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Tom tat

Chét phat quang kém silicat hoat hoa béi mangan phét ra énh séng mau xanh luc dwoc téng hop thanh
céng béng phuong phap hoa hoc sol-gel str dung axit clohidric. Ty 1é mol thich hO’p cla céc thanh phan ban
d4u Zn(CHsCOQ0)2: MnSO4: TEOS = 1.98: 0.02: 1 tuong (g véi cong thirc ctia san phdm Zn1.0sMno,02SiO4.
Gia tri pH thich hop cho qua trinh tao gel la 3, ty Ié pha nuéc: pha ethanol = 1:1 va sdn phdm khi nung gel
thu duoc & 1000 °C trong 60 phit cé cuong do phét quang cao nhét. Chét phét quang duoc téng hop bao
gbm Zn2SiO4 v6i céu tric hinh thoi va phét ra &nh sang mau xanh luc & buéce séng 525 nm khi bi kich thich
béi btrc xa UV 325 nm. M&u duoc t6ng hop ¢c6 dang hinh céu véi kich thuéc hat Ia 100 nm.

T& khéa: Zn2SiO4, phwong phap sol-gel, chét phat quang kém silicat, phat quang.
Abstract

The green emitting phosphor based on manganese activated zinc silicate was successfully synthesized by
the sol-gel method using hydrochloric acid. The suitable molar ratio of the initial components is
Zn(CH3C0OO0)2:MnSO4+: TEOS = 1.98: 0.02: 1 corresponding to the product formula Zn1.9Mno,02SiO4. The
suitable pH value for the gelation is 3, ratio of water phase: ethanol phase = 1:1 and the product when
calcining the obtained gel at 1000 °C for 60 minutes has highest luminescence intensity. The synthesized
phosphor consists of Zn2SiO4 with rhombohedral structure and emits a green light at the 525 nm wavelength
when excited by the 325 nm UV radiation. The produced sample has spherical form with the particles size

being 100 nm.
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1. Mé dau

Céc chét phat quang vo co ngdy nay dong vai
trd quan trong trong linh vuc vat liéu cong ngh¢ cao.
Bit dau tir giira thé ki 19 dén dau thé ki 20, cic nha
khoa hoc dd nghién ctru va tién hanh tong hop chat
phat quang vo co ¢6 do phat quang rat tot va 6n dinh
nhu:  ZnS:Mn, ZnS:Cu, ZnS:Ag, CaS:SrBi,
Zn;Si04:Mn, Y,SiOs:Ce, SrAl,O4:Eu, CaAl,O4:Cu,
BaSi;Os:Pb, Y:03:Eu, ZnO:Zn, Ga;O3:Dy,...[1].
Trong d6, chit phat quang k&m silicat hoat hoa boi
mangan (Zn>Si04:Mn) 1a mét trong nhiing vat li¢u cé
tinh mg dung cao do d¢ bén co, bén hoa cao, cuong
d6 phat quang manh. Zn,SiO4:Mn duogc st dung trong
nhiéu linh vyc nhu: trong man hinh plasma tim
(PDP), ché tao 6ng tia &m cyc va dung trong thiét bi
man hinh phang (FPD), man hinh tinh thé long
(LCD), man hinh didt phat quang (LED), man hinh
hién thi plasma (PDP), dén huynh quang... [2,3].
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Hién nay ¢ Viét Nam va trén thé gioi da co rat
nhiéu cong trinh nghién ctru tdng hop k&m silicat hoat
hoa boi mangan v6i muc dich ning cao chat lugng
san pham va hoan thién quy trinh cng ngh¢. bé tong
hop Zn,SiO4:Mn c6 nhiéu phuong phap nhu: dong
két taa, thay nhiét, phan tng pha ran, sol-gel [4]...
Phuong phap dong két tiua thuong c6 nhuoc diém la
thanh phan ty lugng cia cac két tia co thé khong
chinh x4c do mot vai ion van con sét lai trong dung
dich. Phuong phap thily nhiét can thyc hién & nhiét
do, ap suét kha cao. Véi phuong phap phan tmg pha
rin, cac phan mg xay ra véi toc do rat cham, tham
chi ngay ca khi nghién chit phan tng that min 10i
nung 6 nhiét d cao, phuong phap nay yéu cau nang
luong dién va nhiét 16n, san pham thu duge co két
khdi, phan b hat khong dong déu, kich thude hat c&
vai micron. Phuong phép sol-gel duoc quan tdm hon
ca vi phuong phép ndy tao duoc mau san pham dang
bot min c¢6 hiéu sudt phat quang cao va on dinh. Chét
phat quang kém siliacat hoat hoa boi mangan c6 thé
dugc tong hop tir cac dung dich mudi va cac chat hoa
hoc khic bang phuong phap sol-gel. Thanh phan
nguyén liéu ban dau 1a mot trong nhiing yéu t6 quan
trong anh hudng dén san pham. Cac nguyén liéu
chinh dé tong hop kém silicat hoat hoa bai mangan
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duoc su dung & day bao gém: Zn(CH3;COO),,
MnSOs, TEOS [(C2H50)4Si], HCI va etanol C;HsOH.
Bai bao nay trinh bay mot s6 két qua nghién ctru dnh
hudng ctia thanh phan nguyén liéu dén san pham kém
silicat hoat hoéa boi mangan.

