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This paper presents the synthesis and characteristic properties of ZrO,@GO
nanocomposite doped with Bi** ions by simple hydrothermal method with
the support of ultrasonic. The research aims to find new materials for
treating difficult-to-decompose organic pollutants in wastewater. The
characteristics of the vibrational functional groups are indicated by infrared
spectrum, the crystal structure is characterized by X-ray diffraction. The
surface morphology and optical properties of ZrO,@GO nanocomposite
material are characterized by FE-SEM, TEM and BET. The characteristics of
vibrational modes and groups have been studied by Raman scattering
spectrum. The results show that the ZrO,@GO material consists of fairly
uniform microspheres, with a diameter of about 20 - 30 nm, closely linked to
graphene oxide sheets. The ZrO,@GO:Bi** nanocomposites have a high
surface area of 87.57 - 211.78 m’g™, a pore volume of 0.22 - 2.98 cmg™ and a
pore diameter of 4.74-8.95 nm. The ZrO,@GO:Bi** nanocomposite
materials have unique and outstanding properties, with great potential in
treating wastewater contaminated with toxic organic substances such as
dyes, antibiotics, pesticides and plant protection drugs.
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Séng siéu am

Bai bao nay trinh bay két qua tong hop, nghién cuu tinh chét dic trung cua

vat liéu nanocomposite ZrO,@GO pha tap ion Bi*" bing phuong phép thuy
nhiét don gian dudi sy hd trg song siéu am. Nghién ciru nham tim kiém vat
liéu méi dé xur 1y chit hitu co 6 nhidm khé phén huy trong nuoéc thdi. Dac
diém cac nhom chirc dao dong dwoc chi ra bang phé hdng ngoai, clu trac
tinh thé dic trung boi nhiéu xa tia X, hinh thai bé mit va tinh chéat quang hoc
cua vat liéu nanocomposite ZrO,@GO duogc dic trung boi FE-SEM, TEM va
BET. Céc dic diém cac ché d6 va nhém dao dong, da duoc nghién ctru bang
phé tan xa Raman. Két qua cho théy vat liéu ZrOo,@GO gém céc vi cau kha
ddng déu, c6 dudng kinh khoang 20 - 30 nm, lién két chit ch& véi cac tim
graphene oxit. Cac nanocomposite Zr0,@GO:Bi*" ¢6 dién tich b& mat cao
87,57 - 211,78 m?g™, thé tich 1 rdng 13 0,22 - 2,98 cm’g™ va duong kinh 15
rong 1a 4,74 - 8,95 nm. Vat liéu nanocomposite Zr0,@GO:Bi* ¢o nhiing
tinh chat doc dao va ndi bat, tiém ning 16n trong xir Iy nudc thai 6 nhidm
chét hitu co doc hai nhu thudc nhudm, khang sinh, thudc trir sdu va thude bao
vé thyc vat.
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1. Gioi thigu

Nudc ngot co chat lwong rat quan trong d6i véi con nguoi, «cong nghiép, ndng nghiép, tuy
nhién, 6 nhiém nudc dang tré thanh mbi de doa I6n trén toan cau. Ba nguon chat gay 6 nhiém
nuéc phd bién nhat 1a 6 nhidm hitu co (hydrocarbon, thuéc nhuém, thudc trir sau, dugc pham,
phenol), 6 nhiém sinh hoc (vi sinh vat, nam, khuan, tao) va 6 nhidm vé co (kim loai nang, anion).
Thudc nhu¢m dugc st dung da dang trong cac qua trinh nhuém cdng nghi€p nhu nganh cao su,
dét may, gidy, son, in an, nhya, duoc pham, my pham thuc pham va da. Mot phan déng ke cua
thuc nhuém chira cac thanh phan gy ung thu da biét nhur naphthalen, benzidin hodc cac ciu tric
quinonoid [1].

Mot s6 phuong phép tiép can da dugc ap dung trong thyc tién dé loai bo cac chat 6 nhidm vo
co, hitu co trong nudc thai, chang han nhu tham thau nguoc, trao d6i ion, dong tu - két tua, siéu
loc, dién phén, hap phu, két tia hoa hoc va chiét dung méi. Do tinh tai tao ctia 4nh sang mat troi,
tinh bén virng va tiét kiém nang luong, qua trinh quang xuc tac dugc biét dén nhu mot bién phap
xtr 1y xanh, tiép can sang tao, tiét kiém chi phi va than thién véi moi truong dé phan hiy cac chat
gy 6 nhiém hiru co va tao ra hydrogen [2], [3].

