chat
quang, do dan dién t6t [5] va doc tinh thap [6].

Qué trinh tong hop vat thiy tinh nén
aluminosilicate ¢ thé duoc thuc hién theo nhiéu
cach khac nhau nhu phuong phép néng chay,
pha rén, sol-gel... Tuy thudc vao muc dich
nghién cuu, thanh phﬁn cua vat li¢u cling nhu
diéu kién ché tao dé lya chon dwoc phuong phép
ché tao phu hop. Trong trudng hop vat ligu thuy
tinh nén aluminosilicate, nhiét dé ché tao béng
phuong phép néng chay thuong rat cao tir 1550
dén 1650°C [7, 8]. Tham chi trong mdt sd truong
hop, nhu thuy tinh 20A1203-80SiO2 thi nhiét
d6 can thiét 1én dén 21000C [9], nhiét d6 ma chi
c6 mot sb it 10 nung co6 thé dap ung. Tuong tu,
thuy tinh 10A1203-90Si02 ciing dugc ché tao
bang phuong phap néng chiay ¢ nhiét do cao
21000C va nghién ctru hién tugng “persistent
spectra hole burning-PSHB” dinh hudng tng
dung trong cac b nhé quang loc lya tan sé [10].
Gan day, vat liéu thuy tinh nén aluminosilicate
pha tap Eu3+ nghién ctru huynh quang nhép

nhay duoc ché tao bang néng chay ¢ nhiét d6 cao
12000C trong 8 gio duoc cong bé nim 2025
[11]. Piéu nay cho thdy vat liéu thuy tinh nén
aluminosilicate van thu hut duoc su quan tdm
nghién ctu cua cac nha khoa hoc hién nay va
ddng thoi ciing cho thay phuong phap ché tao
chu yéu cua thay tinh nén aluminosilicate 1a
phuong phap noéng chay & nhiét do cao. Do vay,
viée sir dung mot phuong phap ché tao v6i nhiét
d6 thap hon 1a can thiét. Phuong phap sol-gel 1a
mot giai phap dé giai quyét van dé nay véi nhiéu
vu diém. Phuong phép sol-gel cho phép kiém
soat thanh phan hoa hoc & mirc d¢ phan tir trong
dung dich tién chat. Diéu nay dan dén san pham
thily tinh c6 d¢ tinh khiét cao va sy phan bd cac
thanh phan déng déu hon so véi phuong phép
néng chdy, noi su tron 1an c6 thé khong hoan
toan. Qua trinh tao gel va xu ly nhiét sau do
thuong dién ra & nhiét do thap hon dang ké so
v6i nhiét do noéng chay can thiét trong phuong
phap truyén thong, giup tiét kiém nang luong va
giam chi phi san xuat. Do nhiét do xur 1y thap
hon, sy bay hoi cua cac thanh phan dé bay hoi
(nhu kiém) trong qua trinh ché tao bang phuong
phap sol-gel s€ it hon so v&i phuong phap nung
chay, gitp duy tri thanh phan mong mudn. Vi
vay, trong nghién ctru nay, CuO pha tap trong
cac vat lidu thuy tinh thanh phan xALOs - (100-
x)Si02 duoc tong hop bang phuong phap sol-gel
& nhiét do thap 13 can thiét va c6 y nghia. Hé thuy
tinh xAlO3 - (100-x)SiO2 v6i céc ti I¢ thanh
phﬁn khéc nhau (x = 5, 10, 15, 20) pha tap ion
CuO dugc ché tao thong qua phuong phép sol-
gel va ddc trung cta thiy tinh sau khi ché tao
dugc kiém tra bang cac phéan tich nhu nhidu xa
tia X, ph6 EDS, pho tan xa Raman ciing nhu anh
hién vi dién tir quét SEM.
2. Ché tao vit liéu va cac phép do phan tich
Hé mau thuy tinh v6i thanh phan xALOs -
(100-x)Si02 (x = 5, 10, 15, 20) pha tap 2wt%
CuO dugc ché tao bang phuong phép sol-gel &
nhiét do thap. Thanh phan vat liéu, ki hiéu mau
tuong Umg dugc li¢t ké & Bang 1.
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Bang 1. Ti 1é cac thanh phan va ki hidéu mau thity tinh

