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This study presented the fabrication, properties of GO and nanohybrid
Zr0,/GO doped Eu®** (0 — 2 mol%) (ZGE) by hydrothermal method.
The structural, morphological and physical properties of ZGU nano-
hybrid materials were investigated by XRD, Raman, FE-SEM, TEM,
EDS and BET methods. The results show that ZGE nanoparticles
with high purity, small size, porosity, ZrO, and Eu** are well bound
to graphene sheets. The nanohybrid ZGE materials had a similar
structure and rather high surface area of 102.624 m?.g, pore volume
of 0.201594 cm®.g™* and large pore diameter of 3.9509 nm. The EDS
spectroscopy confirmed the composition, purity, and uniform density
distribution of the elements in the ZGE. The FE-SEM and TEM
images show that the ZGE materials consist of ZrO,Eu®*
microspheres with relatively uniform nanoparticle size, diameter
between 15 nm and 20 nm. The results indicate that ZGE
nanoparticles have high purity, small size, porosity, and good
bonding with graphene sheets of GO. The ZGE materials with
superior properties have great potential in treating wastewater
contaminated with heavy metal ions and dyes in water environment.
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Nghién clru ndy trinh bay vé ché tao, tinh chat GO va nano lai
ZrO,/GO pha tap Eu** (0 — 2 mol%) (ZGE) bing phuong phap thuy
nhiét. Cac dic trung cdu trac, hinh thai va tinh chét cua vat liéu nano
lai ZGE duoc nghién ctru bang phuong phap XRD, Raman, SEM,
EDS va BET. Két qua chi ra cac hat nano ZGE c¢6 d¢ tinh khiét cao,
kich thugc nho, c6 do xop, ZrO, va Eu®* gin két tét véi cac tim
graphene. Cac vat licu ZGE c6 hinh thai twong ty nhau véi dién tich
bé mat rit I6n 102,624 m?/g, thé tich mao quan 0,201594 Cm?’/g va
duong kinh mao quan 16n 3,9509 nm. Pho EDS da xac nhan do tinh
khiét, thanh phan va mat d6 phan b dong déu cia cac nguyén to. Anh
FE-SEM va TEM cho thdy Vit li¢u ZGE gom céc hat vi cau ZrOp:Eu®*
c6 kich thudc hat nano twong ddi ddng déu, duong kinh trong khoang
tir 15 - 20 nm. Vat liéu ZGE vdi nhirng tinh chit wu viét, tiém nang
I6n trong xt 1y nuéc thai 6 nhiém cac ion kim loai niang va cac chat
mau pham nhudém trong méi tredng nudc.
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1. Mé dau

Hién nay, xur Iy nuéc thai bi 6 nhidm dang 1a van d& rat quan trong trong cac hoat dong cong
nghiép, nhat 1a cac nganh sir dung hop chat hiru co nhu thuéc nhudm, dugc pham hoic phat thai
ion kim loai nang. Mot sé cong nghé xir Iy nudc thai duoc phét trién dya trén qué trinh hap phy,
ozon hoa, ling dong dién hoa, quang xuc tac,... Trong phuong phap quang xuc tac, giai doan dau
tién 14 qué trinh hip phu trén be mat vat li¢u, sau do dén qua trinh quang phan huy chat mau dudi
chiéu sang. bé dap ung yéu cau, cac vat liéu can co dién tich bé mat riéng 16n va cac nhom chirc
bé mat dé co thé hip phu luong 16n cac chat 6 nhidm, ngoai ra cin c6 niang lugng ving cim nho
dam bao cho hoat tinh quang hoa tot [1]. Tur thuc tién nhan thay, vat liéu carbon duoc danh gia
cao vi cac dic tinh noi bat vé do 6n dinh hoa hoc, chi phi thip va phu hop cho san xuit quy mo
Ién. Trong do6, cac vat liéu dua trén graphene oxit (GO), nhét 1a san pham graphene khir oxy
(rGO), vei dién tich bé mit cao va cac nhom chirc chira oxy dong vai trd 13 cac trung tim xay ra
su hap phu, chang han nhu nhém hydroxyl (OH), carboxyl (COOH), carbonyl (C=0), ether (C-
0-C),... Tuy nhién, GO c6 dic diém 1a d6 phén tan rat cao trong nudc, kich thudc nho, nén khong
dé dang thu hdi sau khi sir dung. Bé khic phuc han ché nay, giai phap ché tao cac vat liéu nano
lai gitra GO Vi cac oxit kim loai ¢6 dd bén hod hoc [2], [3]. Céc nano lai cia GO khéng chi dugc
nghién ciru ang dung trong hap phu, xic tac quang, ma con lam xic tac trong cac phan ung thuy
phan, dién cyc duong trong dién phén, cam bién khi, dinh lwong khang sinh,...[4] - [8].

