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MO PAU

Trong khoang hai thap ky gan ddy, cong nghé oxy hoa dién hoa da duoc
nghién ctru rong rai dé tng dung xtr Iy nudc thai. Cong nghé nay bao gdm qué
trinh oxy hoa truc tiép va/hodc gian tiép cua cic chat hitu co chta trong nudc
thai trén andt hodc trong dung dich cua thiét bi dién hoa. Dudi tac dung cua
dong dién cac chat thai doc hai va khé phan huy sinh hoc s& bi oxy hda thanh
cac san pham trung gian it doc hai hon va d& bi phan hay sinh hoc hoic c6 thé
oxy hoa dén CO, va H,O. Phuong phap xtr 1y dién hda nudc thai cong nghiép
ngay cang duoc quan tdm do nd ¢ nhitng wu diém riéng nhu thiét bi don gian,
kha nang phu hop cao ddi v6i quy mé vira va nho, dau tu ban dau théap, toc do
duoc diéu khién br?lng dong dién nén dé tu dong hoa, can rat it hodc khong can
hoa chit trong qua trinh xir 1y va 1a cong nghé “xanh” than thién véi moi
truong: it sinh ra hda chat doc thir cap, d6 chon loc cao [1, 2].

Tuy nhién, do nuéc thai cong nghiép 1a dung dich chtra nhiéu chat doc
hai khac nhau nén dé ting hiéu qua xir 1y can thiét phai quan tam toi vat lidu
dién cuc andt. V& tong thé, andt hitu ich phai thoa man ba yéu cu chinh sau:
dan dién, cé kha nang xuc tac dién hoa va bén vitng.

PbO, dugc coi 1a mot dién cuc oxyt kim loai xuat sic va duoc st dung
rong rai trong cong nghé dién hoa vi chi phi ciia né thip hon so véi cac kim
loai quy, dan nhiét tot, ¢ bén hoa trong dn mon, qua thé cao trong phan tmg
thoat oxy [3, 4]. Tuy nhién, trong linh vyc x{r ly moi truong nude thai bi 6
nhiém cac chat hitu co doc hai thi dién cuc andt PbO, it duge st dung béi 1€
lwong chi tan ra trong qua trinh oxy hod c6 kha ning gy 6 nhiém thir cap, hon
nita hiéu suit mat do dong hoat dong thép. Do do, trong linh vuc nghién ctru
tmg dung phuong phap dién hoa dé xtr Iy nudc thai cong nghiép ngudi ta it
dung dién cuc PbO, ma thuong sir dung cac vat liéu anot tro dya trén co sé hon
hop céac oxyt kim loai chuyén tiép va oxyt tro, vira c6 kha ning dan dién vira co

d6 bén hoa hoc va dién hod cao, va it doc hon véi méi trudng [5, 6, 7, 8].



Néu giam dugc mirc d6 hoa tan trong qué trinh oxy hoa xir Iy moi
truong nudc thai chira tap chat hitu co, cling nhu dong thoi ting duoc do dan,
hiéu suét dong dién, s€ mé rong dugc pham vi ing dung cua vat li¢u dién cuc
anot PbO.,.

Chinh vi nhiing 1y do trén ma dé tai: “Nghién citu ché tao, khdo sdt
dac tinh dién hoa cua dién cwc Ti/SnO,-Sb,03/PbO, trong dung dich co

chira hop chit hivu co” 33 dugc dit ra.

Muc tiéu cia luan an:

- Ché tao dién cyc an6t Ti/SnO,-Sb,04/PbO,, khao sit cau tric, hinh
thai va tinh chat cta dién cuc ché tao duoc;

- Nghién ctru tinh chit dién hoa cua dién cuc ché tao duoc trong dung
dich c6 chira hop chit hiru co: Xac l4p quan hé giira cac thong sé nhu pH,
nhiét 4o, tbc do quét, loai vat lidu, thé dién phan, mat do dong, thanh phan
chat dién ly va ap dung cho xtr Iy mau nudc thai thyc té ¢6 chira hop chat hiru

CO.

Y nghia khoa hoc va thue tién

Cung v6i xu thé chung trén thé gidi vé quan 1y va kiém soat moi
truong, van dé khao sat va xt 1y cac ngudn thai dang tré nén ngdy cang cap
thiét. Viéc khao sat, tién hanh cac bién phap giam thiéu 6 nhiém 1a quan trong
va c?ip bach. Pé tai duge thuc hién nham vao viée dua ra cac co so khoa hoc
phuc vu cho viéc xtr Iy nudc thai bang phuong phap dién hoa mot cach hiéu
qud, thyc thi va giam gia thanh, dong gbp vao cong cudc bao vé moi truong
noi chung.

Hién nay ¢ Viét Nam moi ché tao va ung dung cac hé anédt truyén
thdng nhu graphit, PbO,, con hé andt trén co s titan duge phit hdn hop oxyt
Sn0O,, Sh,03, PbO, chua c6 nghién ctru nao. Pay la loai vat liéu anoét cod
nhing tinh chat wu viét hon han cac loai andt truyén thong nhu d6 bén an mon

cao, xuc tac dién hoa tdt, mat do dong hoat dong 16n... Viéc nghién ctru ché



tao vat liu anoét tro trén co s& cac oxyt kim loai chuyén tiép dan dién béng
phuong phap phan huy nhiét va ma dién cho ting qué trinh dién hoa cuy thé rat
c6 y nghia thyc tién. Cac vat liéu dién cuc méi c6 kha ning st dung trong
thue té, nhim nang cao hiéu qua st dung cta chung trong linh vuc dién phan
xtr ly moi truong.

Noi dung nghién ciru

- Nghién ctru ché tao dién cuc Ti/Sn0,-Sb,04/PbO,

+ Khéo sat cac diéu kién ciia qua trinh ché tao dién cuc anh hudng téi
tinh chat dién cuc: chat xr ly bé mat nén Titan, moi truong dién ly, nhiét do
nhiét phan, thoi gian dién két taa;

+ Phan tich sy anh hudng cua cac diéu kién ché tao tGi tinh chat dién
cuc (cu trac tinh thé, hinh thai hoc, dd bén mang, d6 hoat hoa, ...), tir 6 tim
ra diéu kién t6i vu ché tao dién cuc c6 tinh chét tot, co kha nang Ung dung
Ccao.

- Nghién ctru dic tinh di¢n hoa cua dién cuc da ché tao trong dung dich
c6 chira chat hitu co (phenol):

+ Khao sat cac yéu to anh huong t6i kha nang oxy hoa phenol: loai vat
liéu, thé dién phan, mat d6 dong, pH, nhiét do, thanh phan chét dién ly...

+ Phan tich sy anh huong cua cac yéu td toi kha niang oxy héa chat hiru
co, tir d6 tim ra diéu kién tdi wu cho viéc xir 1y phenol;

+ Khao sat kha nang ung dung cta dién cuc ché tao duoc vao xir ly

mau nudce thai thuc té.

Poi twong, phwong phap va pham vi nghién ctru

Déi twong nghién ciru 13 andt tao bai hdn hop mot sd oxyt kim loai
phu trén nén titan. Cac andt dugc nghién ciru chu yéu trong cic moi trudng co
Cl va mdi truong axit nham ché tao andt ¢ tinh chat tot va trong mot sé moi
truong khac cho qua trinh xir 1y chat hitu co doc hai khd phan huy nhu

phenol.



Phwong phdp nghién ciru 13 phuong phap thyc nghiém. Bang phuong
phap phan huy nhiét cac dung dich mudi clorua cia cac kim loai dé ché tao
cac dién cyc oxyt trén nén titan. Qua trinh ché tao va tinh chit cia ching
dugc khao sat bang phuong phap phan tich nhiét vi sai va nhiét trong luong,
cac phuong phap phan tich cdu tric va hinh thai hoc (hién vi dién tir quét
SEM, nhiéu xa tia X), cac phuong phap dién hoa. Cac phuwong phap phan tich
sdc ky 1ong cao ap (HPLC), nhu cau oxy héa hoc (Chemical Oxygen Demand
- COD) duoc st dung dé danh gia qua trinh va hiéu qua oxy hoa chat hiru co
can nghién ctru.

Pham vi nghién ciru 1a dién cuc an6t hé Ti/SnO,-Sb,03/PbO, phuc vu
cho viéc nghién ctru tinh chat dién hoa cta dién cuc trong dung dich ¢ chira

chét hitu co.

Céu tric ciia luin 4n

Phin mé ddu gi6i thiéu 1y do chon dé tai, muc dich, dbi tuong, phuong
phép, pham vi nghién ctru, y nghia khoa hoc va thyc tién cta luan 4n.

Phén tong quan:

Trinh bay nhiing van dé chinh:

1. KJ¥ thuat oxy hoéa dién hoa cho xur Iy nudce thai

2. Gidi thiéu vé vat liéu dién cuc, tinh hinh nghién curu, cach ché tao va

mot s6 ung dung vat liéu dién cuc anot tro trong cong nghé dién hoa

3. Co s6 lya chon dién cuc andt hé Ti/ SnO,-Sh,05/PbO,

4. Tong quan vé nudc thai cé chira hop chit hitu co

Phén két qud va thdo ludn: gom 2 chirong

Chuong 2 trinh bay cac van dé:

1. Thiét bi, dung cu va hoa chét sir dung trong qua trinh nghién ctru.

2. Noi dung thyc nghiém va phuong phap nghién ctru

Chuong 3 trinh bay cac két qua nghién ciru va thao luan.

Phdn két lugn trinh bay cac két qua chinh cta ludn an

Cac két qua chu yéu cua luan an da dugc cong bo ¢ 8 bai bao da dang

trén cac tap chi khoa hoc trong nudc va hdi nghi chuyén nganh.



CHUONG 1: TONG QUAN

1.1. K¥ thuat oxy héa dién héa cho xir Iy nuwéc thai

Trong thoi gian gan ddy, cong nghé dién hoa di duoc nghién ciru rong
rii dé tmg dung xtr 1y nude thai [9, 10]. Trong cng nghé nay, cac phan Gmg
dién hoa st dung ning lugng dién dé diéu khién qua trinh hoa hoc...

Hinh 1.1 1a m0t minh hoa don gian cia mot hé dién hoa. Hé nay bao
gdm mot dién cuc duwong (andt) va mot dién cuc am (catdt) dat trong mot
dung dich dién phan va ca hai duoc ndi véi mot nguén dién mot chiéu bén
ngoai. Khi c6 dong dién chay qua hé dién hoa thi trén bé mit cac dién cuc s&
xay ra cac phan ung dién hoa. Tuy theo muc dich lam viéc ma cac phan trng
oxY hoa hodc céc phan img khir sé dugc quan tam va cac qua trinh xtr 1y nudc

thai s€ xay ra tai catot hoac tai anot [11, 12].

Nguodn dién
L mot chiéu

Catdt Anbt

Dung dich
| |~ dién phan

Hinh 1.1: So @6 minh hoa ciia mot hé dién hda

Céc phuong phéap dién hoa thuong bao gém hai thanh phan: khir xay ra
trén di¢n cuc am (catdt) va oxy hoa xay ra trén dién cuc duong (andt). Vi vay,
dién phan co thé dugc ap dung d6i voi cac chat thai ma no co thé oxy hoa
hoac khtr. Cac cong nghé dién hoa thuan lgi 1a cac qua trinh dién cuc chi bao
gdm cung cap (khir) hodc 1ay di (oxy hoa) dién tir. V& nguyén tic khong can
bd sung thém cac hoa chit hodc bd sung it hoa chit khong doc hai, cho nén
cong nghé dién hoa duogc coi 1a mot cong nghé¢ “xanh” than thién voi moi
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trrong. Do d6, ung dung cta cong nghé dién hoa trong xir Iy nudc thai ngay
cang dugc mo rong [13, 14, 15].

Xt Iy dién hoa co thé bao gdm cac phuong phap truc tiép hoic gian
tiép, cac phuong phap gian tiép bao gdm céac cip oxy héa — khir hoic bang
dién phan tao thanh cac chat 0xy hoa manh. Vi du cap oxy hoa — khir kim loai
nhu Ce**/ Ce** va Co®/ Co*, con cac chat oxy hoa gian tiép nhu ClO™ va
H,0, [16, 17, 18].

* Uu diém:

- Dé linh hoat: Co kha niang xir Iy nhiéu loai chat 6 nhiém khac nhau
v6i cac dang ran, 1ong va khi. C6 thé str dung qua trinh oxy hoa, qua trinh khtr
hodc sy tach pha dé xir Iy cac chat 6 nhiém hitu co v6i khoang nong do thay
d6i rong tir lodng toi ddc va tir thé tich dung tich microlit toi hang triéu lit.

- Hiéu qua nang lwong: Qua trinh dién hoa thuong lam vi¢e tai nhiét do
thuong nén chi phi cho ning lugng thap hon so véi cac qua trinh xtr 1y tuong
duong khac. Do co thé khéng ché duge dién thé lam viéc, hé dién hoa s& duge
thiét ké phu hgp cho mdi d6i tuong 1am viéc dam bao sao cho ton hao ning
lwong do phan bd dong kém, dién ap roi trén hé va cac phan tmg phu 13 nho
nhat.

- Dé tw déng héa: Do st dung cac thong sb dién nhu dong dién I va
dién thé E nén qua trinh dién hoa dac bi¢t dé dang tu dong hoa, gop phﬁn
kiém soat chat lugng nude thai va tiét kiém chi phi san Xuat.

- Khéng gdy 6 nhiém méi trwong: tac nhan chinh sir dung trong qué
trinh dién hda la céc electron tham gia trong cac phan Ung dién hdéa nén
phuong phéap nay rat sach d6i v6i méi truong. Mat khac, do chon loc cao cua
cac phan tng dién hoa xay ra trén bé miat dién cuc ciing gop phan lam giam
su tao thanh cua cac san phém phu.

- Hiéu qua kinh té: Thiét bj va diéu kién van hanh cta qué trinh dién
hoa tuong d6i don gian. Néu co thiét ké phu hop, chi phi dau tu tinh trén mot

don vi chat 6 nhiém cling s€ khong qué cao.



* Nhwoc diém:

- Su thu dong: Do trong qua trinh dién phan c6 mot mang polyme dugc
tao thanh trén bé mat dién cuc lam thu dong dién cuc lam viéc. Diéu nay dan
té1 lam giam tdc do phan Ung, gidm hi¢u suét 1am viéc cua thiét bi va co thé
lam mét kha nang hoat dong cua toan bd hé théng.

- Giam d¢ bén cua vat liéu dién cuc do sy 3n mon cia hoa chat sau mot
thoi gian lam vige dai.

Tuy theo co ché phan Gng cua cac qua trinh dién hoa xdy ra trén bé mit
dién cuc andt, phuong phap oxy hoa dién hoa c6 thé dugc chia thanh hai
nhom quan trong:

- Oxy héa truc tiép trén anot

- Oxy hoéa gian tiép bang cach st dung céc chat oxy hoa thich hop duoc

tao thanh trong qua trinh an6t

Khi qua trinh dién phan bat dau trong hé dién hoa, tai andt s& xay ra cac
phan tng oxy hoa. Cac chat c6 thé oxy héa duoc trong nudc thai s& bi oxy
héa dé chuyén héa thanh cac chat khong doc hai hodc it doc hai véi moi
truong. D6i voi cac chat thai hitu co, cac san pham cubi cung sau khi c6 thé
dat duogc s& c6 thé chi 1a CO, va H,O [19, 20]. Do d6, phuong phap oxy hda
dién hoa hira hen s& cung cdp mot giai phap vuot trdi rat than thién vai moi
truong va khong co san pham 6 nhiém thir cip. Mot vi du minh hoa cho wu
thé ctia phuong phap oxy hoa dién héa 1a cac két qua nghién ctru (hinh 1.2)
thu duogc bdi Sarina J. Ergas va cac cdng sy khi so sanh cac cong nghé su
dung dé xir Iy nudc thai trong cong nghiép dét [21, 22, 23, 24]. Co thé thay
rang phuong phap dién hoa c6 hiéu qua cao trong ca van dé giam chi s6 COD
trong nudc thai cling nhu gidm d¢ mau trong nude thai nhung chi phi tinh trén

mot don vi nude thai khong cao hon so véi cac phuong phap khac [25, 26].
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Hinh 1.2: D6 thi so sanh hiéu qud ciia cdc phwong phdp xik Iy mede thdi ciia nha
may dét thong qua cdc yéu t6: chi sé COD, dé mau va chi phi trén mét don vi

nwoc thai

Hinh 1.3 thé hién cac qua trinh dién hoa xay ra trén bé mat dién cuc
anbt trong qué trinh dién phan xtr Iy nudc thai. O day M 1a ky hiéu cua vat
liéu kim loai dung lam dién cuc andt. Cac chat hitu co dugc dic trung boi R
s& tham gia cic phan Gmg v4i M va cc san pham duoc tao ra trong qué trinh

dién phan nhu O, H'... [27, 28, 29].

Hinh 1.3: Co ché oxy héa cdc hop chat hitu co bang phirong phdp dién héa trén
dién cuc anbt



* Oxy hda andt triee tiép:

Qua trinh oxy hoa truc tiép bao gém céc giai doan a, e va f (hinh 1.3).
Té4c nhan O, hoat hoa dugc tao thanh 1a gbc OH' hip phu vat 1y trén bé mit
dién cuc andt (giai doan a). Trong truong hop ndy, twong tac gitta gbc OH’ va
anét 1a yéu. Do d6, khi cac chat hitu co xuat hién tai tai andt, gbc OH' s& oxy
hoa cac chat thai hitu co theo phan tmg:

MOH)+ R > M + mCO, + nH,O + H" + ¢ (1.1)

Phén tmg nay sé& bi canh tranh boi phan tng tao thanh O, tir goc OH ™

MOH) + R > M + %0, + H + ¢ (1.2)

Vit liéu andt trong co ché nay khong chi dong vai tro 1a ngudn cung
cap dién tir cho qua trinh oxy hoa chat thai ma con co vai tro xuc tac cho su
hép phu cta gbc OH" va han ché phan tng phuy thoat O,. Tuong tic gitta gdc
OH’ va dién cuc cang yéu thi kha ning phan Gmg oxy hoa cic chat hitu co
cang thap [30, 31, 32].

Oxy hoa dién hoa cac chit 6 nhidm co thé xdy ra truc tiép trén anot
thong qua viéc tao thanh oxy hoat hoa dugc hép thu vat 1y (cac géc hydroxyl
hap thu OH") hoic oxy hoat hoa hap thu héa hoc (oxy trong mang tinh thé
oxyt MOy.1). Qua trinh nay thuong dugc goi la oxy hoa andt hay oxy hoa truc
tiép va qua trinh oxy hoa andt di dugc mo ta boi Comninellis[33, 34]; Oxy
hoa dién hoa bién doi cac chat 6 nhiém doc hai khong thé xir Iy bang vi sinh
thanh nhitng chat hiru co c6 thé xir Iy bang vi sinh, vi vay sau khi oxy hoa
dién hoéa dung dich can dugc xir Iy bang vi sinh. Nguoc lai, “dét chay dién
hoa” 12 oxy héa dién hoa hoan toan thanh CO, va H,O va vi vay khong can
phai xtr 1y tiép. Tuy nhién, tinh kha thi cia qué trinh nay phu thudc vao 3
thong s6 sau: (1) su tao thanh cac géc hydroxyl hép thu héa hoc hoac vat 1y,
(2) ban chit ti nhién cua vat liéu andt va (3) qua trinh canh tranh v6i phan
ung thoat oxy [35, 36].

Oxy hoa dién hoéa truc tiép khong can cho thém mot luong 16n hoa chét
vao trong nudc thai; hon nira khéng c6 kha ning tao thanh nhiing san pham
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doc hai thtr cp. Nhimg vu diém nay da 1am cho oxy héa dién hoa truc tiép c6
strc hut hon cac qué trinh oxy hoa khac. Thong sé quan trong nhat trong qua
trinh nay la vdt liéu anot [38, 39, 40, 41].

* Oxy héa andt gidn tiép:

Oxy hoa andt gian tiép 1a qua trinh st dung mét chat dugc tao thanh tir
phan tmg dién hoa tai andt 1am chit phan ing dé oxy hoa cac chat 6 nhiém
thanh nhiing san pham it doc hai hon. Chat nay dong vai tro nhu mot chat
trung gian van chuyén dién tr gitta cac chit 6 nhiém va dién cuc trong hé dién
hoa. C6 nhiéu loai chat trung gian khac nhau duoc tao ra trén andt tly theo
muc dich st dung va chiing duoc phan loai theo co ché ctia phan tmg oxy hoa.

Hinh 1.3 cling minh hoa co ché ctia mot qué trinh oxy hoa gian tiép su
dung tac nhan trung gian la O, hoat hoa gém cac giai doan a, b, ¢, va d. Sau
giai doan hap phu gbc OH’, gdc nay tuwong tac v6i andt va tao thanh oxit MO
theo phan ung:

M(OH) - MO + H" + ¢ (1.3)

Cip oxy hoa — khir MO/M s& dong vai trd nhu mot chat trung gian cho
phan tmg oxy hoa cac chat hitu co theo phan tng:

MO +R - M + RO (1.4)

Hiéu qua cua qua trinh oxy héa gian tiép phu thudc vao 3 thong so:

- Su tao thanh ctia gdc oxy hoa trung gian

- Ban chat ciia vt liéu andt

- Su canh tranh cua phan tng tao ra goc 0Xy hoéa trung gian véi phan
ung thoat oxy trén dién cuc anét.

Bén canh céc chat trung gian c6 thé tai sinh, oxy hoa gian tiép con co
thé 1am viéc trong cac hé lién quan t6i cac chat oxy hoa khong thuan nghich
nhu Clp, HCIO, peroxyt va Os. Cac chit ndy duogc tao ra tir phan tung dién cuc
tai andt va co thé dugc dung dé pha hay cac chat 6 nhidm. Cac chat oxy hoa

trung gian khong thuan nghich duoc dung nhiéu nhét 1a Cl, va CIO™ dugc tao
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ra trong qué trinh dién phan CI'[2, 31, 33, 42]. Trong hau hét cac truong hop,
ca hai loai chét 6 nhiém hitu co cling nhu vo co s€ bi loai bo khi né)ng do cua
CI" cao, dién hinh 1a 16n hon 3g/1. Tuy nhién, cac hop chit trung gian hodc san
pham cudi cung bi clo hoa cd thé duge tao thanh trong qua trinh dién phan
nén da gay trd ngai cho kha nang tng dung rong rai ctia phuong phap nay.
Mot sb chit thuong dung trong dién phén gian tiép duoc liét ké trong bang 1.1
[11, 43].

Bang 1.1: Thé kher chudn cia mét sé cap oxy hoa khir thieong diroc diing trong

linh vuc Xir Iy nuéc thdi bang phwong phdp oxy héa dién hda

Cap oxy hoa khir| Thé khir chuan | Cap oxy héa khir | Thé khir chuan
(VINHE) (VINHE)
H,O/OH’ 2,80 CIO,/CI 1,55
05/0, 2,07 Ag*IAg* 1,50
S,05°/S04” 2,00 Cl,/ CI 1,36
MnO,“/MnO, 1,70 Cr,0;7/Cr** 1,33
H,0./H,0 1,77

Nhitng yéu ciu co ban cho mét qua trinh oxy héa gian tiép c6 hiéu suat
cao la:

- Gi4 tri dién thé tai do cac chét trung gian dugc tao thanh khong duoc
qua gan gia tri dién thé cua cic qua trinh thoat oxy va thoat hydrd.

- Téc d6 ciia phan mg tao thanh cac chat trung gian can phai 16n.

- Téc do cua phan ung giita chat trung gian véi cic chat 6 nhiém can
phai 16n hon tc d6 ciia cac phan g canh tranh khac.

- Su hap phu cua céac chat 6 nhiém can phai la nhé nhat.
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1.2. Vat liéu dién cwe anot
1.2.1. Gidi thiéu chung vé vit ligu dién cwe

Cong nghé dién hodéa dang ngay cang phat huy duoc tdc dung trong
nhiéu linh vuc kinh té va k¥ thuét, dic biét trong cong nghé tong hop cac hoa
chat, vat liéu méi va xir Iy 6 nhim méi truong. Pé nghién ctru tmg dung mot
cach hi€u qua cac qua trinh dién hoéa no6i chung va oxy hoa dién héda noi riéng
can thiét phai co nhiing hé thiét bi va phuong phap nghién ctru thich hop,
trong d6 ban chét cac loai vat liéu dung lam dién cuc andt co6 vai tro hét stc
quan trong [12, 44, 45].

Vit li¢u dién cuc la mQt trong nhitng yéu tb quan trong xac dinh chiéu
hudng ctia phan tng dién cuc, quyét dinh toc d6 phan tng, hiéu suit va chat
lugng san phém dién phan. Vat li¢u dién cuc thuong phai thod man cac diéu
kién sau: dan dién tbt, c6 tac dung xuc tac dién hoa hiéu qua ddi v6i nhiing
phan Ung mong mudn, chiu dugc sy dn mon hoa chat, bén co hoc, dé tao
dang, gia ca hop 1y [28, 29, 46] .

Viéc lua chon dién cuc phai dugc xem xét can than bai vi vat liéu dién
cuc va viéc xu ly hoac thay ddi bé mat cua nd cb thé lam thay d6i hoan toan
co ché qua trinh phan tng, tinh chat san pham trung gian, cac san pham phu
va do d6 sé& 1am thay doi dic tinh cua san phidm cudi cing. Trong cong nghé
xtr Iy moi trudng nude thai cong nghiép thi day 1a mot dic diém rat can luu ¥
[27, 30, 38, 47].

Tinh chat cua vat lidu dién cuc thuong dugc thé hién qua qua thé cua
phan g trén dién cuc, do6 1a dai Iuong biéu thi su thich hop gitra kha ndng
cta dién cuc va chat tham gia phan tng trén dién cuc. Trong qué trinh oxy
héa andt trong mdi truong nude, qua thé oxy cua dién cuc 1a mot yéu td quan
trong va c¢6 y nghia nhu qua thé hydro ctia qua trinh khtr. Tuy nhién viéc lua
chon vt liéu dién cuc andt co qua thé oxy khac nhau bi han ché khi xem xét

dén tinh chit dn mon cua vat liéu [38, 48].
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Nhiém vu kho khin chinh cua viéc phat trién cong nghé xir Iy nude thai
hitu co bang phuong phap dién hoa 1a tim kiém nhiing vt liéu anot khong doc
hai, c6 kha ning oxy hda gidn tiép hodc truc tiép va cac diéu kién dién phan
dé c6 thé chuyén doi chat thai hitu co doc hai thanh nhimg chét khéng doc hai
v6i hiéu suat dong cao. Cac tinh chét can thiét khac cta dién cuc bao gdm gia
thanh thép, khong doc hai, do bén va 6n dinh cao va do hoat hoa cao. Van dé
hiéu suat dong ciing dic biét chu y boi vi trong qua trinh dién phan nudc dé
tao thanh cac gbc hydroxyl OH' mong muén thi oxy ciing dugc tao thanh va
day 1a san pham khong mong mudn, né 1am giam hiéu suat dong. Do d6 vat
lidu andt phai c6 qud thé cao doi véi qud trinh thodt oxy méi ¢ thé oxy hoa
truc tiép cac chat hitu co doc hai [41, 49, 50].

V& tong thé, anét hiru ich phai thoa man ba yéu cau chinh sau: ddn dién
t6t, ¢6 kha nang xiic tic dién héa va bén vimg. Dan dién tét 1a can thiét dé
lam ting hiéu qua sir dung dién (khong ton dién). Nhitng tinh chat xdc tac
dién hoa tot 1a quan trong dé lam ting do sach san phidm va hiéu qua dién
phan. Anét bén viing (hao mon it) s& kéo dai tudi tho cua andt, khong gay ban
san pham va giam gia thanh trong viéc duy tri bao dudng. Ngoai ra, vat liéu
dién cuc andt phai c¢6 dién tré nho, tan nhiét tdt, it xdy ra phan tng phu, chiu
nhiét d6 cao; co gia thanh hop 1y, ché tao don gian va khong gy 6 nhiém mai
truong [51, 52].

1.2.2. Mét s6 loai vit liéu diing dé ché tao dién cuc anot

Vé mit Iy thuyét, bat ky vat dan dién t nao ciing c¢6 thé sir dung lam
dién cuc andt, nhung chi c6 mot sd vat lidu dugc st dung trong thuc té, thoa
min céac diéu kién: gia thanh thap, c6 tinh chat dién hoa hop 1y va c6 do bén
dn mon cao. CAc vat liéu ché tao anét thuong dung 1a:

- Graphit: Vat liéu nay c6 d6 bén hoa cao, do tiéu hao Ion 2 - 5
kg/A.nam, phu thuoc mat do dong phan cuc; d6 dan dién kha 16n, c6 thé ché
tao & cac dang khéac nhau, gia céng d& dang. Tinh chat phu thuoc kha nhiéu
vao cdng nghé ché tao. Tuy nhién, nd khdng bén co hoc, chiu mai mon kém,
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dé nat va; chi sir dung rong rdi trong moi truong it chiu tac dong cua ngoai
luc.

- Chi va hop kim cua chi: Co do bén co hoc cao, mat do dong Ion 100-
200 A/m%; duing trong nhidu mdi trudng khac nhau, ca méi truong co6 do xam
thuc 16n; ¢dng nghé ché tao don gian. Nhung lai dé tao ra 16p mang dic sit,
bam chic trén bé mit vat liu, ting dién tré 1am tiéu hao dién, can trd sy hoat
déng cua dién cuc Pb; gay 6 nhidm méi truong rat 16n [54, 55, 56].

- Thép khdng gi: Thép chira mot ham luong 16n cac nguyén to Cr, Ni,
Si ¢6 d6 bén chéng an mon cao, tuy nhién do c6 chita cac phu gia trén nén dé
dang tao ra cac mang thu dong [55].