Ki hiéu mau ALO; Si0,  CuO (wt%)
5A195Si-2Cu 5 95 2
10A190Si-2Cu 10 90 2
15A185Si-2Cu 15 85 2
20A180Si-2Cu 20 80 2

Céc tién chat ban dau gdm cé Si(OC2Hs)s,
Al(OC4Ho); va Cu(NO3): (Sigma-Aldrich),
C2HsOH, HCI va H,O. Céc bude ché tao bao
gom:

Thuy phan 1an mot bang cach sir dung dung
dich gdom C>HsOH, HCI va H,O d¢ thity phan
Si(OC,Hs)4 trong thoi gian 1 gio nhu dugc trinh
bay trong Hinh 1(a). Sau d6, Al(OCsHo)3 dugc
hoa tan trong C;HsOH va dua vao dung dich
Si(OC,Hs)s & nhiét do 70°C. Hon hop chua

Hinh 1. Qué trinh (a) thuy phan 1an mot va
(b) thuy phén lan hai sau khi thém CuO.

CAu trac va thanh phan cua thaly tinh sau ché
tao duoc khao sat béng ki thuat phan tich nhiéu
xa tia X (D8-Advance; Bruker, Germany) va ph
EDS. Hinh thai bé mat mau thay tinh dugc khao

Cu(NO3)2 va C2HsOH cling dugc thém vao dung
dich va khudy déu. Tiép theo 1a qua trinh thiyy
phan 1an hai véi dung dich CoHsOH:H,O theo ti
1¢ 1:4 (Hinh 1(b)). Tiép theo, dung dich sau quéa
trinh thuy phan dugc cho vao dia petri, gitt &
nhiét d6 phong trong 1 thang dé thu dugc gel kho
nhu ¢ Hinh 2(a). Gel kho dugc xur ly hoi nudce
bang cach ¢ & 150°C trong 12 gid Hinh 2(b) va
cubi cung gel duoc nung & 700°C trong mdi
truong khong khi véi thoi gian 1 gio dé thu dugce
mau thity tinh cudi cung (Hinh 3).

St . > — ——
- " = - _——

Hinh 2. Anh mau (a) sau mdt thang dé ¢ trong khong khi,
(b) sau xur ly hoi nuéc & 150°C.

sat thong qua phép anh hién vi dién tr quét SEM
(SEM-Jeol 6490, JED 2300; Japan). Tin hi¢u tdn
xa Raman dugc thu bang thiét bj Xplora-Plus
(Horiba Jobin-Yvon) st dung laser 532 nm.
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Hinh 3. Anh mau thay tinh sau khi nung
trong khong khi ¢-700°C-1h.

3. Két qua va thio luin

Nhu da trinh bay trén Bang 1, h¢ thuy tinh
gdm bdn mau véi cac ti 1é thanh phan khac nhau
cua Al,O3 va SiO; (x = 5, 10, 15, 20) da dugc
ché tao. Tuy nhién, dung dich miu 20A180Si-
2Cu trong qua trinh thiy phéan lan hai di bi két
tinh va khong thé tao gel. Sy két tinh nay ¢ thé
la do ham lugng 16n Al,O3 va khi d6 cac tham
sO trong qua trinh thiy phan da khong con phu
hop, d6 d6 khong thu duoc mau 20A180Si-2Cu.
Céc phan tich nhidu xa tia X (XRD), ph6 EDS,
anh hién vi dién tir quét SEM hay phd tan xa
Raman dugc thyc hién trén ba mau thay tinh véi
ham lugng bé ALO; gdom 5AI95Si-2Cu,
10A190Si-2Cu va 15A185Si-2Cu. Két qua nhidu
xa tia X trong vung nhiéu xa 20 - 80° cua cic
mau dugc thé hién trén Hinh 4. Két qua XRD
cia cd ba mau c6 hinh dang tuwong ty nhau,
chung déu c6 dang dam rong dic trung cho cu
trac vo dinh hinh cua thay tinh. Ngoai ra, khong
quan sat théy cac dinh nhiéu xa hep dac trung
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Hinh 4. Két qua nhiéu xa tia X ctia mau thuy tinh 5A195Si-

2Cu, 10A190Si-2Cu va 15A185Si-2Cu.

cho ciu tric tinh thé, diéu nay cho thiy céc thong
s6 vé& nhiét do, thoi gian va ti 18 thanh phan cho
cac qua trinh thuy phan da st dung la phu hop
dé thu dugc méu thity tinh xALOj3 - (100-x)SiO>
¢6 ciu tric vo dinh hinh dic trung.

