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SUMMARY
The electrochemical oxidation of phenol for wastwater treatment was studied on RuQs, IrQ, and IrO--
5b,0;-880, anodes prepared by thermal decomposion method. The obtained results from Tafel
measurements have shown that the oxygen evolution overpotential at (IrSb)SnQ, was 500-600 m\’
higher than that at RuQ. or IrO,. The rate of phenol oxidation or the rate of chemical oxygen demand
{COD) elimination was much higher for (Ir§b)SnQ, than for RuG. or IrQ,. The presence of NaCl
catalyses the anodic oxidarion of phenol only at IrQ, due to the participation of CIO™ generated in

elecirolysis.

Toém tat

Oxy hod dién hod phenol cho x{t 1y nuée thai da dugc nghién citu trén dién cuc anot
Ru0,, IrO, va Ir0,-Sb,0,-Sn0, dugc ché tao tir phuong phdp phan huy nhiét. K&t qua tir phép
do Tafel da chi ra ring qua thé giai phong oxy trén an6t (IrSb)SnO, cao hon trén RuQ, va IrO,
tlr 500-600 mV. Toc do 0xy hod phenol hay toc do loai trir nhu cdu éxy hoa hoc (COD -
chemical oxygen demand) trén (IrSb)SnQO, cao hon nhi¢u trén RuO, hoac IrO,. Sy ¢6 mat cla
NaCl di xic tdc qua trinh 6xy hoa phenol chi xay ra d6i véi dién cyc IrO, do su tham gia vao
qud trinh 6xy hod ctia ClO” duge tao ra trong qua trinh dién phan.

1. Giéi thiéu.

Cing ngay ngudi ta cang nhan biét duge va cang quan tdm dén nhimg méi nguy hiém
cla nude thai tir cong nghiép ciing nhu tir nhitng ngudn nudc thai khdc trong cude séng. Nhiéu
nudc da dua ra nhimg gidi han cho phép cla nhimg chat doc hai nhu cdc ion kim loai, ion
xyanua va cac hop chat hitu co tir nude thai dan dung, va tir cidc nha mdy hod chat hoac thuc
pham [1,2,3]. D€ dat duoc nhiing gidi han cho phép nhiéu bién phdp xtt 1y ciing nhu kiém tra
theo ddi dd dugc ap dung.

Céc bien phép xir Iy nude thai cé thé chia thanh hai nhém chinh:

* Xir 1y béng vi sinh va bing cdc k¥ thuit 6xy hod hod hoc hoac dién hod. Cdc bién phap
nay lam sach nudc thuc su.

* Céc bién phép tdch va ¢ dac chuyén céc chat 6 nhiém tir pha nay sang pha khéc dé cé
thé t4i sir dung hoac tdi ch& ching.

Nhiéu nudc thai c¢éng nghiép chita nhing hop chat hifu ¢cg ma cdc qud trinh vi sinh
khong thé oxy hod xtr 1¥ hét duge, ddi hoi phai xi [ bang hod hoc hoic dién hod. Oxy hoi
dién hod di md ra con dudng cho viée xir 1y nude thai chita cdc chat hitu co doc hai. Oxy hod
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dién hoa c6 thé 6xy hod cac chat hiru co doc hai khé bi phan huy bang vi sinh nhu phenol
thanh nhiing chat hitu co cé thé phan huy bang vi sinh hoic 6xy hod hoan toan thanh CO, va
nuée [3].

Hiéu qua 6xy hoa phu thudc rat nhiéu vao vat liéu anét. Trong qua trinh dién phan phan
{tng phu tao thanh 6xy ¢6 thé x4y ra va né lam giam hiéu sudt oxy hod (dién thé tao o6xy E" =
0,815 V ¢ pH = 7). Viéc st dung cic vat liéu an6t cé qua thé 6xy cao nhu PbO,, SnQ), pha
Sb,0, di lam tang dién th€ 6xy hod [4,5,6]. Vi vay dé 6xy hod nhiing chat hitu co khong oxy
hod dugc bang vi sinh cdn ¢6 nhitng anot khong nhiing ¢6 qud theé 6xy cao, ma con bén trong
nhiing mot truong nudc thai khic nhau va luén ¢6 tac dung xuc tac dién hoa cho qua trinh oxy
hod. Nhing yéu cdu trén doi véi andt khong dé ddp ing nén viéc 4p dung phuong phip oxy
hod dién hoa ciing con bi han ché€. Chinh vi vay viéc nghién citu ché tao nhiing vat liéu andt
mdi ngay cang dugc cac nha khoa hoc quan tam.