Gan day da co rat nhidu sy quan tdm dén viéc phat trién cac quy trinh quang xtc tac dya trén
chat ban dan do tinh d& str dung, d6 bén cao, hiéu qua kinh té, dai thich hop va khong doc hai.
Hon nita, mot s6 vat liéu goc ban dan cé thé dan electron khi c6 anh sang ngay ca & nhiét do
phong. Véi buc xa téi ¢6 ning luong riéng bang hoic 16n hon niang lwong khoang cach dai caa
chat xuc tac quang, mot electron trong dai hoa tri (VB) duoc chuyén vao mirc dai dan (CB), hinh
thanh mot 15 trong (h*) trong VB. Electron bi kich thich va cac 16 quang sinh dong vai trd quan
trong trong qué trinh phan hity quang xtic tic cac chat hitu co 6 nhiém, ciing nhu quang dién mat
troi va san xuat hydrogen [4].

Chat ban dan ZrO, rat bén hoa hoc, nhung c6 nhugc diém kha 16m, d6 1a nang lwong khoang
cach dai cao (~5,1 eV), kha nang hap thu anh sang kha kién kém, electron va 15 trong d& dang két
hop lai gy mét mat ning luong dudi dang nhiét, dan dén hoat tinh quang xuc tac kém [5]. Mot
s6 chién luoc da dugc sir dung dé cai thién hoat tinh quang xuc tac cua Chat Xuc tac quang ban
dan, nhu pha tap kim loai chuyén tiép va ché tao vat liéu composite voi ciu trac phu hop. Pic
biét, mot s6 nghién ciru da két hop vat liéu nén graphene vai chat ban din dé cai thién hiéu suét
quang xuc tac cua chung. Graphene 1a mét tam c4c bon nano 2D don 1¢ & trang thai lai hoa sp” c6
ciu trac gidng nhu to ong, nang luong khoang cach dai bang khong, c6 cac dic diém dién dic
biét nhu van Chuyen dién t& nhanh, fermion khong khdi lugng va do linh dong electron cuc cao
(200.000 cm?V s ™). Hon nita, graphene ¢6 dién tich bé mat 16n (2630 m 2g’Y), céu tric rat linh
hoat, do dan nhiét cao (5000 Wm~ 'K™) va do trong sudt cao (do truyén quang dat 97 ,7%).
Graphene ky nudc va tro vé mit héa hoc do khong c6 cac nhom chirc khéng mong mudn.
Graphene oxit khir (rGO) va oxit graphene (GO) 1a hai dang phé bién cua graphene, thuong dugc
tong hop bang cach oxy hoa than chi nguyén chat. GO chira nhiéu nhém & ca hai mat cua tam,
nhu hydroxyl epoxy, cacboxyl, cacbonyl, ete,... cho phép GO tao thanh cac huyén phu 6n dinh
trong dung dich va thuan lgi cho su hinh thanh composite v&i cac chit ban dan [6]. Tuy nhién,
luong nhom du thira & trang thai s khong dan dién co thé dan dén sy cach dién cua GO, lam giam
su tach biét va van Chuyén cac chit mang dién tich. Sh lwgng nhom duoc tao ra trén cac 16p GO
phu thudc vao loai than chi dugc st dung va cac didu kién oxy hoa. Dang rGO duoc tao ra tir qua
trinh khtr hoa hoc/nhiét hoic phat trién truc tiép tir GO, do d6 rGO c6 it nhom bé mit hon va mirc
do khuyét tat cao, co6 6n dinh hoa hoc hon va c¢6 do dan dién cao hon so véi GO ban dau. Do
nhitng dic diém riéng biét ndy, graphene va cac chat twong tr (GO va rGO) di thu hut duoc sy
quan tdm 16n trong cac ung dung quang xuc tac [7].

