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NGHIEN CCrU Cne TAO VAT LIEU COMPOZIT TREN CO S d PbOa 
LfNG DUNG LAM DIEN CLfC ANOT Bt XO" LY NU'OC THAI NHA 

MAY SAN X U A T G I A Y B A N G P H U - O N G P H A P OIEN HOA 

PHAM THI NAM, NGUYEN THU PHLrONG, BINH THI MAI THANH 

LMdBAU 
Vdt lieu tien ca sd Pb02 cd do bin an mdn cao, hoat tinh xuc tac tdt, do dan 

dien va qua thi tiioat kM oxy cao hon mdt sd dien cue tia thudng dimg khac va cd gia 
thanh hpp ly. Pb02 dugc tdng hgp len mdt sd vat lieu nen cd do ben co ly hda cao 
nhu platin, vang, titim, tantan, cacbon, tiiep khdng gi... cd kha nang img dung lam 
andt tea trong hao ve cac cdu kien kun loai va lam dien cue andt ben trong cdng 
ngMep dien phdn xii ly moi trudng [1, 2]. Do vdn di d nMlm mdi trudng do nudc 
thai cdng ngMep va nudc thai sinh hoat ngay cang nan giai, viec xir ly nudc thai cdng 
nghiep ndi chung va nudc thai cdng nghiep giiy ndi rieng Men dang thu hut su chii y 
cua nhiiu nha khoa hgc tien thi gidi ciing nhu tiong nuac. Cd nMlu phuong phap 
khac nhau di xir ly cac hgp chdt hiru co ddc hai cd trong nudc thai ciia cac nha may 
giiy nhu phuong phap sinh hgc, phuong phap vat ly, phuong phap hda hgc... nhung 
Men nay phuong phap dien hda sir dung dien cue tra nhu Pb02, Pb02-Ti02, dac biet 
la phuong phap dien hda su dung dien cue tro ket hgp vol hieu ung Fenton (Fenton 
dien hda) dang dugc quan tdm hon ca vi tinh uu viet ma nd mang lai [3]. 

Phuong phap Fenton dien hda la su ket hgp giiia hieu img Fenton va ddng dien 
chay qua hai dien cue andt va catdt. Trong phuong phap nay, ngudi ta cd the cho 
H2O2 va ion Fê ^ vdo dung dich xir ly cd mdi trucmg axit va dp ddng tinh de tien 
hanh qua trinh phdn huy chat hiru co. Ngoai ra, H2O2 cd the dupc sinh ra bang sir 
khu O2 tren catdt tac dung ngay vdi ion kim loai chuyen tiep cd m t̂ trong dung dich 
de tao ra tdc nhdn oxy hda manh la OH. Trong trudng hgp nay ngudi ta sue kM O2 
tinh kMet tren catdt tiong binh dien phdn khdng cd mang ngan. 

Hieu cjua cua qua tiinh xir ly cac hpp chdt hiiu ca ddc hai cd trong nuac thai 
nha may giay bang phuong phap dien hda phu thudc rdt nhieu vao ban chdt cua vat 
lieu dimg lam andt. De nang cao hon nfla kha nang bam dinh, do bin va kha nang 
xuc tac dien hda cua ldp ma Pb02, ngudi ta da dua them mdt sd oxit cua kim loai 
chuyin tiip nhu Ti02, C03O4, AI2O3, RUO2, Ce02 vdo dung dich tdng hgp [4-7]. 
Trong bai bao nay, chiing tdi nghien ciiu tdng hgp vdt lieu cgmpozit Pb02-Ti02 
hang phuong phap dp ddng nham dap img yen cau lam dien cue andt trgng qua tiinh 
nxy hda cdc hgp chdt hiru co d nhiem tiong nudc thai nha may san xuit giiy bdng 
phuong phap dien hda va Fenton dien hda. 

