Nghién ctru khoa hoc céng nghé

NGHIEN C(*U CHE TAO VAT LIEU COMPOZIT TREN CO SO PbO,
NG DUNG LAM PIEN CUC ANOT PE XU’ LY NUO'C THAI NHA
MAY SAN XUAT GIAY BANG PHUONG PHAP DIEN HOA
PHAM THI NAM, NGUYEN THU PHUONG, BINH THI MAI THANH

L. MO PAU

Vit liéu trén co s& PbO, c6 dd bén dn mon cao, hoat tinh xtc tac tot, do dan
dién va qua thé thoat khi oxy cao hon mot sd dién cuc tro thuong ding khac va co gia
thanh hop 1y. PbO, duoc tong hop 1én mot sé vat liéu nén c6 d6 bén co Iy hoa cao
nhu platin, vang, titan, tantan, cacbon, thép khong gi... c6 kha nang ung dyng lam
andt tro trong bao vé cac ciu kién kim loai va larn dlen cuc andt bén trong cong
nghiép dién phan xir Iy méi truong [1, 2]. Do van d& 6 nhiém méi truong do nude
thai cong nghiép va nudc thai sinh hoat ngay cang nan gidi, viéc xtr 1y nudc thai cong
nghiép ndi chung va nudc thai cong nghiép gidy noi riéng hién dang thu hit su chu ¥
ctia nhiéu nha khoa hoc trén thé giéi ciing nhu trong nudc. Cé nhiéu phuong phap
khac nhau dé xir 1y cac hop chét hitu co doc hai c6 trong nudc thai ciia cac nha may
gidy nhu phuong phap sinh hoc, phuwong phap vat 1y, phuong phap hoa hoc... nhung
hién nay phuong phap dién hoa st dung di¢n cuc tro nhu PbO,, PbO,-Ti0O,, dic biét
1a phuong phép dién héa sir dung dién cuc tro két hop voi hiéu ing Fenton (Fenton
dién hoa) dang dugc quan tdm hon ca vi tinh vu viét ma n6 mang lai [3].

Phuong phap Fenton dién hoa 1a su két hop giita hiéu tmg Fenton va dong dién
chay qua hai dién cuc andt va catot. Trong phuong phép ndy, nguoi ta ¢ thé cho
H,0, va ion Fe*" vao dung dich xir Iy c6 méi trudng axit va 4p dong tinh dé tién
hanh qua trinh phan haty chat hitu co. Ngoai ra, H,O ¢ thé dugc sinh ra bang su
khir O trén catdt tac dung ngay véi ion kim loai chuyén tiép c6 mit trong dung dich
dé tao ra tic nhan oxy héa manh 1a OH'. Trong trudng hop nay ngudi ta suc khi O,
tinh khiét trén catot trong binh dién phan khéng c6 mang ngan.

Hi¢u qua cua qua trinh xur 1y cac hop chét hitu co ddc hai c6 trong nude thai
nha may gidy bang phuong phap dién hoa phu thu¢e rat nhiéu vao ban chit cua vat
liéu dung lam an6t. Pé nang cao hon nita kha ning bam dinh, do bén va kha ning
xuc tac dién hoa cua 16p ma PbO,, nguoi ta da dua thém mot sd oxit cua kim loai
chuyén tiép nhu TiO,, Co304, Al,O3, RuO,, CeO; vao dung dich téng hop [4-7].
Trong bai bao nay, chung t6i nghién ctu téng hop vét liéu compozit PbO,-TiO,
bing phuong phap 4 ap dong nham dap ung yéu cau lam dién cuc anot trong qua trinh
oxy hoa cac hop chat hiru co 6 nhiém trong nudc thai nha may san xuit gidy bing
phuong phap dién hoa va Fenton dién hoa.