Trong bai bdo nay nghién ciu qud trinh 6xy hod phenol C;H,OH trén mot so vat ligu

anot 6xyt phu trén nén titan: RuQ,, Ir0, va Ir0,-Sb,0,-Sn0, va anh hudng cta ché d¢ dién
phan dén hiéu suat 6xy hod phenol.

2. Thuc nghiém.

Tao mdu: Mau Ti c6 kich thudc 40x10x Imm va ¢$15x40 mm duge tdy ddu md va tay
hod hoc trong 10% axit oxalic trudce khi tao 16p phui.

Cac mau Ti sau khi da si Iy nhu trén duoc nhiing trong dung dich muéi clorua tuong
ting chia cdc chat Ru, Ir hodc Sn va Sb, 1am khé mau di duge phi ¢ nhiét d¢ 70°C trong 10
phiit, nung & nhiét do 350°C trong 15 phit. Cic buéc trén duoc lap lai nhiéu 1an dé dat duoc
chiéu day mong muén. Lép cudi ciing duge nung & nhiét do 450°C trong thoi gian 1 gid. Chi
t1€t cdch tao méiu tham khao trong [7].

Day din dugc néi truc tiép véi nén Ti bing keo bac. Dién tich mu dé do dién hod 12 1
cm’, miu dé dién phan la 20 cm?®. Phdn con lai va day din dugc phtt bing nhua époxy. Binh
do dién hod 1a hé ba dién cuc. Dién cuc phu 1a dién cuc platin. Dién cuc so sdnh la dién cuc
calomel bdo hoa (SCE). Cdu agar va dau Haber-Luggin dugc sir dung dé 1am giam t5i da su
sut the gilra dién cuc lam viéc va dién cuc so sanh. Khoang cich giita ddu Luggin va dién cuc
lam viéc khoang 2 mm. Cic phép do dién hoda dugc thuc hién trén hé thong do dién hod tu
dong CMS 100 cua M§ va potentio-galvanostat - scan PGS 81 cua Tay diic,

Phitong phap nghién ciru:

- Phuong phép dong tinh: Pudng Tafel dugc x4y dung tlt nhiing gid tri dién thé én dinh
& nhilg mat do dong khdc nhau trong dung dich 1M H,SO, dé xédc dinh qué thé giai phdng
Oxy trén cac vat liéu anot.

- Pién phan: Dung dich dién phan 1a IM Na,SO, vé6i dung tich 12 140 cm’. Néng do
phenol 1a 1g/1. pH dung dich dugc diéu chinh bing NaOH dén 12. Anh huéng ctia NaCl dén
qud trinh 0xy hod duoc nghién cliu véi ndong do 1, 5 va 20g/l. Mat do dong anot phan i6n do o
0,07A/cm’®, & mat do dong ndy qua trinh 6xy hod xay ra khong qud cham, nédm trong gidi han
cho phép vé mat k¥ thuat. Trong qud trinh dién phan dung dich dugc khudy bang khudy tir va
nhiét do 1a 30°C.
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- Xac dinh hiéu suit dong: Phuong phdp do nhu cdu 6xy hod hoc (COD) dugce sir dung
dé xédc dinh hiéu suit dong oxy hod phénol [8]. Trong phuong phip niay COD dugc do bing
" mdy Hach Dr/2001 & timg thdi diém khdc nhau trong qui trinh dién phan va hiéu suit dong
titc thoi ICE (Instantaneous Current Efficiency) duge tinh nhu sau:

' [(COD), - (COD),.,
ICE = FV (1)
BIAL
trong d6 (COD), va (COD),, a, 12 nhu cdu 6xy hod hoc & thai gian t (s) va t + At (g O,/dm"), I
la dong dién (A), F 1a hiing s6 Faraday (96487 C/mol) va V la thé tich dung dich dién phan
(dm™).

