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Tong hop va nghién ctru tinh chit ciia composite PbO,-5n0,
trén nén thép khong gi
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Tom tit:

Composite PbO,-SnO, duge tong hop thanh cong bing phwong phap quét thé tuin hoan (CV) trén nén thép khong
gi (SS) trong dung dich Pb(NO,), 0,5 M; HNO, 0,1 M; Cu(NO,), 0,05 M; C,HO, 0,1 M va SnO, véi ,hz‘lm lwgng t'fr
500 dén 2500 mg/l. Khi ham lwgng SnO, trong dung dich 12 1500 mg/l, vét li¢u composite c¢é tinh chat di¢n hoa tot
nhat. Cau tric hinh thai hoc bé mét va thanh phan cac nguyén to cé trong composite dwgc nghién ciru thong qua cac
phuong phap kinh hién vi dién tir quét (SEM), nhiéu xa tia X (XRD) va tin xa ning luweng tia X (EDX). Dic tinh dién
hoa cia di¢n cwe SS/PbO,-SnO, dwge nghién ciru trong dung dich H,SO, 0,5 M bang phwong phap CV va phép do
dwong cong phan cuc I-E. Dién cuc composite nay dwoc sir dung lam anot cho qua trinh xir ly metyl da cam (MO) &
diéu kién phu hop véi thoi gian xir Iy khac nhau. Hi¢u suét ciia qua trinh xir Iy MO cao, dat trén 90% sau 30 phut.
Pong hoc ciia qua trinh xir Iy MO tuén theo mé hinh dong hoc ciia phan &ng béc 1 v6i dd tuyén tinh R=0,9736.

Twr khéa: composite PbO,-SnO,, tinh chit dién héa, xir Iy metyl da cam.
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Abstract:

A PbO,-SnO, composite was successfully synthesised by cyclic voltammetry (CV) on stainless steel (SS) substrate
in an electrolyte containing 0.5 M Pb(NO,),, 0.1 M HNO,, 0.05 M Cu(NO,),, 0.1 M C,HO,, and SnO, with
concentrations ranging from 500 to 2500 mg/l. This composite exhibited the best electrochemical properties when
the SnO, concentration in the solution was 1500 mg/l. The surface morphology and elemental composition of the
composite were determined by scanning electron microscopy (SEM), X-ray diffraction (XRD), and energy-dispersive
X-ray spectroscopy (EDX). The electrochemical properties of the SS/PbO,-SnO, electrode were investigated in 0.5
M H,SO, using CV and potentiodynamic polarisation I-E methods. The obtained SS/PbO,-SnO, composite electrode
was used as an anode for the electrochemical removal of methyl orange (MO) from aqueous solution under suitable
conditions with different treatment times. The removal efficiency of MO was high, exceeding 90% after 30 minutes

of treatment. The kinetics of MO removal followed a first-order reaction model with a linearity of R*>=0.9736.
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1. Dédt van de

Su phat trién ciia khoa hoc va cong nghé ngay cang tao
ra nhiéu loai thudc nhuém méi véi cac wu diém ndi bat
nhu: d6 bén mau cao, mau sic da dang va dé nhudém trén
nhiéu loai vat liéu. Tuy nhién, viéc xu 1y thude nhudm du
thira trong qua trinh san xuat trude khi thai ra méi truong 1a
mot van dé can dugce cha trong hién nay. Néu thube nhudom
khong dugce xu 1y trudce khi thai ra ngoai moi truong, s€ gay
anh huong nghiém trong dén hé sinh thai, doi séng cua cac
loai thuy sinh va sttc khoe con nguoi [1, 2].

