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DPANH GIA HOAT TiNH QUANG XUC TAC CUA LaNiO; PHAN HUY
B-NAPTHOL DUOI PIEU KIEN CHIEU XA TIA UV
PHOTOCATALYTIC ACTIVITY OF LaNiO; UNDER UV LIGHT IRRADIATION

Vii Bich Thiiy, Ngé Manh Thing, Lé Minh Vién
Truong Pai hoc Bach khoa TP. Ho Chi Minh; Imvien@hcmut.edu.vn

Tém tat - Trong nghién clru nay, LaNiOs da dwoc tdng hop bang
phwong phép citrat gel. Qua dé, cac dac tinh cia LaNiO; dwoc
chi ra théng qua XRD, phan tich nhiét vi sai TG-DTA, phd hdng
ngoai FT-IR va dién tich b& mét riéng BET. Cac két qua thu duwoc
da chirng minh rang LaNiO; bat dau hinh thanh & 650°C. Hoat
tinh quang xuc tac cta LaNiO; dwgc danh gia va khao sat thong
qua sy phan huy B-naphthol dui dieu kién chieu sang UV. Cac
két qua phan tich UV-Vis da chi ra rang nong dé B-naphthol giam
dang k& sau 300 phut dm v6i tt ca cac mau LaNiO; dwoc khao
sat. Bé&n canh d6, cac mau LaNiOs da nung két & cac nhiét do
khac nhau da thé hién hoat tinh xtc tac cao dbi v&i sw phan huy
trén 50% lwong B-naphthol sau 120 phat chiéu sang.

Twr khéa - hdp phu; B-naphthol;
quang; phwong phap sol-gel.

1. Giéi thi¢u

B-naphthol 12 mot hop chit quan trong véi nhleu imng
dung rong rai trong cac nganh coéng nghiép san xuét thude
nhudém, chat mau, chat 1am tring huynh quang, thudc da,
chat khang oxi hoa va chat khir tring. Kha ning 6 nhiém
nuée boi du lugng B-naphthol va do d6 nhu cau nghién
ciru xt 1y du luwgng nay da va dang dugce quan tam [1— 4].
Xir 1y bang phwong phap sinh hoc thudng dwoc wu tién do
dugc cho la than thién voi moi truong. Tuy nhién, -
naphthol thudc nhom chat khong dé phan hity sinh hoc.
Két hop hai chung Aspergillusniger va Bacillussubtilis &
diéu kién t6i wu méi phan huy dwoc 92% mirc du luong
B-naphthol ban dau trong mau (50 mg/L) sau 10 ngay,
nhung COD chi gidm 80% [1]. Quang phén voi anh sang
mat trdi md phéng st dung dén Xenon (A > 300 nm)
phan hity dugc trén 90% lugng B-naphthol ban dau trong
mau (20 mg/L) sau ~ 8 gid nhung cong sudt dén cao téi
300W, khoang cach tir den t6i mau rat ngin ~ 5 cm[2]. O
khoang céach ngin tuong ty, chleu dén UV (A ~ 254 nm),
rt ngdn thoi gian dat hiéu sudt phan huy nay xudng con
vai phut to1 vai chuc phit, tuy thudc so dén st dung [2].
Tia gamma v6i kha nang dam xuyén vuogt trdi va phan
huy phéan tir nude thanh gde tu do hydroxyl (chat oxi hoa
manh), hydro nguyén tir va dién tir hydrat hoa (chat khir
manh) gitip dat hidu suit phan huy nay véi lidu hip thu
nang luong buc xa khong qua 3 kGy (kJ/kg) [2], song
ngudn phat tia gamma khong phd bién va phai tuan thu
cac qui dinh an toan btic xa nghiém ngat. Ozon hoa dung
dich mau, dic biét khi gia tri pH mau khao sat trong ving
kiém dé ozon it nhiéu chuyén thanh gbc tu do hydroxyl
cing cho hiéu suét phan hiy p- naphthol cao [3], song tiéu
tén nhiéu dién ning va phai giai quyét luong ozon du
thura. Xtic tdc quang duge xem la phuong phép tbi wu xur
1y tap chét hiru co trong nudc véi san pham cudi ciing ctia
qua trinh 1a khi cacbonic, nudc va cac san pham vo co.