MOt trong cac oxit c6 nhidu wu viét vé cac tinh ning co 1y 1a ZrO,, da duoc sir dung dé ché tao
cac composite dd bén cao trong cac méi truong nudc thai [9], [10]. Mit khac, ion dat hiém Eu®
c¢6 kha nang chuyén tiép cac electron 4f, thuan lgi cho sy hap thu quang ning dé kich thich cac
electron & vung dan [10], [11]. Trong c6ng trinh ndy, chung t6i bao co viéc tong hop va nghién
ctru tinh chat cia GO va céc vat liéu nano lai ZrO,/GO pha tap ion Eu®" bing phuong phap thuy
nhiét, nham dé xuat cac dinh huéng wng dung xtr 1y chat mau trong mdi trudng nudc.

2. Thuc nghiém
2.1. Héa chdt, dung cu

- Céc hoa chat str dung c6 d¢ tinh khiét phan tich (hdng Merck), gom cé: bot graphite
(Merck, bc); ZrCly 99,95%; Eu,O3 99,99%; HNO; 68%, KMnO,4, NaNO3, H,SO, 98%, HCI
37%, H,0, 30%.

- B dung cu thay nhiét (Autoclave); can dién tir £10™ g; may khudy tir; ta siy; 10 nung.

2.2. Ché tao GO va vt ligu nano lai ZrO,/GO pha tap ion EU** bing phwong phdp thiiy nhigt

Eug03 aF 10,0 ml. HzO ol khu:’iy tr 1 gi(‘)r, rung siéu am -} 25,0 ml. Hgo, ls:hu’;'iy
+ l,p mlL HNOs dic. 1h & 30 °C tir 1 giev, 60 °C, dén
khuay tir 1 giér, 60 =C, tan hoan toan, thu
dén tan hoan toan, thu ¢ dwoec dung dich (IT)
duoc dung dich (I)

I Két tiia xam den I

g

I San phiam thé I -
7 Sdy (80°C, 24 gio)
I

Vit lidu ZrO:/GO/x%Eu
(ZGE,x=0-2)

Hinh 1. Qud trinh téng hop vat liéu ZrO,/GO/x% mol Eu®* bang phwong phap thiy nhiét.
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- Ché tao GO tir graphit theo phuwong phap Hummers cai tién, duoc tom tit nhu sau [12] —
[14]: Cho 1,0 g bt graphite vao binh chira hon hop 1,0 g NaNO; va 45,0 mL H,SO,4 dac, lam
lanh bang nudc da (dudi 5 °C) va khudy tir lién tuc trong 30 phut. Sau d6 cho tir tir 6,0 g
KMnO, vao hdn hop, nang nhiét do 1én 35 °C va khudy tir trong 3 gio. Thém tir tir 90,0 mL
nudc cit vao hdn hop va nang nhiét d6 1én 70 °C, khudy lién tuc trong 30 phat. Dung dich c6
mau ndu chung to phan tng oxi hoa graphite da xay ra véi hiéu suat tot. Sau d6 ha vé nhiét do
phong va thém vao 20,0 mL nuéc cat, khudy tir trong 1 gio. Cubi cung, thém tung glot H,0,
30% vao dung dich cho dén khi chuyén tir mau nau sang mau vang sang, tiép tuc khuay trong 1
gio. Tach lay huyén phu bang cach ly tam, sau d6 rira 5 lan bang dung dich HCI 5% va nuéc
cat dén khi dat pH = 7. Sy chat rin thu duoc ¢ 80 °C trong 24 gio, thu duoc bot GO.

- Qua trinh tdng hop vat liéu nano lai ZrO,/GO pha tap ion Eu** dugc thuc hién theo so dd
hinh 1 [1] - [3].

2.3. Cic phwong phdp nghién ciru tinh chdt vat liéu

- Cau trac pha tinh thé caa vat liéu duoc xac dinh bang may do nhiéu xa tia X (D8
Advance), hoat dong & 40 kV va 20 mA va st dung btrc xa CuKa (A = 1,54056 A). Buéc nhay
quét 0,02° 260 vai toe do quét 4°/phit.