IL DiEU KlfN THVC NGHIEM 
Vat lieu nin fliep khdng gi 304 (TKG304) cd kich tiiudc 2,5 x 10 cm, dugc danh 

bdng CO hgc bdng giiy nham thd loEii 240, 320 (Trung Qudc) va gidy nham tinh loai 
600, 800, 1200 (Nhdt Ban). Sau dd rira sach mdu bdng nudc cit, tiang lai bdng cdn, dl 
khd va sir djmg epoxy dl gidi han dien tich lam viec 5 cml Trudc kM tiin hanh tong 
hgp Pb02, tit ca cdc mdu TKG304 diu dugc tay ddu mo tiong dung dich NaOH 0,5M + 
etanol ty le 1:1 ve flii tich, vdi mat do ddng dp dat 5 mA/cm^ tiong flioi gian 600 giay. 
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Ldp ma Pb02 va compozit Pb02-Ti02 dugc t6ng hgp b4ng phuong phap ap 
dong tai mat d6 ddng 5 mA/cm^ iing vdi Q = 85C, thdi gian la 3400 giay trong binh 
dien hda 2 dien cue: anot (circ duong) la TKG304 vdi dien tich lam viec 5 cm ,̂ catot 
(cue am) bang than chi vdi dien tich khoang 20 cm .̂ Khoang each giiia hai dien cue 
la 1 cm. Be mat lam viec cua dien cue TKG304 dugc dat ddi dien vdi dien cue than 
chi. Cac dung dich diing dS tdng hgp Pb02 gOm DDAO cq thanh phin Pb(N03)2 
0,1M + HNO3 0,1M va DDAlco thanh phin Pb(N03)2 0,1M + HNO3 0,1M + Ti02 x (g/L) 
dang anatat d kich thudc micromet (vdi x = 0,5; 1; 2; 3; 4; 5). 

Vat lieu compozit PbO2-TiO2/TKG304 dugc xac dinh do bSn tiong dung dich 
axit H2SO4 IM d m t̂ dg dong ap dat 200 mA/cm^ thdi gian la 5400 giay. 

Vat lieu PbO2/TKG304 va compozit PbO2-TiO2/TKG304 dugc su dung lam 
anot de oxy hda cac hgp chat hiru co tiong nudc thai Nha may san xuat giay ciia 
Cong ty C6 phin Giiy Liia Viet (nudc thai) + Na2S04 0,05M d pH = 6,95 va pH = 3 
vdi mat dp dong ap dat i = 7 mA/cm , thdi gian dien phan 9,12 gid. Sau do 2 loai vat 
lieu nay tiep tuc xii Iy nudc thai bang phuong phap dien hda co su dung va khong sd 
dung Fê ^ va phuong phap Fenton dien hoa dugc sue khi O2 tien catot. Ca 2 phuong 
phap dien hoa va Fenton dien hoa deu thuc hien tai nhiet do phong va pH = 3 vdi 
thanh phan dung dich dugc chi ra tien bang 1. 

Bang 1, Thanh phan dung dich 

Phuong phap 
oxy hoa 

Thanh phSn 
dung dich 

Dien hoa 

Co Fê ^ 

Nudc thai + Na2S04 
0,05M + Fê ^ ImM, 
Vkhu5y=0, nhiet do 

phong 

Khong Fê ^ 

Nudc thai + 
Na2S04 0,05M, 
Vkhuaŷ O, nhiet 

do phong 

Fenton dien hoa 

Nudc thai + Na2S04 
q,05M + Fe^"'lmMva 
toe do sue O2 tren catot 
lai lit/phut,Vkhuay^O, 

nhiet dp phong 

Dien lugng Q tinh cho mgt don vj the tich dung dich (A.h/L) qua binh phan 
ling tiong qua trinh oxy hoa cac hgp chat hiru co tiong nudc thai dugc xac dinh dua 
theo dinh luat Faraday: Q = I.t / V vdi I ^ i.S. Trong do I la cudng do dong dien (A), 
i l̂  mat dp ddng ap dat (A/cm^), S la dien tich dien cue (cm^), V la the tich dung 
dich dem dien phan (L), t la thdi gian dien phan (h). 