LaNiO3; perovskite xuc tac;

Abstract - The LaNiO; particles were prepared by a citrate gel
method. The LaNiO; nanoparticles were characterized by X-Ray
diffraction (XRD), thermo-gravimetric and differential thermal
analysis (TG-DTA), Fourier transform infrared spectroscopy (FTIR),
specific surface area Sger measurements. The results
demonstrated that the single phase of LaNiO; was formed at
650°C. The photocatalytic activity of LaNiO3; was also evaluated and
investigated for the degradation of B-naphthol under the UVA
irradiation. The UV results showed that there was a significant
decrease in concentration of $-naphthol in all samples after 300 min
irradiation. All samples of LaNiO; calcined at various temperatures
exhibited high photocatalytic activity in degradation of B -naphthol
over 50% after 120 min of irradiation.
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B-naphthol,

Chat xuc tac quang phd bién nhét 1a TiO, ¢ dang thuong
phém hodc tu diéu ché, cho cac hoat tinh quang xuc tac
v6i d6i twong xir Iy — vi du B-naphthol — khac nhau [4]

Bén canh TiO,, cic oxit cau truc perovskite ABO;
(v6i A thé hién cation dat hiém, B thé hién cation kim loai
chuyén tiép), vi du nhu LaCoOs;, LaMnOj;, LaFeOs,
LaNiOs; la cac vat liéu xuc tac quang hira hen do cac dac
tinh nhu than thién véi méi truong, bén hoa hoc, ving
cAm thép hon va c6 thudc tinh tir [5-8]. Trong sé do,
LaNiOs cho thdy hoat tinh xuc tic quang trong sy phan
huy céc tap chat hiru co trong nuée dudi anh sang UV va
anh sang kha kién [9]. Zhao va cong su dd nghién ctu
hoat tinh xtic tic quang xtc tac cua LaNiO3 dé phéan hity
azo blue trong nudc, hidu suat phan hay dat 90% trong
vong 80 phut [10]. Li va cong sy [11] cling chirng minh
rang LaNiO; voi nang luong vang cam hep khoang 2,26
eV co thé hap thu anh sang kha kién dé sinh ra cac hat
mang dién va c6 thé oxi hoa metyl dacam (MO) lén t&i
gin 75% sau 5 gio phan Gmg. Tang va cong sy [12] da
diéu ché LaNiO; theo phuong phap sol-gel, san pham thu
dugc cb hoat tinh quang xtc tic cao trong ving anh sang
kha kién va dat phan huy 80% methyl da cam sau 160
phit chiéu dén UV. Tiém ning tmg dung LaNiO; lam xtc
tac quang vdi hi¢u qua cao trong ca hai viung budc song
anh sang UV va kha kién can duoc trién khai. Tuy nhién,
cac dac trung xuc tic quang cua LaNiOs ciing phu thude
dang ké vao diéu kién tong hop.

Trong bai bao nay, LaNiO; dwoc téng hop bing
phuong phap sol-gel voi axit citric la tac nhan gel hoa.
Hinh théi, cdu trac va dién tich bé mit riéng cua vat liéu
dugc danh gia théng qua SEM, XRD va BET. Anh
hudng ciia cac yéu té nhu ham luong chit xuc tac, ndng
d6 ban dau va thoi gian chiéu sang t6i phan huy 2-
napthol dugc khao sat dé danh gia hoat tinh xuc tac cia
LaNiOs trong vung anh sang UV.
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2. Thuc nghiém
2.1. Héa chiit

Lantan nitrat La(NO3)3;.6H,O (99%), Niken nitrat
Ni(NO3)2.6H20 (99%), axit citric (CeHsO7.H20) (99,9%)
va f-naphthol (CioHsO, 99,9%) la cac san phim cua
Merck, dugc su dung truc tlep khong qua tinh ché b
sung. Nudc cat dung dé pha ché cac dung dich.

2.2. Téng hop LaNiO3

Lay 60 ml nudc cit thém vao hdn hop lantan nitrat va
niken nitrat, khudy déu & 25° C trong 5 phiit. Axit chanh
dugc thém timg giot vao dung dich trén dé 1am tac chét
gel hoa, ty 1€ mol cua axit chanh va ion kim loai 1a 1.5/1,
nhiét d6 dwoc duy tri & 80°C dé hinh thanh gel. Gel thu
dugc s& dem sdy & 140°C trong 2 gid. Cudi cing, bot thd
nay s& duogc nung két & 500 °C mot gid trong didu kién
thong khi, sau d6 nghién va nung két & 650, 750, 850 va
950 °C trong 3 gio.