- Hop kim nhém, kém: Pa s6 hop kim nhom c6 tinh bén co hoc cao va
duogc str dung rat rong rii trong kién trac, xy dung va cac nganh cong nghé
cao san xuit o to, may bay, cac dung cu nha bép. Hop kim nhém, kém dugc
sir dung lam vat liéu andt tan trong bao vé kim loai cua cac cong trinh trong
moi truong xam thyc; dong vai tro 1a anot hy sinh. Trong qua trinh dién phan
cac ion AI**, Zn®* tan ra tir dién cuc anét dong vai tro 1a tim keo tu tach cac
tap chat trong nudc thai. Cac vat liéu nay co luong ti€u hao dién cuc 16n, kha
nang 1am viéc han ché & mat do dong cao [58, 59].

- Titan va hop kim titan

Titan c6 kha nang kéo dan tdt, nhe, chéng an mon tot va kha nang chiu
duoc nhiét do rat cao. Co do bén co, do bén hoa rat cao trong nhiéu moi
truong, tbc d6 an mon thép; mat do dong 16n 800 — 1000 A/m?, ¢6 tinh chat
t6t. Hop kim titan duoc dung chu yéu trong hang khéng, tau hai quén, tén lua,
trong nganh k¥ thuat cong nghiép. Titan c6 chira cac tap chat cta oxy, nito,
sét, silic va cacbon tang do déo va gidm tac dong khi nhiét 46 cao. Trong cac
hop chét titan cha yéu ton tai trang thai oxy hoa 1a 4, hiém khi ¢ trang thai
oxy héa 1a 3 va 2. Kha ning chong an mon cao do sy hién dién trén bé mit
mot tim mang oxyt mong. Titan bén trong nudc bién, trong dung dich clorua,
ClO", HNOj3, oxalic, formic... Titan khong bén khi c6 mat cac chat oxy hda
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nhu trong H,S0, va HCI tinh khiét, hypoclorit... nhung lai bén trong axit c6
chtra cac ion Fe** (FeCly) hodc Cu®* (CuCly) [53, 60].

Trong mdi cong nghé moi, vat liéu andt dong mot vai trd quan trong.
Mot dién cuc li twong dung trong qua trinh oxy hda andt phai dam bao duoc
cac tiéu chuan: do bén cao, do dan dién tdt, co kha nang xuc tac chon loc cho
cac phan tmg oxy hoa tai anét va co6 qua thé cao cho phan ung thoat oxy dé
dam bao hiéu suat cao cho qua trinh oxy hoa cac chat thai. Chinh vi nguyén
nhan trén trong linh vuc nghién ctru ng dung phuong phéap dién hoa dé xir ly
nudc thai cong nghi€p nguoi ta thuong st dung cac vat li€u anot tro.

Bang 1.2 [43] dua ra su so sanh qua thé thoat oxy trén nhimng vat liu

andt dugc nghién ctru nhiéu nhat.

Bdng 1.2: Pién thé thoat oxy trén cac andt khac nhau

Andt |E[V(NHE)]| Piéukién | Anét |E[V(NHE)]| Diéukién
Pt 1,3 0,5M H,SO, | SnO, 1,9 0,5M H,SO,
IrO, 1,6 0,5M H,SO, |Si/BDD 2,3 0,5M H,SO,
Graphit 1,7 0,5M H,SO, |Ti/BDD 2,7 0,5M H,S0,
PbO, 1,9 1M HCIO,

1.2.3. Mjt s6 yéu t6 anh hwong dén dé bén ciia anot

Co ché hoa tan cua andt phu oxyt phu thudc vao diéu kién lam viéc,
nhu néng d6 ion CI, nhiét do, pH va mat do dong. Viéc danh gia thoi gian
séng cua andt ciing da dugc nghién ciru, song ciing rat kho khan vi téc do hoa
tan rat cham dudi diéu kién hoat dong binh thudng va nhiing thir nghiém gia
tdc hoan toan khong giéng cac diéu kién binh thuong. Céac thir nghiém gia toc
thuong duogc thuc hién trong dung dich axit véi ndong do ion C1” thdp va mat
d6 dong cao. Dudi nhitng diéu kién nay qua trinh giai phong oxy chiém uu
thé, va thoi gian séng cua dién cuc khong nhiing phu thudc vao sy an mon
ctia 16p hoat hoa ma con phu thudc vao kha nang tao 16p dién trg TiO, giita bé

mat nén titan va 16p phii hoat hoa [44, 61, 62].
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Khi mdt dién cuc oxyt dugc nhing vao trong dung dich nudc thi nd
duoc che phu boi cac nhém H* hoic OH ma né)ng dd cua ching sé phu thudc
vao ban chét tu nhién ctia oxyt. Sy hap phu cac ion la s& thay thé cac ion H'
hoac OH'. Su hép phu cua cac anion phu thudc vao ai luc hép phu déc biét
cua chung, néng do anion va thé dién cuc. O nhiing di¢n thé hoat dong binh
thuong su hﬁ,.p phu cua ion CI trén bé mit andt PbO, s& phu thudc vao dién
thé. Sy hap phu cua CI” giam khi pH dung dich ting. Khi nhitng diéu kién
dung dich khong thuan loi cho viéc hap phuy ion CI thi nhitng cau tir chira oxy
s& hap phu lén trén cac diém hoat hoa va nhu vay kha ning phan ung giai

phong oxy sé tang 1én [63, 64].

a) Anh hwong ciia mdt dé dong dén toc @ hoa tan anét.

Tang mat 46 dong s& lam tang téc d6 chuyén dién tich va dién thé cua
anot, va toc do cua cac phan mg riéng biét s& ting theo tinh chat phan cuc
ctia chang, vi dy nhu trong trudng hop don gian nhit 13 theo cac hé sd Tafel
cua chung. Trong di¢n phan xtt-clo ham luong 0xy cua khi thu dugc giam khi
mat d6 dong tang. Nguyén nhén 13 do phan tmg thoat clo c6 hé sé Tafel thap
hon hé sé Tafel ciia phan tng thoat oxy, cho nén toc do riéng phan cta phan
g thoat clo ting nhanh hon tdc do riéng phan cia phan tmg thoat oxy khi
mat d6 dong dién phan ting. Tuy nhién, diéu d6 khong c6 thé tc ché toc do
hoa tan an6t khi mat do dong cao, béi vi tdc do thoat oXy tuyét doi cling nhu
tdc do hoa tan andt sé ting khi mat d6 dong tang. Nhu vdy, trong san xuat khi
clo thi luong andt ti€u thu sé gidm so véi lugng khi clo dugc san xuét khi mat
d6 dong tang, trong khi d6 trong bao vé catdt thi st dung mét d6 dong thap
hon s& kéo dai thoi gian hoat dong cua andt.

Sy hoa tan oxyt kim loai (vi du nhu PbO,) xay ra dong thoi va lién
quan véi su thoat oxy. Diéu d6 dua dén gia thiét ring & mot dién thé hodc mot
mat d6 dong t6i han, toc d6 thoat oxy qua thap thi sy hoa tan caa 16p oxyt coi

nhu khong xay ra.
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b) Anh hwéng ciia néng dé CI' dén toc do hoa tan anét.

Téc do hoa tan andt phu thudc vao qua trinh thoat oxy, trong khi do
phan tmg thoat clo va 0Xy xdy ra trén bé mit an6t 1a cac phan Gng canh tranh
va phu thudc vao ndng d6 CI'. Tdc do thoat oxy riéng phan ting véi sy giam
néng dd CI'. Vi du khi clo duoc san xuét trong cac bé xtt-clo chtra khoang 2-
3% oxy, nhung trong san xuat hypochlorit khi thoat ra ctia qua trinh anét co
thé chira trén 10% oxy. Tuy nhién, khong cé thé xac dinh dugc 16 rang phan
oXy tao thanh do phan huy nudc va phan oxy do oxy hoa cac hop chat oxy
ctia clo. Piéu d6 rat quan trong vi chi c¢6 qua trinh thoat oxy bang dién hoa
moéi cho 14 gdy nén su hoa tan cta oxyt kim loai. Khi nhimg diéu kién phu
hop cho san xuét clo thi phan 16n oxy dugc tao thanh bang hoa hoc, nhung
phan oxy duoc tao thanh do dién hoa (do phan huy nudc) s& tang khi diéu
kién bat dau wu tién qué trinh thoat oxy.

¢) Anh hwong ciia pH dén téc dé hoa tan andét.

Anh huong cia pH dung dich dan dén hao mon anét 1a do sy thay doi
tbc do phan tng thoat oxy va clo. Tang pH, vé mit nhiét dong sé& lam d& dang
quéa trinh thoat oxy, nhung tc d6 thoat clo ciing thay ting khi ting pH. Do
axit trong céac 16 x6p ctia andt ting 1én trong qua trinh hoat dong do dé toc do
thoat oxy giam va nhu vay tdc dd hoa tan bén trong anot s€ bi han ché.

Anh huong ciia pH dén hoa tan andt trén co s hdn hop oxyt kim loai 14

kha phtic tap do nhing oxyt kim loai c6 do bén dn mon khac nhau [11, 52].

1.2.4. Ché tao dién cuwc anét oxyt biang phwong phdp phéin huy nhiét
Cac ky thuat str dung dé ché tao dién cuc oxyt phai dat dugc nhiing
muc dich sau: (1) d6 dan cao; (2) 16p phu hoat hoa phai mong dé cho gia
thanh thip nhat va dé giam anh hudng c6 thé dén do dan caa 16p phu; (3) viée
ché tao dién cuc nhanh va dé dang; (4) 16p phii c6 d6 6n dinh co hoc cao.
Anbt tro trén co sé hon hop oxyt kim loai thuong dugc ché tao tir kim

loai nén va 16p phu hoat hoa dién hoa. Kim logi nén co6 kha nang thu dong,
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bén hoa hoc va dién hoa dudi tac dung ctia dong andt nhu titan hodc tantali.
Lép phii hoat héa 13 16p hdn hop oxyt kim loai trong d6 c6 oxyt kim loai
chuyén tiép dan dién. Hon hop oxyt kim loai gdm nhitng oxyt hoat héa va
oxyt tro, thanh phan hoat héa thuong 1a RuO, va IrO, va thanh phan tro
thuong 1a TiO,, Ta,0s, SN0, dé ting dd bén cla andt va giam gia thanh [65,
66, 67]. Chiic niang ctia 16p phil hoat hoa 1a cung cip dong dién dén bé mat
tiép giap dién cuc - dung dich va gitt cho cic phan tng andt theo yéu cau xay
ra.

Vé nguyén tic c¢6 nhiéu phuong phap co thé sir dung dé ché tao 16p
oXyt trén cac nén khac nhau nhu phuong phap dién phan, phuong phap ling
dong hoéa hoc pha hoi CVD, phuong phap sol-gel..., nhung trong thyuc té
phwong phdp phdn huy nhiét 16p dung dich mubi phu trén bé mit nén (titan)
thuong duoc str dung do k¥ thuat don gian nhung hiéu qua, tinh chat 16p phu
tdt, dién tich bé mat thuc cao (tang d0 hoat hoa), dap tng tdt nhat cac yéu cau
ky thuat cua vat liéu dién cuc andt. Cac budc co ban bao gém hoa tan hop
chét chira kim loai can tao oxyt trong dung dich phu hop, phi dung dich d6
trén nén chéng han Ti da duogc xu ly bé mat va nung ¢ nhiét d0 dugc chon.
Viéc lya chon nhi¢t d§ nung phu thudc vao vat liéu ban dau dé tao oxyt va
ban chat vat liéu nén. Thong thudng nhiét do nung phai du 16n dé dam bao su
phan huy 16n nhat nhung du thap dé tranh qua thiéu két san pham cudi cung.
Viéc tao ra mot s6 16p phu oxyt kim loai tir phwong phap phan huy nhiét cac
mudi duoc tom tat trong bang 1.3 [7, 41, 49, 68] (thay bang TL 62, 69,70)

18



Bang 1.3: Mét sé vt liéu anét dieot ché tao bang phwong phdp phdn huy nhiét

Anét Quy trinh ché tao

RUO, | Mudi RuCl; duoc hoa tan trong isopropanol hoic butanol. Sau mdi

lan phii dung dich, mau dugc sdy ¢ 50 °C, sau d6 nung & 300-500 °C
[69]

IrO, | Ché tao twong tu nhu RuO, tir IrCl, va nhiét do nung tir 400-550 °C
[69]

PtO, | H,PtCls duoc hoa tan trong dung dich axit, phu 1én nén titan, sy ¢
nhiét do < 100 °C, sau d6 nung & 350-450 °C [70]

MnO;| C6 thé ché tao bang phuong phap dién phan hodc phan huy nhiét.
Trong phuong phap phan huy nhiét, dung dich Mn(NO3), dugc dung
lam dung dich phu va nhiét do nung 1a 190-200 °C [70]

SnO, | Mubi SnCl, duoc hoa tan trong isopropanol hodc butanol. Sau mdi
1an phu dung dich, miu dugc sdy & 50-60 °C, sau d6 nung ¢ 300-500
°C[62, 70].

1.3. Tinh hinh nghién ctru dién cuc anot tro’ va irng dung cia ching

Dién cuc anét tro (dimensionally stable anodes - DSA) 1a loai dién cuc
dic biét cua hon hop cac oxyt kim loai chuyén tiép (SnO,, 1r0,, RuO,,
Sb,0;...) ph trén nén titan. Chung 1a nhiing loai dién cuc méi c6 do bén dién
hoa, hoa hoc va hoat tinh xtc tac cao da va dang la muc ti€u nghién ctru cua
nhiéu nha khoa hoc trén thé gigi nham nang cao tinh ning va mé rong pham
vi img dung ctia andt trong cac linh vuc dién hoa khac nhau [23, 61, 62, 71].

Cho dén nay, trén thé gio1 nhiéu hé andt tro dua trén DSA d3 duoc phat
trién va sir dung rong rii trong cic cong nghé dién hoéa khac nhau nhu cong
nghé dién phan: xut-clo, chlorat, tong hop cac chat hiru co..., cong nghé bao
vé catot chong an mon, cong nghé xir Iy moi truong: san xuat cac chat khur
tring va oxy hoéa, xir Iy nuéc thai, nudc 6 nhiém..., do cac tinh chat wu viét
cua chung nhu do dan dién, kha nang xuc tac di¢n hoa va do bén cao so voi
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cac loai vat liéu andt truyén thong khac (graphit, gang ferosilic, magnetit,
PbO;...).

Vao nhitng nim 90, hang loat hn hop oxyt hai hodc ba cdu tir dd dugc
thur nghiém. C4c loai oxyt iridi, ruteni va platin dugc chon lam cac cAu tir dan
dién va xuc tac; con cac oxyt tantali, titan va thiéc dugc sir dung nhu cac chat
6n dinh khong dan dién [60, 72, 73].

bién cuc Pt duoc nghién clru rong rai nhat trong linh vuc oxy hoa dién
hoa. Bién cuc Pt dugc tmg dung rong rii dé xir Iy cac chat 6 nhiém hitu co:
nude thai urine, thudc trir sdu, tannins, cic chat 6 nhiém hitu co hién dai.
Mang Pt phu trén Ti cling dugc ting dung dé loai b cac chit nhudm mau,
tannery, axit benzoic va bisphenol-A. Theo Comminellis, su 0Xy hoa lua chon
6 thé xay ra trén dién cuc voi sy tao thanh PtO,. Hi¢u suat dbi véi dién cuc
nay phu thudc rat nhiéu vao qua trinh chuin bi ché tao dién cuc. Cac dién cuc
Pt cai tién véi cac chat bod sung nhu Pt/WO, va Ti/Pt-Ir ciing di duoc nghién
ctru dé oxy hoa céac axit cacboxylic va cac chat nhuém mau. Trong ca hai
nghién ctru, hiéu suat dong cao (80-100%) va gan 99% axit va gan 50% chat
nhudém mau da da bi oxy hoa [19, 33, 34, 63, 77].

Comninellis va cong su da nghién ctru oxy hoa dién hoa ctua phenol
trén dién cuc Pt cho xtr 1y nudce thai. Dung dich dién phan 1a Na,SO4 1509/l
v6i pH 13 3 va 12,5 va ndng do phenol 1a 1,2 .4, 10 mmol/l. Két qua thu duoc
1a chi s oxy hoa EOI khong phu thudc vao mat do dong di¢n phan va nhiét
d6 ma chi phu thudc vao pH va nong d6 phenol. Két qua phén tich cac hop
chat trung gian tao thanh trong phan tng chimg minh hai con dudng oxy hda
cua phenol: OXy hoa hda hoc véi su tao thanh cua géc OH’" va oxy hoa truc
tiép ctia cac phan tir phenol hp phu trén bé mat dién cuc va/hoic cac hop
chat trung gian cta né thanh CO,.

TiO, duoc st dung trong xir Iy nudc thai nhu mot chat quang xUc tac.
B.':fmg cach thém vao Nb va Ta, do dan cua TiO, duoc cai thién cho phép su
dung nhu mot cht xtic tac dién hoa cho qué trinh oxy hoa chit 6 nhiém. Pién

20



cuc nay thudng duge ché tao bang cach nung nén Ti pht mang Nb hoic Ta bd
sung cho TiO, [7, 15, 18, 47]. Pién cuc TiO, bén tai mat do6 dong thap
(<30A/m?%) nhung tudi tho cua nd giam dang ké khi lam viéc tai mat d6 dong
cao [67, 79].

bién cuc mang kim cuong BDD la mot vat li¢u hiéu qua cho su pha
huy céc chit 6 nhiém nhu amoni, CN’, phenol, chlorophenol, aniline, chét
nhuém mau, chat hoat dong bé mit va nhiéu hop chat khac[72, 80, 81].
Khong nhu céc dién cuc khac, mang BDD duoc két tua trén Si, Ta, Nb, va W
bang phuong phap bay hoi hoa hoc (CVD) va c¢6 do bén dién hoa cao. Tuy
nhién, chi ¢6 dién cuc BDD trén nén Si duoc ung dung rong rai mac du no co
nhitng nhuoc diém 1a d& v& va d6 din cta nén Si 1a twong dbi thap. Mit khac,
kha ning tng dung ctia BDD trén nén Nb, Ta va W 13 kho thyuc hién do chi
phi cho vt liéu nén qué cao [58]. Ti c6 day du cac vu diém ctia mot vat liéu
nén hoan hao nén dién cuc Ti/BDD di va dang dugc nghién ctu st dung dé
phan huy mot s6 chat 6 nhiém nhu cac chit nhudm mau, céc axit cacboxylic,
va cac hop chat phenol [58, 81, 82, 83, 84]. Carey va dong nghiép da c6
Patent vé sir dung dién cuc Si/ BDD dé oXxy hoa cac chat 6 nhiém hitu co.
Comninellis va cong su cling da nghién ctiru 0xy hda andt ciia mot chat hitu co
trén Si/BDD cling nhu co ché ma cac chat nay bi oxy hoa tai bé mat dién cuc.
Gi4 tri hiéu suit dong nhan dugc rat cao, thay ddi tir 33,4% dén hon 95% phu
thudc vao ban chat cia chat 6 nhidm va diéu kién oxy hoa. Beck ciing da thu
duoc két qua nhu Comninellis khi so sanh cac dién cuc Si/BDD, Ti/SnO,,
Ta/PbO, va Pt cho oxy hoa phenol. Véi dién lugng di qua dung dich 1a 20Ah,
TOC giam tu 1500 t61 50mg/1 véi Si/BDD va khoang 300, 650 va 950g/1 véi
cac dién cuc Ti/SnO,, Ta/PbO, va Pt tuong tmg [1, 5, 13, 20, 30-33].

P.L.Hagans va cac cOng sy da nghién clru qué trinh oxy hoa di¢n hoa
phenol trén dién cuc mang kim cuwong BDD. Thi nghiém sir dung mot hé dién
phan tudn hoan véi dung dich H,SO, 0,1M va phenol 10mM. Cac phép do
quét thé vong CV di chi ra rang qua trinh oxy héa cua phenol béi dién cuc
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BDD van tiép tuc xay ra sau nhiéu chu ky do CV. Két qua phan tich tong
cacbon hitu co TOC cho thay su thay d6i cia TOC phu thudc vao thoi gian
dién phan va dong dién di qua hé. TOC c6 thé giam t&i < 0,1% da chung to
mot qué trinh chuyén héa hoan toan cua phenol thanh CO,. [41, 49, 85]

Pé so sanh kha nang lam viéc cua cac dién cuc hoat hdéa va di¢n cuc
khong hoat hoa, P. Canizaes va cac cong su da str dung dién cuc BDD va di¢n
cuc thép khong ri dé dién phan oxy hoa dién hoa phenol. Nghién ctru di chi ra
nhirng sy khac nhau trong tinh chit dién hoa cta hai loai dién cuc. Bé mit
dién cuc thép khong ri thay d6i nhiéu trong khi dién phan lam anh hudng dén
quéa trinh oxy héa cta phenol. Nguoc lai dién cyc BDD hau nhu khong bj thay
doi trong subt qua trinh lam viéc. Cac thong s6 nhiét do, mat do dong dién,
né)ng do phenol ban dau anh huong khac nhau dén ca hai loai dién cuc. Khi st
dung dién cuc BDD tbc do chuyén hoa phenol thanh CO, giam khi ting nhiét
d6 va mat do dong dién[15, 86] .

Gan day mot sb dién cuc da 16p bién tinh bao gom hdn hop hai hoic ba
oxyt nhu Ti/Sb-SnO,[62], Ti/Ta,Os—-1r0,[83], TiI/RuO,—IrO,-TiO,[69],
Ti/SNO,~RuO,—IrO,[6], Ti/SnO,-Sb/Ce-Pb0O,[87] ciing da dugc nghién ctu
va hiéu suét dién hoa di duoc tang lén.

N. Belhadj va cdng su da str dung cac dién cuc PbO, dé nghién ctru
dong hoc cua qua trinh di¢n phan pha huy phenol. Ba loai dién cuc da duogc
stt dung 1a Ti/PbO,, Ti/lrO,-Ta,0s/PbO,, Ti/lrO,-Ta,0s/Bi,Os-PbO, [6, 83,
84]. Lop phu trung gian IrO,-Ta,0s duoc chuan bi bang phuong phap phan
huy nhiét. Cac 16p PbO, va Bi,0s-PbO, dugc chuan bi bang phuong phap ma
dién. Anh huong cua ion perchlorate dén qué trinh dién cuc dugc nghién ctu
bang cach dua thém axit HCIO, vao trong dung dich ma dién dung dé chuan
bi dién cuc [39, 88]. Dung dich dién phan c6 pH = 2 va ndng do phenol ban
dau 1a 21 mM. Két qua thi nghiém chi ra rang cac ion perchlorate c6 anh
huong dén qua trinh van chuyén cua cac nguyén tir O trén bé mat dién cuc.
Mic du ¢6 cung toc do phan hiy phenol nhung dién cuc PbO, chta ion
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perchlorate c6 téc d6 pha huy 1,4 Benzoquinone thdp hon 3 lan so v&i dién
cuc PbO,. Khi c6 thém su bd sung ctia Bi thi hiéu suat phan hay phenol trén
bé mit dién cuc cao hon va trong ca ba loai dién cuc thi dién cuc PbO, tinh
khiét c6 hiéu suit phan huy cao nhat [78, 89].

Tai Viét Nam, van dé xir Iy nudc thai c6 chtra cac chat hitu co dc hai
bang phuong phap oxy hoa di va dang dugc cac nha khoa hoc quan tim
nghién ciru. Mot sé cong trinh nghién ctru gan day trong linh vuc dién hoa
nghién ciru xtr 1y cac nudce thai cd chira cac hop chat phenol str dung cac loai
andt nhu Ti/PbO,, Ti/SnO, ...da dugc thuc hién tai cac don vi khoa hoc nhu:
Vién Ky thuat Nhiét doi, Vién Hoa hoc, Vién Khoa hoc Cong nghé Moi
truong ... Trung tdm Moi truong thude Vién Ky Thuit Quén sy di trién khai
mot hé théng xir Iy nudc thai co chira cac chat nhay nd nhu TNT, TNR bang
phuong phéap oxy hoa dién hoa tai nha may Z121 trén tinh Phu Tho. Péc biét,
tai Vién Khoa hoc V4t liéu, phong An mon va Bao vé Vit lidu da ché tao
thanh cong vat lidu anét tro nén Ti phu hdn hop 6xit kim loai RuO,, IrO,,

TiO, tmg dung trong linh vuc xir 1y nudc thai.

1.4. Co sé lwa chon dién cuc andt hé Ti/ Sn0,-Sb,03/PbO,

Ngoai cac co sd da trinh bay trén, viéc lya chon dién cuc an6t hé
Ti/Sn0,-Sh,05/PbO, cho qué trinh nghién ciu trong dé tai con dua vao cac co
SO sau:

Trong linh vyc xtr Iy méi trudng nudce thai bi 6 nhiém cac chét hitu co
ddc hai thi dién cuc anoét dya trén co s& hon hop cac oxyt kim loai chuyén tiép
va oxyt tro, vira ¢6 kha nang dan dién vira c6 d6 bén hoa hoc va dién hoa cao
va it doc hon véi moi truong dugce lya chon st dung boi 1€ trong qua trinh
oxy hoa cac chat ndy s& khong tan ra, vi thé khong c6 kha niang gy 6 nhiém
thir cdp, hon nita mat d6 dong hoat dong lai thap [28, 29, 47, 90, 91].

B4o cdo vé viée ap dung PbO, nhu 1a mdt chét thay thé cua dién cuc Pt

trong nganh cong nghiép ClO4 ¢6 tir trudc 1930, nhung nghién ciru va chuan
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bi ctia dién cuc Ti dua trén PbO, chi duoc bit dau tir 20 nam trude day. Mot
s6 cong trinh nghién ctru da cho thiy PbO, dugc coi nhu 1a mdt dién cuc oxyt
kim loai tuyét vo1 va duoc str dung rong rai trong qua trinh oxy héa dién hoa
vi n6 ¢6 chi phi thip hon so véi cac kim loai quy, co kha ning thay thé cac
loai vat liéu andt quy nhu Pt, Au va cong nghé ché tao don gian [3, 4]. Dién
cuc trén co s& oxyt kim loai PbO, duogc sir dung trong qua trinh dién héa nho
c6 kha ning dan dién cao, kha ning chéng dn mon héa hoc tbt, c6 kha ning
Xuc tac cao cho cac phan trng oxy hoa. Ngoai ra, mang mong PbO, con c0 cac
vu diém 1a dan nhiét tét, bén trong cac mdi truong, cd tinh oxy héa manh,
chiu méat ¢ dong lon[71, 87, 89].

PbO, la mot vat liéu da hinh vi hai hinh thie thu hinh: dang thoi a-
PbO, véi cdu triic nhd gon va tir giac - PbO, véi ciu trac xdp. Cha yéu 1a st
dung cdu trac dang f- PbO, dé xir Iy vi nd ¢o tinh hoat héa cao hon nhiéu va
dién tich bé mat riéng 16n hon nhiéu so véi dang a - PhO, [90].

Viéc ché tao dién cuc Ti/PbO, di duoc phat trién ung dung cho qua
trinh oxy hoa dién hoa loai bd hiéu qué o-nitrophenol tir dung dich nudc thai
[46]. Song va cong su [74] st dung dién cuc PbO, pha tap Sb lam andt trong
moi trudng axit nham xt 1y 4-Chloro-3-methyl phenol di dat hiéu qua cao.
Kirk d& nhan ra tmg dung dau tién ctia ctia PbO, cho oxy hoa tap chat hitu co
aniline. Vat liéu anét nay duoc dung dé xt 1y mot vai hop chit hitu co khac
nhu indol, glucose, chloranilic axit, trytophan va bezoquinone. Cung thoi gian
nay, 16p mang PbO, trén Ti duoc dung dé oxy hoa benzoquinone, phenol,
chlorophenol, va mot s6 chit hitu co doc hai khac [92, 93, 94]. Trong cac
nghién ciru ndy, vat liéu andt da cho hiéu suat dong dién cao. Tuy nhién gié tri
hiéu suit dong dién rat khac nhau phu thudc diéu kién thi nghiém. Kaba va
cac déng nghi¢p da dat duogc hi¢u suat 95% khi cac chat hitu co 6 nhiém tir
nude thai sinh khdi ¢ chira urine. Trong khi dé cac thuc nghiém cua Kirk chi
thu dugc hiéu suit thap (16-21%) va hiéu sudt nay phu thudc nhiéu vao gia tri
dién thé va cac thong sé thi nghiém khac. Nhuoc diém 16n nhét cho dén nay
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1am han ché sy ung dung cua dién cuc PbO, la su tao thanh cta Pb** ¢6 thé
gy ra 6 nhiém nudc [71, 87, 89].

Tahar va Savall [90, 91, 95] mé ta qua trinh oxy hoa phenol trén dién
cuc PbO, bﬁng cach sir dung cac chit nén kim loai khac nhau (Ti, Ta, va Pb)
v6i su thay doi ché do lam viée trong bé dién phan. Andrade va cong su [29,
47] nghién ctru qua trinh oxy héa phenol trong H,SO, bing cach str dung dién
cuc PbO, tinh khiét hoic F', Co va Co/ F duoc pha tap trong dién cuc PbO,
trong b phan may loc ép [47].

Co mét sb cong trinh nghién ctru ché tao hé Ti/SnO,-Sh,04 bﬁng
phuong phap hoa phan va sir dung nhu 1a andt co qud thé oxy cao dé oxy hoa
dién hoa cac chat hitu co. Uu diém cta hé andt nay 1a khong st dung cac oxyt
kim loai quy, nhung d6 dan ctia n6 khong cao va khong xuc tac cho qua trinh
giai phong oxy nhu cac andt chira RuOy, IrO; hoac PbO, [69, 87]

Song va cac cdng su [75] di diéu tra su suy thoai dién hoa 0,70 mM 4-
chloro-3-methyl phenol trén dién cuc Ti/SnO, -Sb/PbO,. Hiéu qua loai bo
TOC dat 50% sau khi dién phan cho 8 gi> & mat dong 1a 100 A/m®. Wang et
al da nghién ctru su suy thoai dién hoa ctia 90 mg/L 2,4-dichlorophenol trén
hé dién cuc Ti/SnO,- Sh,0s/a-PbO,/B-PbO,. Viéc loai bdé hiéu TOC dat 36%
sau khi dién phan cho 6 gid véi mat do dong 1a 5 mA/cm®. Lép phi SnO,
cling c6 hoat tinh tuong tu nhu PbO,. Tai cyc duong SnO,, cac chét hitu co
phan mg véi ca gbc hydroxyl hap thu va gdc hydroxyl tu do nén ning cao
hiéu qua cho viéc xir 1y cac chat hitu co [38].

