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PIEU CHE THANH NANO GADOLINI HYDROXIT VA KHAO SAT
HOAT TINH XUC TAC CUA HE UV/H202/Gd(OH)3
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Tém tat. Trong nghién cttu nay, vat liéu nano Gd(OH)s dang thanh da dugc téng hop bang phuong
phap polyol véi tién chét la gadolini clorua hydrat (GdCls-xH20), natri hydroxit va chét hoat dong bé
mét la trietylen glycol (CeHi4Os). San phdm da duoc déc trung bang cac ki thuat XRD, SEM, TEM, TG-
DTA, EDX. Két qua cho thdy vat liéu Gd(OH)s thu duoc cé cdu trac dang thanh nano, dong déu véi
khich thude 20 x 200 nm va tinh khiét. Vat liéu duoc ting dung trong phan ting oxy hoéa nang cao déi voi
quang héa phan hay Congo do cta hé xac tac UV/Gd(OH)s va UV/H202/Gd(OH)s.
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Synthesis and catalytic performance of gadolinium hydroxide nanorods
in Congo red decomposition with UV/H202/Gd(OH)s system
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Abstract. In this study, nano Gd(OH)s was synthesized with the polyol method with gadolinium
chloride hydrate (GdCls-xH20) and sodium hydroxide as precursors, and triethylene glycol (CéH14O4) as
a surfactant. The material was characterized with XRD, SEM, TEM, TG-DTA, EDX techniques. Gd(OH)3
has the form of pure nanorods with a uniform size of 20 x 200 nm. The material was utilized as a catalyst
in the advanced photochemical decomposition of Congo red as the UV/Gd(OH)s and UV/H20:/Gd(OH)s
system.
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1 Mo dau

Trong nhitng ndm gan ddy, qua trinh oxy
hoa khtt nang cao da dugc chitng minh la moét
trong nhitng phuong phap hiéu qua, kinh t& cao va
c6 kha nang xt Iy ngudn nudc 6 nhiém hop chat
httu co tét [1, 2]. Ban chat ctia qud trinh oxy hda
khtr nang cao la tao ra goc tu do -OH, mdt san pham
trung gian, c6 hoat tinh oxy hoa rat cao (Eo=2,8 V),
chi sau flo (Eo = 3,05 V) [1]. G6c ty do hydoxy duoc
tao ra bdi cac tac nhan H202, Os, H20, v.v. dwdi tac
dung cua tia UV hoac UV/xtc tac ran [1-3]. Vat liéu
xuc tac ran thong thueong dwoc st dung la cac hop
chét ctia kim loai chuyén tiép nhw oxit, hydroxit,
sunfua, v.v. Trong d6, qua trinh phan ttng oxy hoa
khtr ndng cao trén chat xtc tac di thé van chua
duocnghién cttu day du. S6 lwgng cong trinh duoc
cong bs vé hé xtic tac UV/H20z/xtic tac ran van con
rat khiém ton, tiéu biéu la hé UV/H202/ZnO xtc
tac qua trinh xit ly nudc thai ctia nganh cong
UV/H20/TiO2  va
UV/H202/TiO2+Zeolit dwegc cac tac gia nghién cttu

nghiép sita [4], hodc

xuc tac cho quad trinh phan hay cac chat mau trong
nudce thai ri duong va nudc thai chira chat mau azo

trong san pham thwong mai [5, 6].

Vit liéu nano dat hiém st dung trong xtc tac
oxy khtt nang cao con rét it dwoc nghién ctru, ddc
biét la vat liéu nano chita oxy ctia gadolini. Cac
cong trinh nghién ctru vé nano ctia gadolini hau hét
déu cho thay kha ning tng dung trong linh vuc
tuong phan quang cta ky thuat chup cong huong
tie (MRI) [7, 8]. Nghién cttu cta Liu va cs. [9] la
cong trinh hiém hoi dwoc cong bd vé tinh chat xuc
tac ctia vat liéu nano chita oxy ctia gadolini. Trong
cong trinh nay, cac nha nghién ctu da diéu ché
thanh cong Gd(OH)s dang thanh nano v6i  duong
kinh 10-30 nm va chiéu dai 16n hon 450 nm, hap
thu anh sang ¢ vung tr ngoai gan (300-400 nm).
Nhom tac gia nghién cttu tinh chét xtc tac quang
cua vat liéu nay khi méi diéu ché va sau khi tai st
dung trong hé chita Congo d6 (CR) dwdi tac dung
cua tia UV. Két qua cho thay hoat tinh xtic tac hau

nhu it thay d6i sau nhiéu lan tai st dung va ham
lwong ctia CR d06 bi phan hiy dat trén 85% sau 200
phut phan ting.