Bismuth (**Bi) 1a nguyén t thuoc chu ky 6, khong phong xa nang nhét, c6 chu ky ban ri 1a
2,01x10"™ nam va c6 lién két spin- quy dao rat Ion. Bi co mot cap electron ty do 6s® hoat dong lap
thé, c6 thé hinh thanh nhiéu dang s6 phéi tri va lién két, tao thanh cac hop chét véi nhiéu trang
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thai s6 oxy hoa tir —3 dén +5, voi tuong tac Bi-Bi, Bi-kim loai va Bi-phi kim loai. Bi khong déc
hai, tng dung tiém ning trong y hoc va chim séc stc khoe nhu lam chat can quang hinh anh méi,
chat c¢6 hoat tinh sinh hoc 1am thudc chdng viém, chéng khdi u va khang khuan. Céc hop chét cua
Bi ¢6 tac dung lam se, sat triung va loi tiéu, do chon loc va hoat tinh xtc tic cao, ion Bi*" ¢6 46
rong ving cdm nho, kha ning hap thy quang ning ving kha kién tét, dé kich thich electron tir
ving hoa tri 1én ving dan [8], [9]. Nghién ctru nay trinh bay tong hop va dic tinh cua vat liéu
composite ZrO,@GO:Bi**, dinh hudng tng dung xur 1y chat hiru co doc hai, kho phan huy giy 6
nhiém trong nudc.

2. Phuwong phap nghién ciu
2.1. Nguyén liéu, thiét bi

Nguyén liéu sir dung c6 do tinh khiét phan tich (hing Merck), gém c6: Graphene oxit;
Bi(NO5)3.5H,0 >98%; ZrCl, 99,95%; HNO; 68%, NH; 25%. Thict bi gom: Bé rung siéu am, hé
thiét bi thity nhiét; can dién tir sai s6 £10™ g; tu siy; may khudy tir; 16 nung.

2.2. Téng hop vt liéu nanocomposite ZrO,@GO pha tap Bi**

Céc budc pha tap ion Bi** vao nén composite ZrO,@GO duoc tién hanh theo nhu mé ta trén
Hinh 1 [10].
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Hinh 1. Qud trinh ché tao vt liéu ZrO,@GO:x%Bi**  Hinh 2. Phé hong ngoai (FT-IR) ciia vit liéu
(ZBG) bang hé autoclave va bé rung siéu dm ZrO,@GO:x%Bi** (x = 0-5)

g Mau xdm den

2.3. Khdo sdt tinh chét vit liéu

Xac dinh cac ché d6 dao dong bang pho tan xa Raman (XploRA Plus, Horiba Jobin - Yvon)
va phd hdng ngoai FT-IR (4600typeA) dugc dung dé xac dinh cac nhom lién két bé mit vt lidu.
Thiét bi nhiéu xa tia X (D8 Advance) dung dé phén tich ciu trac tinh thé ciia vat liéu. Anh FE-
SEM (JEOL JSM-7600F, USA) va TEM (JEOL JEM-1010, Japan) dugc sir dung dé danh gia
hinh thai cua vat liéu. Thiét bj NOVA touch 4LX (Quantachrome Instruments) dwoc sir dung dé
xéc dinh Sger va cac dic trung bé mit cia nanocomposite ZrO,@GO:Bi*.

3. Két qua va ban luin
3.1. Phé FT-IR ciia ZrO,@GO:Bi**

Mot s6 nhom lién két déc trung cua Zr0,@GO:Bi** duoc xac dinh bz‘jmg phé hdng ngoai va
chi ra trén Hinh 2. Trong di€u kién thuy nhiét va rung siéu am, mét phan oxy cia GO bi khur
chuyén thanh cac nhom chﬁc méi —OH, -CHO, —C=0, —COOH trén bé mat cua r-GO, tang
cuong rpanh m¢ luc lién két ion, cong hoa tri va cho-nhan gitra ion Bi®* voi ZrO,@GO. Vung
dinh phd ¢ ~3820,30 cm™ dic trung cho sy phdi hop kép cuia cac phonon Eyq trong r-GO khuyét
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tat 16n. Dai phd ¢ ~3566,73 cm™ tmg voi ché d6 kéo gidn ciia nhom —OH ancol va nude bi hap
phu trén bé mat vat liéu. Cac dinh ¢ 2156,99 va 2360,44 cm™ quy gan cho dao dong cua cac
nhom chirc —ankin (-C=C-), keten (C=C=0). Céc dinh hap thu ving (1748,16 - 1796,37 cm )
dugc quy gan cho dao dong rung cta cac nhém —CH=0 andehit/keton/este va —COOH axit xuat
phat tir GO va r-GO trén bé mat ciia ZrO,@GO:Bi**. Vung dinh phd ¢ 1047,15 — 1136,83 cm™
dac trung cho dao dong cua nhom —C-O-C ete [11].