Theo Yinghan Zhenga va cac cong su [90, 91], 16p xen gilta SnO,-
Sh,0s-RUO, déng mot vai tro rat quan trong tao diéu kién thuan loi cho 16p
PbO, dugc hinh thanh nhd phuong phap ma dién. Cac dién cuc Ti/SnO,-
Sh,05-RuO,/a-PbO,/B-PbO, thu dugc khong chi cd su 6n dinh dién cao ma
con ¢6 tac dung tbt trong viéc lam suy giam cac cac chat 6 nhidém. Khi phan
cuc & mat do dong 4 A/em? trong dung dich H,SO, 0,5M, thdi gian séng cua
dién cuc dat 59 gio. Viéc loai bo COD khoang 94% va 53% cho xuéng cép
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phenol 500 mg/l véi méat d6 dong 100 A/m?, va khoang 82% va 25% cho
xudng cip 4- chlorophenol 1 mM véi mat d6 dong 200 A/m? [91].

So sanh tinh chat dién hoa cua dién cuc Pt va dién cuc SnO, trong oxy
hoa dién hoa phenol cling da dugc Comninellis va cong su thuc hién [66]. Su
khac bi¢t chinh nhan duoc la: tai dién cuc SnO, chi c6 mot luong rat nho céc
hop chit trung gian thom ton tai trong khi d6i véi dién cuc Pt lugng hop chit
trung gian nay la rat 16n. Cac axit aliphatic bi oxy héa nhanh tai di¢n cuc
SnO, nhung khong hoat héa dién hoa ddi véi dién cuc Pt. Co ché cua qua
trinh oxy hoa dién héa trén dién cuc SnO, ciing di dugc dé xuat. Budc dau
tién gbc OH" dugc tao thanh do phan tmg dién phan cta nude:

2H,0 — 20H" + 2H" + 2¢ (1.5)
gbc OH' nay s& oxy hoa phenol tai bé mit dién cuc thanh CO,[62, 65, 96, 97].

Pé gop phan vao linh vuc ndy cac nhom nghién ciru ¢ Viét Nam gom
cac tac gia Trinh Xuan Sén, Truong Thi Hanh, Nguyén Thi Bich Loc ( Khoa
Hoa hoc, Truong Pai Hoc Khoa Hoc Tu Nhién - Pai Hoc Quéc Gia Ha Noi)
va Tran Quéc Tuy (Trung tdim Khoa hoc Ky thuit va Cong nghé Quén su
BQP) [44] ciing d3 tién hanh nghién ctru ché tao dién cuc PbO,/Ti va tinh
chat dién hoa cua ching trong mdi trudng chat dién ly nham 1am ting do bén
va tinh chit dién hoa cta dién cuc. Nhom nghién ctru di dung phuong phap
dién phan dé ché tao 16p pha PbO, trén nén titan kim loai. Két qua nghién ctru
cho thdy, dién cuc PbO, duoc ché tao bang phuong phap dién phan bao gdm
hai 16p a-PbO, va -PbO, c6 dd bén cao hon dién cuc chi c6 mot 16p S-PbOy;
v6i thoi gian dién phan 1a 30 phut, dién cuc PbO, co6 kha ning trao doi
electron d6i v6i hé oxy hoa khur da khao sat va do bén hoa tan an6t cta nd
trong dung dich NaCl cao nhét; dién cuc PbO, duoc ché tao trén nén Ti ¢
pha 16p SnO, cé d6 bén hoa tan andt trong dung dich NaCl, Na,SO, va
NasPO, cao hon cac dién cuc PbO,/C (mang PbO, trén nén graphit cacbon) va
PbO,/Ti.
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Mot trong nhitng nghién ctru cta nganh dién héa hién nay 1a ché tao
cac dién cuc dang mang mong oxyt kim loai trén nén vat liéu tro, dic biét 1a
nén titan kim loai. Gan day, mdt s6 dién cuc duge ché tao bao gé)m hé nhi
phan va bac ba cac hdn hop oxyt ciing dd dugc nghién ciru va hiéu suat cua
qua trinh dién phan dugc nang cao [65, 83]. Mot sd dién cuc andt trén co s&
hdn hop cac oxyt hoat hda va oxyt tro phu trén nén titan bang phuwong phap
phan hay nhiét ¢ nhiét do thép ¢ cac dic tinh noi troi duoc ung dung rong
rdi. Thanh phan chinh ctia dung dich pht bao gom cac ciu tir mang ion kim
loai Ru, Ir, Ti, Sn, Sb, butanol va HCI [6, 70].

An6t Ti/RuO,-TiO, v4i 30% RuO, va nung & 450 °C c6 tinh chat dién
hoa va d6 bén t6t nhat, andt nay chi pht hop cho qué trinh thoat clo. Andt trén
co so IrOyla Ti/llrO, (15%)-RuO, (15%)-TiO, va  Ti/lrO, (10%)-Sb,0s-
SnO, duoc nung & 500°C bén dbi voi qua trinh thodt oxy, co thé ap dung cho
cac moi truong va mat do dong khac nhau. Lop phu trung gian 1rO, giita nén
titan va 16p phu hoat héa va oxy héa nén titan bang dung dich NaOH + H,0,
s¢ lam tang do bén dién hoa cta andt. Sy khir hoat hoa hay do bén dién hoa
cua anodt giam la do su hoa tan dan dan cta cac diém hoat hoa va nén titan bi
thu dong dudi tac dong cua qua trinh thoat oxy [60, 69].

Dién cuc andt tro Ti/SnO,-Sb,04/PbO, duge ché tao co cau tric da 16p
oxyt hdn hop oxyt. Trong d6 16p ngoai clng cé hoat tinh xuc tic dién hoa cao
1a 16p PbOy, 16p trung gian 1a 13 hdn hop oxyt Sn0,-Sb,03, cling c6 hoat tinh
xtc tac dién hoa cao trong qua trinh oxy hoa cac hop chat cé chira phenol.
Trong cac oxyt noéi trén chi c6 SnO, va PbO, la hoan toan khong tan trong
nuéc, con Sb,03 ¢6 tan trong nudc nhung rat it. Nong do hoa tan trong nudc
chi1a 370 + 37 pg/L sau 7 ngay tiép xuc & nhiét do 20,8-22,9 °C. Cho du dién
cuc Ti/Sn0,-ShO; d3 dugce nghién ctru chi ra co hiéu qua cao ddi véi qua
trinh oxy hoda phenol, hﬁng s6 toc do biéu kién: 6,66x102 min™, hiéu suét
dong ttrc thoi (instantaneous current effect) 1a: 78,7%, mirc do suy giam ndng
dd phenol 1a 98.5%. Trong khi do ddi véi dién cuc Ti/SnO,-Sh,04/PbO,, cac
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chi s tuong tmg 1a: hing sb téc d6 biéu kién: 2,49x107 min™ (cung béac do
16n), hiéu suat dong tirc thoi 38,9%, muc d6 phan hity phenol 82,7% [98].

Nghién ctru trén ciing cho thiy bé mat cia 16p dién cuc SnO,-SbO; ¢6
nhiéu vét nit 16n rat kho khic phuc, hon nita cho du rt nhé nhung Sb,05 van
hoa tan trong moi truong nudce, nén dién cuc Ti/Sn0,-Sb,0; khong dugce cac
nha nghién ctru danh gia khong c¢6 kha nang tao ra voi kich thudc stt dung cho
quy md cong nghiép, ké ca dién cuc c6 cdu hinh dang mét ludi. Trong khi d6
hiéu suat phan huy phenol cua dién cuc Ti/SnO,-Sh,0s/PbO, ¢ thép hon,
82,7% so vo1 98,5% nhung dién cuc cuc nay lai dugc coi la mdt anode bén co
kich thuéc qui m6 cong nghi€p (a dimension stable anode) trong cong nghi¢p
dién phan do dic tinh bén, dién thé thoat oxy cao, do dan cao, bén an mon, va
thoi gian song dai hon [99].

Viéc két tua dién hoa PbO, truc tiép 1én dién cuc nén titan 13 hoan toan
hién thuc, tuy nhién 16p PbO, két taa c¢6 nhiéu nit gdy. Diéu nay co thé do sy
khac nhau gitta cdu trac tinh thé 16p TiO, mong cta nén Ti va PbO,. Trong
khi PbO, noi chung c6 cau tric orthorhombic, dang khéi hop chit nhat ding
v6i day 1a hinh chir nhat a =4,97A, b =596 A, chiéu cao ¢ = 5,44A, con
TiO, dang cdu trac tetragonal, khdi tru ding day vudng canh a = 3,78 A,
chiéu cao ¢ = 9,51 A. Su khéc biét qua 16n vé chiéu cao cua 6 mang co s
trong cau tric tinh thé cda I& 12 nguyén nhan gay nén nut gay va bong tréc khi
ma truc tiép PbO, 1én Ti. Trong khi dé véi 16p trung gian, SnO, ¢ cau tric
tuong dong kiéu TiO, véia= 4,74 A, ¢ =3,2A, dong thoi Sb,0; Vi cau tric
lap phuong tAm mat FCC véi a = 11,16 A, s& lam giam bot su sai léch vé
chiéu cao, hang sb c giita TiO, va PbO, khi két taa dién truc tiép.

Mang méng SnO, ¢ mét s6 wu diém nhu din dién tét, hda chat 6n dinh
va c6 kha ning chdng an mon. Mot 16p SnO, xen giira 16p PbO, va nén Ti
cling ¢6 thé nang cao tinh dan dién caa cac dién cuc va cai thién dic tinh xdc
tac[71].
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Theo[87], mang mong SnO, cho nhiéu loi thé nhu dan dién tét, c6 kha
nang chong dn mon cao. SnO, tinh khiét 12 mét chat ban dan dang n. Dang
oxyt nay thé hién mot dién tré suat cao tai nhiét dd phong va vi vay khong thé
dugce dung nhu mét vat liéu dién cuc, tuy nhién, dé dan cia SnO, cé thé cai
thién dang ké bang cach bd sung thém B, Bi, F, P va Sb [52].

Trong linh vuc dién hoa, chat bd sung chii yéu cho SnO, la Sb [91].
Mot 16p xen giita Sn- pha 1an trong PbO, véo trong nén Ti ciing c6 thé nang
cao tinh dan dién va cai thién dic tinh xac tac cta cic dién cuc [74, 87].

Mot trong cac xu hudng mé ra trién vong tmg dung ciia PbO, 1 tao ra
dién cuc ciu tric da 16p hon hop cac oxyt kim loai khac c6 hoat tinh cao.

Vi thé, néu st dung vat liu SnO,-Sh,03 1am chat nén cua 16p phu va
PbO, 1am chét dan dién thi c6 thé giam duoc dang ké ham luong kim loai quy
trong 16p phu va cai thi¢n dugc dic tinh xtc tac cua dién cyc. Ngoai ra, cling
can quan tim nghién ctru co ché hoa tan 16p phu hay sy khir hoat hoa ciia andt
trong qua trinh giai phong oxy, trén co s d6 co thé nang cao do bén, kéo dai
tudi tho ctia andt.

Pé c6 thé tan dung tinh wu viét cia mang mong cac oxyt kim loai SnO,,
Sh,05 va PbO,, chiing t6i di nghién ctiu ché tao dién cuc andt tro hé Ti/SnO,-
Sb,03/PbO..

1.5. Tong quan vé nuéc thai c6 chira hop chat hiru co

Céc tac nhan gy 6 nhiém nudc thai déu anh hudng xau dén con nguoi,
dén céc dong thuc vat séng. Gitta cic chéat 6 nhiém khac nhau thi cac chét 6
nhiém hitu co trong nude thai cong nghiép dic biét nguy hiém.

Trong cac chat hitu co doc hai, sy 6 nhim cua cac hop chét
hydrocacbon thom c6 chtra gbc benzen 1a nguy hiém hon ca. Chung 1 nhiing
thanh phan quan trong trong xang dau, thuong chta cac phan tir gdy ung thu

nhu benzen, toluen, ethylbezen va xylen. Mot vai hop chit con chtra céc
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nhom thé v6 co nhu N, CI, S, P. Ngoai ra, cac hop chat nay phan 16n 1a khong
c¢6 kha niang phan hity bang phuong phap sinh hoc [5, 17, 97].

Hién nay mot $6 hop chit hitu co véi tinh chit doc hai cao va kho phan
huy nhu cac hop chét hitu co ¢6 trong thude trir siu, thudc diét con trung, diét
co, thude kich thich ting truong, thude bao quan thuc pham, phdt pho... dang
c6 anh huong nghiém trong dén sitc khoe con ngudi va sy phat trién ctia cac
loai dong thuc vat. Chung c6 kha ning gy ngd doc, viém gan, nén mura, tiép
xuc lau dai s& gay ung thu nghiém trong cac co quan ndi tang [34, 80]. Chét
tay trang Xenon peroxyt, natri cacbonat gay viém dudng ho hap, oxalate két
hop véi canxi tao ra canxi oxalat gay dau than, soi mat [67, 100].

Khi xdm nhap vao co thé cac hop chét hitu co c6 kha ning gy ra nhiéu
t6n thuong cho cac co quan va hé thong khac nhau nhung chu yéu 1a tac dong
1én hé than kinh, hé théng tim mach va mau [95, 101]. Mtc d6 nguy hiém,
doc hai cua timg chét hitu co doc hai khd phan hiy la khac nhau, nhung déu
c6 mét sb dic diém chung:

- C0 ddoc tinh cao;

-Kho phan hay, c6 thé ton tai nhiéu nam tham chi hang chuc, hang

tram nam trudc Khi phan hay thanh dang it doc hon.

- CO thé bay hoi xa va phat tan di xa theo khéng khi hodc nuéc.

- Tich luy trong c&¢c md m& dong vat.

Cac hop hat hitu co doc hai trong nude thdng qua vong tuan hoan nudc,
theo hoi nudc vao khong khi 1am cho mat do bui ban trong khong khi ting
Ién. Khdng nhitng vay, cac hoi nudc nay con la gid bdm cho céc vi sinh vat va
cac loai khi ban cong nghiép doc hai. Mot s6 khi dugc hinh thanh trong qué
trinh phan hay chéit hitu co trong nude nhu: SO, CO,, CO...anh hudng
nghiém trong dén mai truong khi quyén.

Ngoai ra, nudc bi 6 nhiém con anh hudong dén moi trudng dat. Cac chat

hitu co thim vao dat, gdy 6 nhidm nghiém trong cho dat. Lam lién két giita
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cac hat keo dit bi bé gy, cAu trac dat bi pha vo, lam thay dbi dic tinh 1y hoc
cling nhu dac tinh héa hoc cua dat [39, 42, 50, 102].

Trong cac chat hitu co gdy doc phai ké dén phenol va cac din xuit cta
phenol. Ching 13 nguyén liéu dau rit quan trong trong trong nhiéu nganh
cong nghiép. Cac ngudn chinh gy ra 6 nhiém phenol va dan xuit ctia phenol
trong moi trudng nude 13 cac loai nude thai tir cong nghiép son, thude bao vé
thuc vat, ché bién than d4, nhwa polymer, dét nhudém, dau mo... [28, 29, 46].
Niam 1963, toan thé gidi san xuat khoang 40 van tan phenol. Hién nay tong
san lugng thé giéi hang nam khoang 3,5 triéu tan. Phan 16n phenol dung dé
san xuét chat déo phenol-fomandehit, s¢i nilon, sgi caprolacton, nhya epoxyt.
Ngoai ra con dé san xuét axit salicylic, cac chat mau, duoc phém, chit héa
déo, chat chéng oXy hoa, téy ué con trung, thudc trir sau, chat diét co, ...cac
san pham nitro hoa phenol dugc dung lam thudce nd [28, 29, 46].

Vé khia canh méi trudng, phenol va dan xuit caa phenol duoc liét vao
cac chit gay 6 nhiém méi trudong. Ching dugc xem 1a chit 6 nhidm hang dau
vi ching c6 thé gay hai dén sinh vat ngay & nhiing nong do thap [30, 31, 38,
102].

Khi tdn cong vao cac té bao, chiung gy su d6t chdy manh & té bao do
tiéu thu nhiéu oxy, 1am can tr& qué trinh photphoryl hoa, oxy hoa, anh hudng
dén qua trinh tong hop ATP (Adéndsin triphdtphat). Do ddc tinh cao, phenol
trong nudc c6 tac dong xau dén moi truong séng cua cac loai thiy sinh va han
ché sy phan huy sinh hoc[41].

Xtr Iy nude thai phenol ndng do cao khong phai 1a mot van dé phure tap,
chung duoc xir Iy bang cong nghé thu hoi bang chiét tach va cong nghé dét.
Khi néng do chét hiru co thép thi su lua chon cong nghé¢ xur ly s€ kho khan

hon.

Dua trén quan diém vé mat kinh té, cong ngh¢ sinh hoc thuong dugc dé
xudt cho xtr Iy nudc thai cong nghiép. Tuy nhién, cac hop chat phenol c6 do

ddc cao va co kha trc ché chirc nang thong thuong cua cac vi khuan phd bién
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do @6 anh huong dén qua xu 1y sinh hoc. Cac chit ma khong phan tGng vi sinh
thi ciing c6 chiéu huéng khong phan tng vé mit hoa hoc. Cac hop chat hitu
co mach vong va c6 chtra nguyén t6 halogen 1a nhimg dic trung cu tric 1am
giam kha ning phan Gmg hoa hoc va lam ting tinh chit khé phan huy cua
phan tir [29, 38, 39]. Do d6, xtr Iy nudc thai chtra phenol nong do thap da
dugc thue hién bang cach sir dung cac cong nghé 6z0n hoa hodc oxy hoéa hoa
hoc két hop v6i qué trinh hap phu va oxy héa dién hoa.

Vi céc ly do trén, dung dich c6 chira phenol dugc lua chon 1a doi tuong

cho viéc nghién ctru tinh chat dién hoa cua dién cuc ché tao dugc trong dé tai.
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CHUONG 2: THU'C NGHIEM VA CAC PHUONG PHAP NGHIEN CUU

2.1. Thiét bi, dung cu, hoa chat va vat liéu
2.1.1. Thiét bi, dung cu

- Hé thiét bi CPA-HHS 1a mot hé may potentio-galvanostat da nang su
dung cho nghién ctru tinh chit dién héa cua vt liéu va phan tich dién hoa.
Cac k¥ thuat do dugc s dung trong nghién ctru: Von-Ampe vong (Cyclic
Voltammetry), dong khong doi (Galvanostatic). Thiét bi nay duoc ghép ndi
vo1 mOt h¢ may tinh c4 nhan (PC), thuan tién cho vi¢c nghién ctu dién hoa.
Céac chuong trinh may tinh dé diéu khién qua trinh do dac va xtr Iy s6 liéu
cling dugc xay dung phu hop voi cac chiic nang ciia may va thuan tién cho
nguoi s dung. Thiét bi dién héa CPA-HH5 duge ché tao tai Phong Ung dung
Tin hoc trong Nghién ctru héa hoc (CACR) — Vién Hoéa hoc, ¢6 do phan giai
cao va co thé do dugc dong dén vai nA.

+ Hé thiét bi CPA-HH5: Gom may do chinh, may tinh

Hinh 2.1: Hé thong thiét bi phan tich dién hod da ning CPA-HH5

+ Hé dién cuc gém: WE: dién cuc lam viéc (dién cuc ché tao duoc)
RE : dién cuc so sanh (Calomen b&o hoa)
CE: dién cuc ddi (thép khong gi)
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+ Cac gié tri thé duoc biéu dién trong luan an 1a gia tri thé so véi dién

cuc so sanh Calomen bao hoa.

- Lo nung chuyén dyng 1100 °C Model L3/11 ctia hang Nabertherm Dirc.

- Bép khudy tir gia nhiét 85-2 cong suat 150W xuat xt Trung Qudc.

- Hé théng sic ky long cao &p (HPLC) Alliance series 2695, detector

PDA 2996 - hang Waters - My.

- Can phan tich Adam AAA 160L; can dién tir 4 s6 Shimddzu AUX220

- Mot s6 dung cu thuy tinh nhu: pipet, micropipet, binh dinh mirc, céc,

6ng dong, ong nghiém, binh do hé ba dién cuec...

- Bong dén soi d6t 100W

- Nhiét ké

- May cét nudc hai 1an Hamilton Laboratory Glass Limited.

2.1.2. Héa chit va vit ligu

2.1.2.1. Hba chat

STT| Céng thuc Téndayda |STT| Cong thic Tén day du
1 | CH3;COCHS; | Axeton 10 | SnCl, Thiéc (V) clorua
2 | HNO; Axit nitric 11 | SbCl; Antimon (I11) clorua
3 | H,SO, AXxit sunfuric 12 | PbO Chi (1) oxyt
4 | HCI AXxit clohydric 13 | Pb(NOg3), | Chi (Il) nitrat
5 |HF Axit flohydric 14 | Na,SO, Natri sunfat
6 | C,H,O, AXxit oxalic 15 | CsHsOH Isopropanol
7 | C,HsOH Etanol 16 | C¢HsOH Phenol
8 | NaOH Natri hydroxyde | 17 | K,Cr,0; Kali dicromat
9 | NaCl Natri clorua 18 | Ag,SO, Bac sunphat

2.1.2.2. Vit liéu

- Vat liéu nén dugc st dung la Titan dang tAm cla Trung Qué)c (ky hiéu
la TA2) c6 thanh phan tap chat cuc dai: 0,30%Fe; 0,10%C; 0,05%N; 0,15%H;
0,25%0. Tam Titan c6 chiéu day 1mm..

34



- Thép khong gi

- Keo Epoxy

- Giay nham véi cac kich thude hat khac nhau 320 + 600
- Cau mudi Aga, gidy loc.

2.1.3. Cac chwong trinh mady tinh swr dung trong nghién ciru
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Remarks Caontrol
PARAMETER : FE
Date & Time
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Hinh 2.2: Giao dién diéu khién qud trinh do dac siv dung may CPA-HH5

Céac mode do duoc st dung trong nghién ctru:

- Khéng ché dong: st dung cho cac nghién ctru két tia dién 16p phu
PbO, 1én bé mit dién cuc Ti/SnO,-Sh,03; nghién ciru danh gia thoi gian song
cua anot tro.

- Khong ché thé: sir dung cho cac nghién ciru khao sat kha ning oxy
hoa phenol.

- Quét thé tuan hoan: sir dung cho cac nghién ctru nha ning hoat dong
clia cac andt duoc tao thanh & cac diéu kién khac nhau; nghién cuu sy anh
huong cta mot sd yéu td t6i qua trinh oxy hoa dién hoa phenol trén dién cuc

anot tro.
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2.2. Cac phuong phap nghién ciru
2.2.1. Cac phwong phap vt ly
2.2.1.1. Phuwong phap phdn tich nhiét vi sai va nhiét trong luong

Cong cuy t6t nhat dé nghién ctru khoang nhiét d6 phan huy cua cac dung
dich phu trén nén Ti thanh cac oxyt 1a phuong phap phan tich nhiét vi sai
(DTA - differential thermal analysis) va nhiét trong lugng (TGA - thermal
gravity analysis). Cac phuong phap nay cho chiing ta biét duoc qua trinh phan
huy 1a tod nhiét hay thu nhiét, su bién doi trong luong mau khi nhiét d6 nung
thay ddi, nhiét do phan huy cuia céc chat.

Céac phép phan tich nhi¢t DTA va TGA dugc thyc hién trén may
Shimadzu DTA-50 va Shimadzu TGA-50H tai Phong thi nghiém hoa 1y,
Khoa héa hoc, Truong Pai Hoc Su Pham Ha Noi.

2.2.1.2. Phuong phdp phén tich nhiéu xa tia X

Phuong phép nhiéu xa tia X dugc tmg dyung rong rii trong khoa hoc vt
lidu dé nghién ctru ciu tric tinh thé cua vat lidu. Ngoai ra phuong phap nay
con dugc Uing dung dé xac dinh pha tinh thé, kich thudc hat trung binh... Céc
nghién ctru trong dé tai, phuong phap nhiéu xa tia X dung dé nghién ctru cau
tric va thanh phan pha cta 16p phu oxyt.

Nguyén tac: Theo 1y thuyét cdu tao tinh thé, mang tinh thé dugc xay
dung tir cac nguyén ttr, phan tr hay ion phan b6 déu dan trong khong gian
theo mot trat tu nhat dinh. Khi chum tia X t&i bé mat tinh thé va di sdu vao
bén trong mang ludi tinh thé thi mang ludi nay dong vai trd nhu mot cach tir
nhidu xa dic biét. Cac nguyén tir, phan tir va ion phan bd trén cac mit phang
song song khi bi kich thich b&i chum tia X s€ thanh cdc tam phat ra cac tia
phan xa. Hiéu quang trinh cta hai tia phan xa bat ky trén hai mit phang song
song canh nhau dugc tinh theo cong thure:

A = 2.01.SIN O g
Khi céc tia ndy giao thoa véi nhau, s& thu duoc cac cuc dai nhiéu xa thoa

man phuong trinh Vulf — Bragg:
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A = 2.dp.SINOp = NA
Trong do: A: Hi¢u quang trinh cua hai tia phan xa
Ona: Goc gitra chum tia X va mat phang phan xa
dh: Khoang cach gitra hai mat phan xa
h,k,1: Chi s6 Miller
n: Céc sb nguyén 0, 1, 2... chi cac bac phan xa
Phuong trinh Vulf-Bragg 14 phuong trinh co ban dung dé nghién ctu
cdu tric mang tinh thé. Khi biét cac gia tri goc quét A, Opg ta co thé xac dinh
dugc d. So sanh gia tri ciia d v6i d chuan, s& xac dinh dugc thanh phan, cdu
tric mang tinh thé cua chat can nghién ctru (vi mdi chét ¢ cac gia tri d dic
trung riéng).
Kich thudc hat trung binh cua vat liéu dugc xac dinh theo phuong trinh

Debye — Scherre:

0,89. A

r=—"—=2
. coso

=

Trong do : kich thudc hat trung binh

A : budc song tia X

B : dO rong tai nura chiéu cao vach nhiu xa cuc dai
0

: goc nhicu xa cua vach nhiéu xa cyc dai

Tia 1 Tia I'

-

* ’ M -
d S/EN M4t phing nguyén 1

Hinh 2.3: So' d@6 nguyén Iy chung ciia phirong phdp nhiéu xa tia X
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Thire nghiém: Gian dd6 XRD dyoc ghi trén may D8 — Advance 5005 —
tai Khoa Hoa hoc, Truong Pai hoc Khoa hoc Tu nhién, PHQGHN. Diéu kién
ghi: dng phat tia Ronghen lam bang Cu véi budc song ko =1,5406 A, nhiét do
25 °C, gdc quét 20 tuong tmg voi mdi chat, toc do quét 0,02 %/s va do truc tiép

16p phui tinh thé trén nén Ti, khong cin pha mau tao thanh bot.

2.2.1.3. Phuong phdp kinh hién vi dién tir quét SEM

Phuong phap hién vi dién tor quét dd duoc sir dung rong rai trong viéc
nghién ctru hinh thai bé mat mau, nhat 1a v6i nghién ctru mau mang mong.

Nguyén ly: Mot chum tia dién tir di qua cac thau kinh dién tir tiéu tu
thanh mot diém rat nho chiéu 1én bé mit mau nghién ctru. Khi cac dién tir ciia
chum tia td1 va cham vé1 cac nguyén tir & bé mat vat ran thi c6 nhiéu hiéu ung
Xay ra.

Chum tia dién tir di qua cac thau kinh (dién tir) s& duoc hoi tu 1én mau
nghién ctru. Khi chum di¢n tir dap vao mau, trén bé mat mau phat ra cac chum
dién tir thir cap. Mi dién tir phat xa ndy qua dién thé gia téc vao phan thu sé
bién ddi thanh mét tin hiéu anh sang, tin hi¢u dugc khuéch dai, dua vao mang
ludi diéu khién tao do sdng trén man anh. P) sang tdi trén man anh phu thudc
vao lugng dién tu thi cép phat ra td1 b thu va phu thudc hinh dang bé mat
mau nghién ciru.

Trong kinh hién vi dién tir quét, cac thau kinh dung dé tip trung chum
dién ttr thanh diém nho chiéu 1én mau chir khong dung dé phong dai. Cho tia
dién tir quét trén mau véi bién do nho d (cd micromet) con tia dién tir quét
trén man hinh vé1 bién dg 16n D (tuy theo kich thudc man hinh), anh c6 d
phong dai D/d. Anh duoc phong dai theo phuwong phap nay thi mau khong can
phai cit 1at mong va phang, cho phép quan sat dugc miu ké ca khi bé mit
map mo.

Do phong dai cua kinh hién vi dién tir quét thong thudng tir vai chuc
ngan dén vai trim ngan lan, ning suat phan giai phu thudc vao dudng kinh

cua chum tia chi€u hoi tu trén mau.
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Thuc nghiém: Anh SEM cua cac mau vt lidu duoc chup trén thiét bi
JSM-6499 cua hang Jeol tai Trung tdm dénh gid hu hong vat licu COMFA,

Vién khoa hoc vat liéu, Vién khoa hoc va cong ngh¢ Viét Nam.