1. PIEU KIEN THU'C NGHIEM

Vit liéu nén thep khong gi 304 (TKG304) co kich thuge 2,5 x 10 cm, dugc danh
bong co hoc bang gidy nham tho loai 240, 320 (Trung Quoc) va gidy nham tinh loai
600, 800, 1200 (Nhat Ban). Sau do rtra sach mAau bang nuoc cét, trang lai bang con, dé
kho va st dung epoxy dé gidi han dién tich lam viéc 5 cm”. Trudce khi tién hanh tong
hop PbO,, tat ca cac mau TKG304 déu duoc téy dau mé trong dung dich NaOH 0,5M +
etanol ty 1¢ 1:1 vé thé tich, véi mat do dong ap dat 5 mA/cm? trong thoi gian 600 gidy.
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L6p ma PbO, va compozit PbO,-TiO, duge tong hop bang phuwong phap ap
dong tai mat d6 dong 5 mA/cm” tmg v6i Q = 85C, thoi gian 1a 3400 gidy trong binh
dién hoa 2 dién cuc: anot (cuc duong) 1a TKG304 véi dién tich lam viéc 5 cm?, catot
(cuc Am) bang than chi véi dién tich khoang 20 cm?. Khoang cach giita hai dién cuc
1a 1 cm. B& mat 1am viéc cua dién cuc TKG304 duogc dit d6i dién véi dién cuc than
chi. Cac dung dich ding dé tong hgp PbO, gdm DDAO c¢6 thanh phian Pb(NO;),
0,1M + HNO; 0,IM va DDA 1¢6 thanh phan Pb(NOs), 0,1M + HNO;3 0,1M + TiO, x (g/L)
dang anatat ¢ kich thudc micromet (voi x =0,5; 1; 2; 3; 4; 5).

Vit liéu compozit PbO,-TiO,/TKG304 dugc xac dinh do bén trong dung dich
axit H,SO,4 1M ¢ mat d6 dong ap dit 200 mA/cm? thoi gian 1a 5400 gidy.

Vit liéu PbO,/TKG304 va compozit PbO,-Ti0»/TKG304 dugc st dung lam
andt dé oxy hoa cac hop chit hitu co trong nudc thai Nha may san xuat gidy cua
Cong ty C6 phan Gidy Lira Viét (nudc thai) + Na,SO4 0,05M & pH = 6,95 va pH = 3
voi mat do dong ap dati=7 mA/cmz, thoi gian dién phan 9,12 gi¢. Sau d6 2 loai vat
lidu nay tiép tuc xir Iy nudc thai bang phuong phap dién hoa cé st dung va khong sir
dung Fe*' va phuong phap Fenton dién hoa dugc suc khi O, trén catdt. Ca 2 phuong
phép dién hoa va Fenton dién hoa déu thyc hién tai nhiét do phong va pH = 3 vdi
thanh phan dung dich duoc chi ra trén bang 1.

Bang 1. Thanh phan dung dich

, Pién hoa
Phuong Phap Fenton dién hoa
oxy hoa Co Fe*" Khong Fe**
. o Nudc thai + NaySO4
+ +
Nuoc thai + Nay,SOy Nudc thai 0,05M + Fe?' ImM va

Thanh phan | 0,05M + Fe*" ImM, | Na,SO,4 0,05M,
dung dich Vihidy= 0, nhi€t d0 | Vinugy= 0, nhiét
phong do phong

tdc d6 suc O, trén catdt
la 1 lit/phat, Vigugy =0,
nhi¢t do phong

Pién lugng Q tinh cho mot don vi thé tich dung dich (A.h/L) qua binh phan
g trong qua trinh oxy hoa cac hop chat hiru co trong nude thai duge xac dinh dya
theo dinh luat Faraday: Q = L.t/ V v6i [ =1.S. Trong do6 I 1a cuong do dong dién (A),
i la mat do dong ap dat (A/cmz), S 1a dién tich dién cuc (cmz), V la thé tich dung
dich dem dién phan (L), t 1a thoi gian dién phan (h).

Nhirng phan tich hinh thai hoc va thanh phan cua 16p ma bang kinh hién vi

dién tor quét két hop voi tan xa tia X theo nang lugng dugc thuc hién trén may SEM:
JEOL-6490 va may Hitachi 4800 cua Vién Khoa hoc vat li¢u.
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III. KET QUA VA THAO LUAN
3.1. Thir d§ bén vit liéu compozit PbO,-TiO,

L&p ma compozit PbO,-TiO, dugc tong hop bing phwong phap 4p dong & mat
d6 dong 5 mA/cm?® trong dung dich Pb(NO3), 0,1 M + HNO; 0,1M + TiO, x (g/L)
voi x =0,5; 1; 2; 3; 4; 5. Céac vat liéu compozit PbO,-TiO,/TKG304 dugc xac dinh
thoi gian hoat dong trong axit H,SO4 1M & mét do dong ap diat 200 mA/cm” trong
thoi gian 13 5400 gidy. Su bién thién dién thé phan hoi theo thoi gian va hinh anh 16p
ma PbO,-TiO; sau khi thir 6 bén dugc gi6i thi¢u trén hinh 1 va 2.