Mot trong cadc nhom thubc nhuom quan trong va dugc su
dung phd bién hién nay 1a thuéc nhuém chira nhom mang
mau azo (-N=N-), nhém thubc nhudém nay dugc su dung tir
lau va chiém t&i gan 50% tong san luong thude nhudm hién
nay [3, 4]. Trong nhom thudc nhudém azo thi metyl da cam
(MO) 1a mot loai thuéc nhuom dién hinh, chat nay dé hoa
tan trong nude va kho xur 1y bang phuong phap sinh hoc [5,
6]. Vi vay, viéc nghién ctru dé tim ra phuong phap xir Iy MO
phu hop 1a rat can thiét. Hién nay, c6 nhiéu phuong phap
dé xtr 1y thudc nhuém trong nude thai nhu phwong phap
dién hoa, quang hoa, hip phy, xtr 1y vi sinh [5-9]. Trong do,
phuong phap dién hoa c6 nhiéu vu diém nhu xir Iy duge &
nhiét d6 va ap sudt thuong, hiéu qua xtr 1y cao va khong tao
ra chét thai thir cép. Vit liéu anot 1a mdt yéu td quan trong
anh huong 16n dén kha nang xtr Iy MO ciing nhu cac chat
hltu co ddc hai trong nudc thai. bé dat dugc hiéu qua xu ly
cao thi vat liéu anot phai tro, kich thudc 6n dinh, dan dién
t6t, c6 hoat tinh xuc tac dién hoa va qua thé thoat oxy cao
[10].

Chj dioxit (Psz) 1a mot oxit dién hinh c6 kha nang dan
dién tot, co6 qua the thoat oxy cao, chiu dugc hoa chat vi vay
ma PbO, thuong dugc s dung 12‘1}11 vat li€u anot trong cac
qua trinh xtr Iy dién hoa [11]. B¢ tang hoat tinh di¢n hoa
va do bén cua PbO,, phiéu nghién ctru da pha tap thém cac
oxit kim loai khac d€ tao thanh cac composite nhu: Co,O,
-PbO, [12], PbO,-TiO, [13], PbO,-AgO [14], PbO,-Mn,O,
[15], PbO,-SnO, [16, 17]...

W. Wang va cs (2020) [16] dd nghién ctu tong hop
composite PbO,-SnO, bang phuong phap dién phan dong
khong doi tai mat do dong 20 mA/cm*. Composite PbO,-
SnO, sau khi tong hgp dugc st dung lam anot xﬁg tac cho
qué trinh oxy hod m-nitrophenol. Két qua cho thay, su co
mdt ctia SnO, trong composit,e d3 tang qua thé thoat oxy,
cdi thién dugc qua trinh tao goc hydroxyl va tang kha nang
xuc tac [16]. Nghién ciru trong tu ciing tong hop composite
PbO,-Sn0O, bang phwong phap dién phan dong khong ddi va
su dung composite lam anot xtc tac cho qua trinh phan huy
3-chlorophenol [17]. Trong nghién ciru nay, cac tac gia tién
hanh tong hop composite PbO,-Sn0O, bang phwong phap
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quét thé tuan hoan trén nén thép khong gi, nghién ciru tinh
chat ctia composite va tmg dung composite nay lam anot
cho qua trinh xtr [y MO bang phuong phap dién hoa.

2. Hoa chat va phuong phap nghién ciiu, téng hop
2.1. Héa chit

Str dung cac hoa chét tinh khiét dung trong phan tich:
HNO, (65-68%), Cu(NO,), (>99%), NaOH (>96%), MO
(>99%), C,H,0, (99%) cua hang Xilong (Trung Quoc) va
bot nano S’onO2 (10-20 nm) (>99%) cua hang Dongguan
(Trung Quoc) va Pb(NO,), (99,5%) cua hing Merck (D).

2.2. Tong hop vit liéu composite PbO,-SnO0, trén nén
thép khong gi

Composite PbO,-SnO, dugc tong hop trén nén thép
khong gi da dugc danh bong bang gidy nham, xu ly lam
sach trong dung, dich KzCr‘zO7 + H,SO, (98%) va loai bo
hoan toan tap chat con lai bang phuong phap dién hoa trong
dung dich NaOH 60 g/l véi téc do quét 200 mV/s trong 5
chu ky tir -700 dén 500 mV. Sau d6, composite PbO,-SnO,
duogc tong hop bang phuong phap quét thé tuan hoan véi toc
d6 quét 50 mV/s, 300 chu ky trong khoang dién thé tir 1200
dén 1700 mV. Thanh phan dung dich tong hop: Pb(NO,),
0,5 M; HNO, 0,1 M; Cu(NO,), 0,05 M, C,HO, 0,1 M va
nano SnO, v6i ham lugng tir 500 dén 2500 mg/l. Phuong
phap tong hop va cac thong so trong thi nghiém dugc lya
chon dya theo két qua nghién ctru da dugc cong bd trude
day cua chiing t6i [9, 18].