Chimn Stng bin electron
electron T

Thau kinh
— iy i
hdi tu Tivi hién
thi hinh

Cudn queét
dién ti

-

: oy
— DPauthu

i electron
thit cap

Miu vit

electron .=
s g,
tan xa nguqc‘ﬂ;b‘.ik

Hinh 2.4: So d6 khoi kinh hién vi dién tir quét SEM

2.2.2. Cac phwong phap dién hoad
2.2.2.1. Phuong phdp dong tinh (Galvanostatic)

Nguyén ly: K¥ thuat nay tmg vai viéce gitt dong dién chay qua gitra dién
cuc 1am viée va dién cuc ddi tai mot gia tri khong ddi. Ban dau khi dong dién
chay qua, di¢n tich trén di¢n cuc lam viéc s€ duoc nap cho dén khi dién thé
dat dén mot gia tri ma tai d6 xay ra qua trinh trao doi dién tir cta chét hoat
dong dién hoa co6 mit trong dung dich, gia sir chat & dang oxy hoa (Ox). Tai
cing mot thoi diém, do sy giam ndng do chat ban dau Co, va su ting nong do
chét san phém Cr tao thanh trén bé mit dién cuc din dén thé cta dién cuc 1am

viéc dich chuyén dan vé phia dién thé 4m cho dén khi Coy bang khong. Nhur
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vay, khi khong c6 phan tmg dién cuc, dong tai dién cuc s€ 1a dong tu dién, ig,.
Khi phan tmg dién cuc dién ra, dong ap 1én dién cuc s& bao gém dong tu dién
va dong faraday, is.

Mbt wu diém cua ky thuat dong khong ddi 1a su sut dién tré Ohm do
dién tré cua dung dich tao ra sé cling khong d6i, do d6 d& dang duoc bu bang
mot gia tri dién ap.

Thuc nghiém: Trong nghién ciru ndy, phuong phap dong tinh duoc
dung cho céac khao sat sau day:

* Két tiia dién 16p phii PbO, lén bé mat dién cue Ti/SNO,-Sh,05

PbO, duoc két taa & ché do dong tinh trén tdm Titan da duoc phu
Sn0O,-Sh,0; trong dung dich chira PbO bao hoa trong NaOH (140 g/1) vai thoi
gian 1a 30, 60, 120, 150 phut & 40 °C, mat do dong 1a 20 mA/cm?® sau d6 tiép
tuc két tua PbO, tir dung dich chira Pb(NOs), 35% vai thoi gian la 30, 60,
120, 150 phut & 40 °C, mat do dong 1a 80 mA/cm?. Dién cuc catot 1a mdt
10ng thép khong gi duong kinh 4 cm.

* Ddnh gid thoi gian song ciia anét tro

Muc dich cua nghién ctru 1a danh gia do bén an mon, d6 bén hoat hoa
ctia vat liu anot. Mau do dang tAm ph'fmg va dién tich lam viéc duoc khéng
ché 1a 4 cm®. bién cuc duoc phan cuc anot & mat do dong dién 500 mA/cm?
hoac 1000 mA/cm? (mat d§ dong cao hon mat do dong hoat dong binh thuong
ctia andt) trong dung dich H,SO, 1M nham gia tbc qué trinh hoa tan hozc khir
hoat ho4 cua anét, tir d6 danh gia nhanh thoi gian sng cta dién cyc. Do 1a
thoi gian do duge cho dén khi dién cuc bi pha huy, tac 1a khi thé dién cuc
tang vot do 16p oxyt TiO, dugc tao thanh trén nén titan.

Dién cuc andt dugce phan cuc ¢ mat do dong cao nén tdc do thoat oxy
16n, viée do thé dién cuc andt bi anh hudng cia cac bot khi oxy trén bé mit
anot, dién thé do duoc thuong khong 6n dinh. Dé giai quyét van dé nay ching

t6i do hiéu dién thé cua hé nghién ciu. O diéu kién thir nghiém nhu nhau
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(dung dich, mat do dong va dién cuc ddi - thép khong gi) nén gia tr1 hi¢u dién
thé thay doi 1a do dién thé cua anét thay doi.

* OXy hoa dién hod phenol

Nhim danh gia anh hudéng cua vt liéu dién cyc andt va diéu kién dién
phan dén qua trinh oxy hoa hop chat phenol, phuong phap dong khong doi da
dugc str dung. Mat d6 dong thuong duoc st dung trong thuc té va nghién ctru
trong khoang tr 0,015 dén 0,15 A/cm® Mat do dong duoc lya chon trong

khoang mat do dong trén tuy thudc vao timg truong hop cu thé.

2.2.2.2. Phuwong phdp thé tinh (Potentiostatic)

Véi ky thuat nay, dién thé duoc ap lén dién cuc lam viéc mot gia tri
khong doi, su bién ddi cua dong dién trén dién cuc nay dugc ghi theo thoi
gian. O day, dién thé ap lén di¢én cuc lam viéc duoc khéng ché béng cach tao
ra budc nhay thé tir mirc dién thé ma tai d6 khong c6 dong faraday (E;) 1én
muc dién thé ma tai d6 néng do chat hoat dong dién hoa tai bé mit dién cuc
lam viéc bang khong (E,).

Ngay khi ap thé, bé mit dién cyc 1am viéc s& bi thay doi do su hinh
thanh 16p dién kép va tao ra dong tu dién. Déng thoi do dién thé ap s¢€ tao ra
phan g dién hoda trén dién cuc lam viéc sinh ra dong faraday. Do vay, dong
do duoc s& 13 tong cua ca hai dong tu dién va dong faraday. Ban dau, thé E; 1a
thé tai d6 khong c6 phan tng dién héa xay ra duoc ap 1én 1am viéc (WE). Sau
khi thé E, 4p 1én WE, phan tng dién héa s& xay ra trong thoi gian t tao ra
gradien nong do gitta ving sat bé mit dién cuc v6i ving thé tich dung dich
hinh thanh mot dong chéat di chuyén dén bé mit dién cuc dé tham gia phan
g dién hoa. Dong chét va dong dién thu duoc sé ti 1& véi gradien néng do
tai bé mat dién cuc

Phwong phdp thé on dinh dwoc sir dung dé nghién ciru dé hoat hod xiic
tc cia andt thong qua mat dé dong on dinh do dwoc. Mat do dong dién on
dinh & dién thé nhat dinh 1a thude do truc tiép sb luong cac diém hoat hoa

trén dién tich bé mat hinh hoc ciia mau. Trong phuwong phap thé 6n dinh, dién
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cuc duoc giit & dién thé khong doi 2V(SCE) trong dung dich axit H,SO, 1M
va dong dién dugc ghi lai sau 15 phuat phan cuc. Sau khoang thoi gian nay mat
d6 dong dat duoc trang thai 6n dinh. O dién thé 2V (SCE) hé duoc khéng ché

bang qua trinh chuyén dién tich va chi c6 oxy dugc thoat ra.

2.2.2.3. Phirong phdp quét thé vong (Cyclic Voltammetry)

Vol-Amper quét thé vong (Cyclic Voltammetry) 1a mot ky thuat quét thé
tuyén tinh (K§¥ thuat thé dong - Potentiodynamic). Trong qué trinh quét thé,
potentiostat s€ do dong nhan duoc do phan img dién cuc tao ra va duogc biéu
dién theo su bién doi ciia dién thé ap 1én dién cuc. Pay 1a mot trong nhing k¥
thuat do rat hiéu qua va duoc dung phd bién trong phuong phap do dién hoa
dé nghién ctru ban chat va kha ning tham gia phan tng dién hoa ciia cac chat
tham gia (Ox) & chiéu quét thuan va cac chat san pham tao thanh (R) ¢ chiéu
quét nghich.

Do hoat hoa ano6t phu thudc vao lugng cac diém hoat hod va dién tich
bé mat thyc. Luong cac diém hoat hoa thay doi phu thudc vao ban chét tu
nhién cua phan ung giai phong cac khi. Phan tng thoat oxy khong nhiing xay

ra trén bé mat dién cuc ma con xay ra ca ¢ trong cac 16 xop.

m

s

more (+)

current

more ()

more (+) more ()

potential
Hinh 2.5: Hinh dang ciia dwong cong phdn cuc
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Trong nghién ctru ndy, phuong phap quét thé vong duoc dung cho cac
khao sat sau day:

- Nghién cuu kha nang hoat dong dién hoa cua cdac ant duoc tao
thanh & cac diéu kién khac nhau

- Nghién citu si anh hwéng ciia mét sé yéu té téi qud trinh oxy héa
dién hoa hop chat phenol trén dién cuc anot tro.

Céc phép do dién hod duoc thuc hién trong binh do di¢n hoa 1a h¢ ba
dién cyc (hinh 2.6) véi dung tich binh chtra 100 ml dung dich. Trong phan 16n
cac phép do, thép khong gi duoc str dung Iam dién cuc ddi, dién cuc doi thép
khong gi dugc st dung trong dién phan phenol. Dién thé cua dién cuc lam
viéc dugce do so voi dién cuc so sanh calomel bao hoa (SCE). Dién thé cua
dién cuc SCE 16n hon so véi dién cyuc hydro tiéu chuan 14 0,24V. Cau agar va
dau Haber-Luggin dugc str dung nham lam giam t6i da sy sut thé giita dién
cuc lam viéc va dién cuc so sanh. Khoang cach gitra dau Luggin va dién cuc

lam viéc khoang 2 mm.

RE || . ] ,
Ma

WE Potentiostat May ay

CE | tinh [ | In

SCE

<— Day dan Cu

I |:| Keo bac phu époxy

Mau Thép
do khong gi

<« Mau Ti phu oxyt

Hinh 2.6: He¢ théng do dién hod va cau tao mau do

Cac phép do dién hod dugc thuc hién trén thiét bi dién héa CPA-HH5
tai Phong Tin hoc trong Nghién ctru hdéa hoc (CACR) — Vién Hoa hoc.
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D61 véi cdc mau do dién hoa, day dan dugc ndi truc ti€p voi nén Ti
M A r X A A 4 \ 2 A 1 . \ A X
bang keo bac. Di¢n tich mau dé do di¢n hod 1a 4 cm®, phan con lai va day dan

dugc phi bang nhya époxy.

2.2.3. Phwong phdp phan tich thanh phin dung dich di¢n phéin
2.2.3.1. Phuong phdp sdc ky long cao dp (HPLC).

San pham ctia qua trinh 0xy héa cac hop chét phenol chira nhiéu hop
chat trung gian. Vi vdy, dé xac dinh dugc thanh phan san pham phan ung
thuong phai sir dung phuong phép phén tich sic ki 1ong hiéu nang cao.

Nguyén tic: Qua trinh tach trong HPLC 1a qué trinh t6 hop cua nhiéu
qua trinh vira ¢6 tinh chat hoa hoc vira c6 tinh chat Iy hoc. Qua trinh nay 1a
nhiing can bang dong xay ra ¢ trong cot sic ki giita pha tinh 1a chét ran va
pha dong 1a chat 16ng. N6 1a sy van chuyén va phan bd cta chét tan (hdn hop
mau) theo timg 16p qua pha tinh. Trong qué trinh d6 chét tan ludn ludn duoc
phan bd lai giita hai pha, khi pha dong ludn ludn chay qua cot véi mot toe do
nhat dinh. Trong qua trinh sac ki, chat nao bi luu gilt manh nhét s& duoc rira
giai ra khoi cot sau cung, chat nao bi luu giit kém nhat s& duoc rira giai ra
trude tién. Céc détecto s& do nhan sy bién doi tin higu dién khi c6 mit chat
phan tich va cho tin hiéu 1a pic chat trén sic d6. Thong thuong, dua vao thoi
gian luu, c¢6 thé dinh tinh dugc chat phan tich bang cach so sanh véi thoi gian

lwu ctia chat chuan trong cung diéu kién phan tich.

Nap mau ty déng

T ' 1 Detector

Bom chan khong

||
! :
1
Cot tach
Pha dong Miu thai san

_ kla phan tich
30w Iy it hen

Hinh 2.7: So do khéi ciia thiét bi HPLC
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Séc dd HPLC cua dung dich chita phenol dugc ghi trén thiét bi HPLC
Alliance series 2695, detector PDA 2996 cua hang Waters-My.

Diéu kién do:

+ Cot phan tich: Sunfire -C18 RP (4,6 x 150 mm), Sum

+ Pha dong : Kénh A : H,O + 0,1% axit focmic

Kénh B : Acetonitrile

+ Téc d6 dong 1 ml/phat, chay gradient

+ Tin hiéu do & cac budc song (sig) (Detector PDA): phenol (sig 271 nm)

+ Ap suat: 280 bar

* Xdy dung dwong chudn:

Phenol chuan (Merck) dugc can chinh xac 25 mg cho vao binh dinh
muc (25 ml) sau d6 thém MeOH cho dén vach ta duoc dung dich goc. Pha
lodng dung dich gdc thanh cac dung dich ¢ nong d6 0,01; 0,1; 0,3; 0,5; 0,7;
va 1 mg/ml, sau d6 chay lan luot cac dung dich c6 néng do trén qua hé thong
HPLC véi cot phan tich: Sunfire -C18 RP (4.6 x 150 mm), 5um

Cac nong do phenol chuan 0,01; 0,1; 0,3; 0,5; 0,7 va 1 mg/ml di dugc
do 1ap lai 3 Ian, két qua thu duoc ¢ su 6n dinh rat cao vé gia tri tich phan
(dién tich pic), va thoi gian luu (RT). Diéu ndy chang to rang céc gia tri thong
s6 ciia phuong phap ma chiing t6i da lya chon cho hé théng HPLC 1a phil hop
cho viéc phan tich dinh luong phenol. Két qua thu dugc (bang 2.1), tir két qua

nay sé tién hanh xay dung duong chuan.
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Bang 2.1: Céc két qud HPLC xay dung duwong chudn cia phenol

T Nong do Dién tich pic Dién tich ,pic Thoi gian luu
(mg/ml) (amu) 1y thuyét RT (phat)
1 0,01 197208 159778 10,1
2 0,1 1956410 1918411 10,1
3 0,3 5796558 5826484 10,1
4 0,5 9613691 9734558 10,1
5 0,7 13676378 13642631 10,1
6 1 19546354 19504741 10,1

Pwéng chuan phenol

25,000,000 -

20,000,000 -

pic

15,000,000

én tich

-10,000,000 -

D

Y = 19540367. Xi — 35626
5,000,000

U hd T
0 02 0.4 0.6 08 1 1.2

Néng dé (mg/ml)

Hinh 2.8: Puong chudn ciia phenol

Tir két qua bang 2.1, dua vao phuong phéap binh phuong ti thiéu (hoi
quy tuyén tinh mét 16p), phuong trinh héi quy tuyén tinh duoc xac dinh 14 :
Y = 19540367. Xi — 35626 2.1)
Nhu vay, voi su on dinh cta viéc lap lai cac lan do cong thém su tuong
quan chat ché& giira ndng d6 phenol va dién tich pic thu duoc trén phd HPLC,
phuong phap nay téi uu cho viéc phén tich dinh lwong phenol trong cac mau
nghién cau.
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* Phan tich dinh tinh:

Cin clr vao thoi gian luu tg clia chat chuan hoic theo pho UV ung véi
cac pic sac ky.

* Phdn tich dinh luong:

Theo phuong phép ngoai chuan, dua vio tinh on dinh cac thong sb lam
viéc cua thiét bi nhu nhiét do, toc do dong, ap suét va luong bom vao... c6 do
lap cao nguoi ta 1ap duong chuan bang cach xay dung d6 thi phu thudc gitra
cac lwong miu voi nong d6 chat chuin khac nhau véi dién tich pic tuong tmg
hodc chiéu cao pic cua cac miu dua vao. Ap dién tich pic hodc chiéu cao pic
clia cac mau can dinh luong vao dd thi chuan d3 duoc xay dung trong may, ta

s€ xac dinh dugc nong do chat can phan tich.

2.2.3.2. Phuong phdp xdc dinh nhu cau oxy hod hoc COD

Phuong phép do nhu cau oxy hod hoc (COD-chemical oxygen demand)
duogc sir dung dé xac dinh hiéu suat dong oxy hoa. Ban chat ctia phuong phap
nay 1a oxy hoa cac chat hitu co c6 mit trong dung dich sau khi dién phan bang
bicromat kali. Bang phuong phap chuan d6 s& xac dinh duoc lugng bicromat
kali con du khong bi khur hét trong dung dich, tir d6 xac dinh dugc COD cua
dung dich. Sau méi mot khoang thoi gian dién phan nhét dinh, l1dy khoang
Iml dung dich dé phan tich COD va hiéu sudt dong tGc thoi ICE
(Instantaneous Current Efficiency).

* Cdch xdc dinh chi s6 COD:

Chi s6 COD ctia dung dich ¢ chia phenol (chat hitu co) duoc xac dinh
bang kalibicromat theo TCVN (6491 — 1999).

Hon hop dung dich gdom 2 ml miu dung dich can phan tich + 1ml
K.Cr,0; 0,AN + 3ml (10g Ag,SO, + 35ml H,O + 965ml H,SO, 98%) dun &
150°C trong thoi gian 2 gid, sau d6 dé ngudi va pha loang thanh 15 ml.

Dung mudi Morhn (sat amoni sunphat (NH,),FeSO,) 0,12N véi chi thi

feroin dé chudn do lugng K,Cr,0; con du sau khi phan tmg voi cac chit co

47



trong mau, cho dén khi mau cua dung dich chuyén tir xanh lyc sang nau do.
Lam twong tu nhu trén voi mét mau nude cat (mau tring).

Nhu ciu oxy héa hoc (COD) tinh bang mg theo cong thirc:

COD = [(V1-V,).N. 8. 1000]/V (2.2)

trong do:

V; la thé tich dung dich sit amoni sunphat ding cho chuin miu tring (ml)

V, 14 thé tich dung dich sat amoni sunphat diing cho mau phan tich (ml)

N 14 nong d¢ duong luong cua dung dich sit amoni sunphat

V 14 thé tich mau nudc kiém nghiém (ml)

8 1a khdi lugng mol dwong lugng clia oxy

* D6 chuyén héa COD duoc xdc dinh bang céong thirc :

COD, —COD

D6 chuyén hoa = =100 (%) (2.3)

t
Trong d6:  CODt 1a gi4 tri COD cua mau nudc trude khi xir 1y.

CODs 1a gia tri COD cua mau nuéce sau khi xir 1y.

2.2.4. Phwong phdp nghién ciru dnh hwong ciia cdc yéu té téi hiéu suit
dién phdn

Céc yéu t6 anh huong t6i hiéu suit qua trinh dién phan duoc xem xét
la: thoi gian dién phéan (t), nhiét do dung dich dién phan (T °C), pH mébi
truong, mat do dong (i), nong do chat phu gia (Cnacr), ban chat vat liéu anot
V.V...

Khi tién hanh nghién ctru anh hudng ciia mot tham sé yéu t6 nao d6 thi
chi cho thay doi tham sd doé con cac tham sd con lai gilr ¢d dinh. Trén co s&
d6 khao sat lua chon diéu kién dat hiéu suat phan huy cao. T hop két qua
nghién cuu ta s€ chon dugc diéu kién phu hop vé cong ngh¢ dé dat hiéu suat

phan huy cao cua qué trinh dién phan.

* Hiéu sudt ciia qud trinh oXy hod dwoc Xdc dinh bang phirong trinh sau:

_ ACODV,,.F

8..S.At (2.4)
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Trong do:

ACOD la d6 bién thién chi s6 COD (g/1).
Vg 12 thé tich dung dich dién ly (1).

S 1a dién tich bé mat dién cuc (cmz).

i 1a mat do dong dién (A/cmd).

F 14 hang s6 Faraday (96487C mol™).

At 1a thoi gian oxy héa (S).

8 1a khéi luong mol duong lugng cia oxy.
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CHUONG 3: KET QUA VA THAO LUAN

3.1. Nghién ctru ché tao dién cuc andt tro Ti/SnO,-Sb,04/PbO,

Pé co thé tan dyng tinh vu viét cia mang mong cac oxyt kim loai SnO,,
Sb,05 va PbO,, hé dién cuc anode tro da 16p hé Ti/SnO,-Sh,05/PbO, dugc
chung t6i Iya chon.

Muc dich chinh ctia nghién ctru nay la tang cuong kha nang hoat dong
dién hoa va tinh 6n dinh caa dién cuc Ti/PbO, bdi viéc tao céu trac da 16p cua
mot s6 oxyt kim loai do d6 dam bao tinh bén dién hoa, co6 do dan tét, cd kha
nang xuc tac cho qua trinh loai bo phenol tir nudc thai. Bién cuc da 1op
Ti/Sn0,-Sh,03/PbO, dugc ché tao boi ki thuat phan hay nhiét va ma dién. Ca
bé mat va cac 1op bén trong cua mang mong duoc nghién ctru dic trung bang
kinh hién vi dién ta quét (SEM), nhiéu xa X-ray (XRD). Cac dic tinh dién
hoa cua cac dién cuc nay da dugc nghién ctu bai phuong phap quét thé tuan
hoan CV.

3.1.1. Nghién citu qud trinh phén hiy nhiét ciia cdc muoi kim loai

Pé nghién ctru khoang nhiét dd phan huy cta cac dung dich chira mubi
thiéc va mudi antimon phii trén nén Ti thanh cic oxyt, phuong phap phan tich
nhiét vi sai (DTA - differential thermal analysis) va nhiét trong luong (TGA -
thermal gravity analysis) da dugc str dung. Cac phuong phap nay cho ching
ta biét dugc qué trinh phan huy 13 toa nhiét hay thu nhiét, sy bién di trong
luong mau khi nhiét 46 nung thay doi, nhiét d6 phan huy cta cac chat.

Cac mubi kim loai SbCls, SnCl, duoc nung trong ndi platin tir nhiét do
phong dén 800 °C trong khong khi voi toc do tang nhiét 1a 10°C/phat. Phd
TGA — DTA duoc ghi trén may Shimadzu DTA-50H. Két qua nhan dugc
(hinh 3.1, 3.2) cua c4c mau chi ra rang cd su thay ddi giam trong luong theo
qué trinh tang nhiét dg.

Hinh 3.1 trinh bay phé DTA va TGA cua SnCl.xH,O cho thay
SnCl,.xH,0 bi phan huy theo 2 giai doan:
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+ Giai doan 1 13 qua trinh bay hoi va mét nudc vat Iy cia SnCly.xH,0,
qua trinh nay xay ra trong nhiét do tir khoang 40 °C dén 140 °C, trong d6 xuét
hién pic & 120,0 °C, tiép d6 1a phan mat nudc hda hoc, vai pic xuat hién & 162
°C, véi tong d6 hut khéi 12 17,83%.

+ Giai doan 2 la qué trinh phan hay nhiét hoan toan cua SnCl,.xH,0,
qua trinh nay xay ra trong nhiét do tir khoang 180 °C dén 280 °C, trong d6
Xuat hién pic & 227,56 °C véi do hut khéi 1a 35,37%. Qua trinh nay cham han
lai sau 300°C va két thiic hoan toan ¢ gan 400 °C. Nhu vay thiéc oxyt SnO, s&
bat dau hinh thanh & nhiét do khoang 180 °C nho sy phan hay cua SnCl,
khan, két thiic & nhiét do khoang 400 °C. Phan ung xay ra cd thé 1a nhu sau:

SNCl,.xH,0 — SnCl,(khd) + H,O (3.1a)
SnCl, + O, — Sn0O, + 2Cl, (3.1b)
Két qua nghién cttu mau thu duoc bing phé XRD di chirng minh san

pham cudi cting 1a SnO, (hinh 3.3).

sETAFAR | PR Enpsimant Sncid o« HAo
Labsys 6 AIOAENI0 Procedure: 30 - 800G (100.min ) iZone 2)
T T T T T T

Hn'lFInwp\r T BTG imin
£

.-”_E-Hu ‘\./f\ lff- ;Tf:

Hinh 3.1: Phé DTA va TGA cia SnCly.xH,0

Tuong tu, khao sat d6i voi mudi SbCls.xH,0, két qua thu duoc cho
thay SbCls.xH,O ciing bi phan hily theo 2 giai doan: tir 70 °C — 300 °C la qué
trinh mat nudc vat 1y va héa hoc cua mudi SbCly.xH,0, véi cac pic ¢ 156,50

°C va 276,44 °C, vé6i tong do hut khoi 1a 12,44%. Tuy nhién sau khi dat dén
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d6 hut khdi do mat nuée dat dén cuc dai tai 310 °C, thi cling tir nhiét do nay
bat dau c6 su phan hity cia SbCl; xay ra dong thoi voi qué trinh hap phu oxy
dé qua trinh oxy hoa dé tao thanh Sb,05 xay ra theo phan tmg (3.2b). Chinh vi
vay & khoang nhiét d6 310-400 °C, khéi luong mau ting nhe. Ngay sau do tai
nhiét d6 410 °C bat dau c6 qué trinh giam trong lwong manh va qué trinh nay
két thic ¢ khoang nhiét d6 530 °C, pic xuit hién & 500,81 °C véi do hut khoi
1a 16,41% day 1a qua trinh thu nhiét va qua trinh nay 6n dinh khi tiép tuc ting
nhiét do 1én 800 °C (hinh 3.2).
Két hop v6i két qua nghién ctru pho nhiéu xa tia X (hinh 3.3) cho thay
qua trinh phan huy nhiét mudi SbCl; da tao thanh Sb,0; theo phan tmg:
SbCl3.xH,0 — SbCls(khd) + H,O (3.2a)
4ShCl; + 30, — 2Sh,0; + 3Cl, (3.2b)
Nhu vdy qua trinh tao thanh Sb,0s, theo két qua nghién ctru DTA va
TGA & trén cho thay oxyt nay c6 thé bat dugc dugc tao thanh ngay khi SbCls
khan bi phan huly va hap thu oxy cho qua trinh oxy hoa ¢ nhiét do trén 310 °C.

T AR Flgus: Exparimand: SoZ35 cH2D Crucible:FT 100 4 AmnasphereAlr
= 3103
T
TO%

—_ ~_ / 1\ ' ..,5,—;—

Faak 50081

\ sz vanatian: -12.44 %

© Pragadure: RT -—= B00OC (10Cmin-1} (Zona 2)

T
d TG fmin]

=

=

Hinh 3.2: Ph6 DTA va TGA ciia SbCl3xH,0
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3.1.2. Khdo sdt dnh hwéng ciia nhiét dp phin hiy téi dic trung céu tric
tinh thé va hinh thai hoc bé mat ciia l6p phii Sn0,-Sb,0;
3.1.2.1. Bdc trung cdu tric tinh thé

Hinh 3.3 trinh bay phé nhidu xa tia X cta cac mau thir nghiém dé tao
16p phtt SnO,-Sh,05 khi nung mau & cac nhiét d6 khac nhau: 370, 420, 480,
550 °C.

Faculty of Chemistry, HUS, VNU, D8 ADVANCE-Bruker - Mau M16

Lin (Cps)

2-Theta - Scale

BAlFile: Thuong VH mau M16.raw - Type: Detector Scan - Start: 20.000 ° - End: 70.000 ° - Step: 0.020 ° - Step time: 0.8 5 - Temp.: 25 °C (Room) - Time Started: 17 s - 2-Theta: 20.000 ° - Theta: 1.000 ° - Chi: 0.