- Phé Raman (XploRA Plus, Horiba Jobin - Yvon) dugc sir dung dé xac dinh cac nhém chirc
dic trung lién két cua vt liéu.

- X4c dinh hinh thai hoc cua vat lidu bang: Hién vi dién tr quét phat xa truong (FE-SEM) tich
hop vai phd ké tan sic ning lugng tia X (EDS) va dau do huynh quang catot (CL): JEOL JSM-
7600F (MY), dién thé hoat dong 5 kV. Anh hién vi dién ti truyén qua (TEM) thu duoc bang kinh
hién vi JEOL JEM-1010 (JEOL Techniques, Tokyo, Japan) hoat dong & dién 4p 80 kV.

- EDS (Hitachi TM4000PIus) dugc sir dung dé phan tich thanh phan va sy phan bd cac
nguyén té trong vat liéu.

3. Két qua va thao luan
3.1. Phén tich nhiéu xa tia X ciia ZrO,, GO va Zr/GO/X%Eu

30.29 34.34 liwo =85.5658 m-Zro,: JCPDS 01-089-3066
t(111) t-(200) 50.21 t-Zro,: JCPDS 00-050-10889
: _ m-(22l]] 59.93
|111i-'r||200 = 3.5381 : - 202]
I H
ZriGOJ/Eu [1;1;;2%] i ! |220}”|2crz} =1. 3?53
| i i
I |111E”|200: = 5.4110 I|22|:||”|202} =1. 4!]94
= |iZrIGOEU (1A %) I
—. |izrnGo/Eu (1111 .
% i { 'b o I i i i
— H H
e |i= & |{,,,,1pr|{mi- 5.3391 | & loohflpe = 17457 &
BN HE-y =1 ' @ | @
[ e —_ p—y =
- = S! = iy
—_— ra ! H
T GO = = i =
i 1100 = 84.13206 i
lairflzoo) = 1.7416 | Lo/l o0z = 1.6197
I v 1 v I v 1 v I v 1

10 20 30 40 50 80 70 80
20 (Degree)

Hinh 2. Gidn d@6 nhiéu xq tia X cia ZrO,, GO va ZriGO/Eu (1/1/x)
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Hinh 2 trinh bay gian d6 nhidu xa tia X caa GO, ZrO, va cac Zr/GO/x%Eu. Theo thé chuan
JCPDS 00-050-1089, c6 thé quan sét thay cac dinh nhidu xa tai goc 26 = 30,29° 34,34° va 59,93°
g voi cac mat phan xa t(111), t(200) va t(-202) cua pha tinh thé tetragonal ZrO,. Con theo thé
chuan JCPDS 01-089-9066, quan sat thay dinh nhiéu Xa tai goc 20 = 50, 21° g Véi cac mit
m(220) ciia pha tinh thé monoclinic ZrO, [9]. Cac dinh sic nét va duoc x4c dinh rd trong vat ligu
Zr/GO/X%EuU, cho thiy do két tinh tét cta cac hat nano ZrO, trong céc lai nano va sy gia ting
cuong d6 cuc dai duge quan sat thdy cung véi sy gia ting ndng do ion Eu" ban dau trong hdn
hO’p phan 1’Ing Dléu dang chu S’ la, t}} |é Cll'é)’l’lg do glﬁ’a cac dinh |(111)/|(200) va I(zoo)/l(_zoz) trong cac
nano lai, nhin chung bién ddi theo chiéu huéng ting hon so véi cac ty 1& d6 trong ZrO, ban dau
(hinh 2), chttng minh su tao lién két cua ZrO, véi cac 16p cua GO.

Chung t6i dac biét quan sat thay, mot sb dinh nhiéu xa co cuong do kha 16n cua ZrO, nhu tai
20 = 28,5% 31, 58° khong xuét hién trén gian do nhleu Xa tia X cua vat liéu nano lai. Diéu nay
dugc cho rang, cac dlnh nhiéu xa nay khong mat di, ma trong quéd trinh thuy nhiét, ZrO, da
composite vai ion Eu* va tao lién két vé6i cac 16p GO. Khi d6, cac dinh nhiéu xa trén da thay doi
cudng d6 va dich chuyén tao thanh dinh nhidu xa & goc 20 = 30,29° véi cuong do kha 16n trén cac
nano lai ZGE. Mat khac, ty & cac hop phan ZrO, va GO trong trudng hop nay 1a 1/1, nén anh
huong qua lai gitta GO va ZrO, 13 16n, di 1am suy giam cuong d6 mot sb dinh nhidu xa cua ZrO,.
That thi vi, cling do anh huéng cua ZrO,, di lam cho dinh nhiéu xa cua rGO & goc 20 = 25,02°
khong xuét hién trong tat ca cac vat liéu Zr/GO/x%Eu tong hop dugc. Didu nay cho thiy cac tinh
thé nano ZrO, pha tap ion Eu** da ngan chan hiéu qua sy xép chdng I6p graphene trong cac nano
lai [15]. Cac két qua nay, di khang dinh qua trinh tdng hop céc nano lai ZGE thanh cong bang
phuong phap thuy nhiét.