2.3. Nghién civu tinh chit vit liéu

Phuong phap SEM duogc st dung dé nghién ctru hinh
thai hoc ctia composite, nhiéu xa tia X (XRD) va EDX dugc
st dung dé nghién ciru ciu trac va thanh phan cac nguyén
tb trong composite.

Tinh chét dién hoa ciia composite dugc nghién ciru trén
thiét bi IM6 ciia hiang Zahner Elektrik (Dirc) st dung hé 3
dién cyc: dién cyc dbi (Pt tim), dién cuc so sanh (Ag/AgCl,
KCl bao hoa), dién cuc nghién ctru la SS/PbO,-Sn0O,,.

2.4. Nghién cvwu xiwr ly metyl da cam

Metyl da cam duoc xir Iy bang phwong phap dién hoa
trén hé 3 dién cuc: tdm Pt 1a dién cyc d6i, Ag/AgCl, KCI
la qién cuc so sanh va SS/PbO,-Sn0O, 1a diép cuc lam viéc.
biéu kién xu ly MO tuong tu nhu cong bo trudc day cua
nhém nghién ctru [9]: ndng d6 MO 50 mg/l, pH dung dich 1a
6, mat d6 dong dién 1,75 mA/cm? véi thoi gian tir 10 dén 60
phut. Dung dich MO sau khi xir Iy dugc phan tich UV-Vis
trén thiét bi Perkin Elmer Lambda 35 (M¥) dé xac dinh hiéu
suét xir Iy. Hiéu suét qua trinh xtr Iy MO duoc xéac dinh theo
phuong trinh sau:
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(Co-Ct)

x 1
Ca 100 (1)

H=
trong do: C, la ndng d6 MO ban dau, C la ndéng d6 MO tai
thoi gian xu 1y t.

3. Két qua va ban luan

3.1. Nghién civu tinh chit dién héa ciia composite
PbO -SnO0,
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Hinh 1. Phé quét thé tuin hoan cua dién cwe SS/PbO,-SnO, trong
dung dich H,SO, 0,5 M khi thay dbéi ham lwong Sno,,.

Trén hinh 1 1a két qua phd quét thé tuan hoan cua dién
cuc SS/PbO,-Sn0O, trong dung dich H,SO, 0,5 M tai chu ky
30 voi toc do quét the 100 mV/s ¢ khoang thé tir 800 dén
1800 mV. Quan sat hinh 1 thdy dugc hai peak oxy hoa tai
1650 va 1760 mV la cﬁ? dang a va B-PbO,, peak khir tai
1190 mV cua B-PbO, \fé PbSO, [16, 17]. Khi ham lugng
SnO, trong dung dich tong hop tang tu 500 [én 1500 mg/l,
thi chiu cao peak oxy hoa va peak khu déu tang (twong ung
tur 50,07 1én 74,49 mA/cm? va tir 93,42 1én 134,75 mA/cm?),
nhu vay, hoat tinh dién hoa cua dién cuc da tang theo ham
luong SnO,. Tuy nhién, khi tiép tuc tang ham luqng‘ SnO,
1én 2500 mg/1, thi hoat tinh dién hoa lai giam, do chiéu cao
peak oxy hoa va peak khir déu giam (twong tmg tir 74,49
xudng 57,61 mA/cm?va tir 134,75 xudng 104,88 mA/cm?).
Nguyén nhén la do SnO, trong dung dich di lam thay doi
cau triic cua PbO, lam cho cau trac tinh thé x0p hon nén
tang dién tich lam vi¢c. Tuy nhi€n, khi ham lugng SnO,
trong dung dich 16n hon 1500 mg/1, thi d¢ dan dién giam do
SnO, la chét ban dan kém dan dién. Nhu vay, voi ham lugng
SnO, trong dung dich la 1500 mg/I thi vat li¢u composite
PbO,-SnO, ¢6 hoat tinh di¢n hoa tot nhat. Duong cong phéan
cuc I-E dang logarit cta di¢n cuc SS/PbO,-SnO, trong dung
dich H,SO, 0,5 M véi ham lugong SnO, khac nhau duoc thé
hién ¢ hinh 2.
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Hinh 2. Bwong cong phéan cwec I-E dang logarit cua dién cwc
S§S/PbO,-Sn0O, trong dung dich H,SO, 0,5 M véi ham Iwong SnO,
khac nhau khi tdng hop vat liéu composite.