2. Phuong phap thuc nghiém

Tét ca cac thi nghiém déu duoc tién hanh nhu
sau: Cac chat dugc lay theo ty 1¢ mol cua chét cén
tong hop ZnySiOs voi % s mol Mn?* theo téng so
mol ctia Zn** va Mn2* 14 x%. Ty 1¢ mol giita cac cdu
tor do vay dugc biéu dién nhu sau: Zn(CH;COO); :
MnSO; : TEOS = (2-x) : x : 1. Hon hop dung dich
gom Zn(CH3COO0),, MnSO4 va TEOS duoc khuay
dén trong sudt, thém tiép dung dich HCl dé diéu
chinh pH. Khudy hén hop & nhiét d6 60°C trong
6 gio thu dugc mot khdi nhu gel, siy kho gel & 80 °C
trong 12 giod. Gel sau sy dugc nung ¢ 1000 °C véi
toc do nang nhiét 10°C/1 phut, thoi gian luu nhiét 1a
60 phit, sau nung dé ngudi ty nhién trong 16. Phd
phat quang cua cac mau dugc do & budc song anh
sang kich thich 325 nm trén hé do quang phd va phan
tich thanh phan hoéa hoc bang phwong phap do pho
tan sic nang luong tia X - EDX duogc do trén thiét b
JEOL - 6490 JED 2300, JEOL, Japan cua phong thi
nghiém trong diém Vién Khoa hoc vat liéu. Gian d6
nhiéu xa tia X dugc do trén may D8 - Advance cla
hang Bruker thugc Pai hoc Khoa hoc Ty Nhién. Anh
hién vi dién tir quét SEM cuia chéat phat quang duoc
dugc chup bang thiét bi kinh hién vi dién tor quét
HITACHI S-4800 tai Vién V& sinh dich t€ Ha Noi.

3. Két qua va thio luin
3.1. Nghién ciru dnh hwong ciia pH

Su tao gel su dung TEOS lién quan dén phan
ung thiy phén cidc nhom Si-OC,Hs véi nudc tao
thanh cac nhém Si-OH va ruou, sau d6 1a sy trung
ngung gitra cac nhom Si-OH tao thanh gel ¢ ciu trac

(401)

polime [5,6,7]. Dé nghién ctru anh hudng cua pH
dung dich khi tao gel va nghién ctru viéc didu chinh
pH dé tranh thay phan ion kim loai, tién hanh thyc
nghiém nhu duwoc mé ta & muc 2 véi ty 1€ mol
Zn(CH3COO),: MnSO4: TEOS=1,98: 0,02 : 1, ty 1¢
thé tich pha nudc va pha etanol = 1,5 : 1; dung dich
¢6 ham lugng HCI thay d6i. Sau khi siy kho, nung
ban thanh pham thu dugc ¢ 1000°C véi thoi gian luu
nhié¢t 60 phut. Sau khi nung, san phr?im thu duogc voi
pH<2,pH>4ta théy ¢6 mau xam, khi soi dudi dén
UV cho d9 phat quang rat yéu. Cac mau san pham
tong hop & pH = 2,5; 3; 3,5 ¢6 mau tring, phat ra anh
sang xanh Iyc khi soi dén UV. Dé dénh gia san pham
phat quang, ta tién hanh do gian d6 XRD va chup phd
phat quang PL. Cac két qua duoc chi ra ¢ cac Hinh 1
va Hinh 3a.

Theo két qua chup XRD ta thidy cic méu
pH=2,5;3;3,5 déu co dang hoan toan tuwong ty, chi
chtra cac peak ddc trung cho mot dang tinh thé duy
nhat kém silicat Zn,SiOs c6 cau tric mit thoi
(thombohedral). Peak dic trung cta san pham vdi
pH=3 c6 cuong d6 cao nhét. Tir ddy c6 thé du doan
dugc san pham véi pH = 3 ¢6 kha ning phat quang
cao hon.

