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ZrO;: 1Er-10Yb-xMo (x=0 and 3% mol) phosphors were successfully
synthesized by hydrothermal method combined with heat treatment at
1000°C for 1 hour. Structure, morphology, and up-conversion luminescence
properties of the phosphor were investigated in detail. The X-ray diffraction
results show tetragonal phase of ZrO.. The phase transition from monoclinic
to tetragonal of ZrO, was obtained due to the Mo®" doping into the host
lattice. Field emission scanning electron microscopy shows the phosphor
with an average particle size of about 200 nm and the particles show
agglomeration when annealed of the phosphor at high temperature. Under the
excitation wavelength of 975 nm, the ZrO,: Er-Yb-Mo phosphor exhibit
typical band of Er®* ion: intense green emisison band (520/560 nm) and weak
red emission band (680 nm), corresponding to the transitions 2Hy12/*Sg2 —
s and *Fon — *l1s Of Er®* ions, respectively. Especially, the green emission
intensity (520 nm) of the sample doped with Mo®* was 9 times higher that of
the sample without Mo®*. Furthermore, the synthesis material shows high
temperature sensitivity (1.23% K*) at 303 K, and excellent thermal stability.
The results show that the ZrO.: Er-Yb-Mo material suitable for potential
applications in optical temperature sensors.
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ZFOZ

Vit lieu ZrO;: 1Er-10Yb-xMo (x— 0 va 3% mol) dwoc tong hop thanh cong
bang phuong phap thuy nhiét két hop véi Xt Iy nhiét ¢ 1000 °C trong 1 gio.
Céu tric, hinh thai bé mat va tinh chat phat quang chuyén dbi nguoc ciia vat
lidu duoc nghién ciu chi tiét. Két qua gian do tia X cho thiy, vat liéu ZrOy:
Er-Yb-Mo ton tai & pha tetragonal, su pha tap Mo®* vao mang nén ZrO, da
gay ra su chuyén pha tir monoclinic sang tetragonal. Anh hién vi dién tir
quét phat xa trrong cho thiy vt liéu c6 kich thudée hat trung binh ¢& 200 nm
va cAc hat cho thiy su két tu vai nhau, day 1a két qua cua viéc xir ly mau ¢
nhiét d6 cao. Khi dugc kich thich bai budc séng 975 nm, vit liéu ZrO,: Er-
Yb-Mo cho phét xa chuyén déi nguoc tai 2 viing: viing mau xanh da troi
(520/560 nm) ¢6 cuong d6 manh va vang mau do (680 nm) c6 cuong do
yéu, tuong (g Vi cac chuyén miic 2Hy, S — *lisio V& *For— “l1512Clia ion
Er**. Didu dic biét, khi pha tap Mo®* vao vt liéu ZrO,: Er-Yb lam ting
cudng phat xa mau xanh 1&n 9 lan ciing nhu didu khién viing phét xa cua vat
lidu. Hon nita, vat liéu cho thiy do nhay nhiét d6 cao (1,23% K1) 6 303 K,
va do bén nhiét tuyét voi. Cac két qua cho thay, vat liéu ZrO,: Er-Yb-Mo c6
tiém ning tng dung ché tao cam bién nhiét do quang hoc.
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1. Gii thigu