Gian d6 XRD cho thiy, sau qué trinh oxi hoa graphite bang cac tac nhan KMnO,, H,SO, va
NaNOs;, mau GO xuét hién dinh nhidu xa rd rét & 26 = 11,50° twong tng véi mat mang (001), day
1a dinh dac trung dién hinh cuia GO, cho thiy qué trinh oxy hoa thanh cong bot graphite. Ngoai
ra, mau GO con xuét hién dinh tai goc 20 = 25,02°, &ng véi mat phan xa (002) dic trung cia
rGO. Céac dinh tai goc 20 = 43,52° va 63,96° twong tng Vi cac mat phan xa (100) va (110) dac
trung cho cau trac cua graphite. Két qua nghién ctru nay phan anh qua trinh oxy hoé than chi
khong hoan toan, c6 thé hinh thanh 2 pha graphite va carbon v6 dinh hinh [1], [2].

Mt khac, dinh & 43,52° (ciia GO) da dich chuyén sang (43, 61 ) trong cac mau Zr/GO/X%Eu
V6i cuong do cao hon so véi trong GO. Diéu nay cho thay sy rdi loan cyc dai caa carbon trong
cac vat liéu Zr/GO/x%Eu. Cudng do cao hon co nghia 1a c6 nhidu tim graphene bi phan 16p khi
gan két véi ZrO, va Eu®" trong vat liéu nano lai.

3.2. Phé Raman ciia cdc mau Zr/GO/X%Eu

Dé khai thac cac thong tin vé cac dai dao dong dic trung cua Vat liéu, chung t6i tién “hanh thuc
hién phép do phd tan xa Raman. Hinh 3 trinh bay phd tan xa Raman cua cac mau GO va
Zr/GO/x%Eu. Theo 1y thuyét Raman vé cac vat liéu ciia carbon, dai D bac hai cong huong kép
(1300 1400 cm ') lién quan dén mot phonon iTO va mot khiém khuyét; dai G bac mot (~1580
cm %) 1a tir phonon iTO va LO suy bién kép vai dbi Xung Egq tai trung tdm vung Brillouin; dai 2D
(con got la dai G”) (2600 — 2700 cm Y lién quan dén hai phonon iTO; mét sb dai khac tuong dbi
yéu hon nhung cling chira nhiéu thong tin, ching han nhu dai C (~40 cm ™) dic trung cho ché do
cit tir khop ndi gitia cac 16p va dai D’ (~1620 cm %) duogc kich hoat boi cac khuyét tat [16].

Két qua trén hinh 3 cho thdy, mau GO xuét hién 3 dinh tai 1356,99 cm™; 1590,22 cm™ va
2688,26 — 2909,56 cm™ , twong ng Vo1 cac dai D, G va 2D trong cAu trac cta carbon. Dai D lién
quan dén su sai hong, khuyét tat hay bt trat tw hodc cac tap Chat khac trong céu trac cia carbon,
con dai G duoc quy gan cho ciu tric trat tu cia C lai hoa sp® trong graphite. Gia tri cua ty 1é
cuong do lp/lg thuong biéu thi mat do khuyét tat trong mang tinh thé. Véi mau GO va cac vat
licu Zr/GO/X%EuU, ty s6 cudng do Ip/ls ting dan tir 1,0261 1én 1,0432; 1,0676 va 1,1048, da thé
hién mac do bét trat tuy cua carbon ting dan khi ting ty 1& pha tap Eu®* vao cac vat liéu
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ZrIGOIX%Eu [6]. Chat luong tot ciia mau GO va cac vat lidu Zr/GO/x%Eu dugc khang dinh
thong qua cac ty 1€ Ip/lg déu nhé hon 2 [11], [16].
= i

(zz'065L) ©

ZriGO/Eu (1/1/12%) I/l = 1.1048
pllg = 1.

k I/l; = 1.0676

I/l = 1.0432

Intensity (a.u.)