Dién thé mach ho cua dién cuc andt PbO,-TiO, khi chua ap dong, dao dong
trong khoang tir 1,05 - 1,3 V/SCE, khi ¢6 dong 4p vao dién thé ting vot va dat gid tri
6n dinh ¢ khoang xap xi 1,88 dén 1,95 V/SCE (hinh 1). Sau thoi gian 5400 giay,
dién thé 6n dinh tang khi ting ndng TiO; tir 0,5 dén 3g/L trong dung dich tong hop
dién hoa PbO; (tuong Umg véi cac dudng 1 + 4). Nhung khi tlep tuc tang noéng do
TiO, dén 4 va 5 g/L thi dién thé giam xudng va dat gia tri thap nhat & ndng d6 5 g/L
(twong tng voi duong 5 va 6).

Bé mat mau PbO,-TiO, sau 5400 gidy thir 46 bén trong H,SO4 IM déu c6 hién
tugng bong troc, tuy nhién dbi véi miu téng hop trong dung dich c6 néng do TiO,
3 /L thi kha nang bam dinh cua PbO; la t6t nhét (hinh 2-(4)). Khi ndng do TiO; tang
dén 4 g/L va 5 g/L thi dién tich ‘bong tréc gan nhu 1a 100% (hinh 2-(5), (6)). Két qua
nay phu hop voi gia tri dién thé thu dugc trong bang 2. Viéc cho TiO, nong d6 16n
hon 3 g/L vao dung dich tong hop dién hoa vt liéu compozit PbO,-TiO, da lam giam
d6 bam dinh va d6 bén cua vat lidu. Vi vay ndng d6 TiO, 3 g/L 1a ndng db thich hop.

1.90 4
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2 DDA1-1g/l
3—— DDA1-2g/l
4—— DDA1-3g/l
114 5—— DDA1-4g/l
6—— DDA1-5g/l

(I) 10I00 20I00 30I00 40I00 50I00 6000 (1) (2) (3) (4) (5) (6)
t(s)

Hinh 1. Gian dd dién thé theo thoi gian Hinh 2. Anh chup bé mit cta vat lidu
cua vat liéu compozit PbO,-TiO; trong axit compozit PbO,-TiO, véi néng do
H,SO4 IM 6 mat d6 dong ap dat 200 TiO, tir trai qua phai 0,5; 1; 2; 3; 4 va
mA/cm” (cic chi s trén hinh 1a ndng d6 5 g/L, sau khi thir d6 bén trong axit
TiO, trong dung dich téng hop PbO,) H,SO4 IM ¢ mat do dong ap dat 200
mA/cm” trong thoi gian 5400 gidy
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Bing 2. Gia trj dién thé on dinh tai 5400 gidy thir nghiém do bén ca céc loai vat
li¢u PbO,-TiO, tong hop dién hoa trong cac dung dich cd nong do TiO; thay doi

Nong dd TiO; (g/L) 0,5 1 2 3 4 5

Pién thé 6n dinh (V/SCE) | 1,881 | 1,912 | 1,891 | 1,939 | 1,855 | 1,848

3.2. Hinh thai hoc va thanh phan 16p ma PbO; va compozit PbO,-TiO,

Hinh 3 gi6i thidu hinh thai hoc ctia bé mat mau PbO, va compozit PbO,-TiO,.
Bé mit mau PbO,/TKG304 cho théy su ton tai rd nét cua tinh thé PbO, dang hinh
thoi kich thudc thay d6i tir 1 dén 4 um (hinh 3a). Bdi véi mau compozit PbO,-TiO,
(hinh 3b), hinh dang va kich thu6c cua tinh thé PbO, duong nhu khong thay doi, tuy
nhién trén bé mit quan sat thiy nhimng tinh thé nhé mau tring, d6 c6 thé 1a TiO,
tham gia vao 16p ma PbO,. Két qua nay s& dugc khing dinh bang phan tich tan xa tia
X theo nang lugng.

o . X r .T
"'1 - " ;"-.1 F 4 4
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20kV  X3,500 " 5pm Oﬂﬂd 1140 SEl.

@ (b)

20kV. | X3,500 5pum 0000 1040 SEl

Hinh 3. Hinh anh SEM cua 16p ma PbO, tong hop trong dung dich Pb(NO3),
0,IM + HNO3 0,1M véi su vang mat (a) va co mat TiO; 3 g/L (b)