b6i tuong nghién cttu hoat tinh xtc tac
quang phan hty thong thuwong la cac hop chét chira
vong thom hodc di vong, hop chat mau azo hodc
cac hop chat hitu co gay 6 nhiém ngudn nuée [10-
12]. Pay la nhitng chét hitu co gay 6 nhiém, kho
phan huy va c6 doc tinh cao xuat hién ngay cang
nhiéu trong qua trinh san xuat cong nghiép cling
nhu cac hoat dong kinh t& — x& hoi; ching da va
dang gay ra nhiing hé luy ndng né vé moi truong.
Trong d6, hop chat mau azo duoc st dung lam
thu6c nhudm trong cong nghiép dét may — si phat
trién ctia nganh dét may kéo theo qud trinh xa thai
cac chat nhuém gay 6 nhiém mdi treong. Vi vay,
viéc xtt 1y cac hop chét hitu co ndi chung va chét
mau azo trong nudc thai duoc quan tdm nhiéu,
trong d6 CR duwgc nhiéu tac gia chon lam ddi twong
nghién cttu trong cac nghién ctru sy phan huy cua

chat mau azo [9, 13].

Trong nghién ctu nay, vat liéu nano
Gd(OH)s dang thanh dugc tong hop bang phuirong
phép polyol. Cac déc trung cdu tric va hinh thai
ctia san phadm Gd(OH)s duoc nghién ctru bang cac
ky thuat hién dai nhu XRD, SEM, TEM va EDX.
Pong thoi, hoat tinh xtc tac quang oxy hoa khi
nang cao di thé cua hé UV/Gd(OH)s va
UV/H202/Gd(OH)s cling dwoc nghién cttu trong
phan tng phan hay CR.

2 Phuong phap

2.1 Hoéa chat va thiét bi

Tat ca hda chat dugc st dung trong nghién
ctu nay déu cd do tinh khiét cao: gadolini clorua
hydrat (GdCl»:xH20, 99,9%) dwoc mua tir hang
Sigma; natri hydroxit (NaOH, 99,99%), trietylen
glycol (TEG) (HO(CH2)20(CH2)20(CH2)20H, 99%),
hydro peoxit (H20z, 30%) mua ttt hang Merck, CR
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mua ttr Hangzhou Chungyo, Trung Qudc; nudc cat

hai Ian duoc chung cét tir phong thi nghiém.

2.2 Téng hgp vat liéu nano Gd(OH)s

Cho 2,5 mmol GdCls-xH20 vao 20 mL TEG
trong binh cau day tron. Hon hop dwoc khudy tir &
nhiét d6 phong trong vong 12 gio tao thanh hon
hop dong nhét. Thém 300 mL nudc cdt dong thoi
khudy tt, téng nhiét d¢ va gitt 6n dinh ¢ 70 °C. Tiép
theo, thém ttr tir 50 mL dung dich NaOH 1,5 M da
duoc gia nhiét ¢ nhiét d6 dn dinh 70 °C vao hon
hop phan tng; hdn hop phéan ting tré nén duc; tiép
tuc khudy ttr & 70 °C trong 3 gio cho phan tng xay
ra hoan toan; xuét hién két tta trang duc. Lam lanh
hén hop phan tmg vé nhiét d6 phong; loc 1dy két
tlia; rira nhidu [an bang nudce cat va etanol; say kho
san pham trong binh hut &m 6-7 ngay. San pham
cudi cing c6 dang bot, mau trang duc.