Nhiing phan tich hinh thai hgc va thanh phan cua ldp ma bang kinh hien vi 
dien tli quet ket hgp vdi tan xa tia X theo nang lugng dugc thuc hien tren may SEM: 
JEOL-6490 va may Hitachi 4800 cua Vien Khoa hgc vat lieu. 
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III. KET QUA VA THAO LUAN 

3.1. Thu- do bin vat lieu compozit Pb02-Ti02 

Ldp ma compozit Pb02-Ti02 dupc tdng hgp bang phuong phap ap ddng d mat 
do ddng 5 mA/cm* tiong dung dich Pb(N03)2 6,1 M + HNO3 0,1M + Ti02 x (g/L) 
vdi X = 0,5; 1; 2; 3; 4; 5. Cac vat hen compozit PbO2-TiO2/TKG304 dugc xac dinh 
thdi gian boat ddng tiong axit H2SO4 IM d mat dp ddng ap dat 200 mA/cm^ frong 
thdi gian la 5400 giay. Su bien thien dien the phan hdi theo thdi gian va hinh anh ldp 
ma Pb02-Ti02 sau kM thu dp ben dugc gidi thieu fren Mnh 1 va 2. 

Dien the mach hd ciia dien cue andt Pb02-Ti02 kM chua dp ddng, dao ddng 
frong khodng tir 1,05 - 1,3 V/SCE, khi co ddng dp vao dien the tang vpt va dat gia tii 
dn dinh d khoang xip xi 1,88 din 1,95 V/SCE (Mnh 1). Sau flidi gian 5400 giay, 
dien the dn dinh tang kM tang ndng Ti02 tir 0,5 den 3g/L tiong dung dich tdng hgp 
dien hda Pb02 (tuong img vdi cac dudng 1 -̂  4). Nhung khi tiep tuc tang ndng do 
Ti02 den 4 vd 5 g/L tM dien the giam xudng va dat gia tri thip nhit d ndng do 5 g/L 
(tuong img vdi ducmg 5 va 6). 

Be mat mdu Pb02-Ti02 sau 5400 giay thu dp ben trong H2SO4 IM diu cd hien 
tupng bong tide, tuy nMen ddi vdi mdu tdng hpp trong dung dich cd ndng do Ti02 
3 g/L thi kha ndng bam dinh cua Pb02 la tdt nhdt (hinh 2-(4)). Khi ndng do Ti02 tang 
din 4 g/L va 5 g/L flii dien tich bong tide gdn nhu la 100% (hinh 2-(5),(6)). Kit qua 
nay phii hgp vdi gid tii dien till thu dugc trong bang 2. Viec cho Ti02 ndng do ldn 
hon 3 g/L vao dung dich tdng hgp dien hda vjt lieu compozit Pb02-Ti02 da lam giam 
dp bam dinh va do hln cua vat lieu. Vi vay ndng do Ti02 3 g/L la ndng do thich hpp. 

1000 2000 3000 4000 5000 6000 

t{s| 

Hinh 1. Gian dd dien thi theo thoi gian 
ciia vat lieu compozit Pb02-Ti02 trong axit 
H2SO4 IM d mat do ddng dp ddt 200 
mA/cm (cac cM sd tien hinh la ndng dd 
Ti02 trong dung dich tdng hpp Pb02) 

.(1) (2) (3) (4) (5) (6) 

Hinh 2. Anh chup bi mjt ciia vdt lieu 
compozit Pb02-Ti02 vdi ndng do 
Ti02 tii trai qua phai 0,5; 1; 2; 3; 4 va 
5 g/L, sau khi thii dp ben tiong axit 
H2SO4 IM d mat dp ddng dp d}t 200 
mA/cm^ trong thdi gian 5400 giay 
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Bang 2. Gia tri dien the on dinh tai 5400 giay thu nghiem do ben cua cac loai vat 
lieu Pb02-Ti02 tdng hgp dien hoa trong cac dung dich c6 n6ng dp Ti02 thay doi 