Bang 1. Cac théng sé dong hoc méat dé dong trao déi i va dién thé
E, xac dinh dworc tiv hinh 2.

Ham luwgng SnO, (mg/l) i, (nA/em?) E (mV)
500 60,51+0,05 124949
1000 64,05+0,02 126248
1500 65,12+0,04 1251+8
2000 63,69+0,06 124945
2500 59,45+0,03 1262+8

Két qua bang 1 cho thay, khi ham lugng SnO, trong dung
dich tong hgp tang tir 500 [én 1500 mg/1 thi i_ tang tir 60,51
1én 65,12 pA/cm?, chitng to hoat tinh dién hoa ting. Nhung
khi tiép tuc tang lugng SnO, 1én 2500 mg/l thi i lai giam tir
65,12 xuéng 59,45 pA/cm?’. Nhur vay, ham lugng SnO, 1500
mg/l 1 phu hop nhat dé tong hop composite. Két qua nay
phu hop véi két qua khao sat pho quét thé tudn hoan & trén.

3.2. Nghién civu cdu triic hinh thdi hoc ciia composite
PbO,-Sn0,
3.2.1. Gian do nhiéu xa tia X
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Hinh 3. Gian d6 nhiéu xa tia X cia composite PbO,-Sn0,.
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Két qua hinh 3 cho thy, xuat hién rd cac peak dic trung
cho dang thu hinh B-PbO, tai cac goc 26, khoang 25,5°; 32°;
36,5°% 49,5° 52,5° 54,5° 61,5° 62,5° va 67,5°. Tuy nhién,
mdt sé peak dic trung cho dang thu hinh a-PbO, tai cac goc
20 g?m 28,5° 32,5°; 48° khong ro rang va khong quan sat
théy su xuét hién céc peak ddc trung cua SnO,, diéu nay la
do SnO, c6 kich thuéc rt nho (10-20 nm) va luong it nén
khong tao duoc cac dinh nhiéu xa rd rang [16].

3.2.2. Phé tan xa ndng heong tia X
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O =
on A

2000 -
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keV
Hinh 4. Phé tan xa ning lwong tia X clia composite PbO,-Sn0,.

Trén hinh 4 thé hién phé tan xa nang luong tia X cla vat
li¢u composite PbO,-SnO,. Két qua cho thy rd cac peak
dac trung cho Pb, O, Sn [17]. Diéu nay chung to su c6 mat

¥

SEl  SkV4E WD1Imim 8822

ITT- VKTND v F

K Rl
X8,000 . Zpnw =
g 5 (a1

Hinh 5. Anh kinh hién vi dién ttr quét ciia composite PbO,-SnO,.
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cua SnO, trong composite. Nhu vay, co thé khéng dinh da
tong hop thanh coéng vat liéu composite PbO,-Sn0O, bang
phuong phap quét CV.

3.2.3. Anh kinh hién vi dién tir quét

Anh SEM cua composite PbO,-SnO, duge thé hién trén
hinh 5. Trong hinh thay xuat hién cic tinh thé 16n hinh tt
dién (B-PbO,) xen k& véi céc tinh thé nhé (a-PbO,), nhu
vay, vat lieu PbO, téng hop duoc tdn tai & ca hai dang thu
hinh [16, 17]. Trén bé mat tinh thé va phan tiép giap gitra
céc tinh thé PbO, xuét hién céc hat tinh thé nhé 1a SnO,.