Hai dinh phé & 671,11 va 547,68 cm * hinh thanh tir su cOng huong cia cac dao dong O-Zr-O
trong cac pha m-ZrO, va t-ZrO,. Cac dinh phd ving (503,33 cm* - 420,41 cm™) dugc quy gan
cho dao dong kéo gian ciia cac lién két oxy-kim loai (Bi-O-Bi, Zr—O—Zr va Zr-0-Bi) [12].

3.2. Gidn d6 nhiéu xg XRD

Hinh 3 chi ra cac dinh nhidu xa cua cc oxit ban diu va céac vat liéu composite pha tap Bi*". Cac
dinh nhiéu xa & 11,15°, 25,02°, 43,61°, 63,96° ing v&i cac mit phan xa dic trung cia GO 1a (001),
(002), (100) va (110). Pic trung cua pha tinh thé m-ZrO, & cac dinh nhiéu xa tai 28,15° (-111);
31,43° (111); 49,34° (220); 50,13° (002) va 59,87° (131) (JCPDS 01-089-9066). Thé JCPDS 00-050-
1089 x4c nhan cac dinh nhiéu xa ¢ 34,13° (200); 35,48° (110) dic trung cho pha t-ZrO;, [5], [10].
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Hinh 3. Gian do XRD cua ZrO,, GO va cac vat liéu Hinh 4. Pho Raman cua cdc nanocomposite
. 3+ — . 3+ —
ZrO,@GO0:x%Bi"" (x = 0-5) 2r0,@GO:x%Bi*" (x = 0-5)

Vit liéu nanocomposite ZrO,@GO:x%Bi**, hién thi rd cac dinh nhidu xa sic nét & khoang 29,8°%
34,7% 50° va 59,4°, do sy pha tap va két tinh tot ctia ZrO,:Bi** giita cac 16p cua GO [10], [13].

Diéu dang chu y 1a, khi pha tap Bi* vao nén ZrO,@GO, cudong d tin hiéu cac dinh (111),
(200), (200), (203) trong cac nano ZrOz@GO:Bi3+, c6 sy bién dbi kha nhiéu so véi trong ZrO,
ban dau, ching minh sy tao lién két cua Bi** va Zr V6i cac 16p cia GO, gdy su chuyén dich
manh céc dinh nhiéu xa dic trung cua ZrO,. lon Bi** pha tap trong ZrO, tao thanh cac hat vi ciu
Zr0,:Bi**, gay ra cac twong tac ion va phéi tri véi cac nhom chirc -COOH, -CHO, -OH [11]

M3t khac, cudng d6 nhiéu xa tai 20 = 25,02° cua GO bi suy giam, do cudng d6 nhiéu xa ZrO,
16n hon rat nhiéu GO, sy c6 mit clia cac hat nano ZrO, ngan chan hiéu qua su xép chong l6p
graphene tao thanh vat liéu nanocomposite giita GO va ZrO,:Bi** [10], [14].

3.3. Phé Raman ciia ZrO,@GO:Bi**

Phd tan xa Raman cua GO va cac nanocomposite 7Zr0,@GO:Bi* duogc trinh bay trén Hinh 4.
Quan sat Hinh 4 nhan thay, phd Raman ctaa GO xut hién 3 dai D, G va G’(2D) trong ciu tric
tinh thé cta cacbon C. Dai D bac 1 ¢6 dinh & 1349,96 cm'l) dac trung cho ché do dao dong
Ay, biéu hién su sai khac, khuyét tit cua C (sp 9. Dai G béc 1 (1580,60 cm’ ') lién quan dén
phonon Eyg, thé hién muc sdd trat tu cua C (sp?), 12 yéu té quyét dinh kha ning quang xtc tac
cua cac vét liéu nanocomposites Zr0,@GO: X%BI3+ ‘Dai 2D (G) c6 dinh ¢ khoang 2670,03
cm™ ¢6 lién quan dén 2 phonon iTO va mét sé dinh yéu & khoang 416,57 cm™ va ~660,52 cm™
thé hién cac khuyét tat nong trong cu tric GO [12]. Cac dinh nay, di hoan toan bién m?it khi
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gan két ZrO,:Bi* vao cac tim GO, théng qua qua trinh rung siéu 4m va thuy nhiét 15 gio lién tuc
trong autoclave, dé hinh thanh cac nanocomposite ZrO,@GO pha tap Bi** véi muc ting do
khuyét tat mang tinh thé.