Nong do Ti02 (g/L) 

Dien the 8n dinh (V/SCE) 

0,5 

1,881 

1 

1,912 

2 

1,891 

3 

1,939 

4 

1,855 

5 

1,848 

3.2. Hinh thai hoc va thanh phan ldp ma PbOz va compozit Pb02-Ti02 

Hinh 3 gidi thieu hinh thai hpc ciia be mat mlu PbOi va compozit Pb02-Ti02. 
Be mat man PbO2/TKG304 cho thiy su t6n tai ro net cua tinh thS Pb02 dang hinh 
thoi kich thudc thay doi tir 1 dSn 4 [im (hinh 3a). D6i vdi mhi compozit Pb02-Ti02 
(hinh 3b), hinh dang va kich thudc ciia tinh the Pb02 dudng nhu khong thay d6i, tuy 
nhien tren be mat quan sat thay nhiing tinh th8 nho mau tiing, do cd thd la Ti02 
tham gia vao ldp ma Pb02. Ket qua nay se dugc khing dinh bing phan tich tan xa tia 
X theo nang lugng. 

Hinh 3. Hinh anh SEM cua ldp ma Pb02 tong hgp tiong dung dich Pb(N03)2 
0,1M + HNO3 0,1M vdi su ving mat (a) va cd mat Ti02 3 g/L (b) 

Pho tan xa tia X theo nang lugng cua mau PbOa va compozit Pb02-Ti02 t6ng 
hgp trong dung dich Pb(N03)2 0,1M + HNO3 0,1M vdi sir ving mat va co mat Ti02 
3 g/L dugc chi ra tien hinh 4. Tren giaî  do pho chi ra nhiing pic dac trung cua nguyen 
t6 O va Pb vdi thanh phin (%) vd khdi lugng: 7,19 % va 92,31% (hmh 4a). Khi co 
mat ciia Ti02 ttong dung dich tong hgp, tien pho ngoai hai pic cua O (7,79%) va Pb 
(91,49%) con cd pic ciia Ti vdi ham lugng 0,54% (hinh 4b). Ket qua nay khing dinh 
su cd mat cua Ti02 tiong ldp ma compozit. Ben canh dd cdn xuat hien pic ciia nguyen 
to B tiong ca hai loai mlu vdi % kh6i lugng 0,49 va 0,18%. Su co mat cua B cd the do 
bi nhiem ban trong qua tiinh tay dau md ho^c trong qua trinh do mau. 
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Hinh 4. Phd tan xa nang lugng tia X cua ldp ma Pb02 tong hgp tiong dung dich 

Pb(N03)2 0,1M + HNOs 0,lM vdi su ving mat (a) va co mat Ti02 3 g/L (b) 

3.3. Oxy hoa cac hop chdt huu co* trong nudc thai Cong ty Co phan giiy 

Ltfa Vî t 

3.3.1. Anh himng cua mat do dbng 

Kdt qua ve anh hudng cua mat do dong tai cac dien lugng Q (A.h/L) khac 

nhau den qua trinh oxy hoa cac hgp chit hiiu co khi su dung vat lieu Pb02-

TiO2/TKG304 lam anot d pH = 6,65 dugc chi ra d hinh 5. 6 mat do dong 2, 5, 7 

mA/cm , hieu suat phan hiiy chat hiru ca tang vdi su tang mat do ddng nhung khi 

mat dp dong tang cao han niia (10 mA/cm^) hieu suit phan huy lai giam. Gia tri mat 

do dong toi im cho qua tiinh phan huy chat hiiu co co mat trong nudc thai cong ty 

giay Lira Viet la 7 mA/cm .̂ 
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Hinh 5. Anh hudng cua mat do dong dat den (a) su bidn d6i do suy giam COD va 
(b) hieu suat phan hiiy COD d dung dich pH 6,65: nudc thai + Na2S04 0,05M 