Hinh thai bé mit thiy tinh sau ché tao ciing
dugc tién hanh khéo sat bang anh hién vi dién tir
quét (SEM), két qua dugc trinh bay trén Hinh 5,
chung cho thdy cac mau thiy tinh thu dugc ¢ bé
mit dong déu. Khong quan sat thay sy xuat hién
cac tinh thé trén bé mat du anh SEM duge thuc
hién & thang do micromet, két qua nay cho thay
thity tinh thu duoc c6 d6 dong déu cao va su khac
biét vé ti 1& thanh phan Al,O;3 va SiO; trong cac
mau hau nhu khong anh huong dén hinh thai bé
mit. Két qua SEM va XRD da chi ra rang cac
mau duoc ché tao bang phuong phap sol-gel véi
qui trinh va cac thong s6 da st dung da hoan toan
tao thanh vat liéu thuy tinh véi cu trac vo dinh
hinh va bé mit dong déu.
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(a) 5A195Si-2Cu

1 pm

1 pm

(b) 10A190Si-2Cu

(c) 15A185Si-2Cu

Hinh 5. Anh SEM ciia cic mau thity tinh 5A195Si-2Cu,
10A190Si-2Cu va 15A185Si-2Cu.

1 pm

Dé kiém tra thanh phan nguyén té ¢ trong
thuy tinh sau ché tao, phd tan sic ning luong
(EDS) cua cac mau duoc do va trinh bay trén
Hinh 6. Két qué cho thay cac thanh phan nguyén
t6 Al, Si va Cu déu xuét hién ddy du trong céac
mau sau khi ché tao. C6 nghia 1a viéc pha tap
Cu?" (CuO) di di vao mang nén va quan sat duoc
bang phd EDS du nong do khong 16n. Ngoai ra,
su gia ting ham lugng ALOs3 va gidam dan SiO»
trong cac mau 5A195Si-2Cu, 10A190Si-2Cu va
15A185Si-2Cu ciing phan nao duoc phan anh
truc quang qua cuong do cac dinh EDS cua Si
giam dan tir (a) t6i (c). Mic du quan sat nay chi
1a dinh tinh nhung phan nao ciing cho thay su
phu hop giira két qua mau thu duge véi ti 18 hop
chét ban dau dua vao. Dé khao sat thém su ton
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Hinh 6. Phd EDS c4c mau thuy tinh 5A195Si-2Cu,
10A190Si-2Cu va 15A185Si-2Cu.

tai ciia Cu?" trong thuy tinh sau khi ché tao, phd
hép thu quang ciia mau 10A190Si-2Cu da dugc
ghi nhén trong vung 300 - 1000 nm va dugc trinh
bay trén Hinh 7. Quan sét cho thiy phd hap thu
c6 mot dai rong cuc dai gan 800 nm va qua trinh
hap thy ting vot & ving 300 nm. Trong dé, su
gia ting nhanh cua hap thy ving 300 nm c6 thé
1a do hip thy ving ciia nén thuy tinh, trong khi
dai hap thy c6 dinh gan 800 nm 1a do cac chuyén
doi eg - tg clia cac dién tir 16p d trong ion Cu?*
[8]. Su ton tai ctia dai hap thuy ¢ 800 nm twong
{mg cho chuyén doi ciia dién tir 16p d trong ion
Cu?" d3 bd sung cho két qua thu duoc tir phd
EDS, chiing chimg t6 su ton tai ctia Cu®* trong
mang nén thiy tinh sau khi ché tao.
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Hinh 7. Pho hap thu quang hoc cua thuy tinh
10A190Si-2Cu trong vung 300 - 1000 nm.