San pham bot LaNiOs duge phan tich nhifu xa tia X
véi may D8- Advanced Bruker X-ray diffractometer, st
dung CuK, (A = 0.1540 nm) lam ngudn birc xa. Quét goc
nhiéu xa (20) tir 20° dén 80° véi budc nhay 1a 0,020,

Dién tich bé mat riéng cua cac mau duoc do véi
phuong phap BET danh gia két qua hip phu nitotai nhiét
d6 77 K. Hinh thai va kich thudc hat cua LaNiO; dugc
danh gia thong qua hinh anh SEM.

Phan tich nhiét dugc thuc hién trén may TGA-DSC
(SETARAM Instrumentation) tir nhiét d6 phong dén 1000
°C. Phép do sir dung méi truong 1a khi O, va tée do gia
nhiét duoc cai dat 1a 10K/phut.

2.3. Hoat tinh quang xuc tdac phdn hiy f-naphthol

Hoat tinh xtc tac quang dugc danh gia thong qua phan
huy 2-napthol trong nudc (ndng do ban dau 10mg/L), st
dung dén UVP Pen-Ray Mercury c6 day budc song tu
254+365 nm. Dé giam thiéu sai s6, du tién pha dung dich
gdc co ndng d6 1000 mg/L 2-napthol trong nudc, pH ~
5,5. Mbi thi nghiém phan tan 0,50 g xuc tac trong 500 mL
dung dich 10 mg/L B-naphthol. H¢ huyén phu nay dugc
khudy lién tuc va nhiét d6 duy tri ¢ 31 + 2 °C.

Sau 1 gio khudy trong bong t6i dé dat can bang hap
phy, hé huyén phi dugc tiép tuc khudy, dong thoi dugc
chiu sang str dung dén UV néu trén. Clr sau moi khoang
thoi gian xac dinh trudc, 3 ml mau duoc hut ra, loc qua dau
loc Millipore syringe véi kich thudc 15 xdp 0,45 pm rdi
phan tich ndng d6 naphthol véi may quang phé Thermo
Scientific, Evolution 60S & budc song hap thu cuc dai 1a
224 nm.

3. Két qua va ban luin
3.1. Ddc tinh ciia vit liéu

Pudng cong phan tich nhiét cua tién chit rin sau khi
dbt chay gel duoc thé hién qua Hinh 1. Thong qua dudng
DTA c6 mét peak thu nhiét nho trong khoang nhiét do
gan 100 °C, cting véi su giam khoang 13 22 % kh01 luong
1a do su bay hoi cua nu6e con lai trong mAu rin sau qua
trinh sdy. Tiép dén 1a sy giam khdi lugng khoang 24,03 %
voi peak tod nhiét & khoang 320 °C 1a do su phan huy cia
céc nitrat trong phirc ban dau. Cubi ciing 1a hai peak toa

nhiét & 399 va 450 °C véi khéi lugng giam tong cong la
gin 26,5%, dleu ndy lan luot 1a do sy phan huy cia mudi
cacbonat va tiép dén 1a cacboxylate [13].
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Hinh 2. Phé XRD ciia LaNiO; duwoc nung ¢ cdac nhiét do lan
lwot la 600, 650, 700, 750, 800 °C trong 3h

Két qua XRD cho thdy sy twong tng voi gian dd
phan tich nhiét. LaNiOs da bat dau hinh thanh ¢ khoang
nhiét do 650°C. Khi tang nhiét do tir 650 dén 800°C, pha
LaNiO; hinh thanh véi cac peak chinh & cac vi tri 26 =
33°,40,5°, 48,5°, 59,5°, déng thoi cuong d9 cac peak
tang dan khi ting nhiét do. Két qua nay phu hop voi tai
liéu tham khao [11-13]. Tuy nhién, trong tit ca cac mau
déu xudt hién céac tap chét tai cac vi tri 20 = 37°, 44° va
46° voi cuong do thap.