Vit liéu phat quang chuyén déi nguoc (up-conversion, UC) Ia loai vat liéu c6 thé chuyén doi
tir 4nh sang c6 ning luong thap (budc song dai) thanh 4nh sang c6 ning luong cao (budc song
ngdn) thdng qua qua trinh hap thu hai hoic nhiéu photon [1]-[3]. Vat liéu UC d3 dwoc sir dung
rong rii trong cac linh vyc hién thi, dan thudc, chup anh huynh quang y - sinh, xdc tac, cam bién,
do chung co cac dic tinh ly hda, quang hoc va y sinh noi bat [2], [4]-[6]. Pac biét, dbi véi cam
bién nhiét a6 khong tlép xuc, vat liéu UC pha tap ion dit hiém (RE) ngay cang duoc nghién cau
va ting dung rong rai do do nhay nhiét do cao, dai hoat dong nhiét d6 rong [4], [7]. Céc thdng sb
trong cam bién nhiét d6 quang hoc duge xac dinh thdng qua quan sét sy thay doi cuong do phat
quang cua hai muc ning lugng gan nhau (c6 khoang cach muc ning luong tir 200 — 2000 cm™*
[8]) tir ttm phat quang cua vat liéu [8]. Trong do, ti 1€ cuong d6 huynh quang (Fluorescence
intensity ratio, FIR) 1a phuong phéap duoc str dung phd bién, dé xac dinh do nhay nhiét d6 cua vat
liéu. P6i vai Er¥* hai mirc 2Hiip va “Sa €6 su chénh léch mire ning lwong ¢& 780 cm™ [9], do d6
muc 2Hiye ¢6 thé duoc tao thanh tir mic “Sg, bang qua trinh kich thich nhiét. Do vay, Er** la
nguyén t dat hiém phd bién nhit duoc sir dung lam tdm phat quang dé nghién ctu tinh chat cam
bién nhiét do quang hoc trén nhiéu ‘mang nén khac nhau [9], [10]. Cac nghién curu trude day da
chi ra rang, mang nén anh huéng rat 16n den hiéu suat phat quang va do nhay nhiét d6 cua Ertt
[11]-[13]. Vi vay, viéc lya chon mang nén trong vat liéu huynh quang Ia rat quan trong, quyét
dinh dén tinh chat phét xa va ing dung cua vat ligu [13], [14].

Zirconium oxide (ZrO,) Ia mang nén da duoc nghién ciru va tng dung rong réi trong nhiéu
linh vuc [15], [16], do chi s6 khuc xa cao, hang sé dién moi cao, d6 cing cuc cao, d6 dan nhiét
thip, hé s6 gidn no nhiét _tuong dbi thap va tinh tro hoa hoc [17], [18]. ZrO, c6 nang luong
phonon thip (470 cm™) dan dén lam ting x4c suét Chuyen doi phét xa cua ion déat hiém, ting
cuong d6 huynh quang cua vt liu. Do d6, ZrO2 la mang nén phu hop da dwoc str dung rong rai
trong vat liéu phat quang [19], [20]. ZrO; ton tai cha yéu 1a pha don ta, tir giac va lap phuong
[17]. Trong do, thanh phan pha, hinh dang caa tinh thé anh huéng rat manh dén tinh chat caa vat
liéu trén nén ZrO, [17], [21]. ZrO; don ta cho thiy tinh xdc tac tuyét voi, trong khi ZrO, tir giac
va lap phuong cho thay thich hop véi cac wng dung nhu vat liéu nha khoa, 16p phu quang hoc
[17], [22], [23]. Do vay, su két hop céac tam phat quang Er-Yb-Mo trén nén ZrO; tong hop bang
phuong phap thity nhiét hira hen nhitng tinh chét phéat quang mai. Tuy nhién, theo hiéu biét cua
ching t6i, nghién ciru tong hop va tinh chat cam biét nhiét d6 quang hoc trén co sé vat lidu ZrO;:
Er-Yb-Mo con rat han ché va chua duoc hiéu biét day du.

Do vay, nghién ctru nay tap trung tong hop, nghién ctu tinh chat cam bién nhiét do6 quang hoc
cua vat lieu ZrOz: Er-Yb-Mo duoc tong hop bang phuorng phép thuy nhi¢t va xir ly nhiét o
1000°C trong thoi gian 1 gio. Anh huong cua sy pha tap Mo® dén cau trdc, hinh thai va tinh chat
phét quang chuyén doi nguoc cua vat liéu ZrO,: Er-Yb-Mo ciing duoc thao luan chi tiét.