[®]00-036-1163 (V) - Antimony Oxide - SbO2 - Y: 45.61 % - d x by: 1. - WL: 1.5406 - Tetragonal - a 4.58900 - b 4.58900 - ¢ 3.07600 - alpha 90.000 - beta 90.000 - gamma 90.000 - Primitive - P42/mnm (136) - 2

[]03-065-7657 (C) - Tin - Sn - Y: 41.94 % - d x by: 1. - WL: 1.5406 - Tetragonal - a 5.83180 - b 5.83180 - ¢ 3.18190 - alpha 90.000 - beta 90.000 - gamma 90.000 - Body-centered - 141/amd (141) - 4 - 108.216
00-001-0657 (D) - Tin Oxide - SNO2 - Y: 27.61 % - d x by: 1. - WL: 1.5406 - Tetragonal - a 4.72000 - b 4.72000 - ¢ 3.17000 - alpha 80.000 - beta 90.000 - gamma 90.000 - Primitive - P42/ncm (138) - 2 - 70.6

Faculty of Chemistry, HUS, VNU, D8 ADVANCE-Bruker - Sample SnO2-Sb203-05-04

(b)

2231

d=:

a00

Lin (Cps)
-2.328

300

d:

200

2.164

o=

N
8
@
8
5
8

2-Theta - Scale
[lFile: Hien NCS mau SnO2-Sb203-05-04.raw - Type: 2Th/Th locked - Start: 20.000 * - End: 70.010 * - Step: 0.030 ° - Step time: 1. s - Temp.: 25 °C (Room) - Time Started: 12 s - 2-Theta: 20.000 * - Theta: 10
[®]00-001-1198 (D) - Titanium - Ti - Y: 32.37 % - d x by: 1. - WL: 1.5406 - Hexagonal - a 2.92000 - b 2.92000 - ¢ 4.67000 - alpha 90.000 - beta 90.000 - gamma 120.000 - Primitive - P63/mmc (194) - 2 - 34.4837
[#100-001-0657 (D) - Tin Oxide - SNO2 - Y: 18.47 % - d X by: 1. - WL: 1.5406 - Tetragonal - a 4.72000 - b 4.72000 - ¢ 3.17000 - alpha 90.000 - beta 90.000 - gamma 90.000 - Primitive - P42/ncm (138) - 2 - 70.6
01-074-1725 (D) - Valentinite - Sh203 - Y: 16.02 % - d x by: 1. - WL: 1.5406 - Orthorhombic - a 12.46000 - b 4.92000 - ¢ 5.42000 - alpha 90.000 - beta 90.000 - gamma 90.000 - Primitive - Pccn (56) - 4 - 332
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Faculty of Chemistry, HUS, VNU, D8 ADVANCE-Bruker - Sample SnO2-Sb203

RO

1
4=2.231

Lin (Cps)
|

2-Theta - Scale

BAlFile: Hien NCS m: 03.raw - Type: 2Th/Th locked - Start: 20.000 ° - End: 70.010 ° - Step: 0.030 ° - Step time: 1. s - Temp.: 25 °C (Room) s © - Theta: 10.000 *

[®]00-001-1198 (D) -V - (194) - 2 - 34.4837

[#]00-001-0657 (D) - i - gamma 90.000 - Pri incm (138) - 2 - 70.6
01-074-1725 (D) - Val Sb203 - Y: 25.62 % - d x by: 1. - WL: 1.5406 - Orthorhombic - a 12.46000 - b 4.92000 - ¢ 5.42000 - alpha 90.000 - beta 90.000 - gamma ive - Pcen (56) - 4 - 332

Faculty of Chemistry, HUS, VNU, D8 ADVANCE-Bruker - Mau M13
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30

3

2-Theta - Scale
[EMFile: Thuong VH mau M13.raw - Type: Detector Scan - Start: 20.000 ° - End: 70.000 ° - Step: 0.020 ° - Step time: 0.8 s - Temp.: 25 °C (Room) - Time Started: 2 s - 2-Theta: 20.000 ° - Theta: 1.000 ° - Chi: 0.0
[®]00-036-1163 (N) - xide - ShO2 - Y: 38.96 % - d x by: 1. - WL: 1.5406 - Tetragonal - a 4.58900 - b 4.58900 - ¢ 3.07600 - alpha 90.000 - beta 90.000 - gamma 90.000 - Prir 2/mnm (136) - 2
[#00-005-0562 (D) - , Syn - Sb - Y: 13.87 % - d x by: 1. - WL: 1.5406 - Rhombo.H.axes - a 4.30700 - b 4.30700 - ¢ 11.27300 - alpha 90.000 - beta 90.000 - gamma 120.000 - R-3m (166) - 6
103-065-7657 (C) - Tin - Sn - Y: 31.74 % - d x by: 1. - WL: 1.5406 - Tetragonal - a 5.83180 - b 5.83180 - ¢ 3.18190 - alpha 90.000 - beta 90.000 - gamma 90.000 - Body-centered - 141/amd (141) - 4 - 108.216

Hinh 3.3: Phé nhiéu xa Ronghen (XRD) ciia hon hop oxyt SnO,-Sb,0; tao thanh
& cac nhiét do nung khdc nhau: a) 370 °C, b) 420 °C, ¢) 480 °C, d) 550 °C

Két qua thu duoc cho thdy mau thir nghiém & nhiét do nung khéac nhau
déu cho céc pic dién hinh ctiia SnO,. Tuy nhién & nhiét d6 nung thap (370 °C),
ngoai su xuat hién cac pic dic trung cho SnO, thi con co pic dic trung cho
ShO (26 = 30,8 hinh 3.3a). O nhiét d6 nung cao hon 420 va 480 °C, ngoai
pic cia SnO,, chi ¢6 pic dic trung cho Sb,Os, nhu vay da cé sy chuyén hoa
SbO thanh Sb,0;. Khi nhiét do nung u ting 1én dén 550 °C, phd nhidu xa
Ronghen khong con sic nét, cac pic dodng rong, cudng do pic suy giam cho

thdy mot phan oxyt Sh,0; d& bi oxy hoa tiép 1én oxyt c6 mirc do oxy héa cao
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hon, nhu antimony tetroxyde Sh,O, (20 = 42,7°) va antimony pentoxyde
Sh4010 (20 = 34,5°). Diéu nay co thé két luan rang khi nung trong méi truong
khi quyén & nhiét do khong qué cao thi cac hop chat clorua cia Sn, Sb déu
chuyén sang ton tai dudi dang oxyt. Tuy nhién khi miu duoc nung & 480 °C
(hinh 3.3¢) cuong do pic dién hinh ciia Sb,O3 hién thi 1d rang hon so véi khi
mau dugc nung & nhiét do 420 °C (hinh 3.3b), vi thé nhiét do 480 °C 1a nhiét
d6 nung mau tdi wu duoc lya chon dé tao 16p phi SnO,-Sh,0;3 trén bé mit
dién cuc nén Titan.

Két qua phé nhiéu xa tia X cia mau dién cuc titan dugc phu mot 16p
mong Sn0,-Sh,0; bang phuong phap phan hiy nhiét tai nhiét do 1a 480 °C
(hinh 3.3¢) twong tmg voi khdi lugng 16p phu khoang 0,0058 g/cm?® xuét hién
cac pic dién hinh tai cac gia tri 20 béng 26,8; 34; 38,2; 52; 55; 58; 62; 65,1;
66,2 dic trung cho SnO,, diéu d6 chung to rang SnCl, di bi phan hily nhiét
thanh SnO,. Tuong tu nhu vy, cac dinh pic tai cac gia tri 26 bang 25,5; 28;
29: 33; 33,9; 36; 36,5; 39,5; 41 cua Sb,0; ciing dugc thé hién trong phd dd
nhiéu xa tia X (hinh 3.3). Trén pho d6 nay van con xuat hién mot s dinh pic
cua Ti tai cac gia tri 20 bﬁng 35,5; 38,5; 41; 53,5; 63,5 nhung vo61 cuong do
yéu, diéu nay di chimg té nén titan van chua dugc phu kin béi 16p phit SNO,-
Sh,0s, két qua nay cling phu hop véi két qua thu dugc tir anh SEM (hinh
3.5¢,d).

Pé dam bao khong tao ra TiO, (vi TiO, 1am ting dién tro tiép giap gitra
nén titan va 16p phu hoat hod), nén titan chi duoc nung & nhiét do khdng qua
cao, do vay tir két qua & trén, nhiét ¢6 nung mau 1a 480 °C da dugc lua chon
dé ché tao cac mau vaéi 16p phi gom Sb,05 va SnO, trén nén titan.
3.1.2.2. Ddc trung hinh thai hoc bé mt ciia I6p phit SnO,-SbOs5

Mau Titan trudc khi phit 16p oxyt can duoc xtr Iy co hoc bang cach mai
bang gidy nham c6 d6 min tir 320-600 sau d6 tdy diau md (hinh 3.4a), tiép

theo dugc xir Iy hoa hoc bang oxalic sdi 15% (hinh 3.4b).
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Hinh 3.4: Anh SEM bé mdt dién cuc Titan: a) Sau khi tay dau mé, b) Sau cong
doan xir Iy bang oxalic s6i 15%

Hinh 3.4 cho thay hinh thai bé mat tAm titan thay d6i rd rét 1a do 16p
OXyt titan da bi loai bo, khién cho bé mit dién cuc c6 d6 nham dong déu lam
tang kha ndng bam dinh cua 16p phu 1én dién cuc.

Céc mau sau khi dugc xir Iy bang axit oxalic s6i 15% duoc quét dung
dich chta hon hop SnCl, va SbCl; (6,09 SnCly; 1,2g SbCl;) duoc hoa tan
trong 4ml HCI dam dic va 26ml isopropanol dé tao 16p phu trung gian SnO,-
Sb,0:s.

Két qua SEM (hinh 3.5) cho thdy cic miu vat liéu nén Titan sau khi
nung ¢ nhiét do nung 480°C khong bi cong vénh. Bé mit miu nén Titan
khong 6 16p phit SN0,-Sb,05 ¢6 xuat hién dam hat tinh thé phan bd déu trén
bé mit do khi nung & nhiét do 480 °C di tao thanh céc oxit tian. So voi bé mat
dién cuc nén Titan, hinh thai bé mit dién cuc c6 16p phu SnO,-Sb,03 thay doi
rd rét (hinh 3.5¢, d), bao gém céc phién xép thanh hinh canh hoa, cic phién
phang vai cac vét nit, rd xdp va kha niang phan tan cao, ciu trac nay 1a dién
hinh cho dién cuc oxyt Ti/SnO,-Sb,03 nhu trong cac bao cao khoa hoc khac
[72, 75, 87]. Cac vét nit duoc tao thanh 1a do sirc gidn nd nhiét khong déu
gitta kim loai nén titan va 16p phu oxyt va ciing do ché d6 nung nhiét. Tuy
vay vét nirt con phu thudc vao cac yéu td khac nhu: thanh phan 16p phu, nhiét
d6 nung, chiéu day 16p phu...
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Hinh 3.5: Anh SEM mé ta hinh thai cdu triic bé mdt cia vdt liéu nén Titan sau
khi xit Iy bé mdt (a, b) va I6p phit SnO»-Sb,O; trén nén Titan (c, d), sau khi nung
6 480°C trong 60 phiit & cdc dé phéng dai 1000 va 5000 lan.

3.1.3. Khdo sdt anh hwéng ciia thoi gian dién két tia I6p phii hoat héa ciia

anot

Mang PbO, duoc tao ra bang phuong phap oxy hoa dién hoa dién cuc
Ti/Sn0O,-Sh,03 trong cac dung dich chira Pb?*. Mang PbO, thu dugc trong
dung dich axit kém bam dinh hon so v&i dung dich kiém, hon nita do dan cta
B-PbO, 1a cao hon a-PbO,, con a-PbO, c6 d6 bam dinh tét [90]. Piéu nay chi
ra rang c6 thé ting d6 dan cua PbO, bang cach ting ham luong S-PbO,, tuy
nhién can thiét phai tao duoc d6 bam dinh cho 16p phii ndy. Vi vay khi tao 16p
phu PbO, c6 dd hoat hoa cao 1én bé mit miu trudc tién ta su dung dung dich
PbO bio hoa trong 140 g/l NaOH tai 40°C dé tao mot 16p mang bam dinh tét
a-Pb0O,, sau d6 str dung dung dich Pb(NOs), 35% dé tao 16p S-PbO, .

Phan Ung xay ra trong qua trinh tao 16p phu a-PbO, nhu sau:

Pb?** + 40H - 2¢ — o-PbO, + 2H,0 (3.3)
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cu thé 1a: Pb®* - 2¢ — Pb*
40H gy — 207 + 2H,0
Pb* + 20 — a-PbO, (3.33)
Qua trinh dién cuc tao 16p phi S-PbO, trén bé mit andt la:

Pb " - 2e +2H,0 — B-PhO, + 4H’ (3.3b)

O mat d6 dong qué cao, s& xuat hién qua trinh thoat oxy theo phan tng:

40H - 4e —2H,0 + 0,1 (3.4)
nén luong PbO,; thu dugc sé giam, vi vay mat do dong anot lua chon khi tao
16p phii a-PbO, 1én bé mit mau 1a 20 mA/cm?, va S-PbO, tir Pb(NO;), 1a 80
mA/cm?,

Hinh thai bé mit cac mau dién cuc thay d6i rd rét khi thoi gian dién két
tia PbO, 1a khac nhau, két qua duoc danh gia bang anh SEM (hinh 3.6).

Hinh 3.6a cho thay rang bé mit dién cuc thé hién dudi dang “bun nut”
khi thoi gian dién két tia PbO, 1a 30 phut, bé mit nay gan giéng 16p phi trung
gian hinh 3.5¢. Piéu nay cho thay véi thoi gian dién két tia ngin nhu vay thi
16p phu PbO; da dugc hinh thanh rd rét nhung van dang con tdn tai cac vét
I6m, cac ranh hay k& hé do qua trinh tach nudc theo phan Gng dién cyc da
néu. Khi dién két tia PbO, voi thdi gian 14 60 phat (hinh 3.6b), sé luong vét
nit né gidam hon so voi 16p phu véi thoi gian phu 30 phit (hinh 3.6a), 16p phu
trén bé mat dién cuc co dang cac khdi hat dinh két vao nhau, c6 xu huéng tao
thanh cac khdi riéng biét voi nhiéu dém tring. Tang thoi gian dién két taa 1én
120 phut thi bé mat dién cuc khong con cac k& niit, bé mit tré nén min hon
(hinh 3.6¢). Nhung khi thoi gian 1én dén 150 phut thi trén bé mat dién cuc
khong con 16p phii ddng nhat, ma gdom cac khdi céac tinh thé PbO, kiéu “hoa
stp lo” kin sit va dam 14m tAm mau tring trén bé mat, c6 thé 1a dang hydroxyt
chi (hinh 3.6d). Tuy nhién lai xuat hién cc k& nut giita cac bap, dong thoi khi
d6 trong dung dich dién phan c6 mau vang, diéu nay dugc giai thich 1a do
trong dung dich c6 oxy thoat ra lam bong tach 16p phu va oxy hoa céc oxyt
SnO; va Sh,05 thanh cac oxyt ctia Sn va Sb ¢6 mirc oxy hoa cao hon.

58



20kv X500 50pm 2012 COMFA-IMS 20kv X500

Hinh 3.6: Trang thdi bé mdt Iop phii phu thudc vdo thoi gian dién két tia PhO, .
a) 30 phut, b) 60 phat, ¢) 120 phat, d) 150 phat.

Nhu vay, khi ting thoi gian dién két tua tir 30 dén 150 phut thi bé mit
dién cuc thay d6i rd rét d6 1a chuyén hinh thai bé mat tir dang “bun ntt” sang
hinh thai sit chat, déng déu vai su ton tai cac tinh thé PbO,, rdi lai kiéu “ hoa
stp 10” voi ca k& nat. Riéng voi thoi gian 120 phat cho ta bé mat sit chit voi
nhiing ddm nhé sAm mau c6 thé 1a oxyt chi do Pbs0,.

Nghién ctru anh SEM c6 d6 phong dai cao hon, 1200 1an (hinh 3.7) cho
thay 16p phi PbO, thu dugc trong thoi gian dién phan 1a 120 phat dong nhat

trén toan bo bé mit, dugc cau tao boi nhitng khéi oxyt hinh da dién.
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Hinh 3.7: Anh SEM I6p phit PbO, véi thoi gian dién két tia la 120 phiit véi do
phéng dai la 5000 va 12000 lan.
Sy ton tai ctia hai dang thu hinh « va £, 16p ma PbO, duogc khang dinh
nho phan tich cdu trac bang phuong phap nhiu xa tia X (hinh 3.8).
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[m]00-045-1416 (1) - Scrutinyite - PbO2 - Y: 29.31 % - d x by: 1. - WL: 1.5406 - Orthorhombic - a 4.97100 - b 5.95600 - ¢ 5.43800 - alpha 90.000 - beta 90.000 - gamma 90.000 - Primitive - Pbcn (60) - 4 - 161.00
[#]00-011-0548 (D) - Lead Oxide - beta-PbO2 - Y: 14.98 % - d x by: 1. - WL: 1.5406 - Tetragonal - a 4.93000 - b 4.93000 - ¢ 3.37000 - alpha 90.000 - beta 90.000 - gamma 90.000 - Primitive - P42/mnm (136) -

Hinh 3.8: Phé XRD ciia mau dién cuc Ti/'SnO,-Sb,05/PbO, sau thoi gian phu
120 phat

Két qua nhidu xa tia X (hinh 3.8) cua miu dién cuc Ti/SnO,-Sb,0;
dugc phit mot 16p PbO, sau thoi gian phu 120 phut xuét hién céac pic dién hinh
cua a-PbO; tai cac gia tri 20 béng 23,2; 28,8; 30; 33; 34,2; 40,6; 45; 49,2;

50,6; 56,2; 60,8, 65; 68. Tuong tu, cac pic dién hinh cua S-Pb0O, XUt hién tai
60



cac gia tri 20 bang 25,5; 32,1; 36,4; 52,5; 54,5; 59; 61; 63; 67. O ddy khong
xudt hién céc pic dic trung cho SnO, va Sb,0; vi toan bd bé mat 16p hdn hop
hai oxyt bi che phu hoan toan khi thoi gian oxy hoéa tao mang PbO, du 16n.
Piéu nay cho thay dién cuc Ti/SnO,-Sb,04/PbO, di dugc ché tao thanh cong.

Két qua cua nhifu xa tia X va anh kinh hién vi dién tir quét SEM cho
thdy thoi gian dién phan anh hudng nhiéu dén tinh chat 16p phii. Véi thoi gian
dién phan 13 30 va 60 phuat thi bé mit 16p pha chua kin sit va xuét hién cac pic
ctia 16p trung gian. Qua trinh dién két tia PbO, voi thoi gian 1a 120 phat 1én
bé mit dién cuc co 16p phit dong déu va kin sit (hinh 3.6¢). Tuy nhién voi thoi
gian dién két tia PbO, trong 150 phut thi trén bé mat dién cuc kin sit nhung
lai xuat hién nhimg d6m nhé sim mau (hinh 3.6d). Piéu nay cho thay thoi
gian dién két tia PbO, trén dién cuc Ti/SnO,-Sb,0s t6i uu nhat 14 120 phut.
3.1.4. Quy trinh ché tao dién cwe Ti/Sn0,-Sb,04/PbO,

T cac két qua: nghién ctu cdu trac tinh thé bang phd nhiu xa
Ronghen XRD, nghién ctru hinh thai cau trac bé mit bang kinh hién vi dién tir
quét ctia cac 16p oxyt hdn hop Sn0,-Sb,0; va PhO, , nghién ciru d bén dién
hoa, do hoat dong dién hoa cua dién cuc Ti/SnO,-Sh,0s/PbO, cho phép xay
dung quy trinh ché tao dién cuc Ti/SnO,-Sh,04/PbO, nhu sau (xem so d6 hinh
3.9):

a) Vat liéu dé ché tao mau andét.

* Vat liéu nén:

Vit liéu nén duogc st dung 1a tAm titan ctia Trung quéc ky hiéu 1a TA
c6 thanh phan tap chat cuc dai nhu sau: 0,30%Fe; 0,10%C; 0,05%N;
0,015%H; 0,25%0. TAm Ti c6 chiéu day la 1mm.

* Vat liéu ban dau dé tao oxyt:

L6p phu oxyt da duoc ché tao tir cac mudi clorua thiéc SnCly, clorua
antimon SbCl; hodc oxyt antimon Sb,0;. Pay la nhiing hod chat tinh khiét
phan tich ciia hang Merk. Ngoai ra con dung mot sd hod chéat khic trong qua

trinh ché tao anot nhu 1sopropanol, HCI, NaOH...
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Hinh 3.9: So dé khoi quy trinh ché tao anét tro hé Ti/Sn0,-Sb,04/PbO,

b) Qui trinh ché tao dién ciec andt tro

Anbt tro hé Ti/Sn0,-Sh,03/Pb0O, dugc ché tao theo cac budc sau:

% Chudn bi vat li¢u nén Titan:

Vat liéu nén 1a tim Titan duoc cét véi kich thude 40x10x I mm. Nhiing
mau nay duge xir Iy nhu sau:

+ Mau duoc gia cong mai canh va ép phang, mai bong bang gidy nham
ttr thé dén min c¢6 d6 min tir 320 dén 600. Pam bao bé mit déng déu khong bi
Xuoc.

+ Sau khi 1am sach co hoc, cac mau nay dugc tay rira bang nuédc va
dung dich axeton trong thoi gian 30 phut dé loai bo cac hat ran va dau md.

+ Rira mau bang nudc nong;

+ Tay héa hoc trong dung dich NaOH 50g/1, réi nhiing vao hdn hop
dung dich axit HNO3:H,SO, ti 18 1:1. Sau d6, mau duoc rira sach béng lugng
16n nuédc, ngdm vao axit oxalic s6i (15%) trong 5 phut dé loai bo hoan toan
TiO..
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+ Rtra miu nhe bang ban chai dudi dong nudce, sau do rira bang nudc
cat va lau sach bang con

+ Lam kho trong khong khi & nhiét do 30-35 °C

Mau dugc xir Iy xong, chuan bi cho qua trinh tao 16p phu.

%+ Tao lop phu trung gian SnO,-Sb,03

Dung dich pha c¢6 thanh phan nhu sau: 6,0g SnCls; 1,29 SbCls, dugc
hoa tan trong 4ml HCl dam ddc va 26ml isopropanol.

+ Céac mau titan sau khi xtr 1y nhu trén dugc quét hodc nhiing dung dich
phu tuong tng trén bé mat.

+ Lam kho mau trong bong dén & nhiét do 50-70 °C trong 10 phut;

+ Tiép theo dugc polymer hoa ¢ 130 °C trong 15 phit.

+ Sau d6 mau duogc nung trong 16 da néng san & 300°C trong 15 phit;

+ Céc budc trén dugc lap lai nhiéu lan (10-12 lan) dé dat duoc chiéu
day mong muén.

+ Lép pht cudi cing duge nung & nhiét do 370 °C, 420 °C, 480 °C, 550
°C (tuy theo tirng thi nghiém) trong thoi gian 1 gio.

“ Két tia dién héa PbO,

PbO, duoc két tiia & ché do dong tinh trén tam Titan da dugc pht SnO,-
Sh,0; bang cach andt hoa trong dung dich chira PbO bao hoa trong NaOH
(140 g/1) véi thoi gian 1a 30, 60, 90, 120,120 phit & 40 °C, i = 20 mA/cm? sau
d6 tiép tuc két taa PbO, tir dung dich chira Pb(NOs), 35% véi thoi gian 1a 30,
60, 90, 120,120 phut ¢ 40 °C, i = 80mA/cm?. Dién cuc catot 12 mot 16ng thép
khong gi duong kinh 6 cm, ¢6 dién tich 16n hon nhiéu 1an so véi dién cuc lam
viéc.

Sau khi phit PbO, bang phuong phap dién héa, mau dugc ldy ra va rira
sach bang nudc cat, sdy kho dé tranh hién tuong dung dich phu dong lai trén
bé mit s& lam thay doi tinh chat 16p phu va lam 6 bé mat.

% Kiém tra va hoan thién san pham.

Sau khi 1am nguoi trong khong khi, mau ché tao duoc kiém tra dé loai
nhirng san phém bi 10i, ntt né... Cac san phém dat diéu kién dugc dem gia

cong ché tao thanh cac mau dé khao sat.
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Qua nhirng két qua nghién ctru & trén cb thé dua ra két luan sau:

- Hé anét tro Ti/SnO,-Sh,03/PbO, c6 thé ché tao duge theo quy trinh
két hop phan hiy mudi hdn hop SnCl,, SbCl; & 480°C, va dién két tia tao 16p
phu PbO, trong thoi gian 120 phat bang phuong phap dong khong di tir dung
dich PbO b&o hoa trong NaOH 140g/I tai mat 6 dong i = 20 mA/cm? va dung
dich Pb(NO;), 35% tai mat d6 dong i = 80 mA/cm?.

3.2. Khao sat dd bén dién hoa ciia andt Ti/SnO,-Sb,04/PbO,
3.2.1. Vai tro va anh hwong cua lop oxyt trung gian SnO,-Sh,03

- Cac h¢ anot str dung: Ti/SnO,-Sh,03; Ti/PbO,; Ti/SnO,-Sh,05/PbO,

- Phuong phap quét thé vong CV

- Dung dich dién phan c6 chira 500 mg/1 phenol va 7,5 g/l Na,SO,, pH =8

- C4c thong sb dién phan: nhiét @6 T = 30°C; téc do quét thé 50 mV/s,
khoang quét thé 0-2 V

Quan sat két qua quét thé vong CV trén hinh 3.10 thay rang:

Khi thuc hién qua trinh quét thé trén dién cuc andt Ti/SnO,-Sb,0; thi
khong thay xuat hién pic oxy héa phenol trong qua trinh quét CV, nhung ton
tai mot go hoi nhé 1én (hinh 3.10b) so véi duong nén (hinh 3.10a), trai rong
trong khoang dién thé tir 0,6-1,6 V. Chung té qua trinh oxy hoa phenol di xay
ra, tuy nhién toc do oxy héa phenol 14 thap. Nhu vay 16p pha trung gian, hon
hop oxyt SnO,-Sh,0;3 c6 tac dung trong viéc oxy hda phenol.

Pién cuc andt Ti/PbO, khi dua vao xur 1y phenol thi thdy rang c6 hién
thi pic phenol nhung khéng rd rang (hinh 3.10d), pic oxy héa xuét hién & dién
thé xdp xi 1,6V (CV1). Trong khi d6, qué trinh oxy héa phenol trén dién cuc
andt hé Ti/Sn0,-Sh,04/PbO, thé hién rat rd véi sy xuat hién cua pic oxy hoa
sac nét (hinh 3.10c), dat cuc dai tai dién thé 1,45V (CV1). Diéu nay cho thiy
vat liéu an6t hé Ti/SnO,-Sh,0s/PbO, la thich hop cho qua trinh oxy hoa
phenol.
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Hinh 3.10: Phé CV ciia qud trinh oXy héa phenol anh hudng boi vt lidu dién
cuc: a) Ti; b) Tl/SI’lOz'szOg, C) T|/Sﬂ02'8b203lpb02, d) T|/Pb02

Cu thé hon, anh hudng cia 16p phi trung gian SnO,-Sh,0; dugc nghién
cru bang cach so sanh thoi gian hoat dong gira dién cuc andt Ti/SnO,-
Sb,05/PbO, ¢6 16p phi trung gian va dién cuc anodt Ti/PbO, khong co6 16p phu
trung gian (PbO, dugc két taa tryc tiép 1én kim loai nén Ti sau khi duoc xur
ly). Lop phu trung gian Sn0,-Sh,05 ctia cac dién cuc dugc tao thanh tir sy
phan hay nhiét dung dich phta cic mudi kim loai SnCls, SbCl; trong moi
truong axit HCL, gdm 6,0g SnCly; 1,29 SbCls, duoc hoa tan trong 4ml HCI
dam dic va 26ml isopropanol. Dung dich phil ndy dugc dwa 1én nén titan bang
cach quét va 1am kho bang bong dién & 50 — 70 °C trong 10 phut, tiép theo
dugc polymer hoa & 130°C trong 15 phit, sau d6 nung & nhiét do 300°C trong
15 ph(t, qua trinh nay lap lai khoang 10 1an. Va 16p cubi cing nung ¢ 480 °C
trong thoi gian 1 gio. Tiép theo 16p phil hoat dong dién PbO, dugc tao thanh
bang phuong phap két tua dién dong khong d6i tir dung dich gdm PbO bio
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hoa trong NaOH 140 g/1 & 40 °C trong 120 phut va dung dich Pb(NO3), 35%
& 40 °C trong 120 phat.

Hanh vi dién hoa galvanostatic cua hai hé anot c6 va khong c6 16p phu
trung gian Sn0O,-Sh,0; theo thoi gian phan cuc anét & mat do dong 500
mA/cm? trong H,SO, 1M, két qua nghién ctiru duogc biéu dién trén hinh 3.11.

{|—=— Ti/SnO_-Sb,0./PbO,
8000 1| —e—TiPbO,

0 —

0 50 100 150 200 250 300 350

Thoi gian (h)
Hinh 3.11: Sw thay déi dién thé ciia cdc hé anbt theo thoi gian phén cuwc andt &
mdt do dong 500 mA/em? trong H,SO, IM; (16p phu SnO,-Sh,03 tao thanh khi
nung ¢ 480 °C)

Hinh 3.11 cho théy:

- Pbi v6i andt Ti/PbO,: dién cuc hoat dong 6n dinh, gﬁn nhu khong dbi
v6i dién thé ban dau khoang 1,31V, trong khoang 130 gid hoat dong. Sau do
dién thé ctia hé tang rat nhanh, iy dién cuc andt ra kiém tra cho thay 16p oxyt
PbO, bi phan rd va c6 hién tugng bong troc, doi chd co thé da ho ca nén Ti.
Nhu vay TiO; sé dugc tao thanh gay thu dong dién cuc lam cho dién thé tang
vot rat manh (hinh 3.11). Néu coi thoi gian song cia dién cuc 1 khoang thoi
gian dén khi hiéu dién thé cua dién cuc anot tang dén 1,5V (dién thé ma & do
andt hoan toan mat hoat hoa nhu trén d6 thi) thi thoi gian séng cua anét
Ti/PbO, la khoang 145 gio.
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- Dién cyc andt Ti/Sn0,-Sb,04/PbO, thé hién do hoat hoa tét, 6n dinh
tt sau 260 gid va thoi gian sdng khoang 290 gid thir nghiém. Sau d6 dién thé
bat dau tang manh, mic d0 hoat hod giam. Pién thé ban dau cua dién cuc
Ti1/Sn0O,-Sbh,05/PbO, ¢6 cao hon mdt chat, 1,37V, so véi 1,31V cua dién cuc
Ti/PbO,, va 6n dinh giam cham trong 125 gio dau. Tiép theo dién thé giam
manh hon va dat cuc tiéu & 0,65V sau 230 gi0 hoat dong. Sau dé dién thé trén
dién cuc andt nay bat dau tang, va duoc 290 gio thir nghiém thi dién thé ting
manh vuot gia tri 1,5V. Nhu vay thoi gian séng cua dién cuc andt Ti/SnO,-
Sb,04/PbO, dai hon nhiéu so véi dién cuc Ti/PbO, & cing mot diéu kién thi
nghiém. Khi thi nghiém két thuc, bé mit mau van con 16p phu, nén titan
khong bi 16 ra. Hon nita ciing khong thay xuat hién 16p bot den dudi day binh
nhu trudng hop dién cuc Ti/PbO,. Nhitng diéu nay chung té 16p phu hoat
dong dién PbO, va 16p phu trung gian SnO,-Sb,0; c6 kha ning gin két tot véi
nhau, va riéng mdi 16p khong c6 hién tugng phan rd thanh mun ling dong
dudi day binh dién hoa. Sy tdng manh cua dién ap oxy hoa & giai doan cudi
xay ra O ca hai loai dién cyuc nay c6 thé bao gdm qua trinh tao mang thu dong
do su bong tréc gdy hé dién cuc nén ma tao ra TiO,, cling nhu qua trinh
sunphat hoa bé mat 16p hoat dong dién PbO,.

3.2.2. Anh hwéng ciia nhi¢t dp nung téi dp bén ciia andt Ti/SnO,-
Sh,05/Pb0O;

Cac két qua nghién cru anh SEM va pho nhiéu xa tia X (XRD) & trén
(muc 3.1.2), xét vé hinh thai ciu tric bé mat va dic trung cau trac tinh thé,
cho théy nhi¢t do nung u dién cuc co thé dugc chép nhan & 480°C. Tuy nhién
hanh vi dién hoa galvanostatic (dong khong d6i) chiu anh hudéng cia nhiét do
nung 1 ciing can dugc xem xét.