phu thupc vao dien lugng Q 

3.3.2. Anh hu&ng cuapH 

Kdt qua vd su anh hudng pH ddn dp biSn thien chi s6 COD va hi?u suit phan 
huy chat htiai co cua qua tiinh oxy hoa nudc thai cong ty giiy Lira Viet + Na2S04 
0,05M khi Sli dyng 2 loai vat lieu lam anot la PbO2/TKG304 va PbO2-TiO2/TKG304 
d 2 gia trj pH: 6,65 va 3, vdi cimg mat d6 dong ap dat i ̂  7 mA/cm^ dugc chi ra trdn 
hinh 6. Hieu suat phan huy cac hgp chat hiiu ca d nhilm tai gia tii pH bing 3 ddu 
ldn han so vdi gia tii pH ban dau cua nudc thai cdng ty la 6,65 doi vdi ca hai loai vat 
lieu sir dung lam anot. Ngugc lai chi so COD ciia dung dich cd pH bing 3 lai thip 
hon so vdi dung dich pH bang 6,65 d mgi thdi diem dien phan. Hieu suit phan hiiy 
cac hgp chit him ca trdn dien cue anot PbO2/TKG304 thip han tren anot Pb02-
TiO2/TKG304. Kdt qua nay cho thay su co mat ciia Ti02 tiong dung dich tdng hgp 
dien hoa Pb02 da lam tang kha nang xiic tac cho phan iing oxy hoa hgp chit hiiu co 
6 nhiem trong nudc thai. 

wo 

MM' 

% ^ 
O 500 

1 1 - o - PBOj • pH=6 65 
\ , 2 - i - PflOj.TiO, - pH=6 65 
^ 3 - • - PbOj - pH=3 

^^v>^o 4 — » - PbO,-T10, - pH=3 

(a) " 

2.S 3.0 3.S 4.D 

Q{AWI ) 

Hinh 6. Do bien thien chi so COD (a) va hi?u suat phan hiiy chat him ca (b) ciia qua hinh 
oxy hoa nudc thai + Na2S04 0,05M t?i cac dien lupng Q khac nhau 
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3.3.3. Anh hu&ng cua cdc phirffng phdp xir ly t&i chi so COD vd hi^u suat 
phdn huy hop chat hiru cff 

Dd khang dinh dugc uu didm cua qua tiinh xir ly cac chat huu ca 6 nhiem 
trong nudc thai bang hieu iing Fenton dien hda, chiing toi da so sanh hieu qua xu ly 
cac hpp chat hiiu ca 6 nhiem tiong nudc thai bang phuong phap dien hoa va Fenton 
dien hoa. Hinh 7 gidi thieu su bien thien chi so COD va hieu suat phan hiiy chat huu 
CO theo dien lugng Q cho thiy sir bidn thien chi so COD theo thdi gian xii ly bang 
phuong phap Fenton dien hoa thap hon so vdi phuong phap dien hoa doi vdi ca hai 
loai vat lieu anot: PbO2/TKG304 va PbO2-TiO2/TKG304. Tai mpi thdi didm dien 
phan, chi s6 COD ddu giam din va hieu suat phan hiiy tang dan theo thdi gian. Hieu 
qua xir ly cac hgp chit hiiu co trdn anot PbO2/TKG304 nhd hon trdn anSt Pb02-
TiO2/TKG304. Dac biet vdi phuong phap Fenton dien hoa, hieu suat phan huy dEit 
92,9% tren dien cue anot PbO2-TiO2/TKG304 > anot PbO2/TKG304 82,1%. 