2. Quy trinh tong hep

Vit ligu ZrO,: 1Er-10Yb-xMo (x= 0 va 3% mol) dugc tong hop bang phuong phap thiy nhiét,
két hop véi xir ly nhiét 6 cao. ZrOCl,.8H,0 (99,9%), Er(NOs)s-5H,0 (99,9%), Yb(NO3)3-5H,0
(99,9%), (NH4)7M0s024 (99,9%), dung dich NHs (99 9%) ¢6 do sach cao, dugc st dung lam hoa
chat dau vao. Ban dau 100 ml dung dich Zr* 0.5M duoc d1eu ché bang cach hoa tan
ZrOCl,.8H,0 viao nuéc. Sau d6, 50 ml hdn hop céc ion pha tap co nong do tuong Gng (1%Er
10%YDb*, 3% Mo®") dugc diéu ché bang cach hoa tan cac mudi twong g vao nudc. Tlep theo,
h&n hop ion pha tap (Er**, Yb%, Mo®) dugc nh tir tir tig giot vao dung dich chira Zr*", sau do
khudy tir 60 phat. pH dung dich duoc nang 1én pH10 bang céch sir dung dung dich NH3, sau do
cho vao binh teflon va thuy nhiét & 200°C trong 12 gio. Tiép theo, két tua duogc loc 3 lan véi
nudc cat va sau d6 xtr Iy nhiét & 1000°C trong 1 gio.
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Céu trc tinh thé cua vat liéu ZrO,: Er-Yb-Mo dugc xac dinh bang gian d6 nhidu xa tia X
(XRD) trén thiét bi Bruker D8 Advance. Hinh thai caa vat liéu ZrO,: Er-Yb-Mo duoc nghién ciru
bang kinh hién vi dién tir quét phat xa truong FE-SEM (JEOL, JEM 1010, JEOL Techniques,
Tokyo, Nhat Ban). Tinh chat phéat quang ciia Mo pha tap ZrO»: Er, Yb duoc xac dinh bang céch
str dung may quang phé NANO LOG (Horiba, Hoa Ky) véi ngudn kich thich 1a diode laser (975
nm), két hop véi bo diéu khién nhiét do.

3. Két qua va thao luan
3.1. Phé nhiéu xg tia X (XRD) csia vt ligu

Hinh 1 cho thy keét qua gian d6 nhidu xa tia X ctia cc mAu (a), ZrOz: Er-Yb va (b) ZrO,: Er-
Yb-Mo tong hop bang phuong phdp thuy nhiét va xur 1y nhiét & 1000°C trong thoi gian 1 gio. Co
thé thay rang, so sanh vai thé chuan cua pha monoclinic — ZrO, (PDF # 00-036-0420), tetragonal
— ZrO; (PDF # 00-050-1089), cac dinh nhiu xa cua 2 mau trang khop véi thé chuan, ngoai ra
khéng thiy xuat hién dinh nhidu xa la. Vi mau khdng pha tap Mo®*, vat liéu ton tai hai pha, véi
pha chinh 1a monoclinic (ZrO,) va mét phan nho pha tetragonal (ZrO,). Trong do, cac dinh nhiéu
xa cho thiy cuong d6 thap va ban d6 rong caa dinh nhidu xa 16n, chimng té d6 két tinh thap cua
vt liéu tao thanh. Két qua nay c6 thé din dén cuong d6 phét xa cua vat licu thap, hién tuong
tuong tu cling dugc quan sat trong cac cong trinh trude day [24], [25]. Vi mau pha tap Mo6+ vat
liéu thu duoc l1a don pha tetragonal -ZrO2 véi cudng do dinh nhidu xa cao, sic nét va ban do rong
cua dinh nhidu xa nho. Két qua nay chi ra rang, vat liéu c6 do két tinh cao va ching t6i da tong
hop vat liéu ZrOz: Er-Yb-Mo thanh cong bang phuong phap thuy nhiét. Su két tinh cao cua vat
liéu c6 thé ting cudng cudng do phét xa cia tdm phat quang trong vat liéu [26]. Hon nita, so sanh
vé6i thé chuan, ching toi khong quan sat thay dinh nhidu xa cua pha la, diéu d6 chirng té mau thu
duge co do tinh khiét cao, ciing nhu vat liéu da duoc tdng hop thanh cong. Nhu vay, pha tap
Mo® vao mang nén ZrO: Er-Yb anh huéng dén su chuyén pha cua vat liéu, vat liéu thu dwoc 1a
don pha va c6 d6 tinh khiét cao, két qua nay c6 thé 1am tang cudong do phat xa cua vat liéu.
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Hinh 1. Gian d@6 nhiéu xq tia X cua vat liéu Hinh 2. Anh quét phét xa trieong (SEM) cuia cac
(a), ZrOy: Er-Yb va (b), ZrO,: Er-Yb-Mo mau (a), ZrOz: Er-Yb va (b), ZrO;: Er-Yb-Mo