ZrIGO/Eu (1/1/1%)

Zr/GO/Eu (1/1/0%)

(9z'8892) az

95°6062

I/l = 1.0261

T T T T T T T T T T T
500 1000 1500 2000 2500 3000
Raman shift (cm™)
Hinh 3. Phé Raman ciia cdc GO va cdc Zr/GO/x%Eu

Bén canh d6, quang phd Raman con duoc su dung dé uéc tinh s6 lugng 16p cua graphene do
cac twong tac 16p-16p anh hudng dang k€ dén tinh chat cua phonon. Dau hi¢u dugc s dung pho
bien nhat cho graphene don 16p dugc can cur theo ty 1€ Iop/lg > 3. Gid tri nay c6 thé bi dnh huong
boi su pha tap do chat nén gdy ra va da duoc chirng minh la c6 gia tri noi tai la 5 + 1 doi voi don
|6p khong pha tap [11], [16]. Trong nghién ctru nay, mau GO ¢6 cudng do lg (159022 = 520,8 va I-
20 (2688.26) = 182,0, do do ty 1€ I,p/lg = 0,35, vi vay GO ché tao dugc ¢ dang graphene da 16p.

3.3. Dién tich bé mt riéng va cdu triscc mao quan ciia Vit liéu Zr/GO/X%Eu

-

Q

=]
1

—=— Des
—e— Ads

Volume Adsorbed @ STP (cmlg)
& & &

N
o
1

T T
0.0 0.2 0.4 06 1.0
Relative Pressure, P/P,

Hinh 4. Puong dang nhiét hap phu va giai hap phu N, cia vat ligu Zr/GO/Eu (1/1/1%)
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Dién tich bé mit ctua Zr/GO/Eu dwoc phén tich bang phép do BET. Hinh 4 cho thay, duong
dang nhiét da diém hap phu/khtr hap phu N, & 77,35 K cta vt ligu Zr/GO/Eu (1/1/1%) c6 dang
lai gitra duong dang nhiét loai I va loai IV dién hinh cho vat liéu mao quan trung binh, cAu trac
I6p, chung to hinh thai hat nano cua vt li¢u va sy hién dién cua céc vi 16. Ngoai ra, quan sat thy
mot vong tré Hs giita duong cong hip phu va giai hap phu & ap suat twong dbi cao hon, twong
g voi sy ngung tu mao quan cua chat hap phu xbp, di cho thdy sy ton tai cua 15 siéu nho
(micropores) [11]. Két qua tinh toan phan bo kich thudc 16 theo phuong phéap 1y thuyét mat do
(Density Functional Theory - DFT) va phuong phap phan bd kich thuéc 15 (Barrett Joyner
Halenda - BJH) co két qua twong tmg 12 0,201594 va 0,190403 cm®/g, di xac nhan sy ton tai cua
cac 16 siéu nho. Theo phwong phap BIH, dién tich bé mit riéng cua nano lai Zr/GO/Eu (1/1/1%)
1a 102,624 m%/g va duong kinh mao quan trung binh 16n 3,9509 nm. Dién tich bé mit riéng cua
nano lai Zr/GO/x%Eu (1/1/1%) duoc cai thién nhiéu so véi cac vt liéu nano lai khac cia GO [4],
[17]. Khi dién tich bé mat ting sé& co tac dong tich cuc dén kha nang hap phu va hoat tinh quang
xtic tic ctia vat ligu nano lai Zr/GO/X%Eu ddi véi cac chat mau.

3.4. Hinh thdi cdu tricc vt ligu ZrGOEuU

Hinh 5. Anh FE-SEM cua: (a) ZrGOEu (1/1/0%), (b) ZrGOEu (1/1/1%)
va anh TEM cua: (¢) ZrGOEu (1/1/1%) va (d) ZrGOEu (1/1/2%)