Két qua théng ké ¢ Bang 1 cho thay, GO va cic nanocomposite ZrO,@GO:Bi** ¢o céc ty 1&
cuong do tin hiéu 1< Ip/lg< 2 va ting dan tir 1,0229 dén 1,1110, khing dinh mirc do bat trat ty
cia C ting dan theo su ting mol% pha tap Bi** vao nén ZrO,@GO, nghia 1a nanocomposite
Zr0O,@GO:Bi** tao thanh c6 chat luong tot [6], [14]. Ngoai ra, ty 18 I/lg ~ 0,4, cho thiy GO da
I6p va phan anh hiéu qua khi pha tap Bi** vao nén ZrO,@GO [1], [15].

Bang 1. Su chuyén dich Raman va ty 1é cwong do tin hiéu | tai cac dinh ddc trung D, G, G

Cwong do tin hi¢u I (a.u.)

Pinh (cm™) GO ZrO,@G0:0%Bi**  Zr0,@G0:3%Bi*" Zr0,@G0:5%Bi*
D - 1354,23 623,2
G -1579,53 609,2
G’(2D) - 2670,03 228,8
D - 1349,96 423,0 461,5 385,5
G - 1580,60 403,5 423,0 347,0
Gia tri Ip/lg 1,0378 1,0483 1,0910 1,1110
Gia tri Ig/lg 0,3756

3.4. Hién vi di¢n tir cia nanocomposites ZrO,@GO:Bi*

Anh FE-SEM cuia nanocomposites ZrO,@GO:x%Bi*" dugc trinh bay trén Hinh 5(a—b), cho
thdy dic trung céu trac 16p, x6p, dién tich bé mat 1on. Mau ZrO,@G0:0%Bi** (Hinh 5a) ¢ ciu
tric nhiéu 16p day chong nhau, con miu ZrO,@G0:5%Bi (Hinh 5b) thé hién dang mong hon,
bao gom cac hat nano nhé min, xac nhan hiéu qua boc tach thanh cong cac 16p GO trong qua
trinh composite v6i nén ZrO,@GO pha tap Bi** [2], [10]. Nghién ctru k§ hon hinh thai hoc cua
nanocomposite trén anh TEM (Hinh 5¢-5d) cho thay, cac hat nano cau ZrO,:Bi** dwoc phan tan
t6t, do sy ngin chian co hiéu qua sy két tu cac oxit kim loai boi cac 16p GO xen k&. Cac
nanocomposite ZrO,@GO:x%Bi** c6 dang hinh cau, do xép ddng déu, kich thuéc hat vi cu
Zr0,:Bi** trong khoang 20-30 nm.

Hinh 5. Anh FE-SEM cua: (a) ZrO,@GO:0%Bi, (b) ZrO,@G0:5%Bi
va anh TEM cua: (c) ZrO,@G0:0%Bi, (d) ZrO,@G0:5%Bi

Su rung siéu am két hop thuy nhiét, da pha tap duoc Bi®* vao ZrO; tao thanh cac hat vi cu
Zr0,:Bi**, da xen k& hi¢u qua vao cac 16p GO thong qua lién ket ion, cho-nhan véi cac nhom
chtrc dac trung bé mat (-OH, -COOH, -C=0, C-0-C,...) cta GO [1], [11].