3.2. Anh hién vi dién tir quét phat xa truong (SEM) ciia vt ligu

Hinh 2 cho thdy anh hién vi dién tir quét phat xa truong cua mau khong pha tap va mau pha
tap Mo cua vat liéu ZrO: Er-Yb. Két qua hinh 2 cho thay cd su khac nhau gitta hai mau khong
pha tap va pha tap Mo. Véi mau khong pha tap Mo cho thdy, ciu trdc hat véi kich thudc trung
binh ¢& 100 nm va dai phan b kich thudc rong. Nguoc lai, véi mau pha tap Mo, cau tric dang
hat duoc quan sat & hon, vai kich thudc trung binh ¢& 200 nm va dai phan b kich thudc hep
hon. Két qua anh SEM khé tuong dong vai két qua tir phd XRD, khi mau khong pha tap cho thay
ban d6 rong caa dinh nhidu xa 16n dong nghia véi kich thudc hat nho. Nguoc lai, mau pha tap
Mo cho thiy ban d6 rong cia dinh nhidu xa nho, dan dén kich thudc hat 16n hon. Su khéc nhau
vé hinh thai bé mat, kich thudc caa vat liéu ching to sy hién dién cia Mo® trong mang nén ZrO;:
Er-Yb, diéu ndy c6 thé anh huong dén tinh chat phét quang cua vat liéu [17], [26].
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3.3. Phé phét xa chuyén doi nguwoc cia vit liéu ZrO,: 1Er-10Yb-xMo (x= 0 va 3% mol)

Phd phét xa chuyén d6i nguoc cua vat liéu ZrOz: Er-Yb va ZrO2: Er-Yb-Mo tong hop bing
phuong phap thily nhiét, sau dé xir ly nhiét & 1000°C trong 1 gir dwoc hién thi trén hinh 3. Khi
duoc kich thich bai budc séng 975 nm tir ngudn laser, tat ca cac mau déu hién thi 2 viing phat xa
dic trung cua Er** ) Vung mau xanh la cay c6 cuong phat xa manh, véi dinh tai 520 vé 560 nm,
tuong tng vai chuyén doi 2Hap, 33/2— l15p2; ||) vung phat xa mau do co cuong do yéu, voi dinh
tai 680 nm, turong Gng Voi chuyen doi *Fo — *lis2 clia ion Er. bic biét, mau pha tap Mo®* cho
thiy cuong d6 phét xa tai ving mau xanh (520 nm) 16n hon 9 1an va cudng do phat xa ving mau
do (680 nm) giam 8 Ian, so v6i mAu khong pha tap. Diéu d6 cho thy, su hi¢n dién cia Mo®
trong mang nén ZrOz: Er-Yb c6 thé diéu khién va ting cuong do phat xa Chuyen ddi nguoc cua
vt liéu. Ngudn géc cua hién tucmg nay dugc glal thich la do qua trinh truyen nang luong tir muc
[*F712, 3T2> cua cip Yb* - MoO.> dén mirc *F7, cua ion Er** [27]. Didu nay dan dén két qua la
qua trinh hdi phuc khéng phat xa & trang thai nang lwong thap cua Er** bj han ché, do d6 phat xa
mau xanh chiém wu thé [28]. Bén canh do, theo chung t6i, sy ddi tir pha monoclinic (M-ZrO,)
sang pha tetragonal (t-Zr0y), két qua phé XRD trén hinh 1, ciing 12 mot phan nguyén nhan trong
viéc diéu khién viing phét xa cua vat liéu. Hién tuong nay ciing dugc quan sat boi Avram va cong
su [29]. Mau ZrO2: Er-Yb-Mo cho phét xa chuyén déi nguoc manh, duoc lua chon dé tién hanh
céc phan tich tiép theo nhim xéc dinh tinh chat cam biét nhiét d6 quang hoc cua vat liéu.