Céc thi nghiém galvanostatic dugc thyc hién trong dung dich H,SO,
IM ¢ mat d6 dong cao 500 mA/cm®, ghi lai bién thién cua dién thé theo thoi
gian dé tir 46 danh gia d6 bén cua dién cuc hay con goi 1a thoi gian sdng cua
dién cuc. Sy phu thudc dién thé ctia hé do vao thoi gian dudi sy phan cuc
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dong khong ddi 500 mA/cm?® dugc biéu dién trén hinh 3.12 cho thiy: voi tat
ca cac mau dién cuc, su bién thién dién thé dién cuc déu theo mot quy luat,
giai doan dau dién thé giam rat tir tir, c6 thé twong Gmg véi 16p phu PbO, dugc
hoat hoa lam giam dién tro 16p bé mat, dién thé c6 xu huong giam nhe,
khoang 50 gio dau tién. Tuy theo nhiét 40 nung u di€n cuyc ma giai doan nay
c6 thé kéo dai hon, dén 125 gid (dudng 480°C, hinh 3.12). Sau giai doan nay,
dién thé giam manh hon va dat dén cung mdt gia tri cuc tiéu 0,65V, tuong
g v6i giai doan hoa tan 16p PbO,, véi thoi gian khoang 150 gio tiép theo.
Piéu dang chi ¥ 1a 46 ddc trong hai giai doan dién thé dién cyc giam cho dén
gia tri cuc tiéu 1a khac nhau ddi voi tat ca cac mau dién cuc. Diéu nay chic
chan do ban chat khac nhau cta 16p hoat dong bén ngoai va 16p oxyt hdn hop
trung gian, va ciling c6 nghia 1a ¢6 su bong tch dan cua ca hai 16p hoat dong
dién (PbO, va Sn0,-Sh,05) khi ¢6 dién thé duong du 16n 4p dat Ién dién cuc.
Tuy diéu di biét rd rang trong thuc té, & diéu kién thuong: khong ap dat dién
thé, nudce tinh khiét, PbO, 1a khong tan trong nudc, con Sb,0O3 tan rat it trong
nudc. Qua trinh gidm dién thé & cac dién cuc cung dén mot gia tri cuc tiéu
cling 1a mot minh chimg cho thay su bong tach dan ciia ca hai 16p oxyt trong

diéu kién thuc nghiém.

Khi dat dén gia tri dién thé cuc tiéu cling 1 lac 16p oxyt trung gian
Sn0,-Sh,0; bat dau tan. Qua trinh thu dong dién cuc Ti nén dién ra sau do,
trude hét bat dau tai cac k& nut ciia 16p oxyt trung gian (hinh 3.5). Khi 16p
hoat dong dién trung gian tan hét, bé mat dién cuc nén Ti 10 ra, tiép xuc voi
dung dich, 1ap turc bi oxy hoa tao thanh 16p TiO, khong dan dién. Pién cuc bi
thu dong va thé tang vot 1én. Hinh 3.12 chi ra rang thoi gian séng cua dién
cuc (khoang thoi gian dén khi dién thé cua dién cuc dat gia tri 1,5V/SCE) phu

thudc rd rang vao nhi¢t do nung.
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Hinh 3.12: Su phu thudc dién thé ciia hé do vao thoi gian phan cyc cua anot
Ti/SnO,-Sb,05/PbO, duroc nung ¢ cac nhiét do khac nhau. Mat do dong phan
cue 500 mAlcm? trong H,SO, /M & 30 °C.

Khi nung mau ¢ nhiét d6 thap (370 °C) thoi gian song cia dién cuc
ngan nhat (chi khoang 115 gid). Quan sat dién cuc cho thdy bé mit khong
duogc chac, rd x6p va khuyét tat nhiéu. Trong trudng hop nay nguyén nhéan cé
thé 1 c¢6 sy phan rd co hoc do sy thoat khi trong cac 16 x6p gay nén. Con khi
nung & cac nhiét do cao hon thi thoi gian séng tang dan 1a do sy khuéch tan
va tao lién két gilta cac nguyén tir kim loai va nguyén tir oxy & hai 16p oxyt
khuéch tan vao nhau 1am giam di¢n tr& tiép xtc bé mat, thu hep bé mat phan
chia cac 16p oxyt, taing kha nang bam dinh gitra hai 16p SnO,-Sb,03 véi PbO,,
cling nhu giira 16p oxyt hdn hop SnO,-Sb,05 véi kim loai nén Ti.

Khi nung 0 ¢ nhiét do cao 420-480 °C 16p oxyt hdn hop ¢ ciu tao tinh
thé rat dac trung véi cac pic nhidu xa XRD cao, rd rét tach biét (hinh 3.3b, ).

Tuy vay, khong phai ctr nung ¢ nhiét d6 cao hon thi 16p phu chéc hon.

69



280 4 -
{ [
260 -

3(I50 | 3é0 | 4(I)0 I42I0 | 4210 I4é0 | 4fl30 | 560 | 550 | 54I10 | 5é0
Nhiet do nung (oC)
Hinh 3.13: D6 thi biéu dién sw phu thudc thoi gian séng cia dién cwc Ti/SnO,-
Sb,04/PbO, vao nhiét do phdan hiy khi tao lop phu trung gian

Khi nhiét d6 nung 0 ting 1én 550 °C, ngoai su khac nhau vé hé sb gidn
nd nhiét gitra cac 16p oxyt hay oxyt véi nén Ti di 10n, nén kha ning bam dinh
giam, con c¢6 do su hinh thanh cac oxyt antimony bac cao tetroxyde Sh,0O,4 va
pentoxyde Sb,0y, (xem phé XRD, hinh 3.3), nghia c¢6 sy khuéch tan oxy
nguyén tir qua 16p PbO, vao 16p oxyt hdn hop trung gian. Diéu nay lam cho
cdu trac tinh thé PbO, co thé bi thay doi khong con nhu ngay sau khi két tia
dién. Con 16p oxyt trung gian tr¢ nén sit chdt hon vé1 mat do oxy nguyén tur
cao hon. Hai diéu néu trén dan dén 16p PbO, c6 thé trd nén dé tan, bong troc
nén dién thé dién cuc nhanh chong dat gia tri cuc tiéu hon so v&i khi nung ¢
420 °C va 480 °C, dong thoi 16p oxyt TiO, khé hinh thanh trén toan bé mit
dién cuc hon (do 16p oxyt trung gian trd nén sit chdt hon) lam cho qua trinh
tang dién thé kéo dai, trudc khi tang vot. So sanh thoi gian dat dén gia tri di¢n
thé cuc tiéu cho thiy: dién thé dién cuc nhanh chong dat dén gid tri cuc tiéu
sau khoang 70 git (370 °C) so v6i 180 va 220 gio khi nung u ¢ 420 °C hodc
480 °C (xem hinh 3.12), ¢ 550 °C 1a 125 gi0.
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Trong céac thir nghiém cho thiy két qua nung miu & 480°C cho thoi
gian séng cua dién cuc 13 dai nhét (khoang 290 gid) (hinh 3.13).

Sau khi thir nghiém dong khong d6i ¢ 500 mA/cm?, trang thai bé mit
cua céac andt hé Ti/Sn0O,-Sh,04/PbO, & cac nhiét dd nung 370 °C, 420 °C, 550
°C duoc quan sat va thiy rang: két qua twong tu nhau, 16p phit hau nhu bi hoa
tan hét, hon nita trén bé mat anot xuat hién mau tim xanh (ban than PbO, cb
mau den) va c6 bot den ¢ day binh thur nghiém, cac hat tinh thé bi an mon dan
cac 16p oxyt bi phan rd rdi bi bong tach khoi nén Ti. Riéng d6i voi bé mit
dién cuc an6t Ti/SnO,-Sh,03/PbO, c¢6 16p phu SnO,-Sh,05 dugce tao thanh khi
nung & 480°C, khi thir nghiém két thic, bé mit mau van con 16p phu, khong
thay ho nén titan. Két qua nay ciing dugc ghi nhan bang hinh anh SEM cua
mau dién cuc sau khi da phan cuc ¢ mat do0 dong khong ddi 500 mA/cm?
(hinh 3.14).

Khi két thic thi nghiém (sau 340 gid), dién thé cia andt Ti/SnO,-
Sb,03/PbO, c6 16p phi SnO,-Sb,03 duogc tao thanh khi nung & 480 °C ting
dén gid tri rat cao (gan 10V), nén titan bi an mon 16 va dan dén su bong tach
cac hat oxyt. Sau thoi gian thir nghiém 16p oxyt hau nhu con nguyén ven vé
mat vat ly, bé mat mau van con 16p oxyt, tuy nhién do su lién két kém nén chi
can tac dong co hoc nhe chiing ¢ thé bi giy va bong troc.

Su tdng vot dién thé dién cuc, gé‘m nhu th'fmg ding, & trén cac mau dién
cuc la su hinh thanh 16p TiO; trén toan bé mat dién cuc nén. Con qua trinh
ting manh dién thé trudc d6 c6 thé c6 qua trinh oxy héa SO,” tao thanh

S,05” va phan tmg véi PbO,:

250,% - 2e — S,04” (3.5)
va qua trinh thoat oxy tur nudc:
ZHZO - 4e > 02 + 4-H+ (36)

Céc phan tng trén s& lam phan rd dan cac 16p oxyt, tao ra k& nut, roi

bong troc tao diéu kién cho phan ung (3.6) xay ra trén bé mit kim loai nén
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Titan va tao thanh TiO, dan dén 1am mét kha ning bam dinh cua 16p oxyt do
d6 bi bong tach khi két thuc thi nghiém.

/

20kV X100 100pm 2013 COMFA-IMS

\

20kV X100 100pm 2013 COMFA-IMS

20KV X1,000 . -10pm, 2013 ~COMFA-IMS

Hinh 3.14: Anh SEM ciia bé mdt dién cuc Ti/SnO»-Sh,05/PbO, ¢é lop phu SnO,-
Sh,03 duroc tao thanh khi nung ¢ 480 °C trudce (a, b) va sau khi phan cuc (c,d) &
mdt do dong dinh 500 mA/cm? trong 340 gio

3.2.3. Anh hwéng ciia bign phdp xir Iy bé mdt nén titan dén dp bén ciia anot

Titan 1a kim loai dé bi thu dong do tao thanh 16p oxt TiO; trén bé mat
khi bi phan cuc andt. Lép 0xyt ndy ngin can sy hoa tan tiép theo ctia nén
titan. Lop oxyt kim loai nén ciing c6 thé bi tao thanh trong qué trinh tao 16p
phu bang phuong phap phan huy nhiét. Diéu nay lai c6 hai do 1am giam kha
nang bam dinh cta 16p oxyt hon hop Sn0,-Sb,0; voi kim loai nén Ti, dong
thoi lai 1am ting dién tro tiép giap giita nén titan va 16p phu hoat hoa, 1am
giam tinh dan dién cua dién cuc, cling nhu sy bam dinh cta 16p oxyt hoat

dong dién 1én kim loai nén. Do d6 trudc khi tao 16p pht hdn hop oxyt SnO.-
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Sh,0s, dién cuc nén Ti dugc xir 1y trong axit oxalic s61, mQt tac nhan khr,
nham loai bd mang oxyt theo phan tng:
2H,C,04 + TiO, — 4CO, + 2H,0 + Ti.

Ngay sau d6 dién cuc Ti duoc nhing vao dung dich hdn hop mubi
SnCl, va SbCl;. Qua trinh nung 1 tiép theo dugc thuc hién nham tao 16p oxyt
Sn0,-Sh,0; dugc sir dung nhu 14 16p trung gian bao vé kim loai nén titan va
tang cudng lién két nén titan v6i 16p hoat hoa PbO, bén ngoai.

Dung dich phu tao 16p trung gian SnO,-Sb,03 ngoai cac tac nhan chinh,
con ¢6 dung moi hiru co nhu isopropanol va axit HCI hodc tac nhan xam thuc
khac. Tac dung cia axit 1a hoa tan 16p oxy nguyén thiy trén bé mat kim loai
titan, dong thoi tao moi truong hoa tan cac mudi SnCl, va SbCls. Isopropanol
dugc st dung nhu chit hoat dong bé mat 1am giam suc cang bé mit cta 16p
cac mudi SnCl, va SbCl; khi sy kho, va tranh hién tuong nit vd. Diéu nay
cling tao ra su gén két chat véi kim loai titan nén cua 16p oxyt SnO,-Sh,04
duogc tao thanh trong qué trinh xir Iy nhiét. Dung dich dé tao 16p trung gian
thuong chtra ion kim loai xuc tac dién hoa véi nong do thap nham tao 16p phu
mong nhung phu kin bé mit. Lop phi dau tién thuong bi 15, do néng do
lodng, chat xuc tac dién hoa (Sn, Sb) tao thanh khdng che kin dugc bé mit
nén titan. Tai nhing 16 rd sé& tao thanh oxyt kim loai nén TiO, khi xtr 1y nhiét.
Khi phu 16p tiép theo, axit tn cong Oxyt titan & nhiing 16 16 cua 16p dau va
chat xuc tac dién hoa cliing véi ion titan tao thanh hdn hop oxyt khi dugc xtr Iy
nhiét. Va ct nhu thé 16p phu trung gian sé che phu toan bg bé mit nén, tao
diéu kién cho 16p phu xuc tac dién hoa bén ngoai lién két chat voi nén titan va
lam giam dién tro tiép xuc. Lép phil trung gian thudng rat mong nén khong
anh hudéng nhiéu dén thé dién cuc. Céc bién phap xu 1y bé mat nén titan trude
khi phi1 bang cac tic nhan khac nhau s& anh hudng dén do bén cua anot. Két

qua thu dugc biéu dién trén hinh 3.15.
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Hinh 3.15: Anh huong ciia bién phdp xir 1y bé mdt nén Ti dén dé bén ciia andt

Hinh 3.15 trinh bay d6 bén cua andt Ti/SnO,-Sb,04/PbO, vdi cach xir
Iy dién cuc nén trong cac dung dich khac nhau. Két qua cho thay:

+ Tai thoi diém t = 0, dién thé ban dau co6 khac nhau va nim trong
khoang 1,30-1,35 V/SCE, nhung déu c6 xu hudng giam va cung dat gia tri
cuc tiéu tai 0,65 V.

+ Khi dién cuc dugc xur 1y béng HF dién thé nhanh choéng dat dén gia tri
cuc tiéu sau 125 gio, thoi gian sdng (hiéu dién thé < 1,5 V/SCE) 14180 gio.

+ Pién cuc duge xir Iy bang H,C,0, dat dugc tinh on dinh cao nhat,
thoi gian dién thé dat gi trj cuc tiéu kéo dai téi 210 gid, va thoi gian séng 13
290 gi0.

+ Pién cuc duge xir Iy bang HCI 20%, thoi gian séng ngin hon, chi con
275 gid, va hiéu dién thé dat gia tri cuc tiéu tai 185 gio.

Nhu vay, dién cuc andt dugc xur 1y trong HC1 20% va axit oxalic ¢6 tinh
6n dinh cao va thoi gian séng 1au hon nhiéu so voi dién cuc duge xir Iy bang
HF.
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Qua nhitng két qua nghién ctru vé do bén dién héa cua anot Ti/SnO,-
Sh,04/Pb0, & trén ¢ thé dua ra két luan sau:

- Dién cyc an6t Ti/Sn0,-Sb,04/PhO, thé hién do hoat hoa tét, 6n dinh
tbt sau 260 gid va thoi gian séng khoang 290 gid thir nghiém dai hon nhiéu so
v6i dién cuc Ti/PbO, (145 gio).

- Trong cac phuong phap xir Iy bé mat Titan, dién cuc duge xir Iy bang
H,C,0, dat dugc tinh 6n dinh cao nhét, thoi gian dién thé dat gia tri cuc tiéu

kéo dai téi 210 giod, va thoi gian sdng 13 290 gid.

3.3. Nghién ctru dac tinh dién héa cia dién cwe Ti/SnO,-Sb,03/PbO,
3.3.1. Kha nang hoat dong dién hoa cia cac hé anot

Nhu d3 biét phan tng dién hoa Fe® - e ©= Fe® trong dung dich

Ks[Fe(CN)g], K4[Fe(CN)s] xay ra voi tde do rit nhanh, dang oxy hoa (Fe**) va
dang khir (Fe*") déu hoa tan va 6n dinh va cin bang trong dung dich, nén c6
tinh thuan nghich cao. Nguoi ta thuong sir dung hé nay dé khao sat dic tinh
dién hoa cta cac loai dién cuc ché tao.

Pé xac dinh anh huong cia thanh phan 16p phit dén d6 hoat hoa hay
kha ning trao d6i dién tich ctia dién cuc Ti/PbO,, Ti/SnO,-Sh,03/PbO,, dung
dich chira cip oxy hoa khtr [Fe(CN)e]*/[Fe(CN)e]* c6 ndng d6 0,01M da
duoc str dung. Cip oxy hod khir nay khong c6 sy lién két hoa hoc gitta chiing
voi bé mat dién cuc, do d6 qua trinh trao doi dién tur khong b1 anh huong bdi
su hap phu.

Hinh 3.16 1a duong cong phan cuc vong dién hinh cta cip oxy hoa khi
[Fe(CN)e]*/[Fe(CN)g]* trén dién cuc Ti/PbO,, Ti/SnO,-Sb,04/PbO,.

Pdi v6i cac dién cuc Ti/SnO,-Sh,04/PbO,, Ti/PbO,, duong cong cb
dang twong tu nhau song chiéu cao cac pic oxy hoa (iy,), pic khir (ip.) va hiu
cua dién thé pic oxy hoa va pic khir (AE,) khac nhau. Dang dudng cong cho

thay tinh chat thuan nghich rét tot cia cip oxy hoa khtr trén dién cuc nay.
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Hinh 3.16: Puong cong phdn cyre vong dién hinh ciia cdp oxy hod khir
[Fe(CN)s]*/[Fe(CN)s]" trén dién cuc Ti/PbO,va Ti/SnO,-Sh,04/PbO,. Dung
dich K3[Fe(CN)gs]/K4[Fe(CN)e] 0,01M trong KCI 0,1M; v = 20 mV/s.

Phan Umg dién hoa xay ra trén di¢n cuc khi quét CV trong dung dich
Ks[Fe(CN)s]/Ks[Fe(CN)e] 0,01M va KC1 0,1M 1a phan trng thuan nghich:
KsFe(CN)s + 1e <= K, Fe(CN)g (3.7)

Phuong trinh tinh gia tri thé dién cuc ¢ 25 °C:

, 00592 [Fe(CN)? |

E=E n g [Fe(CN)é*J

(voin=1)

Tt hinh 3.16, &p dung véi cac dién cuc tu ché tao, ta co:
+D0i véi dién cuc Ti/SnO,-Sb,04/PbO,
AEp=Ep,—E,c= 0,2450-0,1845 =0,0605 V
+Ddi véi dién cuc Ti/PbO,
AEp=Ep,—E,c= 0,2492-0,1805 =0,0687 V
suy ra gia tri n ~1 hoan toan phu hop véi 1y thuyét ctia hé thuan nghich.
Nghién ctiru nay da chung minh duoc dién cuc Ti/PbO, va dién cuc

Ti/Sn0,-Sb,04/PbO, ¢ thé tao nén nhiing hé dién héa hoat dong thuan nghich.
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So véi dién cuc Ti/PbO,, thi dién cuc Ti/SnO,-Sb,04/PbO, co dién thé pic andt
(ipe) Am hon, dién thé pic catot (i) lai duong hon, mic du 1a c6 thém 16p trung
gian SnO,-Sh,03, va dac biét la d6 16n dong pic i, Va i trong ca hai truong hop
1a nhu nhau. Diéu nay cho thay du c6 su sut thé thém & 16p trung gian nhung

dién trd tiep xuc voi kim loai nén Ti da dugc loai bé dang keé.

3.3.2. Nghién civu sw anh huéng ciia téc dp quét thé dén dang dwong Cyclic
Voltammetry (CV) trong qua trinh oxy héa phenol

Pé khao sat anh hudng cia toc 46 quét thé dén dang duong CV trong
qua trinh oxy hoéa phenol cta dién cuc anét Ti/SnO,-Sh,03/PbO,, chung t6i da
thue hién qua trinh oxy hoa phenol bang phwong phap quét thé vong CV & cac
toc d6 quét khac nhau 1a: 20, 40, 50, 60, 100, 150 mV/s. Tir d6, lua chon toc
d6 quét thé thich hop dé thu duoc phd CV co cac pic dic trung rd rét cho qua
trinh oxy hoa phenol.

- Dung dich dién phan c6 chira 500 mg/1 phenol va 7,5 g/l Na,SO,, pH =8

- Céc thong s dién phan: nhiét ¢ phong (30°C), khoang quét thé 0-2 V/

Khao sat anh huong cua téc do quét thé (v) dén dang duong CV cua
qua trinh oxy hoa phenol ciing con gop phan 1am rd co ché phan tng. Két qua
do duong cong dong-thé vai cc tde do quét thé khac nhau trong khoang thé
tr 0 - 2V duoc trinh bay ¢ hinh 3.17.

Sau céac thuc nghiém nghién ctru khao sat sy anh hudng cia tée dd quét
dén kha nang oxy héa phenol thay rang:

+ Puong CV c¢6 pic ndi troi 1 rét khi toc dd quét thé 1a 50 mV/s (hinh
3.17¢). Diéu nay cho thiy co su twong hoa giita qué trinh chuyén dién tir khoi
dién cuc véi tde dd khuéch tan cua phenol dén dién cuc cling nhu san phém ra

khéi1 bé mat dién cuc.
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Hinh 3.17: Dang duong CV cua dién cuc Ti/SnO,-Sh,03/PbO,; trong dung dich
miede chira 500 mg/l phenol khi thay déi téc dg quét thé, a) 20mV/s; b) 40mV/s;
c) 50mV/s; d) 60mV/s; €) 100mV/s; ) 150mV/s)

+ O cac toc dd quét thap hon 20, 40 mV/s (hinh 3.17a, b), dién thé bat
dau phong dién cua qua trinh oxy hoa phenol 1a ¢ dién thé khoang 1,32
V/SCE, duong hon nhiéu so v&i 1,15 V/SCE tai tbe do quét thé 50 mV/s.
Diéu nay 1a do trong cing mot khoang thoi gian, khi toc do quét thé thap thi

lugng dién tich chuyén dén bé mit thép, dan dén murc d6 hép phu phenol, chét
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hoat dong dién trén bé mat dién cuc thip. Két qua 1a qué trinh oxy héa phenol
cham, pic khong xut hién ma chi c6 mot vai doang rong voi do 16n khoang
0,3 mA/cm? (sau khi dé trir dudng nén) so voi 0,5 mA/cm? cho trudong hop
quét thé véi te d6 50 mV/s.

+ Tai tbc do quét thé cao hon 60 mV/s (hinh 3.17d) cac pic oxy hoa
hién thi ¢6 chiéu cao pic giam 10 rét, va khi tang tde do quét thé 1én 100, 150
mV/s (hinh 3.17e, f) thi khong thay pic oxy hoa hién thi. Nhung & giai doan
dau, nap dién vao 16p kép, dang duong CV khong ting thoai thoai nhu & céac
thi nghiém trudc d6, ma hoi gb 1én nhu mot vai doang rong trong khoang dién
thé 0,1+1,0 V/SCE. Piéu nay co thé do su tich tu manh céc phenolate CgHsO
trong 16p kép va bi hap phu manh 1én bé mat dién cuc véi mat do 16n, 1am cho
qua trinh polymer hoa c6 thé xay ra manh ngay tir dau, ddn dén ngan can qua
trinh oxy hoa tiép theo ciia phenol. P6 12 nguyén nhan din dén khong xuat
hién pic oxy hoa phenol khi quét thé & toc do cao 100, 150 mV/s. Két qua 1a
qué trinh oxy hoa nudc va anion OH™ s& chiém uu thé. Nhu vay muc do oxy
hoa phenol khong xay ra khi toc do quét thé ting dén 100, 150 mV/s, trong
khi dién tich duong dén dién cuc lai tang 1én. Su tich tu phenol va céac san
pham trung gian tao ra cac san pham polymer ciing dugc thdy rd ngay tai tc
d6 quét thé 60 mV/s, gia tri do 16n pic ddc trung cho qua trinh oxy hoa phenol
va san pham trung gian giam dan qua cac chu ky, nhung tai 20, 40 mV/s thi
sau CV1, dong pic tang 1én & CVS5, nhung lai giam ¢ CV10 (so voi CV1).
Nhu vay muc d§ hoat dong cua dién cuc gidm do anh hudng cua su che phu
bé mit boi qua trinh dime héa, polyme hoa di néu.

Céc két qua trén cho thay trong diéu kién thuc nghiém ctia nghién ctu
nay, toc d6 quét S0mV/s 1a thich hop, dugc lua chon cho nhitng nghién ciru

tiép theo.

3.3.3. Nghién civu sw anh huwéng ciia pH dén khda néing oxy hoa phenol
Anh huong cua pH dén kha ning oxy héa phenol trén dién cuc anét

Ti/SnO,-Sh,04/PhO, duge thé hién qua nghién ctu hanh vi Cyclic
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Voltammetry tai tde do quét thé 50 mV/s cta dién cuc trong dung dich co
thanh phan va diéu kién sau: Na,SO, 7,5 g/1, phenol 500 mg/l, nhiét d6 phong
(30°C), pH cua dung dich thay dbi tir 3,0 dén 12,0 duoc diéu chinh bang dung
dich NaOH 5% hoac H,SO, 5%.

Hinh 3.18 1a pho CV cua dién cuc andt Ti/SnO,-Sb,04/PbO, trong
dung dich nudc c6 phenol, ndng d6 500 mg/1, tai tc do quét thé 50 mV/s. Cac
két qua cho thay, hinh dang cac dudng CV va vi tri cac pic oxy hoa phenol
phu thudc rat nhiéu vao gia trj pH dung dich.

Trong dung dich nén, khong c¢6 phenol (hinh 3.18 f), trong dung dich
nuéc chi c6 mudi din Na,SO,, khong xuat hién pic oxy hoa nao. Khi quét thé
tir 0,0 dén 2,0 V/SCE, tai dién thé 1,4 V dong bat dau tang vot do qua trinh
oxy hoa nude va giai phong oxy.

Khi pH cta dung dich dugc giam dén gia tri pH = 3, phd CV thu duoc
(hinh 3.18a) cho thiy cac vong quét déu khong xuat hién pic oxy hoa thé hién
qua trinh oxy hoa phenol di xay ra, va gia tri dong an6t 1a thap hon han so véi
dong an6t & cung dién thé cua dién cuc trong dung dich trung tinh cing thanh
phan, nhung khong c6 phenol (hinh 3.18f) do dung dich pH = 3 ¢6 tinh axit,
c6 d6 dan dién cao hon dung dich pH = 7. Két qua nay c6 thé cho thiy trong
moi truong pH = 3 phenol kho c6 thé khuéch tan vao duoc 16p kép, tiép can
bé mit dién cuc Ti/Sn0,-Sb,04/PbO, dé c6 thé bi oxy héa tai d6, nhung lai
anh huéng dén kha nang khuéch tan vao 16p kép cua cac phan tir nudc. Bang
chung 1a dong andt do su phong dién cua céc phan tir H,O gidm so vdi trudong

hop trong dung dich nén.
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Hinh 3.18: Phé CV ciia dién cuc Ti/SnO,-Sb,04/PbO, va qud trinh oxy hda
phenol trong cdac moi truong khdc nhau: a) pH=3; b) pH=7, ¢) pH=S, d)
pH=10, e) pH=12, f) dwong nén, pH=7, khdng c6 phenol

So véi dung dich cung pH = 7 nhung khong cé phenol (hinh 3.18f), khi
dung dich nén duoc bd sung phenol véi ndng do 500 mg/I (hinh 3.18b) dang
duong cong CV da thay d6i han, da xuat hién mot “vai” oxy hoa ngay tir chu
ky dau tién. Diéu nay chimg t6 qua trinh oxy héa phenol trong méi truong

trung tinh (pH = 7) da xay ra, bt dau ¢ dién thé 1,15 V/SCE, va dat t&i dong
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gidi han & 1,73 V/SCE. Tuy nhién & cac chu ky tiép sau (CV5 va CV10) do
16n ciia “vai” oxy héa phenol giam han. Qua trinh oxy héa phenol bat dau &
dién thé duong hon, 1,3 V/SCE. Diéu nay cho thay tong trd ciia qua trinh oxy
hoa phenol tding manh. Bén canh d6 dong nap dién vao 16p kép & cac CVS5,
CV10 cta dién cuc andt cho qua trinh oxy hoa bat dau tir 0,5 V am hon nhiéu
so v6i & chu ky dau CV1 13 0,7 V. Diéu nay chtng to san phdm oxy hoa
phenol ngay tir chu ky du c6 nhiéu dang chét trung gian hdp phu trén bé mit
dién cyuc. Piéu nay khong chi tao ra tré lyc cho qué trinh oxy hoa tiép theo ma
con tao ra sy tich ty dién tich kiéu “gia tu dién” peseudo capacitor. Pay 1a tu
dién xuat hién do su hdp phu cac san pham ctia qué trinh dién cuc hinh thanh
nén, va duoc mac ndi tiép voi tu dién 16p kép. Cho nén dong nap dién vao 16p
kép luén nhoé hon (hinh 3.18b).