3.5. Diic trwng bé Mt riéng va cdu triic mao qudn cia vat ligu ZrO,@GO:Bi**

Két qua phén tich BET trinh bay trén Hinh 6 cho thdy, cac nanocomposite ZrO,@GO:x%Bi**
6 duong dang nhiét hip Phu loai 111, déc trung cho cac vat liéu nano, mao quan trung binh, nhiéu
I6p x6p va vi 16. Vong tré Hs gitta duong cong hap phu va giai hap & P/P, cao hon, twong &ng voi
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su ngung tu mao quan caa chit hap phu xdp, xac nhan su hinh thanh cac 16 mao quan siéu nho
(micropores) va trung binh [16].
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M'UJ . é —a—Z1GO-0%BI -zf —e—ZrGO-0% BI ME . g . " E"
N “1E) D 35458 —a— 21GO-5%E1 H| —a— ZrGO-5% B
sl o STk 1
8 I R 0]
£ 150 ] / o w3/ o §
w o Pore width {nm) ! Por width (nm) @ ] i o0l ¥
GomoEomomom R R s e e A = 25 Al ore width (nm) 1 Pore width (am)
gjwo— ] R B R R N M AT T r e o e
£ 3 20
. - 2. 1
S 80 Surface Area = 87.5695 m 93 ) 2 Surface Area = 211.779 mg”
2 (a) Pore vol%lme =0.220618 cm’g’ g 154 (b) Pore volume = 2.98193 cng!
o 807 Pore radius = 4.74188 nm S Pore radius = 8.94746 nm
E 5 101
o 40
= 54 -
204 —B— Des_ZrGO-0%Bi = Des_ZrGO-5%Bi
—8— Ads_ZrGO-0%Bi 0 ———— v Ads ZIGO-SWB
T T T T T o 01 02 03 04 05 06 07 08 082 10

T T T T T
00 01 02 03 04 05 06 07 08 09 10 Relative Pressure, P/P
Relative Pressure, P/P_ e

Hinh 6. Dac trung bé mdt: Sger, phdn b6 thé tich mao quan, phan b6 Sger theo dwong kinh mao quan
Clia cdc nanocomposite: (a) ZrO,@GO:0mol%Bi®*; (b) ZrO,@G0:5%Bi**

Dién tich bé mit riéng ciia cac nanocomposite ZrO,@GO:(0-5 mol%)Bi** xac dinh dwogc 1a
87,57 211,78 mz/g, duong kinh mao quan trung binh kha 16n khoang 4,74 — 8,95 nm va thé tich
mao quan lan luot 14 0,22 va 2,98 cm®/g. Dién tich bé mat riéng clia cac nanocomposite tang theo
ham luong pha tap Bi**, 13 yéu té c6 tac dung tich cuc dén kha ning hap phu va hoat tinh quang
xuc tic cua vat liéu nanocomposite lai ZrO,@GO:Bi*".

Dua vao cac két qua phan tich, danh gia ddc trung tinh chét vat lidu & trén, ky vong cac
nanocomposites ZrO,@GO:Bi** ¢6 tiém ning tng dung trong xir Iy phim nhudém hiru co, du
luong chat khang sinh giy 6 nhiém va cac linh vuc cong nghé khac nhu khang khuan, khang
nim, xuc tac oxi hoa - khu [15], [17].

4. Két luan

D3 ché tao dugc vat liéu nanocomposite ZrO,@GO pha tap Bi** bang phwong phap thuy nhiét
két hop rung siéu am hiéu qua. Anh TEM va nhidu xa tia X di x4c nhan vt liéu ZrO,@GO:Bi*" ¢6
céu triic x8p chira cac hat nano hinh cu ZrO,:Bi** gén két chat ché giita cac 16p GO. Phé Raman
da khﬁng dinh su tang muc do bét trat tu cta cacbon khi tang mol% Bi** pha tap trong nén
ZrO,@GO. Phd FT-IR di xac nhan cac nhom lién két ndi bat trong nanocomposite ZrO,@GO:Bi*".
Anh hién vi dién tir FE-SEM va TEM di chi ra hinh thai bé mat 16p chdng xdp, véi kich thuéc hat
ZrO,@GO:Bi** dong déu, khoang 20-30 nm. Nanocomposites ZrO,@GO:Bi** ¢6 dién tich bé mat
riéng cao, dudng kinh mao quan kha 16n. Vat liéu c6 tiém niang ung dung trong hap phu, xtc tic
quang xir Iy thudc nhudém, khang sinh va thudc trir sau 6 nhiém trong nudc.
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