Két qua do phd phat quang cta cic mau thu
dugc sau nung, kich thich bdi anh sang c6 budc song
325nm, duoc chi ra & Hinh 3a. Dya vao Hinh 3a ta
thdy cac mau phét ra 4nh sang mau luc c¢6 budc song
cuc dai 525 nm khi bi kich thich boi anh sang UV
325 nm. Mau Ung v6i pH =3 ¢6 cudng do phat quang
cao nhét va diéu nay phu hop véi két qua XRD, mau
pH =3 ¢4 do tinh thé cao hon ca.

San pham kém silicat v6i ty 1& s6 mol cac chat
ban dau Zn(CH;COO0)2:MnSO4:TEOS = 1,98: 0,02: 1
téng hop bang phuong phép sol - gel thém HCI dé
dung dich dat pH = 3 c6 cuong d6 phat quang cao
nhat.

*0~Zn,Si0,:Mn

2 - Theta Scale

Hinh 1. Gian dd XRD ctia mau thay déi pH
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Hinh 2. Gian d6 XRD ciia mau thay d6i ty 1¢ thé tich pha H,O
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Hinh 3. Phé phat quang PL cua cac mau khi kich thich boi tia UV budce song 325nm (a) mau thay déi pH, (b)
mau thay doi ty 1¢ thé tich pha H>O : pha Etanol, (c) mau thay doi ty 1& Zn : Mn

3.2. Nghién cvru dnh huong cua ty I¢ H20 : Etanol

Etanol 1a san phdm cla qua trinh thiy phan
TEOS, dong thoi etanol co anh hudng toi mic do
phén tan cta cdc ion trong toan bo dung dich [3, 6].
Dé nghién ctru anh huong cua ty 1¢ thé tich pha
H,O : pha etanol téi kha ning phat quang kém silicat,
tién hanh téng hop chit phat quang Zni,0sMno 02S104
& pH = 3 va thay d6i ham lugng etanol thém vao
dung dich [3,6]. Ty 1¢ thé tich pha H,O : pha etanol
duogc nghién ctru trong khoang 2 : 1 = 1 : 2. Dé danh
gid san pham phat quang, ta tién hanh do gian d6
XRD va chup phd phat quang PL. Cac két qua duoc
chi ra ¢ cac Hinh 2 va Hinh 3b.

Theo két qua chyp XRD & Hinh 2 ta thdy cac
mau thay doi ty 1é thé tich pha H,O : pha etanol déu
c6 dang hoan toan tuwong tu, chi chira cac peak dac
trung cho mot dang tinh thé duy nhit kém silicat
ZnySi04 ¢6 cAu trac mit thoi (rhombohedral). Peak
dédc trung tai ty 16 1 : 1 cua gian dd XRD cb cuong do
cao nhét so vdi cac gian do con lai. Cac miu san
pham tng véi ty 1& thé tich pha HO: pha
Etanol =2:1va 1 :2 phat quang rat yéu. Tir phd phat
quang Hinh 3b, cac miu thay dbi ty 1¢ thé tich pha
H,0 : pha etanol, khi bi kich thich biang budc séng

325 nm déu phit ra anh sang mau luc véi
Amax = 525 nm. Cuong d¢ phat quang ting dan khi
thay d6i ty 1¢ thé tich pha H,O : pha etanol tir 2 : 1
dat cyc dai tai ty 1€ 1 : 1, sau d6 giam dén khi tang
tiép ty 1¢ thé tich pha H20 pha etanol. Két qua trén
¢6 thé dugc giai thich do etanol anh hudng tdi mirc
d6 phan tan cua céac ion trong dung dich nén ham
luong etanol ting thi muc 46 phan tan ting. Mat
khac, etanol 1a san phdm cta qua trinh thiy phan
TEOS nén ham lugng etanol cang 16n cang ngan can
tdi su thuy phan hoan toan cua TEOS. Do do, ty 1¢
thé tich pha nudc: pha etanol thich hop cho tong hop
chit phat quang Zn,SiO4: Mn1a 1:1.

3.3. Nghién ciru dnh hwong cia ham lwong
mangan

Ton Mn?" thay thé ion Zn®** tr& thanh tim phat
quang trong tinh thé Zn,SiO, dang dwoc cac nha khoa
hoc quan tdm nghién cuu [8,9]. De nghién ciru anh
huong cia ham lwong mangan, tién hanh tong hop
mau nhu da chi ra & muc 3.2 véi ty 1€ $6 mol cac
thanh phén 1aZn : Si: Mn=(2-x) : 1 : x (tng v&i chét
can tong hop 1a Zn,,Mn;SiOy), gid tri x thay do6i tur
0 + 0,03. Bé danh gi4 san pharn phat quang, ta tién
hanh do gian d6 XRD, chup phd phat quang PL, dnh
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hién vi dién tir quét SEM va do phd tan sic ning
luong EDX.