——2ZrO,: Er-Yb
—Zroz: Er-Yb-Mo
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Hinh 3. Phé phét xa chuyén doi ngurot ciia vt ligu ZrOa: Er-Yb va ZrO,: Er-Yb-Mo

3.4. Tinh chdt cam bién nhiét dg quang hec ciia vt ligu ZrO,: Er-Yb-Mo

Phé phat xa chuyén doi nguoc cua vat lidu ZrO,: 1Er-10Yb-3Mo, budc song kich thich 975
nm, do & c&c nhiét ¢ khac nhau tir 303 K dén 528 K duoc hién thi trén hinh 4a. C6 thé thay rang,
cuong do phat xa ca hai chuyén mac 2Hiin — *lisrz (520 nm) va *Szin — *lise (560 nm) caa ving
mau xanh giam dan véi su ting 1én cua nhiét do. Tuy nhién, cuong do phét xa cia chuyén muc
4S3n— *lis giam Véi tc d6 nhanh hon so véi cuong d6 phét xa cua chuyén mic 2Huz — *lis, cia
ion Er**. Pidu nay duoc quan sat 13 trén hinh 4b, khi so sanh cudng d6 phat xa chuyén déi ngugc
cua vat ligu ZrO,: 1Er-10Yb-3Mo ¢ ba nhiét d6 303 K, 408 K va 528 K. Khoang cach mirc nang
lwong gitta mac 2Hiwe VA “Sap ¢ 780 cm™ [9], n6 cd thé thu duoc tir phd phat xa chuyén doi
nguoc mau xanh. Vi thé, théng qua kich thich nhiét, mac 2Hii, ¢6 thé dugc tao thanh tir mirc
“S3p VA sy can bang nhiét dugc tao thanh tir hai mic nay [30]. Piéu nay dan dén su thay doi
cuong do cua cac chuyén muc the 2Hiwp — *lis VA Sz — “lisz & nhiét do cao. Ti 1é cuong do
huynh quang (fluorescence intensity ratio, FIR) gitra chuyén mutc 2Hiiz— *lisiz Va *Sz2— *lisi2 theo
nhiét do (303 — 528 K) dugc tinh toan dé xac dinh céc tinh chat cam bién nhiét do quang hoc cua
vat liéu. Ti 1& FIR c6 thé duoc tinh theo cdng thirc nhu sau [31]:

FIR=1, /1, = Aexp(-AE /KT) )

Trong d6, Iy, s twong ung Véi cuong d6 cua cac chuyén doi phat xa 2Hiip—*lisp va
4S3p—"*l1s2 ctia ion Er¥*. A 1a hé sb truéc ham mii, phu thuoc vao mang nén. AE la khoang céach
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mtic ning luong giita hai mic 2Hiy va Sz, k 12 hing sé Boltzmann (0.6950348 cm/K). T 1a
nhiét 46 tuyét ddi.
Ly logarit hai vé ciia phuong trinh (1) ta duoc:
INFIR = INA— AE / KT @)
Bai sir dung ham fit phi hop vé méi quan hé tuyén tinh giira InFIR va 1/T ciia phuong trinh
(2), ta c6 thé tinh duoc gia tri AE = 367 cm™ va A = 12,2, két qua fit dwoc trinh bay trén hinh 4c.
Str dung cac gia tri vira tim dwoc & phuong trinh (2), ta c6 thé tinh do nhay nhiét do tuyét ddi
(absolute sensitivity, S;). Day |a thdng sé quan trong danh gia tinh chat nhay nhiét d6 cua vat
liéu, c6 thé duogc tinh theo phuong trinh (3) [32]:
Sensibility = dFIR / dT = FIR.(AE /KT?) 3)
Két qua tinh toan d6 nhay nhiét do (theo phuong trinh sé 3) cua vat liéu ZrO2: 1Er-10Yb-3Mo
dugc hién thi trén hinh 4d. C6 thé thay rd rang, gié tri Ion nhat cua d6 nhay tuyét di la 1,23% K™
dat dugc ¢ 303 K. D6 nhay nhiét do quang hoc cua vat liéu ZrO,: Er-Yb-Mo cao hon so vGi cac
vat liéu nhu Er** doped fluorotellurite glass [31], Y20s: Er [8], CaMoO.: Er/Yb [33], Gd.Os:
Er/Yb [34]. Pidu d6 chung té vat lidu ZrOz: Er-Yb-Mo c6 tiém ning ¢ng dung trong linh virc
cam bién nhiét do. Bén canh do, cudng do phat xa cia mau do ¢ 528 K bang 70% so véi cuong
d6 cia miu do & nhiét dd phong (303 K), chirng to tinh chat 6n dinh nhiét tuyét voi cua vat lidu.
Tinh chat nay cho thdy, vat liéu ZrO: 1Er-10Yb-3Mo cé thé duoc st dung dé ché tao cam bién
nhiét d6 quang hoc hoat dong & nhiét dé cao.
(@)