Khi pH cta dung dich ting 1én, pH = 8, ndng d6 OH™ trong dung dich
la dang ké, chic chin anion nay s¢ bi hép phu trén bé mat dién cuc trong diéu
kién quét thé andt. Vi vay dong nap dién co gia tri duong ngay ¢ dién thé rat
thap 0,14 V, va qua trinh oxy héa phenol vi thé ciing bat dau véi dién thé am
hon. Qua trinh oxy hoa phenol trong dung dich pH = 7 bat dau tai dién thé
1,15 V/SCE, con trong mdi truong pH = 8, hinh 3.18¢ cho thiy trén dudng
CV ton tai mot pic oxy héa phenol, qué trinh oxy héa phenol bat dau tir dién
thé 1,05V/SCE va dat gia tri cuc dai tai 1,46 V & chu ky dau tién va 1,43 va
1,40 V ¢ nhiing chu ky sau. So véi trudng hop pH = 3, ta thidy dong andt
trong moi trudng pH = 8 cao hon han, ké ca nhing chu ky sau. Nhu vy ngoai
sy oxy hoa phenol, phong dién cta nudc, OH ciling da tham gia phong dién.
Piéu luu y & day 1a pic oxy héa phenol khong sic nhon, ma dodng rong, co
dang ti. Piéu nay chi c6 thé do qua trinh oxy hoa phenol khong dén ngay san
pham cudi 1a CO, va H,0, ma tao thanh cac san pham trung gian trudc va
cling cac san pham trung gian bi oxy hoa dén san pham cudi. Su dong nhat vé
hinh dang pic oxy hoa, cling nhu su sut giam tur tr gia tri dong pick tur 2,75
mA/cm® (CV1) dén 2,68 mA/cm® (CV5) va 2,40 mA/cm? (CV10) cang xac
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nhan nhan dinh trén. Nhu vay sau 10 chu ky su 0Xxy hoa phenol va cac hop
chat trung gian van dién ra trong dung dich.

Khi pH cta dung dich dat dén gia tri cao hon, pH = 10, dudng cong CV
(hinh 3.18d) van c6 dang giéng nhu truong hop trong dung dich c6 pH = 8,
nhung dang pic oxy hoa phenol sic nhon hon, do rong chan pic hep hon. Qua
trinh oxy hoa phenol ciing bat dau & dién thé 1,05 V/SCE. Sy thay doi gia tri
dong pic oxy hoa gitra cac chu ky 1 rt nho, tir 1,98 mA/cm® & CV1 chi giam
dén 1,82 mA/cm® & CV10, da chi ra rang qua trinh khuéch tan phenol va san
pham trung gian vao 16p kép cho qua trinh oxy hoa 1a thuan loi va 6n dinh.

Khi pH = 12 (hinh 3.18¢), cac duong CV lai tré vé c6 dang gan gidng
nhu chu ky dau trong trudng hop pH = 7. Nhung dong oxy hoa ciia phenol
nhanh chong dat t6i gia tri toi han & dién thé 1,6 V, am hon nhiéu so voi
truong hop pH = 7, 1a khoang 1,8 V. Trong nhing chu ky dau ton tai mot vai
nho dic trung cho qué trinh oxy hoa phenol xdy ra, va véi dién thé bat dau
oxy hoa 1,19 V/SCE nhung dén chu ky 10 thi gin nhu mat han.

So sanh d¢ rong cua chan pic oxy hoéa cua cac CV1, trong truong hop
pH = 7, pH = 8, pH = 10, pH = 12 cho thay: tai pH = 8 do rong chan pic dat
to1 0,75V (1,8-1,05 = 0,75 V), 16n hon nhiéu so véi 0,5 V cua ba truong hop
con lai. Piéu nay cho thay kha ning oxy héa phenol trong méi truong pH = 8

dé dang hon trong moi truong pH = 7, pH = 10 va pH = 12,

Mot cach van tat co thé noi khi phan cuc ano0t, su hép phu bé mat dién
cuc cua cac phan tir phenol s€ bi canh tranh boi cac phan tr nuéc va OH™
trong mdi trudng kiém, nhitng phan t tham gia vao phan tng dién cuc. Bén
canh d6 do tuong tac tinh dién giita anion SO,> véi bé mit tich dién duong,
nén anion nay chéc chin s& tham gia vao trong cau trac 16p kép va ciling c6
thé tham gia vao phan ng dién cuc. Tuy nhién chi ¢6 hai qua trinh oxy hoa
ctia nudc va OH™ 13 tao ra tic nhan oxy héa héa hoc phenol va san pham
trung gian ciia nd, bén canh qué trinh oxy hoa truc tiép cua phenol trén dién

cuc andt. Cu thé 12 qué trinh oxy héa phenol chiu 4nh hudng rat manh boi qua
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trinh thoat oxy nguyén tir hay qua trinh tao ra HO radical trong qua trinh oxy
hoa H,O va OH™ theo cac phan tng:

H,O - 2¢ — 2H" + Oy

H,O - ¢ » H + HO'y, (3.8)

OH™ - e — HO'y

Céc tac nhan oxy hoa trong phan tng (3.8) bi hip phu trén bé mat dién
cuc s& tham gia truc tiép v6i phenol hay voi san pham ciia qua trinh oxy hoa
phenol ciing bi hap phu trén bé mit dién cuc anét.

CeHsOH - ¢ — CgHsO" + H'

Cac radical CgHsO" sé& bi tin cong boi cac radical hydroxyl HO' va s&
tiép tuc bi oxy hoa theo co ché tuan ty hoic co ché két hop nhu ching toi dé
xuat dudi day:

1. Theo co ché tuan ty:

Cac radical CgHsO" bi hdp phu trén bé mit dién cuc, do cic nguyén tir
hydro tich dién duong sé& bi luc déy tinh dién cta bé mat, s& hudng ra phia
ngoai bé mit dién cuc va bi hit 1éch vé phia nguyén tr C c6 electron 1é. Su
tuong tac ndy co thé gy ra chuyén vi ciia nguyén tr hydro va tao ra goc
radical méi. Khi d6 radical hydroxyl HO' s& tan cong va tao thanh cac san
pham trung gian: hydroquinone, resocin va catechol. Pay 1a mot trong cac
giai doan oxy hoa phenol dén san pham cudi cung 14 CO, va H,0 theo con
duong thuan tiy héa hoc.

Hinh 3.19 trinh bay so d5 mo ta con dudng phan tng oxy héa radical
CeHsO" boi radical HO' theo co ché tuan tu tao hydroquinone, resocin va

catechol.
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Hinh 3.19: So d6 mé ta con dwong phdn iing oxy héa radical CsHsO' béi radical

HO' theo co ché tuan t tao hydroquinone, resocin va catechol

2. Theo co ché két hop:

Theo co ché nay dugc mo ta trén so dd hinh 3.20, radical C¢HsO" sau
khi duoc tao thanh nho qua trinh oxy hoa dién héa van bi hép phu trén bé mat
dién cuc, ngoai su chuyén vi ndi phan tir cua nguyén tor hydro nhu mo ta ¢ so
d6 hinh 3.20, cac radical CgHsO" tiép tuc tham gia vao cic phan Gng oxy hoa
dién hoa va phan tmg hoa hoc (xem so dd hinh 3.20) dé tao thanh cac san

pham trung gian, va tiép tuc bi oxy hoa dén san pham cubi 1a CO, va H,0.
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Hinh 3.20: So' d6 mé ta qud trinh oxy héa phenol tao thanh radical CeHsO', tiép
theo do cac CeHsO™ tham gia vao cdac phan vimg hodc oxy héa dién hoa, hodc
phan tng hoa hoc ma tao ra hydroquinone, resocin va catechol, benzopuinone

cung cdc san pham polymer trung gian khéc

Qua trinh tiép theo 1 qua trinh tao céc san pham trung gian mach
thang, hay con goi 1a qua trinh mé mach. Py ciing 1a mot qua trinh theo co
ché két hop qua trinh oxy hoa dién hoéa va oxy hoa hoa hoc béi radical HO'.
Theo nghién ciru cua S. Ergas, B. Therriault va cong su [5] qua trinh oxy hoa
dién hoa cac san pham trung gian dén san pham cudi cling sé tao ra proton H'.
Trén co s& do, ciing nhu ciu tric cdu san pham cudi CO,, chung t6i dé& xuét
(xem so dd hinh 3.21), c6 tinh chat minh hoa trén mot dang san phém trung
gian benzoquinone, co ché mé mach, cit mach va oxy hoa dén san phém cudi.
Proton H* tao ra trong qué trinh nay sé& két hop voi anion OH  thanh nudc
(trong mdi truong kiém) hodc dugc giai phong ra dudi dang khi hydro theo

phan trng khtr ¢ catot.
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Hinh 3.21: So d6 mé ta qud trinh phén hity san phdam trung gian benzoquinone
theo co ché két hop oxy héa dién héa va oxy héa héa hoc dé mé mach va cat
mach, tao ra cdc san pham mach thang, truée khi cdc san pham nay bi oxy héa

dién héa thanh CO, va proton H*

Trén day 1a hai co ché tuan tu (thuan tiy hoa hoc) va co ché két hop
dugc chiing toi dé xuat dé lam sang té thém so do co ché khai quat qua trinh
oxy hoéa dién hoa phenol trong moi truong nude da duoc F. Ma X. Duan, Z.
Yuan va cOng su dé xuét theo so dd hinh 3.22 [103]. Hinh 3.22 trinh bay: qué
trinh oxy hoa dién hoéa phenol truéc hét tao ra cac ddng phin quinone:
hydroquinone, resorcin, catechol, tiép dén benzoquinone, rdi dén fumaric axit
va maleic acid, rdi oxalic acid, cudi cung la CO, va nudc. Toan bd qua trinh
bao gdm ba giai doan: tao cac quinone, pha vong tao hop chit mach thang,

oxy hda thanh CO, va nudc (xem so do hinh 3.22).
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+ Giai doan oxy hoda tao thanh cac quinone:

OH B OH OH OH O
OH
HO® @ @\ HO*
—_— + + —
OH
phenol OH O
- . . - benzoquinone

hydroquinone resorcin catechol q

}

Polymeric products

+ Giai doan oxy hoa tao mach thang va dén san pham cudi:

HOOC COOH HO-_ =0
Hor* HO* - Hie
- - | — e C0; * H0
N | ~C=0
HO
COOH COOH oxalic acid
fumaric acid maleic acid
I I
C—0H -
HO* Hiy= C— OH HOr= HO*
—* — < — (CHyCOO0H — C0; + HO
) ¢c—0H Acetic acid
C—OH ||
I o
0
HO® Succinic acid Malonic acid
—-
I
HOr= c— OH HO=
L—» | — (C0;+ H;0
C— 0OH
0
Omxalic acid

Hinh 3.22: So do mé ta khdi qudt qud trinh oxy héa phenol theo hai giai doan:
giai doan oxy héa thanh cdc quinone, giai doan oxy héa thanh cdc chdt trung
gian mach thang va san pham cudi CO,, H,0
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Nhiing diéu trinh bay & trén cho thay: tai pH = 8, qua trinh oxy hoa
phenol 13 thuan loi hon ca. Két qua nay ciing phu hop véi két qua xac dinh
COD cua dung dich chtra phenol trude va sau khi xur 1y 30 phut trong cac moi
truong pH khac nhau (pH = 3, 7, 8, 10, 12) bang phuong phap dong khong
d6i & i = 50mA/cm?®. Gia tri COD va d6 chuyén hoa ciia qua trinh xir Iy duoc
thé hién ¢ bang 3.1.

Bdng 3.1: D chuyén héa COD trong dung dick dién phan phenol ¢ cac moi

truong pH khac nhau

Thit e mi Chié d5 Gia tri COD | Do chuyén hoa COD
(mgO-/1) (%)

Mau 1 Ban dau (pH = 6) 1675 0

Mau 2 pH =3 1658 2,81
Mau 3 pH=7 1487 11,23
Mau 4 pH=8 1025 38,81
Mau 5 pH =10 1125 32,86
Mau 6 pH =12 1268 24,30

Tir cac két qua do phd CV (hinh 3.18) va chi sé COD (bang 3.1) cho
thay qua trinh oxy hoa phenol trong mdi truong kiém xay ra trén dién cuc
Ti/SnO,-Sh,04/PbO, dé dang hon trong moi truong axit va mdi trudng trung
tinh. Sy khac biét nay co thé giai thich nhu sau:

- Do oxy nbi vong thom ctia phenol con 2 cip electrron chua lién két
nén c6 mang hiéu tmg am dién hon, do d6 khi [H'] gidm (ngay ca khi phenol
chua tao phenolat) hiéu tmg 4m dién nay di phat huy tac dung, dé dang
chuyén dén bé mit anot hon.

- Do sy xudt hién cta ion phenolate trong dung dich theo cin bang sau:

CeHs—OH S CgHs— O + H” (3.9)

Anion phenolate CgHs— O~ dé& dang khuéch tan vao trong 16p dién tich

kép nho tuong tac tinh dién véi dién cuc tich dién duong, ciing déng nghia 13
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qua trinh oxy hoéa truc tiép cua phenol trong méi trudng pH = 8 trd nén ot
hon. Sy xuat hién cua ion phenolate dugc thdy ré rang hon trong mdi trudng
pH = 8, 10. Mit khac, chinh phenol 13 axit yéu nén trong méi trudng kiém cac
chat nay s& tham gia phan tng;
R-OH + OH S RO + H,;0 (3.10)
Qua trinh oxy héa cac hop chat hiru co trong dung dich nuéc co budc
pha huy phan tir nudc tao géc hdp phu HO™ va HO' sinh ra s& pha huy
phenol [4,5]:
HyOpg) — & — HO (o) + H” (3.11)
Ngoai ra, qua trinh oxy hoa phenol tao thanh cac san pham trung gian:
catechol, benzoquinon, axit fomic, axit oxalic va cudi cung bi khoang hoa
thanh CO,, H,O ¢6 sinh ra H" [5], nén & moi truong axit do chuyén hoa
phenol thip hon so v&i moi trudong kiém. Tuy nhién, néu méi truong c6 pH
qua cao s& dan dén phéd huy dién cuc PbO, va lam giam hiéu suit qua trinh
oxy hod phenol.
Do d6, méi trudng pH = 8 duoc lwa chon dé thyc hién cac thi nghiém
nghién ctru cac yéu to anh hudng tiép theo.
3.3.4. Nghién ciru sw anh hwéng ciia nhigt d¢ dén khd néing oxy hoa phenol
Pé nghién ctru sy anh hudng ciia nhiét do téi kha niang oxy hoa phenol
chung tdi lya chon khao sat & cac nhiét do: nhiét do phong (30 °C), 40 °C va
50 °C. Nhiét d6 dugc khéng ché nho may khudy tir ¢6 diéu nhiét.
- Bién cuc st dung Ti/SnO,-Sh,03/PbO,
- Phwong phap quét thé vong CV
- Dung dich di¢n phan c6 chtra 500 mg/1 phenol va 7,5 g/l Na,SO,
- C4c thdng sé dién phan: + pH tdi wu di khao sét (pH = 8)
+ Nhiét do (°C): 30; 40; 50
+ Toc do quét thé 50 mV/s
+ Khoang quét thé 0-2 VV
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Khi thyc hién cac thi nghiém quét thé vong CV dé nghién ctu su anh

hudng ctia nhiét do t6i kha nang oxy hoa phenol, két qua thu duoc & hinh 3.23.

—=— Nen|
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< 21 < 21
g g’
1 1
0 04
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V1 Hinh 3.23: Pho CV cuia quda trinh OXy
|—a—vs
—%—V/10

hoa phenol anh huong boi nhiét do,
taipH =8
a) T=30 °C, b) T=40 °C, ¢) T=50 °C

J(mA)
N o - N w ~ 3, o

00 02 04 06 08 10 12 14 16 1.8 20
E (V/SCE)

Hinh 3.23 cho thay:

+ Tai 30 °C (hinh 3.23a), qué trinh oxy héa phenol bat dau xay ra ¢ dién
thé 1,05 V/SCE, va dat cuc dai tai 1,45 V/SCE & chu ky dau tién (V1). Céac
chu ky sau do 16n cua pic oxy hoa giam dan, dong thoi thé pic ciing dich
chuyén vé phia 4m hon.

+ Tai nhiét d6 40 °C ((hinh 3.23b) thi & chu ky dau tién pic oxy hoa
phenol ciing bat ddu xay ra ¢ dién thé 1,05V/SCE nhung dat cuc dai Gng véi
gia tri thé duong hon (E = 1,55V). O céc chu ky tiép theo pic oxy hoa giam
dan, dong thoi thé pic cling dich chuyén vé phia 4am hon va chiéu cao pic oxy
hoa giam 3 rét tir CV1 dén CV10. Mat khac, so sanh chiéu cao pic oxy héa ¢
chu ky dau trong hai trudng hop 30 °C va 40 °C 1a twong duong nhau. Diéu
nay chung té kha ning oxy hoa phenol ¢ khoang nhiét @6 40 °C kho hon &
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nhiét d6 30 °C. Nguy@n nhan co thé 1a do nhiét d6 ting 1am ting chuyén dong
nhiét cua cic phan tir, nghia 1a kha ning hap phu trén bé mat dién cuc giam
di. Dé bu lai su tang dién thé s& lam tang luc tuong tac tinh dién nham 6n
dinh qu4 trinh hip phu ctia cac phan tir trudce khi bi oxy hoa.

+ Khi ting nhiét d6 1én 50 °C thi pic oxy hoa phenol gan nhu khong
hién thi (hinh 3.23c). Biéu nay ngoai nguyén nhin nhu dd néu trén, thi co thé
thay rang ¢ nhiét d6 50 °C cac hop chét trung gian tao thanh tir qua trinh oxy
hoa phenol trén bé mat dién cuc dé lién két v&i nhau dé tao thanh cac hop
chit dime, polime che phu bé mit dién cuc gay nén hién tuong thu dong hoa
dién cuc. Bén canh do, sy dime hoda, polime hoa ciling xay ra trong dung dich
tao thanh cac dai phan tur kich thudc 16n, anh huéng dén qua trinh phenol
khuéch tan vao 16p kép dé tiép tuc bi oxy héa. Cac yéu to d6 lam can tré qué
trinh oxy hoa phenol.

Vi vay nhiét d6 phong (30 °C) 1a diéu kién nhiét do thich hop cho qua
trinh oxy hoa dién hoa phenol va s€ dugc lya chon dé thuc hién trong cac
nghién ctu tiép theo.

3.3.5. Nghién ciru sw danh hwéng ciia mat dp dong dién dén kha ning oxy
hda phenol

Trong qua trinh oxy hoa - khir dién hoa thi mat d6 dong 1a mot yéu to
quan trong anh hudng dén toc do va hiéu suat qué trinh. Anh huéng cua mat
d6 dong dién dén kha ning oxy hoa phenol trén hé dién cuc andt Ti/SnO,-
Sh,04/PbO, bang phuong phap dong khong ddi, ciing nhu d6 chuyén hoa
COD dugc nghién curu trong dung dich 500 mg/1 phenol va 7,5 g/l Na,SO,, tai
pH = 8, nhiét d6 phong (30 °C). Mat do dong dién khao sat lan luot tai cac gia
tri: 10, 30, 50, 70 mA/cm’.

Dung dich chira phenol sau khi dién phan bang phuong phap dong tinh
tai cac mat do dong dién khéac nhau duogc xéc dinh giad tri COD. Bang 3.2 va
hinh 3.24 biéu dién sy thay doi chi s6 COD cua dung dich Na,SO, 7,5¢/l,
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phenol 500mg/l, pH = 8 tai cac mat d6 dong dién phan khac nhau theo thoi

gian.

Bang 3.2: Su thay doi chi s6 COD ¢ cac mdt dé dong va thoi gian dién phan

khac nhau
T Thoi gian dién phan Chi s6 COD
(phut) 10 mA/cm?| 30 mA/cm?| 50 mA/cm?| 70 mA/cm?

1 0 1675 1675 1675 1675

2 5 1665 1650 1570 1598

3 10 1649 1572 1396 1487

4 20 1628 1503 1147 1324

5 30 1602 1347 1025 1216

Trén dd thi hinh 3.24, gia tri COD giam dan theo thoi gian dién phan.
Tai gid tri mat do dong dién phan thép 10 mA/cm?, su thay ddi ciia COD 1a
khong nhiéu. Sau 30 phat dién phan chi s6 COD cua dung dich dién phan
giam tir gia tri ban dau (1675 mgO,/1) xudéng con 1602 mgO./1. Khi ting mat
d6 dong dién phan thi luong phenol dugce chuyén thanh CO, ciing ting 1én
nghia 1a gia tri COD cua dung dich gidm tuong tng véi sy gidm ham lugng
cac chat hitu co trong dung dich. Véi gia tri mat d6 dong dién phan qua hé 1a
50 mA/cm® sau 30 phat dién phan thi chi s6 COD giam xubng con 1a 1025
mgO,/I.

Hinh 3.24 ciing cho thdy khi mat d6 dong ting thi lwong phenol da
dugc chuyén hoa thanh CO, giai phong ra khoi dung dich nhiéu hon do céc
san pham trung gian sinh ra trong quéa trinh oxy hoa phenol nhu catechol,
benzoquinon, axit fumaric tiép tuc bi oxy hoa va dé chuyén hoa thanh CO, va
H,0. Do d6, phan phenol con lai trong dung dich nudc thai hoic dugc chuyén
hoa thanh cac hop chat trung gian khac ton tai trong dung dich giam lam cho

gia tri COD cua dung dich con lai giam.
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Hinh 3.24: Sir thay d6i chi s6 COD ciia dung dich Na,SO,4 7,5g/1, phenol
500mg/l, pH=8 theo thoi gian dién phan tai cac mat do dong dién phan 10, 30,
50, 70 mA/cm®

Tuy nhién, gia tri COD trong dung dich thay d6i cham hon so v4i ¢ mat
d6 dong i = 50 mA/cm® khi mat d6 dong cao (i = 70 mA/cm?). Diéu nay dugc
gidi thich nhu sau:

Qua trinh chuyén héa phenol thanh CO, hoic thanh cac hop chét hiru
co trung gian khac 1a do tic dung cua cic gbc oxy héa manh OH" hoidc cac
OXY nguyén tir tao ra trén bé mit dién cuc Ti/SnO,-Sb,04/PbO, ciing nhu su
oxy hoa dién hoéa truc tiép da dugc dé xuat trong so do co ché két hop (hinh
3.20 va 3.21). Su tao thanh cac gbc oxy hoéa manh nay 1a do qua trinh dién
phan cta nudc theo mot qué trinh phirc tap gdm nhiéu phan tng.

Néu qua trinh oxy hoa chét hitu co 1a qua trinh oxy hoa hoa hoc thi:

Ban dau trén bé mat anot Ti/Sn0,-Sh,03/PbO, s& xuit hién cac phan mg:

MO, + H,0 —e - MO,(OH) + H” (3.12)

M ¢ day la cac kim loai Pb.
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Goc OH™ 1a modt chat oxy héa manh c6 kha ning truc tiép tham gia
phan mg oxy hoa cac chit hiru co trong dung dich thanh CO,.

MO,(OH")sg + R — €& — CO, + H + MO, (3.13)

R 1a ky hiéu cho cac chit hitu co ¢6 mit trong dung dich

Tuy nhién, trén bé mat dién cuc co thé xay ra giai doan tiép theo la su
chuyén héa cia MO,(OH") thanh MO,-O ¢6 chtra mdt nguyén tir OXy.

MO,(OH")g —& = MO,-O + H' (3.14)

Cac oxy nguyén tir nay bi hap phu héa hoc véi 16p oxit hoat hoa cua
16p phu va chiing c6 kha nang oxy hoa cac chét hiru co hap phu trén bé mit
dién cuc theo phan Gng:

MO(-O)ag + R > MOy + RO’ (3.15)

Mot phan tng song song khac khong mong mudn cé thé xay ra véi hop
chat MO,(-0)4q 1

MOy(-Oy) — MOy + 1/20, (3.16)

Trong qua trinh dién phan oxy hoa cac hop chét phenol cac phan tGng
mong mudn 1a tao ra cic géc 0xy hoa manh OH' hodc cac oxy nguyén tir dé
hiéu suét cua qué trinh oxy hoéa trén bé mit dién cuc dat duoc cao.

Mit khéc, khi mat d6 dong cao (i = 70 mA/cm?) s& xay ra phan Gmg oxy
ho4 canh tranh cua nudc tao oxy lam can tré qua trinh oxy hod phenol do do6
lam giam kha niang oxy hoa phenol thanh san pham cubi cing CO, va H.0.

Vi vay, giéd tri mat d§ dong i = 50 mA/cm? cho hiéu qua tdt nhat cua
qua trinh dién phan oxy hoa phenol.

3.3.6. Nghién ciru anh hwong ciia NaCl téi kha nang oxy hoa phenol

Pé nghién ciu anh hudng ciia NaCl dén qué trinh phan hiy dién hoa
cua hop chét phenol, cac thi nghiém dién phan dugc thuc hién trong cac dung
dich c6 thanh phan 500 mg/1 phenol, 7,5 g/l Na,SO,, pH = 8,0 v6i sy co mit
cua NaCl 1%, 1.5%, 2%.

Diém quan trong trong viéc ap dung phuong phap dién hoa dé xu Iy
nudce thai 1a sy tuong hop cua qua trinh dién hod véi ion Cl trong dung dich,
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Vi qué trinh oxy hoa dién hoa dung dich chira ion CI™ dugc biét 1a s& tao thanh
hypochlorit CIO™ va clo (thuong duoc goi 1a nudce gia ven). Chinh nhitng chét
oxy hoa nay c6 thé oxy hoa cac chit hiru co hoa tan trong dung dich hoic
nhitng san pham oxy hod trung gian. That vay:

Trén duong CV cua dung dich nuédc chi c6 mat NaCl (hinh 25) ta thiy
rd hai pic oxy hoa tu tai 0,56 V va 1,25 V/SCE véi cudng do thip, ¢& 0,5 mA,
c6 thé twong Gmg véi qua trinh oxy héa Cl” tao thanh ClO™ va ClO; , tuong
ung voi cac phan ung oxy hoa sau:

Cl" + H,O - 26 —» CIO” + 2H" (3.17)
6CIO" + 3H,0 — 6e — 2ClO; +4Cl + 6H" +3/20,  (3.18)

{|—®— NaCl 1%

5 J|—e— Phenol

{|—a— Phenol + NaCl 1%

4 {|—¥— Phenol + NaCl 1,5 %
{|—*— Phenol + NaCl 2%

j(mA)

00 02 04 06 08 1.0 12 14 16 18 20
E(V/SCE)

Hinh 3.25: Phé CV ciia qud trinh 0Xy héa phenol danh hwong boi nong dé NaCl

Khdo sat cac duong CV trén hinh 3.25 cua di¢gn cuc Ti/SnO,-
Sh,04/PbO, trong cac dung dich phenol c6 bd sung thém NaCl lan lugt véi
noéng do 1%, 1.5% va 2% (pH = 8 cho tit ca cac dung dich) cho thay: so véi
cac két qua thu duoc cho dung dich c6 phenol ma khong c6 NaCl, cac pic oxy
hoa phenol bat dau tir dién thé 4m hon nhiéu, bat du tir dién thé ¢ 0,5 V so

vol 1,15 'V, cuong do cua pic oxy hda cling manh hon. Hon nita trong qua
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trinh quét thé nguoc (quét catot) lai xuat hién hai “vai” khir dodng rong, tuong
ung voi qua trinh tai tao lai CI” tir hypoclorite va hypoclorate.

Két qua trén cho thiy dién cuc Ti/SnO,-Sh,03/PbO,:

Trong dung dich c6 mat déng thoi NaCl va phenol, khi nong d6 CI
tang pic oxy hoa phenol ¢ ting 1én, nhung lai dat gia tri cuc dai ¢ dién thé
duong hon. Tai né)ng do CI' thép, 1%, pic oxy hoa dat cuc tri tai 1,3 V, con ¢
noéng d6 1,5 va 2%, 1a & 1,4 V/SCE. Trong ca ba trudng hop khi c6 dong thoi
phenol va NaCl gan nhu khong xuat hién pic khir. Piéu nay chung to da co su
tuong tac gitta phenol va cac goc C10™ va ClO; .

Nhu vay bén canh qua trinh oxy hoa dién hoa truc tiép trén bé mat dién
cuc andt Ti/Sn0O,-Sh,03/PbO,,, cac phan tir phenol hap phu va cac san pham
cua qua trinh oxy hoéa trén bé mit dién cuc cling da bi oxy hda hoa hoc boi
gbc C10™ va ClO; (duoc tao ra trong qua trinh oxy hoa) ngay trong trang thai
bi hép phu trén bé mit dién cuc va trong long thé tich dung dich theo phan
ung:

3CIO” + —CH,— — 3CI" + CO, + H,0O (3.19)
ClO;~ + —CH,— — 3CI” + CO, + H,0O (3.20)

Do gan nhu tit ca cac anion CIO™ va ClO;~ dugc tao ra da tham gia vao
phan tmg oxy héa hoa hoc cac hop chét hitu co dong thoi téi sinh lai CI°, nén
néng do cac anion nay con lai rat thép, dé c6 thé bi khtr dién hoa trén bé mat
dién cuc.

Nhu vay, su c6 mat cua NaCl trong dung dich c6 tac dung xuc tac cho
quéa trinh dién phan phan huy cac chat hiru co théng qua sy tao thanh cac
anion CIO™ va ClO;™ tir ion Cl. Ciing chinh qua trinh oxy hoa hoda hoc
phenol va cac san pham trung gian bodi cac anion CIO™ va ClO;~, ma pic khtr
ctia chiing trén phd CV trong qué trinh quét nghich giam rat manh trong qué
trinh quét nguoc trén phd CV khi c6 miat dong thdi ca phenol va NaCl.

ClO + 2 + H,O —» ClI + 20H (3.21)
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ClO; + 3H,0 + 4e — CI” + 30H" (3.22)

Tiép theo cac anion OH s¢ lai b1 hép phu trén bé mit dién cuc va bi

oxy hoa di¢n hoa cac theo phan ting:
20H —2e¢ — 1/2H,0 + Oy (3.23)
OH —-e¢ —» OH (3.24)

Nhu vay vé thuc chét cac phan tng (3.23) va (3.24) 13 ngudn cung cip
electron cho cac phan tmg (3.21) va (3.22). Khi d6 c6 thé viét phan tGng tong
nhu sau:

ClO (ad) + H,O(ad) — CI +20H’ (3.25)
ClO; (ad) +2H,0(ad) — CI + 40H’ (3.26)

Céac qua trinh oxy hoa tao CIO™ ClO; va OH’ tir CI” dé tro thanh tac
nhan oxy héa phenol ciing cac san pham trung gian thanh CO, va H,O s&
duoc tai tao theo mot chu trinh khép kin bao gdm céc phan tng tir (3.18) dén
(3.26).