Dua vao phd phat quang ¢ Hinh 3c, khi taing ham
luong mangan, ta thay cuong do phat quang ting dan
va dat 16n nhat & mau san phdm véi x = 0,02 sau do
giam dan. Mau san pharn ung véi x = 0,03 cho cuong
do phat quang rat yéu. Nguyén nhén la do ung véi
rn01 cdu truc, s6 vi tri 16 hong va sé khuyét tat 15
tréng 1a ¢6 dinh nén khi ham luong mangan 16n,
lwong mangan du sé& ton tai & du6i dang tap chit. Khi
tang tiép ham lwong mangan ung v6i x > 0,02, san
pham thu dugc c6 mau vang nau, c6 thé do mangan
da bi oxi hoa 1én mic oxi hoa cao hon. Didu nay co
thé dwoc giai thich khi ting ham lwong mangan qué
gia tri toi han (x > 0,02), Mn?*" khong di vao mang
ludi ciia tinh thé nén Zn,SiO4, khong & vi tri thay thé
Zn*" nén dé dang bi oxi hod 1én mirc oxi hoa cao hon,
tdn tai dang tap chit 1am cho san phém c6 mau vang
nau, do d6 giam cudng do phat quang. Cac két qua
trén ¢ thé dugc giai thich rd hon dya vao két qua
chup gian @6 XRD chi ra & Hinh 4.

(220)
(113)
(401)

Lin(Cps)

Duya vio gian ddo XRD & trén, ta thiy dang tinh
thé thu dugc duy nhét ¢ day 1a dang kém silicat
ZnySi04 ¢6 cAu triic mit thoi (thombohedral). So sanh
2 mau x = 0,01 va x = 0,02 trong Hinh 4, ta thdy mau
x= 0,02 ¢ cac pic nhiéu xa véi cuong do cao hon va
sdc nét hon (d6 rong cua pic nho hon). Véi gian dd
XRD cua mau x = 0,03, ta thdy cac peak nhidu xa co
cuong do thap hon nhidu so véi miu x = 0,01 va
x = 0,02. Nhu gidi thich ¢ trén 1a do ham lugng Mn?*
cao (x > 0,02), mangan tao thanh c thé & dang tap
chit lam cho san pham c6 cudng do phat quang yéu
hon hai miu con lai.

Theo két qua SEM ¢ Hinh 5, san phdm thu dugc
v6i cac ham luong mangan khac nhau dan dén sy
phan bd hinh dang va kich thudc cta hat 1a khac
nhau. San pham bi két khi, c& hat khong xac dinh.
San pham véi x = 0,02 c¢6 dang hinh ciu va dudng
kinh khoang 100nm. Theo két qua EDX ¢ Hinh 6 ciia
san pham mg v6i x = 0,02 ta thiy duoc phan tram
nguyén t6 va phan tram khéi luong nguyén t6 cua
mau di tong hop phu hop voi cong thic
Zn1,98Mn0,ozsiO4.

20 30 40

a- Zn28i04:Mn
x=0,03
x=0,02
x=0,01
T T T T 1
50 60 70

2-Theta Scale

Hinh 4. Gian d6 XRD ciia mau thay di ty 1& Zn :Mn

IMS-NKL 5.0kV 4

3mm x50.0k SE(M)

Hinh 5. Anh SEM ctia mau Zn,,Mn,SiO, tuong tmg véi a) x = 0,01 ; b) x = 0,02 ; ¢) x = 0,03
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0 K 0.525 28.85 0.29 57.14 29.4681
Si K 1.739 12.62 0.27 14.29 13.9383
Mn K 5.894 0.496 0.51 0.286 1.3828
Zn K 8.630 58.03 1.44 28.28 55.2108
Total 100.00 100.00

Hinh 6. Két qua EDX clia mau Zn) 0sMno.02S104

4. Két luan

Dua trén Két qua nghién ctru co6 thé rat ra mot )
két luan nhu sau: Chét phat quang Zn;SiO4 : Mn da
dugc tong hop thanh cong bang phuong phap sol - gel
sir dung axit clohidric. Thanh phan phdi liéu theo ty
16 mol cua cac chdt ban dau t6t nhat 1a
Zn(CH3COO), : MnSO4 : TEOS = 1,98 : 0,02 : 1.
Diéu kién thich hop dé tong hop Zn;esMng 2SiO4 14
pH = 3; ty 1¢ thé tich pha H,O : pha etanol = 1 : 1 cho
cuong do phat quang cao nhit. San phim
Zn; 9gMng 02S104 téng hop dugc c6 dang hinh cau va
duong kinh khoang 100nm chi chira mot dang tinh
thé duy nhét 1a k&m silicat c6 cau tric mit thoi phat
ra anh sang mau luc & budc sdng Amax = 525 nm khi bi
kich thich béi tia UV ¢6 bude song Amax = 325 nm.
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