(b) I ek

\
(C) © Experimental datal (dlg o
Fitted line 0,

Slope = - 527.906
R?=0.9956

H 2 >
GRIAT = 527.906/T" o,
Ln(lyy/lg) = 2,500 - 527.906/T 09

0.0018 0.0021 0.0024 0.0027 0.0030 0.0033 300 350 400 450 500
T K'Y Nhigt d§ (K)

Hinh 4. a) Ph phét xa chuyén doi nguot cuia vt liéu ZrO,: Er-Yb-Mo tir 303 K d@én 523 K, b) So sanh phd
phat xa cua mau ZrO;: Er-Yb-Mo ¢ cac nhiér do 303, 403 va 523 K, ¢) Ln(lw/ls) 1a ham cuia 1/T, d) Do
nhay cam biéen 1a ham cua nhiét dé (303 — 523 K).

K&t qua ciing cho thay, vat liéu ZrO,: 1Er-10Yb-3Mo c6 thé hoat dong trong dai nhiét do rong
(303 - 528 K) véi do nhay cao (1,23% K™); do vay, vat liéu nay co trién vong cho cac ung dung
cam bién nhiét do.

4. Két luan

Vit liéu phat quang chuyén d6i nguoc trén co sd ZrOz: Er-Yb-Mo da duoc tong hop thanh
cong bang phuong phap thuy nhiét. Sy hién dién cua ion Mo® trong vat liu ZrO;: Er-Yb-Mo da
anh huong dén cau tric, hinh théi va tinh chéat phat quang chuyén ddi nguoc cua vat liéu, diéu
nay duoc xac nhan qua phép phan tich gian @ XRD, anh SEM va phé phat xa UC. Sy hién dién
ciia Mo®* trong mang nén ZrO2: Er-Yb anh huéng manh dén qua trinh chuyén pha tir monoclinic
sang tetragonal (ZrO,), dan dén thu dwoc vat liéu don pha (t-ZrO,). Dic biét, mau ZrO,: Er-Yb-Mo
c¢6 cuong do phat xa mau xanh (520 nm) 16n hon 9 1an va cudng d6 phat xa ving mau do (680 nm)
giam 8 l1an so v6i mau ZrO,: Er-Yb. Diéu nay 1a do qué trinh truyén nang luong tir mac [Fop, STo>
cua cap Yb** - MoO,> dén mirc “Fr, ciia ion Er®* trong mang nén ZrO,. Hon nita, vt liéu ZrO,: Er-
Yb-Mo cho thay d6 nhay nhiét d6 cao (1,23 % K™) ¢ 303 K va do bén nhiét tuyét voi (cudong do dat

http://jst.tnu.edu.vn 103 Email: jst@tnu.edu.vn


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

TNU Journal of Science and Technology 226(16): 99 - 106

70% & 528 K). Céc két qua da chi ra rang, vat liéu phét quang chuyén doéi nguoc ZrO,: Er-Yb-Mo
¢6 thé duoc sir dung trong ché tao cam bién quang nhiét va trong pin mat troi.

Loi cam on

Cong trinh nay duoc tai tro boi Quy Phét trién Khoa hoc va Cong nghé Quéc gia Viét Nam
(NAFOSTED) theo ma s6 103.03-2019.27
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