2.3 Khao sat hoat tinh xtc tac quang

Hé phan ting gom may khudy tit, binh tam
giac va quat thong gid; phia trén la den UV (18 W,
365 nm, Phillip), dwoc dat trong thung carton cé
chiéu cao 55 cm, dai 75 cm va sau 30 cm, khoét ctra
0 phia trede. Khoang cach tir den UV dén bé mat
dung dich la 25 cm. Nhiét d6 phan ¢ng dwoc git
&n dinh ¢ 25 °C nho quat thong gié duoc gan & gdc
trén ctia thung carton.

Thi nghiém 1: Can 50 mg nano Gd(OH)s cho
vao 4 binh tam giac chiza 100 mL dung dich CR 5,
10, 15 va 20 ppm; khuay tir 30 phit d€ can bang qué
trinh hdp phu phdm nhudm vao vat liéu; sau do6
chigu UV va bét dau tinh thoi gian phan ting. Sau
mdi khoang thoi gian xac dinh, 1dy 5 mL mdi dung
dich, ly tam, loc bo chat xuc tac, do dd hdp thu va
quét budc séng cuc dai bang may quang phd.

Thi nghiém 2: Lap lai thi nghiém 1 véi hé xtc
tac cho phan ting bao gom 50 mg nano Gd(OH)s, 5
mL H20:, chiéu UV va sau méi khoang thoi gian
xac dinh 1dy 5 mL mau, ly tam, loc bo chat xuc tac,
do d6 hdp thu va quét budc séng cuc dai bang méy
quang pho.
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3 K&t qua va thao luan

Gian d6 nhiéu xa tia X ctia vat liéu Gd(OH)s
duoc trinh bay trén Hinh 1. Gian d6 XRD cho thay
cac pic cuong do manh dac trung ctaa vat liéu
Gd(OH)s ¢6 vi tri twong dong o cac toa dd trén truc
20. Céc pic xuét hién trong khoang gdc Bragg khao
sat 20 tir 10 dén 70° twong tng voi cac mat phang
(100), (110), (101), (200), (201), (211), (300), (112) va
(131), déc trung trong mang lwdi sau phuong cua
tinh thé Gd(OH)s. Nhu vay, vat liéu nay két tinh
theo kiéu mang luéi tinh thé va thudéc nhém d6i
xtng P63/m(176) véi cac thong s6 mang ludi vé
kich thwdca=b=6,33 A; c=3,63 A; va thong s6 goc
a=p=90° vy =120° So sanh két qua thuc nghiém
cua gian d6 XRD cho gia tri phu v6i v6i cac di liéu
ddc trung chuan trong thuw vién cua tinh thé
Gd(OH)s (JCPDS No, 01-083- 2037). Gian d6 XRD
cing cho thdy, ngoai cac pic dédc trung cua
Gd(OH)s, khong con pic cta cac pha tinh thé khac,
ching to vat liéu diéu ché c6 cdu truc tinh thé don
pha dong nhat, tinh khiét. Cac pic r6, dam va co
cuong d6 16n ching to vat liéu ¢ do két tinh cao.

Thanh phan nguyén t§ cé trong mau
Gd(OH)s, phan tich bang phuong phap phd tén xa
tia X (EDS), dwoc trinh bay trén Hinh 2 va Bang 1.

Hinh 2 cho thay sw xudt hién cua hai nguyén
td chinh 14 O va Gd. Bén canh d6 con c¢6 C va Cu,
dwoc cho la do sw ¢é mat cua TEG va dién cuc do
lam bang dong. Thanh phan cic nguyén t6 trong
Bang 1 cho thay chu yéu la nguyén t6 O va Gd, voi
ti 1é nguyén tit O/Gd ~ 2,5.

(101)

(100)

C- éng @& (cps)

10 20 30 40 50 60 70
2 Theta (&%)
Hinh 1. Gian d6 XRD ctia Gd(OH)s
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Hinh 2. Phé EDX cua thanh nano Gd(OH)s

Béng 1. Thanh phan cac nguyeén t3 trong mau Gd(OH)s

phan tich bang EDS
Nguyén t6 % khoilugng % nguyén ti
C 3,39 14,23
@) 19,30 60,65
Cu 0,86 0,67
Gd 74,45 24,45
Tong 100,00 100

Hinh théi vat liéu dic trung bang SEM va
TEM duoc trinh bay trén Hinh 3 va Hinh 4.