Anh FE-SEM cuia cac miu Zr/GO/x%Eu duoc thé hién ¢ hinh 5(a,b). Anh FE-SEM cho thay
mau Zr/GO/Eu (1/1/0%) ¢ dang tim day xép chong 1én nhau, con mau Zr/GO/Eu (1/1/1%) ¢o
hinh dang cac hat nano nho min hon, the hién qua trinh boc tach 16p thanh cong trong qua trinh
pha tap ZrO, va Eu®* vao GO. Céc vi cau ZrOz duoc nhung t6t hon trong cac tam graphene va sy
két hop chat ché nhu vay vai vat liéu hd trg Eu®* dam bao do dan electron tét hon va hd trg tuong
tac manh gitra cac oxit kim loai trong chit xtc tac Zr/GO/Eu. Dé quan sat rd hon vé hinh thai hoc
ctia vat lidu, cac mau Zr/GO/Eu (1/1/1%) va Zr/GO/Eu (1/1/2%) dugc chyp anh TEM (hinh
5¢,d). Hinh 5(c,d) cho thiy, su phan tan tdt cac hat nano 1a do GO da ngan chan hiéu qua sy két
tu cuia cac oxit kim loai. Cac mau nano lai Zr/GO/x%Eu c6 hinh théi hat kha déng déu va co do

http://jst.tnu.edu.vn 132 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 228(10): 127 - 134

x6p, kich thudc hat vi cau ZrO,:Eu®* khoang 15-20 nm. Phén tich anh TEM cling xdc minh viéc
pha tap thanh céng cua cac vi cau ZrO, vao cac tam graphene trong vat liéu nano lai Zr/GO/Eu.

3.5. Két qud phdn tich phé EDS

Pho EDS dang thanh phan nguyén to va dang mapping cia vat liéu nano lai Zr/GO/Eu
(1/1/1%) duoc chi ra trén hinh 6(a, b). Hinh 6a d cho thay thanh phan cac nguyén td co mat
trong mau Zr/GO/Eu (1/1/1%) chi gém c6: Eu, Zr, C va O, 1a phu hop Véi cac thanh phan chinh
clia cac mau ZGE. Pho EDS mapping cua vat liéu nano lai Zr/GO/Eu (1/1/1%) (Hinh 6b) di xac
nhan sy hién dién cac 4nh xa timg nguyén t6 Eu, Zr, C va O, ciing nhu mat d6 phan bb ddng déu
tat ca cac nguyén t6, di khang dinh sy pha tap thanh cong ion Eu* vao nén ZrO,/GO bing
phuong phap thuy nhiét, tao ra cac vat lidu nano lai ZGE ddng nhét va tinh khiét.

(a) = Z B *Map Sum Spectrum

Element Weight %

Eu b 2.76

Zr 45.37
29.83
22.04
100.0

Hinh 6. Phé EDS ciia mdu ZrGOEu 1/1/1%: (a) Dang thanh phan; (b) Dang mapping

Trong qué trinh thuy nhiét, da hinh thanh composite giita ZrO, va Eu®*, trong d6 lién két kim
loai dwoc tao thanh, cac ion Eu®* pha tap xen k& vao khoang tréng trong cdu trac tinh thé
tetragonal va monoclinic cta ZrO,, tao ra cac hat vi cAu ZrO,:Eu®". Cac hat vi cau ZrO,Eu®
mang dién tich dwong, da tach hiéu qua cac 16p GO xép chdng nho sy hinh thanh cac twong tc
tinh dién va lién két phdi tri v6i cac nhom chic chira oxy trén bé mat caa mdi I6p GO, ching han
nhu nhém: hydroxyl (OH), carboxyl (COOH), carbonyl (C=0), ether (C-O-C),... dé tao thanh cac
nano lai ZrGOEu véi nhitng tinh chat vat ligu déc trung [17].

4. Két luan

Nghién ctru da ché tao thanh cong GO va cac nano lai ZrO,/GO pha tap Eu** (ZGE) bang
phuong phap thuy nhiét. Gian d6 XRD khang dinh sy oxy hod thanh cong graphite thanh GO véi
dinh nhleu Xa ddc trung tai 11, 50° va cac nano lai ZGE ton tai dang X0p bao gom cac hat vi cau
ZrO,:Eu** gan vao cac 16p graphene. Cac anh FE-SEM va TEM cho thay, cac nano lai ZGE ¢
hinh thai 16p, xdp, gom cac hat vi cau ZrO,:Eu’* kich thudc dong déu, duong kinh 15-20 nm. Phé
EDS da ching minh d¢ tinh khiét vé thanh phén va mat do phan bd nguyén t6 Eu, Zr, C, O dong
déu trong toan nén miu. Phép do BET cho thiy cac ZGE c6 dién tich bé mit riéng 102,624 m?/g,
thé tich mao quan 0,201594 cm®/g va duong kinh mao quan 3,9509 nm, cao hon nhiéu so véi cac
vat ligu khac. Cac két qua nay cho thiy cac nano lai ZGE thu duoc cé tiém ning tng dung lam
vat lidu hap phu va xtc tac quang trong xir Iy méi truong.
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