Xii ly nudc thai Cong ty Co phan giay Lira Viet bang phuong phap dien hoa cho 
hieu suat thap hon bdi vi tiong phuong phap nay chi co mgt tac nhan oxy hoa duy 
nhit la dong dien (dien hoa Idiong co ion Fê "̂ ). Khi cho them Fê "̂  thi trong dung dich 
CO tac nhan oxy hoa la dong dien va rapt lugng nho HO ndn hieu suit phan huy co 
tang ldn nhung van thap hon phuong phap Fenton dien hoa. Vi doi vdi phuong phap 
Fenton dien hoa co sir sue khi oxy lien tuc tidn catot de sinh ra H2O2 va H2O2 se phan 
ling vdi ion Fê "̂  dd tao ra nhiing tac nhan oxy hoa raanh HO va H02' co tac dung oxy 
hoa cac hgp chat hiiu ca 6 nhidm trong nudc thai dSn ddn chi s6 COD giam. 
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Hinh 7. Dp biin tiiien chi s6 COD (a) va hieu suit phan huy chit htm ca (b) cua qua 
trinh oxy hoa nudc thai c6 pH = 3, tai mat dp dong 7 mA/cm^ khi sir dung vat lieu 
anot: PbO2/TKG304 vaPb02-Ti02/TKG364, xir ly bing hai phuong phap khac nliau 
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IV. KET LUAN 

Da tdng hgp vat Heu compozit Pb02-Ti02 tien nen thep khong gi 304 tiong dung 
dich Pb(N03)2 0,1 M + HNO3 0,1M + Ti02 d cac n6ng do khac nhau: 0,5; 1; 2; 3; 4 va 
5 g/L. Kdt qua xac dinh do ben cua vat Heu cho thay ndng do Ti02 3 g/L la toi uu. 

Kdt qua diu dugc khi sir dung hai loai vat lieu PbO2/TKG304 va compozit Pb02-
TiO2/TKG304 lam anot cho qua trinh oxy hoa cac hgp chat huu co tiong nudc thai Cong 
ty Co phan giay Lira Viet bang phuong phap dien hoa cho thay hieu suat phan hiiy cac 
hgp chat hiiu co tidn anot compozit PbO2-TiO2/TKG304 ldn hon tien anot 
PbO2/TKG304, va hieu suat ph^ hily nay d pH ciia dung dich bang 3 ldn hon d pH 6,65. 

Vide so sanh hieu qua xii ly nudc thai bing hai phuong phap dien hoa va 
Fenton dien hoa cho thay phuong phap Fenton dien hoa cho hieu suat phan huy ldn 
hem phuong phap dien hoa. Sau 9,12 gid dien phan, chi s6 COD giam xu6ng con 
60 mg/l, gan dat tieu chuan nudc thai cong nghiep loai A. 
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Nghien c&u khoa ngc cong ngn? 

SUMMARY 

SYNTHESIS OF COMPOSITE MATERIALS BASED ON PbOz 
APPLIED TO ANODE FOR PAPER MILL WASTE WATER 

TREATMENT BY ELECTROCHEMICAL METHOD 

Pb02 was electiosynthesized on 304 stainless steel substrates by current 
unpose method in O.IM Pb (N03)2 + O.IM HNO3 solution with and without Ti02 
micro-particles. The results of durability testing ofthe material in IM H2SO4 acid 
solution at 200 mA/cm^ current density for duration of 5400 seconds showed that 
O.IM Pb(N03)2 + O.IM HNO3 solution with 3 g/L Ti02 is suitable for syntiiesis of 
Pb02-Ti02 composite electrode. The analysis by scanning electron microscopy 
combined with energy dispersive X-ray showed the presence of TiOa in the PbOj 
plating. The decomposition yield of polluted organic compounds in wastewater of 
Lua Viet paper stock company on PbO2-TiO2/TKG304 (92.9%) anode was found 
higher than that of PbO2/TKG304 electiode (82.1%) and tiie polluted organic 
compound tieatment in wastewater of paper mill industry by Fenton electrochemical 
method is better than electiochemical method. 

Keywords: Pb02-Ti02 composite electrode, Fenton electrochemical method, 
paper mill wastewater treatment. 
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