Két qua SEM ¢ do phan giai thap va cao cho
thay vat liéu thu duoc c6 dang thanh (thanh nano)
véi kich thuwdc trung binh khoang 20 x 200 nm,
dbéng nhét va phan tan tét. Trong khi d6, anh TEM
cho thay rd cac thanh nano ¢é d¢ phén tan cao, va
kich thudc dong déu. O d6 phan giai giai cao, anh
TEM cho thdy trén thanh nano cé nhiéu 15, chiing
to vat liéu c6 dd xdp cao, sé rat thuan loi cho viéc
khuéch tan cac phan tir phan Gng téi cac tam xdc
tac [14].

Hinh 3. Anh SEM vdi d6 phan giai khac nhau ctia mau
Gd(OH)s

Hinh 4. Anh TEM véi d6 phan giai khéc nhau ctia mau
Gd(OH)s



Tap chi Khoa hoc Pai hoc Hué: Khoa hoc Tw nhién pISSN 1859-1388
Tap 130, S6 14, 5-12,2021 eISSN 2615-9678

2.0

Khao sat tinh chat xuc tic quang caa thanh nano
Gd(OH)s

Phé hép thu cua dung dich CR duoc trinh

1.6 494,5 nm

bay trén Hinh 5. =2 3425 nm
=)
Ph6 héap thu ctia CR ¢6 ba cuc dai tai céc 2 0.8
©
budc song 236,5, 342,5 va 494,5 nm. Trong d6, dinh @ oa
0 budce séng 494,5 nm ¢6 cuong do hap thu manh
nhét nén dwoc chon lam budc séng dé€ khao sat do 0.0 1
hép thu quang ctia dung dich phan ting phan huy A (nmy)
CR trong céc thi nghi¢m. Hinh 5. Phd hap thu ctia Congo do

Két qua do pho hap thu cuc dai ctia dung
dich phan ttng sau cac thoi gian phan tng khac Keét qua tir Hinh 6 cho thay cuong do pho
nhau d6i v6i thi nghiém 1 (hé xtc tac UV/Gd(OH)s)
0 cac dung dich phan tng ¢6 néng d¢ CR ban dau
lan luot 1a 5, 10, 15 va 20 ppm duoc trinh bay trén
Hinh 6.

hap thu tai budc song cuc dai ddc trung cho CR
giam dan theo thoi gian phan tng ¢ tat ca cac nong
d6. biéu nay cho thdy s ¢c6 mat ciia CR trong dung
dich giam dan va sau mot khoang thoi gian phan
tng nhét dinh cac pic dac trung cho CR bién mat,
ching t6 CR da bi phan huly gan nhu hoan toan.
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Hinh 6. Phd hédp thu dung dich ¢ cac nong d6 CR khac nhau theo thoi gian phan ting cta hé xtic tac UV/Gd(OH)s: (a)
5 ppm, (b) 10 ppm, (c) 15 ppm va (d) 20 ppm
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Hinh 7 cho thay rang, khi ting nong d6 ctia
CR thi thoi gian két thic phan tng cing tang 1én
ttr 125 phut ddi v6i dung dich 5 ppm, 200, 350 va
500 phut twong ting véi cac dung dich c6 nong do
10, 15 va 20 ppm. Thoi gian két thuc phan tng va
mtrc d¢ phan huy duwoc trinh bay trén Hinh 7 va
Bang 2. S§ liéu cho thay sy phan hay CR xay ra hau
nhu hoan toan; mttc d6 phéan huy thdp nhat 98,60%
d6i voi dung dich c6 nong do dau 20 ppm, va cao
nhat dat 99,84% d6i voi dung dich 5 ppm.

Két qua phd hép thu tai budc song cuc dai
cta thi nghiém 2 (hé xtc tac UV/H20:/Gd(OH)3)
duoc trinh bay trén Hinh 8.