Dé ¢ thé lya chon dugce nong do NaCl thich hop cho qua trinh oxy hoa
phenol, bang 3.3 trinh bay cac thong sb dién héa cua cac pic oxy hoa trén phod
CV cho thay khi c6 mit NaCl, pic oxy hoa cia cac hop chat phenol khong chi
manh 1&n, ma dién thé oxy hoéa ciing dich vé phia 4m hon.

Bdng 3.3: Gia tri dién thé E;, bat dau qua trinh oxy hoa phenol, va E, tuong img
Véi mike dé oxy hda cue dai trén phé CV trong dung dich cé thanh phan ban

dau: phenol 500 mg/l, Na,SO,5g/1, pH = 8 va c6 bé sung NaCl, tgi toc db quét

thé 50 mV/s
Nong d6 NaCl (%) Ein [V] E, [V] l, [MA]
0 1,05 1,45 2,0
1 0,5 1,3 2,3
1,5 0,5 1,4 2,5
2 0,5 1,4 2,4
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Két qua thuc nghiém thu dugc cho thiy: khi c6 mat NaCl trong dung
dich dién phéan, di¢n thé chuyén vé gia tri am hon va pic oxy hoda xuét hién 16
rang, kha ning oxy hoa phenol tr& nén d& dang hon khi khong b sung thém
NaCl, dic biét ddi véi truong hop bd sung thém NaCl 1%. Do d6 nong do
NaCl 1% duoc lya chon dé bd sung thém vao dung dich dién phan phenol.

Xac dinh chi s6 COD ctia dung dich dién phan theo thoi gian dién phan
cho thay: chi s6 COD giam manh theo thoi gian dién phan khi c6 mat thém
NaCl 1% trong dung dich dién phan (tir 1768 mgO,/l xudéng 55 mgO,/| sau 6
gid dién phan), d6 chuyén hoa COD 13 96,89%. Nghién ctru & day cho thiy voi
ndéng d6 NaCl 1%, qua trinh dién phan xir Iy phenol gan nhu két thuc sau 6h
dién phan. Hau hét cic chét hitu co ton tai trong dung dich nay da dugc oxy
hoa thanh cac san pham cudi ciing 1a CO,, nudc va cac hop chat trung gian.

Nhu vay c6 thé ¢ hai con dudong oxy hoa hop chit phenol dong thoi
xay ra trong dung dich khi c6 mat ctia NaCl. Oxy ho4 truc tiép phenol va cac
san pham oxy ho4 trung gian (Oyg) cuia nd co thé xay ra trén bé mat anot:

Oxy hoa dién hoa

1. Phenol —="€_, S4n pham trung gian ——Ne , CO, + H,0
Oxy hoa dién héa Oxy hoa héa hoe béi CIO- va CIO -
3
Oxy héa dién hoa
2.Phenol —="€ ,  Sanphamtrung gian —"€ , CO, + H,0O
Oxy héa héa hoe béi CIO- va CIO - Oxy héa héa hoe boi CIO- va CIO -
3 3

3.3.7. Nghién ciu mirc dp oxy hoa phenol trén dién cwc andt Ti/SnO,-
Sbh,03/PbO; theo thoi gian

Hinh 3.26 trinh bay céc phd duong CV cua dién cuc anét Ti/SnO,-
Sh,03/PbO, trong dung dich dién phan: phenol 500 mg/l, Na,SO4 7,5 g/l,
NaCl 1%, sau nhiing khoang thoi gian dién phan khac nhau tai ché do dong
khong ddi i = 50mA/cm?.

biéu kién thuc hién quét thé tuan hoan CV: pH = 8; T = 30°C; téc do
quét v= 50 mV/s; khoang quét thé 0 - 2 V.
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Hinh 3.26: Phé CV ciia qua trinh 0Xy hoa phenol trén hé dién cuc anot Ti/SnO,-

Sb,04/PbO, trong dung dich c6 thanh phan ban ddu: phenol 500 mg/l, Na,SO,

5g/l, NaCl 1% tai pH = 8, T = 30 °C, sau nhiing thoi gian dién phdn khdc nhau

tai dong khong doi i = 50 mA/cm®

Hinh 3.26 va bang 3.4 cho thay tai vong quét dau tién (t = 0 phat) thi
quéa trinh oxy hoa phenol bat dau tai 0,8 V va pic oxy hoa 1a dat cuc dai tai
dién thé 1,6 V khi dung dich chua bi dién phan, con cac vong quét tiép theo
sau 60 phat, 120 phat, 240 phat, 300 phdt thi chiéu cao cua pic giam dan va
dién thé bat dau oxy hoa phenol ciing chuyén dich sang thé am hon, thap nhét
tai gia tri 0,5 V, tng vai dung dich ¢o thoi gian dién phan 16n hon 240 phit.
Pién thé cua pic chuyén dich sang thé 4m hon, thap nhat ung voi dung dich
c6 thoi gian dién phan 240 phdt, tai 1,2 V. Diéu nay c6 thé nhan dinh rang
ban dau phenol da dan chuyén hoa thanh chat trung gian va trong diéu kién
duoc khao sét, cac hop chat trung gian dé dang chuyén thanh san pham cudi

cung la CO, va nudc.
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Bdang 3.4: Gid tri di¢n thé E;, bat ddu qua trinh oxy hoa phenol va E, fwong 1ing
V61 mike dg oxy hoa cuee dai trén pho CV trong dung dich sau nhing thoi gian

dién phan khac nhau tai dong khéng doi i = 50 mA/cm?

Thoi gian t(phut) Ein [V] E, [V] I, [MA]
0 0,80 1,60 4,50
60 0,80 1,60 3,00
120 0,75 1,40 2,10
240 0,50 1,22 1,50
300 0,60 1,25 1,25

Sau 360 phut xtr Iy phenol bang phwong phap dong khong d6i, quét CV
cho duong cong khéng con thdy xuat hién pic oxy hoa phenol, diéu nay c6 thé
du doan rang phenol va cac hop chét trung gian da chuyén hét thanh san pham
cudi cing 1a CO, va nuée

Thuc hién qué trinh oxy héa dién héa phenol c6 néng d6 phenol 500
mg/l, Na,SO, 7,5 g/l, NaCl 1%, pH = 8, T = 30 °C bang phuong phap dong
khong ddi véi mat do dong i = 50mA/cm? & cac thoi gian khac nhau, cac mau
duoc phan tich bang phuong phap HPLC thu dugc két qua ¢ hinh 3.27, 3.28
va bang 3.5.
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Hinh 3.27: Két qud phdn tich HPLC ciia dung dich chita phenol sau Cac khodng

v6i hop chét phenol gan nhu bién mat sau 6h dién phan.

thoi gian dién phan khdc nhau

Trong cac két qua phan tich HPLC tir hinh 3.27, pic ciia phd HPLC tng

Dua vao phuong trinh hdi quy tuyén tinh (2.1) tir viéc xay dung duong

chuan xéac dinh phenol bang phwong phap phan tich HPLC:

Y =19540367. Xi — 35626

trong d6 Xi 1a ndng d6 phenol tinh dugc thong qua gia tri Y 1a dién tich pic

HPLC thu dugc cac két qua trong bang 3.5 va hinh 3.28.
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Bang 3.5: Higu sudt chuyén hda phenol sau cac thoi gian xi ly khac nhau

Thoi gian . Hiéu suat
T Thot gian luu | Dién tich pic | Nong do phenol ,
.| dién phan ] chuyén hoa
mau ] (phat) (amu) (mg/ml)
(phat) phenol (%)
1 | Bandau 10.119 9613691 0,493815 0
2 60 10.153 5796558 0,298468 39,56
3 120 10.163 1956410 0,101945 79,36
4 240 10.161 197208 0,011916 97,59
5 300 10.152 5087 0,002084 99,58
6 360 10.138 2553 0,001954 99,60
600
500 ¢
£ 400
S ]
%. 300 u
g’ ]
= 200+
g _
I
o .\
0 T T T n as i T
0 100 200 300 400

Thoi gian (phut)

Hinh 3.28: Su thay d6i ham lwong phenol theo thoi gian dién phan trong dung
dich phenol 500 mg/l; Na,SO, 7,5 g/l, pH = 8,0; tai mat dé dong dién phan

50mA/cm>.

Céc két qua cho thiy ham lugng phenol giam manh sau 120 phut dién

phan dat 79,36%, tiép tuc dién phan dung dich trong 120 phit nita két qua cho

d6 chuyén hoa cua phenol dat 97,59%. Va sau 360 phut dién phan thi ham

luong phenol trong dung dich gan nhu da chuyén hoan toan thanh cac san
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pham cubi cing 1a CO, va nude hodc tao thanh cac san pham trung gian. Hiéu
suat chuyén hoa phenol trong dung dich sau 360 phut dién phan dat 99,60%.

Qua nhiing két qua nghién ctru dac tinh dién hoéa cua dién cuc Ti/SnO,-
Sh,05/Pb0, & trén ¢6 thé dua ra két luin sau:

- Kha nang oxi héa phenol trong dung dich phenol 500 mg/l, Na,SO,
7,5 g/l tot nhét tai pH = 8, T = 30°C, v = 50 mV/s, i = 50 mA/cm?, ndng dd
NaCl 1% trén dién cuc anot hé Ti/SnO,-Sh,04/PbO,. Hiéu suit chuyén hoa
phenol bang phuong phip dong khong d6i dat 99,60% sau 360 phat dién
phan.

- Hai co ché: co ché tuan tu héa hoc lién quan dén van chuyén proton
noi phéan tr va co ché két hop dién hoa va hoda hoc trong qua trinh oxy hoa
phenol trong dung dich nudc da dé xuét cho phép hiéu r& hon co ché tong
quat [100] da duoc dé xuat trude do.

- Vai tro va anh hudng ctia C1™ da duogc khdao sat cho thiy, khong chi c6
vai tro khir thu dong va hoat hoa dién cuc, ma con tham gia tao cac radical
ClO", ClO;, va HO' 1a nhiing tac nhan oxy héa phenol va cic san pham trung
gian theo co ché hoa hoc (cic phan tng 3.19 dén 3.26). Trong d6 cac phan
g (3.25) va (3.26) c6 thé 1an dau tién dugc dé xuat trong nghién ctu nay,

xac nhan thém vai tro cta Cl trong qua trinh tao ra HO".

3.4. Két qua khao sat kha ning oxy héa tap chit hitu co trong nwéc thai
Dét nhudm cua dién cwe Ti/Sn0,-Sb,03/PbO,

Trong cac ngudn phat sinh 6 nhiém tir nganh Dét may, nudc thai 1a moi
quan tam dac biét do qua trinh nhuém va hoan tat sur dung mot lugng 16n
nguyén liéu thd, nudc, thubc nhudém va chat trg nhuém. Hau nhu tat ca cac
cong doan ctia qua trinh nhuém va hoan tit déu phat sinh nudc thai, thanh
phan nuéc thai thuong khong 6n dinh, thay dbi theo loai thiét bi nhudm,
nguyén liéu nhudm, khi str dung céc loai thudc nhudm khac nhau c6 ban chat

va mau sac khac nhau. Nudc thai nhudém thuong c6 do nhiét d§, do mau va
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COD cao. Nudc thai phat sinh tr nha may dét nhudém thuong kho xtr 1y do
cau tao phtrc tap cua thudc nhuém cling nhu nhiéu loai thudc nhudém va trg
nhudm duoc st dung trong qua trinh nhudém va hoan tat.

Dé nghién ctru kha ning xir Iy tap chat hitu co trong nudc thai Dét
nhudm boi dién cuc Ti/SnO,-Sh,04/PbO,, chung tdi da thir nghiém trén mau
nuée thai Dét nhudm khu Cong nghiép Phd Nbi B véi cac thong sé ban dau

nhu sau:

Bang 3.6: Mgt sé thdng sé cia mau nudc thai Dét nhugm

Chi tiéu | Ponvi | Gia trj ban ddu | QCVN40-2011 (BTNMT) — Cot B
Nhi¢tdo | °C 52 40

oH 9 55-9
COD mg/l 2586 150

Cot B bang 3.6 quy dinh gia tri C cta cac thong sd 6 nhiém trong nudc
thai cong nghiép khi xa vao ngudn nudc khoéng ding cho muc dich cap nudc
sinh hoat;

Mau nudc thai léy vé duoc léng, loc dé loai bo hét cin co trong dung
dich. Sau d6 tién hanh xu 1y tap chat hitu co trong mau bang phuong phap
dong khong doi véi cac thong sd dién phan gidng ché do téi wu da khao sat
vai phenol trong cac khodng thot gian khac nhau: 30, 60, 120, 240, 300, 360
phut.

Thuc hién qua trinh xir 1y cac hop chét hitu co trong mau nude thai Dét
nhudm bang phuong phap dong tinh tai mat do dong i = 50 mA/cm® va trong
cac khoang thoi gian khac nhau véi cac thong sb thé tich mau nudc thai V =
100 ml, dién tich bé mat dién cuc S =4 cm? Sau mdi khoang tho1 gian khao
sat, mau dung dich lai dugc quét CV mot vong (hinh 3.29) va xac dinh gia tri
COD.
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Hinh 3.29: Phé CV ciia qud trinh xit Iy tap chdt hitu co trong nude thdi Dét
nhuém ¢ pH = 8, nhiét do phong (30 °C), toc do quét 50mV/s boi dién cuc anot
hé Ti/SnO,-Sh,03/PbO, sau cac thoi gian dién phdn khdc nhau

Két qua tir hinh 3.29a cho thiy ban dau phd CV thu duoc khi xtr Iy mau
nuéc thai gom nhiéu pic oxy héa trong d6 c6 mot dinh pic oxy hoéa cao nhét
xudt hién & gia tri thé khoang 1,4 V. So sanh cac vong quét CV trong qué
trinh oxy héa phenol va oxy hoa céac tap chat hiru co trong nudc thai nganh
Dét nhudm thay cac pic oxy hoa cac tap chat hiru co nhiéu hon, r& nét hon, tu
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hon so véi pic oxy hoa phenol. D6 c6 thé 1a do trong nudc thai nganh Dét
nhudm khéng nhiing chira phenol ma con chita cac tap chét hiru co khac nén
dinh pic oxy hoa hién thi 13 pic oxy hoa tich hop cua cac pic oxy hoa cac chat
c6 trong mau nudc thai.

Sau cac thoi gian dién phan sb pic oxy hoéa hop chit hitu co giam dan,
pic oxy héa chuyén dan vé khoang thé 4m hon, chiéu cao cua pic giam dan va

gan nhu mat han sau thoi gian 360 phat dién phan (hinh 3.29, 3.30).

—a— Nen
1/—@—t=0 phut
—0—1t =60 phut
—*—1=120 phut
{|—<¢—1=240 phut
—%— t =300 phut
——t = 360 phut

j(mA)

E(V.SCE)

Hinh 3.30: Phé CV tong hop ciia qud trinh xit Iy tap chdt hitu co trong nuede thdi
Dét nhuém ¢ pH = 8, nhiét dé phong (30°C), toc dé quét 50mV/s béi dién cuec
anot hé Tl/SnOZ'SbZO?,/PbOZ .

C6 thé thay rang qua trinh oxy héa cac tap chét hitu co trong nudc thai
nganh Dét nhudém ciing twong tu véi qua trinh xtr 1y phenol. Qua trinh cling
xuat hién cac pic oxy héa chua yéu trong khoang 1,2 — 1,6 (V), cac pic oxy hoa
thap dan va dich vé phia 4m hon sau cdc muc thoi gian khac nhau va sau 360

phut xir 1y thi trén phd CV khéng xudt hién pic oxy héa (hinh 3.30).
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Cac mau dung dich nudce thai trude va sau khi xtt Iy & cac khodng thoi
gian khac nhau duoc xac dinh chi s6 COD, tir d6 tinh d6 chuyén hoa COD
ctia qua trinh oxy hoa phenol. Két qua d6 chuyén héa COD thu duoc trong

bang 3.7 va hinh 3.31.

Bdng 3.7: Bé chuyén héa COD trong qud trinh 0xXy héa chat hitu co trong

nuwoc thai Dét nhuom

T Thai gian xir Iy t Gia tri COD Do chuyén hda COD
(phut) (mgO2/1) (%)
1 0 2568 0,00
2 60 1925 15,12
3 120 1517 41,34
4 240 608 76,49
5 300 293 88,67
6 360 106 95,17
3000
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2500 1 \
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Hinh 3.31: Su thay déi chi s6 COD ciia mau nwde thai Dét nhuém theo thoi gian
dién phan trong dung dich co Na,SO4 7,59/, NaCl 1%, pH = 8, tai mdt do dong

dién phan 50 mA/em®.

Nhu vy, sau 360 phit xir Iy phenol va céc tap chat hiru co trong nude

thai Dét nhuom cho do chuyén hoa COD dat trén 95%.
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Qua nhitng két qua nghién ctru thir nghiém @ng dung dién cuc Ti/SnO,-
Sh,04/PbO, xtr 1y hop chat hitu co trong miu nudc thai thuc té & trén c6 thé
dua ra két luan sau:

C6 thé st dung dién cuc Ti/Sn0,-Sb,04/PbO, ché tao dugc dé loai bo
tap chat hitu co trong nudc thai Dét nhudém. Do chuyén hoa COD dat duoc l1a
95,17% sau thoi gian 360 phit dién phan dudi ché do dong khong ddi tai mat
d6 dong i = 50 mA/cm?.

3.5. Két qua nghién ciru bién phap lam giam sw khir hoat hoa bé mit anét

Trong qua trinh dién phan oxy héa phenol, cac dién cuc lam anot
thuong bi thu dong do su tao thanh mang polyme trén bé mat trong qua trinh
dién phan. Co nhiéu nghién ctru da duoc thuc hién dé han ché anh hudng nay
nham goép phan lam ting thoi gian 1am viéc cua vat liéu andt. Bang cac
phuong phap CV va phuong phap do dong dién tirc thoi theo thoi gian, H.
Almazanai da nghién ctru anh hudng tu wrc ché xay ra trong qua trinh oxy hoa
dién hoa cua phenol trén dién cuc Pt. Céc két qua thu dugc cho théy cac mang
polyme tao thanh trén dién cuc kha bén lam cho bé mit dién cuc bi thu dong.
Khtr hién tuong thu dong va tai sinh lai an6t Pt trong oxy hoa dién hoa cua
phenol da dugc nghién ctru boi D. Fino va cac cong su. Cac thi nghi¢m thé
tinh d3 chi ra su tai sinh andt Pt c¢6 thé dat dugc sau khi phan cuc Andt tai
dién thé 1,1 V (so vo6i dién cuc Hg/HgSO,4). Su hoat hoa lai nay s€ dé dang
hon khi ¢6 mat ion CI'[52, 104].

Qua trinh oxy hoéa cua phenol trén dién cuc Ti/SnO,-Sh,03/PbO, dugc
nghién ciru bang phuong phap dong khong ddi trong dung dich phenol 500
mg/l, Na,SO,4 7,5 g/l, pH = 8 v6i mat do dong dién phan i = 50 mA/cm®, ctr
sau 30 phut dién phan bing phuong phap dong khong d6i lai thuc hién quét
thé vong CV (Cyclic voltammetry), két qua thu duoc trén hinh 3.32.

Céc két qua CV trén hinh 3.32 cho thay: qua trinh oxy hoa phenol trén
dién cuc Ti/Sn0,-Sh,03/PbO, bit dau tai dién thé 1,1 V/SCE va dat gia tri cuc
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tri tai dién thé 1,5 V/SCE cho vong CV tha nhat (V1), sau d6 giam dan dén
1,25V/SCE cho vong CV thir 10 (V10), cac pic oxy hoa phenol giam dan sau
mdi chu ki. Két qua nghién ctru trong bang 3.4 cho thiy mirc d6 phenol bi oxy
hoéa trong vai phat dau tién 1a rat nho. Nhu vay su sut giam manh dong pic tir
V1 dén V10 cho théy bé mit dién cuc da bi thu dong. Pé lam sang t6 nhan
dinh nay chiing t6i dua dién cuc nay sang dung dich c¢6 chira phenol nhu dung
dich ban dau (phenol 500 mg/l, Na,SO, 7,5 g/l, pH = 8) két qua cho thay chi

xuat hién mot “vai” oxy hoéa phenol (hinh 3.33a) c6 cudng do thap.

4.0

3.9 H

3.0 1
2.9

2.0 H

j(mA)

— T T T T T T T T
06 0.8 1.0 . . 1.8

E(V.SCE)

Hinh 3.32: Phé CV trong dung dich phenol 500 mg/l, Na,SO, 7,5 g/l, pH =8
trén dién cuec Ti/SnO»-Sb,04/PbO,. Dién tich mau 4cm®. Toc dé quét 50mVs.

5/—V1 s|—Vv1 /
— V2 — V2
V3 —— V3| /
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—_ //
< <
£ 2 E 2 y
1 1
0 04
00 02 04 06 08 10 12 14 16 18 20 00 02 04 06 08 10 12 14 16 18 20
E (V/SCE) E(V.SCE)

Hinh 3.33: Phé CV cua dién cuc Ti/SnO,-Sb,05/PbO, trong dung dich phenol
500 mg/l, Na,SO,4 7,5 g/l, pH = 8 trudce (a) va sau (b) khi pha vo mang thu dong
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Viéc dich chuyén pic an6t (hinh 3.32) vé phia 4m hon c6 thé 1a do su
hinh thanh céc san pham trung gian mach thang dé bi oxy hoéa hon nhu trinh

bay trong co ché dudi day:

MO, + H)Oq — & — MO(OH )y + H” (3.27)
MO,(OH )y — € — MOL(OH)y (3.28)
CgHsOH + MO,(OH")q— 3¢ — CgH40,+ 3H" + MO, (3.29)
Phenol Benzoquinone

CgH40,+ 6H,O — 12¢ — C4H,04 + 12H" +2CO, (3.30)

Maleic acid

C4H,04+ 4H,0 — 12¢ — 4CO, + 12H* (3.31)
CgHgO + 11H,0 —28e — 6CO, + 28H" (3.32)

Tuy nhién, trong cac qua trinh oxy hoa nay c6 xuat hién mot san pham

trung gian 13 cac gbc phenoxy dugc tao ra theo co ché:
CeHsOH — ¢ — CgHsO™ + H”

Céc gbc phenoxy nay co thé két hop véi cac phan tir phenol khac dé tao
thanh dé tao thanh mot 16p mang polyphenylene. Két qua 1a bé mat dién cuc
bi thu dong nén qué trinh 0xy héa cua phenol bi lam cham lai ngay lap tuec.

Nhu viy, trong qué trinh oxyhda phenol trén bé mit dién cuc co xut
hién 16p mang polymer lam thu dong dién cuc. Viéc xtr 1y loai bo 16p mang
dé hoat hoa lai bé mat dién cuc 1a mot van dé can thiét. Dé thuc hién cong
viéc ndy chung toi dd thir nghiém phuong phap phan cuc anét déi voi dién
cuc lam viéc.

Khi xtr 1y dién cuc Ti/SnO,-Sh,03/PbO, da bi thu dong nho phan cuc
anét trong dung dich H,SO, 1M tai gia tri dién thé xay ra qua trinh thoat oxy
1a 2V trong thoi gian 15 phut, quan sat qua trinh thyc nghiém thay xuat hién
cac bot khi oxy thoat ra trén bé mit dién cuc kha nhiéu. Hién tuong nay duoc
thuc hién nho qua trinh thoat oxy tai gia tri dién thé nay.

bién cuc thu dong sau khi dugc xur ly, dua vao quét CV trong dung

dich phenol 500 mg/l, Na,SO, 7,5 g/l, pH = 8 thay pic oxy hoa phenol xuét
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hién vé&i cuong d6 manh, sic nét (hinh 3.33b). Nhu vay d4 c6 qua trinh pha
huy mang polyme trén bé mat dién cuc. Piéu nay co6 thé do anh hudng cia
qué trinh thoat oxy trén bé mat dién cyc tai cac gia tri dién thé nay. Cac bot
khi oxy d3 lam bong troc 16p mang vé mit co hoc. Mit khac, trong co ché
thoat oxy trén bé mit dién cuc c6 trai qua giai doan tao thanh gbc OH', 1a mot
chat oxy hoa manh d4 tham gia oxy ho4 tiép 16p mang thanh cac san pham
khac tach ra khoi bé mit dién cuc. Do d6 dién cuc da duoc hoat hoa tré lai va
khi quét CV pic oxy hoa phenol d xuat hién.

Trong két qua nghién ctru & muc 3.3.6 vé anh hudng cua sy c6 mat cia
NaCl, da cho thiy: c6 viéc dich chuyén pic oxy héa phenol vé phia 4m hon,
cuong d6 dong pic oxy hoa con 16n hon han khi trong dung dich dién phan
khong c6 mat NaCl, diéu nay chung t6 bé mat dién cuc trd nén hoat dong
hon. Nhu vay anion CI da c6 vai tro khir thu dong dién cuc trong qua trinh
oxy hoa phenol. Khi d6 trén bé mit dién cuc sé khong xuat hién 16p mang

polymer lam thu dong dién cuc.
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KET LUAN

Qua trinh nghién ciru ché tao dién cuc andt tro Ti/SnO,-Sh,04/PbO; va
khao sat dac tinh dién hoa cua dién cuc trong trong dung dich c¢6 chira phenol

d3 thu duoc nhitng két qua sau:

1. Ché tao dién cuc Ti/SnO,-Sh,04/PbOy:

D xay dung dugc quy trinh, va &p dung ché tao thanh cong hé dién cuc
anot tro Ti/SnO,-Sh,03/PbO, bing phuong phap phan huy nhiét & cac nhiét
d6 khac nhau va phuong phap ma dién & cac thoi gian dién két taa khac nhau.
bién cuc Ti/Sn0,-Sh,04/PbO, dugc ché tao theo quy trinh két hop phan hay
mudi hdn hgp SnCl,, SbCl; & 480 °C, va dién két tua tao 16p pha PbO, 120
phat. Thoi gian séng cua dién cuc Ti/SnO,-Sh,04/PbO, khoang 290 gio.

2. Khao st dic tinh dién hoa cua h¢ dién cuc Ti/SnO,-Sb,05/PbO, da ché
tao théng qua cac thir nghiém trén dung dich mau gia co chtra phenol 500 mg/I:

- b3 khao sat anh huong cua pH, nhiét do, te do quét, mat ¢6 dong,
thanh phan vt liéu dién cuc, ndong d6 NaCl dén kha ning oxy hda phenol.
Kha nang oxy hoa phenol tét nhat tai pH = 8, T =30 °C, v = 50 mV/s, i = 50
mA/cm?, ndng d6 NaCl 1% trén dién cuc andt hé Ti/SnO,-Sh,04/PbOs.

- St dung phuong phap dong khong d6i véi i = 50 mA/cm?® dé xua ly
phenol trong dung dich phenol 500 mg/l, Na,SO, 7,5 g/l, NaCl 1%, pH =8, T
= 30 °C béi dién cuc andt hé Ti/Sn0,-Sb,03/PbO,, sau 360 phut dién phan
hiéu suat chuyén hoa phenol dat 99,60%.

3. Pa dé xuat hai co ché: co ché tuan tuy hoéa hoc lién quan dén van
chuyén proton noi phan tir va co ché két hop dién hoa va hoa hoc trong qua
trinh oxy hoa phenol trong dung dich nuéc. Diéu nay cho phép hiéu 1d hon co
ché tong quat da duoc dé xuat trude do.

4. Vai trd va anh huéng cua Cl™ dd duoc khao sat cho thiy, khong chi
c6 vai tro khur thu dong va hoat hoa dién cyc, ma con tham gia tao cac radical
ClO", ClO;, va HO' 1a nhirng tac nhan oxy hoa phenol va cc san pham trung
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gian theo co ché hoa hoc (cac phan ung 3.19 dén 3.26). Trong d6 cac phan
tmg (3.25) va (3.26) co thé lan dau tién dugc dé xuat trong nghién ctru ny,
xac nhan thém vai tro cia Cl trong qua trinh tao ra HO".

5. Thar nghiém @ng dung dién cuc Ti/Sn0,-Sb,04/PbO, xtr Iy hop chat
hitu co trong mau nudc thai thyc té:

Budc dau st dung dién cuc Ti/SnO,-Sh,05/PbO, ché tao duoc dé loai
bo tap chét hitu co trong nudc thai Dét nhuom. Po chuyén hoa COD dat duoc
la 95,17% sau thoi gian 360 phat dién phan dudi ché do dong khong doi tai
mat d6 dong i = 50 mA/cm?®,
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NHUNG PONG GOP MOI CUA LUAN AN

* Vé cong nghé:

1. ba xay dung dugc quy trinh, va dp dung ché tao thanh cdng mot loai
vat liéu dién cuc da 16p méi hé Ti/SnO,-Sh,03/PbO,.

2. Ba dé xuat duoc hai co ché: co ché tuan ty hoa hoc lién quan dén
van chuyén proton ndi phan tir va co ché két hop dién hoa va héa hoc trong
qué trinh oxy hda phenol trong dung dich nuée. Diéu nay cho phép hiéu rd

hon co ché tong quat da duoc dé xuat trude do.

* Vé mit ing dung:

Mot giai phap cong nghé hop 1y cho qua trinh xir Iy phenol da duoc dé
xuat: oxy hoa phenol trong dung dich phenol 500mg/l, Na,SO, 7,5 g/I, NaCl
1%, pH = 8, T = 30°C bai dién cuc andt hé Ti/SnO,-Sb,04/PbO, bang phuong
phap dong khéng ddi véi mat do dong dién 1a 50 mA/cm?, sau 6h dién phan
hiéu suét chuyén hoa phenol dat 99,6%.
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