Vi cdu trac cia bot LaNiOs nung & 700 °C vé6i cac
thoi gian nung duge mo ta & Hinh 3. Két qua cho thay
cic mau bot déu co dang hinh 1ap phwong véi kich thudce
hat twong d6i dong déu. Tuy nhién, khi ting thoi gian
nung, kich thuéc hat c¢6 xu huéng ting, véi mau nung
trong 1 gio, kich thuéc dat khoang 0,1 um, khi thoi gian
nung tu 5 gid hodc 7 giod kich thudc hat dat khoang 0,2
um. Su gia ting kich thudc hat lam giam dién tich bé
mit riéng cua mau. Dién tich bé mat riéng cua LaNiO3
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tong hop & 700 °C trong 5 gio va 7 gio lan luot 1a 1115
va 7,80 m?/g. Cac két qua nay kha phu hop véi két qua
cong bo boi Li va cong su [11].

Hinh 3. Vi cdu triic ciia bot LaNiOs nung 6 700 °C theo thoi
gian (a)l, (b)3, (c)5 va (d)7 gio
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Hinh 4. Hoat tinh quang cua LaNiOs (a) dd dwoc nung
tai cac nhiét do tir 600 -800°C trong 3h va (b) ¢ 700 °C trong
thoi gian 1-7h

Hinh 4(a) thé hién muc d6 suy giam ndng do PB-
naphthol trong mau véi vat liéu nung 3 gid & cac nhiét do
nung khac nhau. Hiéu suit hdp phu 1én bé mat hiu hét cac
mau dat ~ 10 = 20 % sau 60 phut. Tir khi chiéu sang voi
ngudén UV 365 nm, ndng d6 B-naphthol giam nhanh dang
ké trong khoang 60 phut dau, véi hiéu suat phan hiy ting
tir 55,93 %; 62,66 % dén 69,31 % vai cac nhiét do nung

vat liéu hap phu 600 °C, 650 °C va 700 °C. Vi vat lidu
nung & nhiét do cao hon 700°C, hiéu suit phan huy p-
naphthol giam dang ké (50,68 % véi miu nung & 800 °C).
Hiéu suét phan huy B-naphthol cua vit liéu nung & 700 °C
dat cuc dai 12 do céu tric perovskite ctia LaNiOs da dugc
hinh thanh & 700 °C. Khi nhiét ¢ nung vat liéu ting cao
hon, mitc do tinh thé héa cta vt liéu tang, song kém theo
dién tich bé mat riéng giam, kich thudc hat 16n.

Hinh 4(b) thé hién anh hudng cua thoi gian nung
vat liéu v6i nhiét d6 700 °C téi hiéu suat quang xuc tac
phan huy B-naphthol theo thoi gian. Qua trinh phan
huy B-naphthol cia cic miu giéng nhu trudng hop &
Hinh 4(a). Mau nung & nhiét d6 700 °C 5 gid cho hiéu
sudt quang phan huy B-naphthol dat cao nhat 81,6%
sau 5 gio chiéu sang, cao hon so véi mau nung ¢ 3 gio
(69,31%) va 7 gid (64,01%). Tuy céac sb liéu nay can
duoc kiém ching thém — vi du voi thiét bi HPLC — do
d6 hap thu cua miu do & budc song 224 nm c6 thé bi
san phim phan huy gdy nhiéu, song xu hudng anh
huong cua nhiét d¢ va thoi gian nung vat liéu LaNiOs;
tong hop duoc thé hién kha rd.

4. Két luan

LaNiOs da duoc diéu ché bang phuong phap citrat
gel. Két qua XRD, TGA-DTA, BET cho thiy ring
LaNiOs don pha di bat dau hinh thanh & 650 °C sau 3
gid nung két. Cac san pham LaNiOs diéu ché dugc déu
thé hién hoat tinh xtic tac quang trong ving UVA (~
365 nm) phan huy trén 50 % PB-naphthol trong nuéc
(ndng d6 dau 10 mg/L) sau 2 gid chiéu dén. Trong do,
san phdm nung & nhiét do 700 °C 5 gio cho ket qua tot
nhit. Nghién curu tiép theo hudng téi nang cap qui md
diéu ché LaNiOs ciing nhu thir nghiém khao sat hoat
tinh xtc tdc quang cua san phim thu dugc trong ving
anh sang kha kién theo thanh phan nén miu ban dau
gan v6i thanh phan miu nudc moi truong. Ngoai ra,
cling can str dung phuong phap tach chét két hop dau
do phu hop — vi du sac ky long két ndi dau do UV, khéi
phd — dé xac dinh chinh xac hon hiéu suit giam thiéu
B-naphthol trong miu ciing nhu dinh danh san pham
cua qua trinh nay.
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