Phd tan xa Raman cua cdc mau thu duoc
duéi kich thich laser 532 nm dung dé khao sat
cac dao dong dic trung cua thuy tinh ché tao
duoc, két qua thé hién trén Hinh 8. Phd tan xa
Raman ctia ba mau gom c6 cac dao dong tai 450,
510, 600, 800 va 1000 cm™!, tuy nhién c6 su thay
d6i cuong do cac dinh Gmg véi ti 1¢ thanh phan
Al,03/Si0; khac nhau. Pinh tan xa tai 450 cm™,
lién quan dén ALOs, dugc cho 1a do dao dong
ctia lién két Al-O-Al gay ra [12, 13]. Trong khi
dinh tan xa Raman ¢ 600 cm™ lién quan dén SiO»
[12, 14]. Ta thdy rang dinh & 600 cm™ ¢6 su m&
rong va dich vé ving tan sd thap khi ma ham
lugng SiO» giam xudng (ALOs ting 1én). Céc
nghién ctru trude day cho thiy sy mo rong va
dich dinh cua dinh tan xa Raman ¢ 600 cm! lién
quan dén su suy giam ham luong SiOs trong mau
[12, 14]. Pinh tdn xa & 800 cm™ 1a do dao dong
kéo gian ciia lién két Si-O gy nén, va ta thiy khi
ham luong SiO» trong mau thiy tinh gidm di thi
cudng d6 dinh nay giam dan. Piéu nay 13 hoan
toan hop 1y khi ma dinh nay 1a do lién két Si-O
gdy nén va do do6 khi ham lugng SiO; gidm thi
kéo theo su suy giam cuong do cia dinh nay. Két
qua nay hoan toan phu hop véi nghién curu trude
day [12, 13], cho thiy cuong d6 tan xa Raman
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Hinh 8. Pho tan xa Raman cuia cac mau thuy tinh 5A195Si-

2Cu, 10A190Si-2Cu va 15A185Si-2Cu
sau khi che tao.

tai 800 cm™! giam dan theo ham luong SiO; va
bién mat khi mau chira it hon 50% SiO,. Ngoai
ra, két qua trén Hinh 8 con cho thay su suy giam
cudng d6 nhanh chéng cta dinh tan xa tai gan
1000 cm™! khi ham Iugng Al,Os ting 1én. Dinh
tan xa nay duoc cho 1a lién quan dén cac dao
dong cua (Si,Al)-NBO (NBO: non bridging
oxygens). Trong cac cong bo trudc day trén vt
liéu chtra alumino silicate da chi ra dinh tan xa
Raman tai 1000 cm™ suy giam rd rét khi ham
luong ALO; tang 18n [12, 13]. Nhu vay co thé
thdy su thay d6i cua ham luong SiO2/ALOs anh
hudng ro rét dén tinh cht tan xa Raman cua vat
liéu thu duoc, va cac két qua nay hoan toan phu
hop voi cac nghién ctru trude day.

4. Két luan

Vit liéu thuy tinh xAl,O3 - (100-x)S10; pha
tap CuO v6i cac ti 1& thanh phan Al,O3/SiO,
khac nhau duoc ché tao thanh cong bang phuong
phap sol-gel. Két qua nhidu xa tia X va anh hién
vi dién ttr quét SEM d cho thdy cac mau sau khi
ché tao ¢6 cau tric vo dinh hinh va hinh thai bé
mit mau c6 do dong déu cao. Cac nguyén té hién
dién trong vat liéu duoc xac dinh thong qua phd
EDS va sy ¢ mit caa ion Cu®" con dugc thé hién
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qua pho hip thu quang hoc véi dinh hap thy dic
trung tai 800 nm ctia cac chuyén doi eg - f2¢ clia
cac dién tir 16p d trong ion Cu®". Pho tan xa
Raman ciia cdc mau ciing da cho thay sy phu
thudc cuia cuong do cac dinh tan xa Raman xung
quanh 600, 800 cm™ vao ti 1& ALO3/SiO; trong
cac thuy tinh ché tao.
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