Phd tan xa tia X theo ning lwong cia mau PbO, va compozit PbO,-TiO, tong
hop trong dung dich Pb(NO3), 0,1M + HNO3 0,1M véi su meg mat va c¢6 mat TiO,
3 /L dugc chi ra trén hinh 4. Trén gian d6 phé chi ra nhiing pic dic trung ciia nguyén
t6 O va Pb vdi thanh phéan (%) vé khéi luong: 7,19 % va 92,31% (hinh 4a). Khi c6
mit ctia TiO, trong dung dich tong hop, trén phd ngoai hai pic ciia O (7,79%) va Pb
(91,49%) con ¢6 pic cua Ti voi ham lugng 0,54% (hinh 4b). Két qua nay khang dinh
su c6 mit ctia TiO; trong 16p ma compozit. Bén canh d6 con xuat hién pic ctia nguyén
t6 B trong cé hai loai mau véi % khdi luong 0,49 va 0,18%. Sy c6 mat cua B co thé do
bi nhiém ban trong qua trinh tdy ddu m& hodc trong qua trinh do mau.
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Hinh 4. Phé tan xa ning luong tia X cta 16p ma PbO, tong hop trong dung dich
Pb(NO3), 0,1M + HNO3 0,1M véi sy vang mit (a) va c6 mat TiO, 3 g/L (b)

3.3. Oxy hoéa cac hop chit hiru co trong nwéc thai Cong ty C6 phan gidy
Lira Viét
3.3.1. Anh hwéng ciia mat dp dong

Két qua vé anh huéng cua mat d6 dong tai cac dién luong Q (A.h/L) khac
nhau dén qua trinh oxy hoa cac hop chit hitu co khi st dung vat liéu PbO,-
TiO,/TKG304 1am anét & pH = 6,65 duoc chi ra ¢ hinh 5. O mat do dong 2, 5, 7
mA/cm’, hiéu suit phan huy chét hitu co ting v6i su ting mat dd dong nhung khi
mét do dong tang cao hon nita (10 mA/cm?) hiéu sut phan huy lai giam. Gié tri mat
d6 dong t6i wu cho qua trinh phan hiy chit hitu co ¢6 mit trong nudc thai cong ty
gidy Lira Viét 1a 7 mA/cm?.
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Hinh 5. Anh ’huéng cua mat do dong dat dén (a) su bién d6i do suy giam COD va
(b) hi¢u suat phan huy COD ¢ dung dich pH 6,65: nudc thai + Na,SO4 0,05M
phu thudc vao dién lugng Q

3.3.2. Anh hwéng ciia pH

Két qua vé sy anh hudng pH dén do bién thién chi s6 COD va hiéu suat phan
hay chit hitu co ciia qua trinh oxy hoa nudc thai cong ty gidy Lira Viét + Na,SO,
0,05M khi stir dung 2 loai véat liéu lam andt 1a PbO,/TKG304 va PbO,-TiO,/TKG304
0 2 gia tri pH: 6,65 va 3, voi cung mat do dong ap dati="7 mA/cm? duoc chi ra trén
hinh 6. Hiéu suit phan hiy cac hop chit hitu co 6 nhiém tai gia trj pH bang 3 déu
16m hon so véi gia tri pH ban dau cua nudc thai cong ty la 6,65 ddi véi ca hai loai vat
lidu sir dung 1am anét. Nguoc lai chi s6 COD cua dung dich ¢6 pH bang 3 lai thap
hon so véi dung dich pH bang 6,65 & moi thoi diém dién phan. Hiéu sut phan hiy
cac hop chat hitu co trén dién cuc andt PbO,/TKG304 thép hon trén an6t PbO,-
TiO,/TKG304. Két qua nay cho thdy su c6 mit cua TiO, trong dung dich tong hop
dién héa PbO, di lam ting kha ning xuc tac cho phan tmg oxy hoa hop chét hitu co
6 nhiém trong nudce thai.
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Hinh 6. D6 bién thién chi s6 COD (a) va hiéu suat phan hay chét hitu co (b) ciia qua trinh
oxy hoa nudc thai + Na,SO4 0,05M tai cac dién lugng Q khac nhau
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3.3.3. Anh hwéng ciia cdc phwong phdp xir Iy t6i chi sé COD va hiéu sudt
phan hiiy hop chit hitu co

Dé khang dinh duoc wu diém cua qua trinh xir 1y cac chit hiru co 6 nhiém
trong nudc thai bang hiéu tmg Fenton dién hoa, chiing t6i di so sanh hiéu qua xu 1y
cac hop chat hiru co 6 nhiém trong nudc thai bang phuwong phap dién hda va Fenton
dién héa. Hinh 7 gidi thiéu su bién thién chi s6 COD va hiéu suét phan hity chét hiru
co theo dién lugng Q cho thay sy bién thién chi s6 COD theo thoi gian xir 1y bang
phuong phap Fenton dién hoa thap hon so voi phuong phap dién hoa dbi véi ca hai
loai vat liéu andt: PbO,/TKG304 va PbO,-TiO,/TKG304. Tai moi thoi diém dién
phan, chi s6 COD déu giam dan va hiéu suat phan huy ting dan theo thoi gian. Hiéu
qua xir 1y cac hop chét hitu co trén anét PbO,/TKG304 nho hon trén andt PbO,-
TiO»/TKG304. Pic biét vi phuong phap Fenton dién hoa, hiéu suat phan huy dat
92,9% trén dién cuc andt PbO,-TiO»/TKG304 > andt PbO,/TKG304 82,1%.