ICE giam dén theo thoi gian dién phan dén gia tri cudi cung gan nhu bang khong. Tir
dudng cong ICE - t ¢6 thé tinh duge gid tri trung binh va duge dinh nghia 1a chi s§ 6xy hod
dién hod EOI (Electrochemical Oxidation Index):

t
|, ICE dt
EOl= ——— (2)
T
trong d6 1 1 khoang thoi gian dién phan dén khi ICE gén nhu bang khong (ICE ~ 0,01). EOI
biéu dién hi¢u suat dong trung binh va 13 thudc do kha ning 6xy hod dién hod phenol & diéu
kién thi nghiém di cho.

3. Két qua va thao luan.

3.1. Qud trinh gidi phong oxy trén anét.

Phan ting gidi phdng oxy rdt nhay déi véi sy thay ddi thanh phan va cau tric bé mat dién
cuc va rit quan trong trong qué trinh dién phan, né 13 phan tng phu trong qué trinh 6xy hod
phenol hoac cdc chit hifu co khac va vi vy lam giam hiéu suat dong.

Cic dudng Tafel dugc xay dung tir nhimg gid tri dién thé 6n dinh khi dién cuc dugc phén
cuc & nhitng mat do dong khic nhau trong dung dich axit. Céc dudng Tafel cta qud trinh giai
phéng 6xy trén cdc vat liéu andt: RuQ,, IrQ, va Sn0,-Sb,0,-Ir0, trong 1M H,SO, dugc biéu
* dién trén hinh 1. & mat d6 dong 0,1 mA/cm? dién the gidi phéng oxy trén dién cuc SnO, duge
pha antimon va iridium Ia 1,7 V[SCE] cao hon so véi trén céc dién cuc truyén théng Ru0,
(1,20 V) va IrO, (1,25 V) (hinh 1). O nhitng mat do dong cao hon do chénh léch clia qua the
gidi phéng oxy trén dién cuc (IrSb)SnO, so v6i RuO, hoac IrO, cang cao, do do déc Tafel cao
hon. Hé s6 Tafel chia qua trinh gidi phéng oxy trén cac dién cyc dugc biéu dién trén hinh 2, He
s Tafel ctia anot (IrSb)Sn0, cao (160 mV) chimg t6 phan tmg giai phéng 6xy trén andt nay
khé xdy ra. Dién the bat ddu thodt 6xy trén (IrSb)SnQ, gin véi dién theé 6xy hod khir
H,O0,/H,0 (1,77 Vyqe ) [9]:

H,0, + 2H* + 2e & 2H,0 (3)
Do dé co ché thodt 6xy duge goi 1a co ché “peroxide”. Bude dau tién cdc gée hydroxyl *OH
duoc tao thanh va hap phu trén bé mat:
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Sn0O, + H,O — SnO,('OH)+H' +e¢ (4)
Tiép theo cidc gdc hydroxyl hdp phu nay s€ duge 6xy hod tao thanh éxy:
SnO,("OH) > 1/20, + H" + ¢ + SnO, (5)

Dé chitng minh su tdn tai ctia géc hydroxyl nguoi ta si dung N,N-dimethyl-p-nitroaniline nhu
1a chat bay spin, né két hop véi géc "OH khéng bén ving thanh mot goc bén viing hon. Bing
cach trén da tim thdy géc "OH tdn tai trén bé mat dién cuc SnQ, dudi sy phan cuc andt [10].
Do khong ¢6 nhimg ion kim loai & trang thdi 6xy hod cao hon trong cu triic 6xyt nén cac gdc
hydroxyl s& hap phu yéu trén bé mit va ching chi 6xy hod tiép dé tao thanh oxy d dién thé cao
hon dién the 6xy hod khir H,0,/H,0.
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Hinh 1: Buong Tafel ciia phdn img giai phéng 6xy  Hinh 2: Hé s6'Tafel cua phan ing gidi phdng éxy.
trén cdc dién cuc khde nhau trong IM H,50, tw hinh 1.