3.3. Nghién ciru xii ly metyl da cam bcing phwong phap

di¢n héa s dung anot composite PbO,-Sn0,

Dung dich MO ban dau c¢6 néng do 50 mg/l duge xir
ly bang phuong phap dong khong ddi trén dién cuc anot
PbO,-SnO, v6i mat do dong 1,75 mA/cm’ trong diéu kién
pH=6 (hinh 6). Két qua cho thdy, ¢ giai doan du cta qua
trinh xtr Iy (30 phut dau tién) hiéu suét xu 1y ting nhanh va
dat khoang 90%, dong thoi nong d6 MO trong dung dich
cling giam nhanh xudng con dudi 5 mg/l. Sau 30 phut xur
ly, hiéu suat xir Iy ting cham va gan nhu khong ddi sau thoi
gian 50 phut, ndng d6 MO trong dung dich ciing giam chdm
va dat dudi 1 mg/l sau 50 phat. Diéu nay co thé giai thich

nhu sau: ¢ giai doan dau cta qua trinh xtr 1y, lugng MO

x5,000°" /5pm

Di3mm : 5522
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Hinh 6. Hiéu suét va néng dé metyl da cam con lai theo th&i gian
X ly (i=1,75 mA/cm?, C_=50 mg/l, pH6).
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Tir két qua thu dugc cia do thi In (C/C) theo thoi gian
(hinh 7A) va db thi (theo thoi gian (hinh 7B), ¢ thé xac
dinh duoc hing s6 tbc do phan ung va gia tri R2. Két qua
cho thy, d6 tuyén tinh theo phan tng bac 1 kha cao (dat
0,9736), trong khi theo phan tng bac 2 thi thdp (chi dat
0,6383). Do vay, dong hoc cua qua trinh xur [y MO tuan theo
dong hoc cua phan ung bac 1 1a phu hop.

4. Két luan

Composite PbO,-SnO, dugc tong hop thanh cong trén
nén thép khong gi bang phuong phap CV. Két qua cho thiy,
PbO, ton tai & ca hai dang thu hinh o va p xen k& nhau.
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Hinh 7. D4 thi In (C_/C) (A) va db thj L- L (B) theo th&i gian xt Iy MO trén dién cwc SS/PbO,-SnO,.

¢ c

trong dung dich nhiéu nén kha ning oxy hoa dé phan hay
MO cao, vi vdy, hiéu suat xir Iy ciing ting nhanh nhung sau
mot thoi gian xu 1y thi lugng MO con lai trong dung dich
rat it, nén khi ting thoi gian xir 1y thi hiéu sudt xir 1y ciing
khong tang nhiéu, vi lac nay chi yéu xay ra qué trinh dién
phéan nudc.

DPong hoc qué trinh phan hity mot chét hitu co n6i chung
c6 thé theo dong hoc cua phan tng bac 1 (Phuong trinh 2)
[19-21] hoac dong hoc cua phan Gng bac 2 (Phuong trinh
3) [21].

In [%] = kt )

G- o) =kt 3

trong do: C (mg/l) 1a ndng do chit hitu co ban dau va C,
(mg/1) 1a ndng d6 chat hitu co sau thoi gian xir Iy t (phut); k
1a hang s6 toc do phan tng.
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Céc hat nano SnO, bam déu trén bé mét tinh thé PbO, va ¢
khe gifta céc tinh thé. Vi ham lugng SnO, 1a 1500 mg/! thi
vat lidu composite co chiéu cao peak oxy hoa khir cao nhat
va mat d§ dong trao ddi 16n nhét nén c6 hoat tinh dién hoa
tdt nhat. Vat liéu composite dugc st dung lam anot cho qua
trinh xtr Iy MO véi hiéu suit kha cao dat trén 90% sau 30
phut xt ly. BPong hoc ctia qua trinh xtr Iy MO tuan theo dong
hoc ctia phan tng bac 1 voi do tuyén tinh dat 0,9736.
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