Két qua pho hap phu cho thay cuong d6 pic
cuc dai ¢ 494,5 nm giam dan ¢ tat ca cac nong do
khao sat (Hinh 8) va tdc d6 phan hay cua CR thay
déi theo thoi gian va nong do ban dau cta chat
mau CR. Cu thé, sau 20 phut chiéu UV, mtc d
phéan huy ctia CR khoang gan 80% d6i véi dung
dich 5 ppm, khoang 70% d6i v6i dung dich 10 ppm,
55% d61 voi dung dich 15 ppm va khoang 50% d6i
v6i dung dich 20 ppm. T6c d6 phan htty CR sau d6
giam dan khi d6 phan huy gan dat dén 100% (Hinh
9). Mitc d6 phan huy ctia CR duoc trinh bay 6 Bang
3.

0
0 50 100 150 200 250 300 350 400 450 500
Thei gian (phut)

Hinh 7. D6 thi phan hty CR cta hé xtc tac
UV/Gd(OH)s theo thoi gian

Bang 2. Mtic d¢ va thoi gian phan hay CR

Nong d6 (ppm)
5 10 15 20
tmax (phuit) 125 200 350 500
% phanhuay 99,84 98,70 99,26 98,60

10

20

1.84
1.6

m 1.4

c

g 124 5 ppm

o
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Hinh 8. Phé hép thu UV-vis ctia cac dung dich CR véi
cac nong d6 khac nhau theo thoi gian phan ting cua hé
xuc tdc UV/H202/Gd(OH)s: (a) 5 ppm, (b) 10 ppm, (c) 15
ppm va (d) 20 ppm
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Sau thoi gian chiéu UV 50, 90, 140 va 190
phut twong tng véi cac dung dich ¢ néng d6 5, 10,
15 va 20 ppm, muttc d6 phan hay ctia CR hau nhuw

la hoan toan.

Sau thoi gian trén khong thdy co su thay doi
ceong do pho hap thu va day duoc coi la thoi gian
két thic phan ting phan hay CR. Mttc d phan hay
cua CR trong céc thi nghiém trén la rat cao, déu dat

khoang 99% d6i voi tat ca cac thi nghiém.

Nhuw vay, sit ¢ mét cua H202 trong hé xtac
tac da lam tang tdc d phan tng lén dang ké o tat
ca cac thi nghiém. Két qua nay la do su gia tang
dang ké su goc hydoxy trong dung dich phan ting
khi c6 mat ctia H202 va dudi tac dong cta tia UV.
biéu nay da duoc chiing minh trong cac trong cac

cong bs trudce day.

Tém lai, hé xac tic UV/GA(OH)s va
UV/H202/Gd(OH)s ¢6 kha ndng phan huy CR rat
cao va triét dé trong thoi gian ngan. Két qua thi
nghiém c6 thé goi mé hudéng ting dung trong xtt ly
nudce thai dét nhuém o cac khu cdng nghiép noi

riéng va x& ly nuedc 6 nhiém hitu co néi chung.

1004

804

—_
s 60 —s—5ppm
E —a—10 ppm

—+—15 ppm
—v— 20 ppm

40 4

2 R=100.(C,-C)/C,

T T T T

T T T T T T
80 100 120 140 160 180 200

Thei gian (phat)

Hinh 9. D5 thi phan htuy CR cta hé xtc tac UV/
H202/Gd(OH)s theo thoi gian

Bang 3. Mtic do va thoi gian phan hay CR

Nong do (ppm)
5 10 15 20
fmax (phttt) 50 90 140 190

% phanhuy 99,10 99,00 99,03 98,82
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4  Kétluan

Trong nghién ctru nay chung t6i da tong hop
thanh cong vat liéu nano Gd(OH)s dang thanh
béng phuong phép polyol véi chat hoat dong bé
mat la trietylen glycol trong nude. Vat liéu nano
Gd(OH)s c6 dang thanh va kich thwdc cd 20 x 200
nm, tinh khiét, d6ng déu va phan tan t6t. Nghién
ctru nay cing cho thay kha ning xtc tac di thé cua
hé chita nano Gd(OH)s diéu ché duoc va dung dich
hydro peoxit trong niéc bang phan ting phan huy
Congo dé. Vat liéu Gd(OH)s diéu ch& bang phurong
phap polyol c6 hoat tinh xtc tac t6t.
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triéen khoa hoc va cong nghé Qudc gia
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