Déi véi cac 6xyt kim loai c6 cdc diém hoat hod dién ho4 (dién hinh nhu RuQ, va I10,)
chiing hoat hod xiic tic cho phan tng gidi phéng 6xy. Nhitng g6c hydroxyl hdp phu c6 thé
tuong tic vai cac ion kim loai trong mang tinh thé 6xyt va 6xy hoa ching dén trang thai 6xy
hod cao hon [5]. Vi du nhu déi véi IrO,:

IrO,("OH) » 10, + H" + ¢ (6)
Trang thai oxyt bac cao nay khong bén vimg va s& phan huy dé tao thanh 6xy:
Ir0, —» 0, + 120, (7

Do d6 dién thé thodt 0xy trén nhitng dién cuc nay thap, gan véi dién the 6xy hod khir cua
cap IrO/TrO,:
Ir0, + 2H' + 2¢ < 10, + H,0 (8)
3.2. Anh huong ciia vat liéu andt dén kihd ndng oxy hod phenol,
Kha ning 6xy hod phenol di dugc khao sat thong qua viéc do nhu cdu 6xy hod hoc
COD. Hiéu suat dong tic thoi ICE giam dan theo thoi gian dién phan va dat gia tri cudi cling
gan bang khong nhu hinh 3. Hinh 4 biéu dién su phu thugce clta EOI hay 12 hiéu suat oxy hod
phenol vao vat lieu dién cuc. K&t qua cho thdy rang EOI ciia 6xy hod anét phenol trén anot
(IrSb)Sn0, cao hon han trén cdc anot RuQ, va IrO,. Nhu ching ta di bi€t phan tng giai phéng
oxy la phan dng phu canh tranh véi phan tng 6xy hod cédc chat hitu co trén dién cuc. Hiéu suit
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Oxy hoa thap déi véi anét RuO, va IrQ, 1a do dong dién chi yé&u bi tiéu thu cho phan iing giai
phéng oxy:

OH — 2H,0 + O, + 4e (9)
Nguoc lai, do anét (IrSb)SnO, c¢6 qua thé dxy cao nén qua trinh giai phéng 6xy trén bé mat
anot nay giam va nhu vay lam tang EOI hay hiéu suat dong loai trir COD ctia nudc thai va né
s& ¢6 trién vong tng dung vé mat ky thuat.

04 1
03 ¢ 0,75 |
. _
3] 02} 8 05}
0.1} 025 }
0 1 2 3 4 ] Ru0?2 rQ2 {IrShYSn0O2
thl : Andt

H inh :5‘ : Sy phy thuée ICE vao thoi gian 6xy hod Hinh 4: Anh Iutdng ctia vét liéu anot dén EOI
dién cita éxy hod phenol trén (IrSb)SnO, trong IM  pog phenol trong IM Na,S0,d mat d¢ dong la
Na,SO,mat dé dong la 0,07 Alem?, pH = 12. 0,07 Alew?, pH = 12.

3.3. Anh hidng cita NaCl.

Mot s& thir nghiém di dugc tién hanh dé ddnh gia dnh huéng cha NaCl dén kha nang
. 0xy hod phenol trén IrO, va (IrSb)SnO,. Mot trong nhitng két qua duoc bi€u dién trén hinh 5.
Cic két qua cho thdy rang khi ¢6 mat clia NaCl t6¢ do loai trir COD tang lén rat nhiéu so véi
khi khong ¢é-mat NaCl néu nhu sir dung anét IrO,. Trong khi dé déi véi anodt (IrSb)SnQ, anh
hudng clia NaCl khong dang ké. Kha ning loai trir COD khong phu thude vio néng do clia
NaCl trong dung dich.

Trong khi dién phin, Cl' duoc 6xy hod tao thanh hypochlorit CIO:

Cl + OH - ClO" + H,O + 2¢e (10}

Nhu vy ¢6 hai kha nang 6xy hod phenol khi dung dich c¢é mat ctia NaCl. Oxy hoa truc

ti€p phenol va cdc san pham Oxy hod trung gian (O,) c6 thé xdy ra trén bé mat anot:

-ne ne

CHOH — O, — San phdm cudi cing (11)
va 6xy hod gidn tiép bing ClO" x4y ra trong dung dich:
cro— ao™
CH.OH —> O, —> San phdm cugi cing (12)
- San phim cudi ciing cé thé I3 nhitng chét hitu co it déc hai mach thing hoac dén san pham
cuodi ciing la CO, va nudc.