Xtr 1y nudc thai Cong ty C6 phan gidy Lira Viét bang phuong phap dién hoa cho
hiéu suat thip hon boi vi trong phuong phap nay chi c6 mot tic nhan oxy hoa duy
nhét 1a dong dién (dién hoa khong c6 ion Fe*"). Khi cho thém Fe?" thi trong dung dich
c6 tac nhan oxy hoa la dong dién va mét luong nhoé HO' nén hiéu suat phan huy c6
tang 1én nhung van thip hon phuong phap Fenton dién hoa. Vi dbi voi phuong phép
Fenton dién hoa c6 su suc khi oxy lién tuc trén catot dé sinh ra H,0, va H,0, s& phan
(g vé6i ion Fe*" dé tao ra nhiing tac nhan oxy hoa manh HO" va HO, ¢6 tac dung oxy
hoa cac hop chét hitu co 6 nhidm trong nude thai dan dén chi sé COD giam.
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Hinh 7. D6 bién thién chi s6 COD (a) va hiéu suit phan hity cht hitu co (b) cua qua
trinh oxy hoa nudc thai c6 pH = 3, tai mat d§ dong ‘7 mA/cm? khi st dung vat liéu
anot: PbO,/TKG304 va PbO,-TiO»/TKG304, xr Iy bang hai phuong phap khac nhau
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IV. KET LUAN

D3 téng hop vit liéu compozit PbO,-TiO, trén nén thép khong gi 304 trong dung
dich Pb(NO3), 0,1 M + HNO; 0,IM + TiO, & cac n6ng d0 khac nhau: 0,5; 1;2; 3;4 va
5 g/L. Két qua x4c dinh do bén cua vét liéu cho thay nong d6 TiO, 3 g/L 1a t6i uu.

Két qua thu dugc khi str dung hai loai vat li¢u PbO,/TKG304 va compozit PbO,-
TiO»/TKG304 1am anét cho qua trinh oxy hoa cac hop chét hitu co trong nuéc thai Cong
ty C6 phan gidy Lira Viét bang phuong phap dién hoa cho thay hiéu sudt phan huy cac
hop chit hitu co trén andt compozit PbO,-TiOy/TKG304 16n hon trén andt
PbO,/TKG304, va hiéu sut phan hity nay & pH cua dung dich bang 3 16n hon ¢ pH 6,65.

Viéc so sanh hiéu qua xir Iy nuéc thai bang hai phuwong phap dién hoa va
Fenton dién héa cho thiy phuong phap Fenton dién hoa cho hiéu sudt phan hiy 16n
hon phuong phép dién hoa. Sau 9,12 gid dién phan, chi s6 COD giam xudng con
60 mg/l, gan dat tiéu chudn nudc thai cong nghiép loai A.
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Nghién ctru khoa hoc céng nghé

SUMMARY

SYNTHESIS OF COMPOSITE MATERIALS BASED ON PbO,
APPLIED TO ANODE FOR PAPER MILL WASTE WATER
TREATMENT BY ELECTROCHEMICAL METHOD

PbO, was electrosynthesized on 304 stainless steel substrates by current
impose method in 0.1M Pb (NOs3), + 0.1M HNOj solution with and without TiO,
micro-particles. The results of durability testing of the material in 1M H,SOj, acid
solution at 200 mA/cm? current density for duration of 5400 seconds showed that
0.1M Pb(NO3), + 0.1M HNOs solution with 3 g/L TiO, is suitable for synthesis of
PbO,-TiO, composite electrode. The analysis by scanning electron microscopy
combined with energy dispersive X-ray showed the presence of TiO; in the PbO,
plating. The decomposition yield of polluted organic compounds in wastewater of
Lua Viet paper stock company on PbO,-TiO,/TKG304 (92.9%) anode was found
higher than that of PbO,/TKG304 electrode (82.1%) and the polluted organic
compound treatment in wastewater of paper mill industry by Fenton electrochemical
method is better than electrochemical method.

Keywords: PbO>-TiO; composite electrode, Fenton electrochemical method,
paper mill wastewater treatment.
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