[VS ]
LVS]

HOI NGHI HOA HQOC TOAN QUOC LAN THU IV, 10 - 2003 1




TIEU BAN HOA MOI TRUGNG

1
2000
075
Y
§
o
£ 505 | ¢
a
9 1000 Py
025 ‘
0 0
0 20 40 60 o] 0,05 01 0,15 0.2
Q [Ah/dm3] i [AJcm2]

Hinh 5: Anh hidng ciia néng do NaCl déh nhu cdu Hinh 6. Anh hudng ciia mét dé dong dén EOI ciia oxy
éxy hod hoc (COD) trong IM Na,SO, cé va khéng cé hod phenol trén andt (IrSh)SnQ, tronglM Na,S0,.
NaCl. Anét {rO, va mdt do dong la 0,07 Alcni®,

C thé so sanh véi oxy hod hod hoc khi phenol dugc 6xy hod bang NaClQ tao thanh
cdc san pham trung gian [9]. Kha nang oxy hod phenol khong phu thudc vao néng do NaCl,
nhu vay NaCl chi cé tdc dung xuc tic thong qua ClO™ dugc tao thanh. Hon nita, NaCl khéng cé
tdc dung rd rét doi véi andt (IrSh)SnO,. Khi phan tng x4y ra trén bé mat dién cuc nay, phan
Gmg nhur phan ing (6) khong xay ra. Cac géc hydroxyl c6 hoat tinh cao tdc dung véi cdc phan
tlr phenol, ¢6 thé véi cdc nguyén tir cicbon khdc nhau, din dén phd v86 mach vong tao thanh
cdc chét trung gian hodc 6xy hod hoan toan thanh CO, va nude. Vin dé nay cdn duge nghién
ciu tiép.

3.4. Anh hudng ciia mdt dé dong.

Mat do dong khio sit ndm trong giéi han cho phép vé mat k¥ thuat 1a 0,03 dén 0,15
Ajcm’. Nhiét do 1am viéc & 30°C. Hinh 6 biéu dién anh hudng clia mat do dong anot dén EQI
cla phan ing 6xy hod anét phenol trén dién cuc (IrSb)SnQ,. Két qua cho thay, mat do dong
tang lam giam nhe gid tri EOI, tirc la lam giam hiéu sudt 6xy hod phenol. Khi mat do dong
tang, dién the dién cuc ciing tang 1én va lugng 6xy duge giai phéng it nhiéu cling tang hon.
Hon nifa qua trinh 6xy hod ¢6 thé bi khong ché bdi qud trinh van chuyén khai lugng céc chat
hitu co dén bé mat dién cuc. V6i néng do phenol ban ddu 1a 1g/l, lugng cic chat hitu co dugce
van chuyén dén bé mit c¢6 thé khong di cho o6xy hod & mat do dong cao. Nhiing thlt nghiém
nay dinh hudéng cho viéc dng dung trong linh vuc k¥ thuét xir 1y nudc.

4. Két luan.

Hié¢u suit 6xy hod phenol cho xir 1y nudc thai phu thudc nhi€u vao vét liéu anét va diéu
kién dién phan. Vit liéu anot (IrSb)Sn0Q, ¢é hiéu suat ddong cao hon hin nhing vat liéu oxyt
kim loai truyén théng RuO, va IrQ, do ¢6 qua thé 6xy cao. Co ché giai phéng oxy trén hai loai
vat liéu trén ciing khac nhau. Su cé mat ctia NaCl xic tdc 0xy hoa phenol doi véi dién cuc andt
IrQ,. Chic nang xtc tac cua NaCl la do ClO™ dugc tao thanh tham gia vao qud trinh 6xy hoa
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phenol. Néng do NaCl khong anh hudng dén t6c do loai trir COD, con mat do dong tang 1am
giam nhe EOI trong khoang mat d6 dong nghién citu.
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