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KHOANG HpA METYL DA CAM BANG HIEU I’'NG FENTON DIEN
HOA SU DUNG CATOT COMPOSIT POLYPYRROL/OXIT

NGUYEN TH| LE HIEN, HOANG THI MY HANH

1. MO PAU

Céc chit mau ho azo héau hét déu c6 cu tao mach cacbon phurec tap, céng kénh, khé bi phan
huy bang cdc phuong phip truyén thdng: sinh hoc, vat I, hoa hoc... Fenton dién hod 1a mét trong
cac phuong phap oxy hoa tién tién c6 kha nang khoang héa cic hop chit mau ho azo véi hiéu
qua cao va hira hen nhiéu trién vong trong viéc xir If nude thai cong nghiép dét nhudém chira chét
mang mau [1 - 3]. Fenton dién hoéa 1a qua trinh khir oxy hoa tan trén dién cyc catdt tao ra H,O,,
H,0, sinh ra c6 kha ning 6xy héa kim loai chuyén tiép nhu Fe**, Co**, Cu®... c6 mit trong dung
dich tao géc OH’. Cic géc HO’ tao thanh c6 tinh oxi ho4 rat manh, cé thé oxi hod hoan toan hau
hét cc hop chit hiru co doc hai tao thanh CO, va H,O.

Hiéu suit cta phan tmg Fenton dién héa phu thude vao rat nhleu yeu t6, trong d6 vt liéu
lam dién cyc catdt 1a mot trong cic yéu td quan trong nhét, quyét dinh téc do tao H,0,, 1a tic
nhan oxy hoda trong hé Fenton. Céc nghién cuu trudc diy da chi ra rang dién cuc composit trén
co s polypyrol va oxit phiic hop cu tric spinel Cu; sMn; 50, (Ppy/Cu; sMn; 50,) cho kha nang
xtic tic dién héa phan tng khtr oxy tao H,O, véi hiéu suat cao trong mdi truong axit pH = 3 [4],
cho phép tmg dung nhu dién cyc catét khoang héa phenol [5], methyl d6 [6]... bang phuong
phap Fenton dién héa. Trong khudn kho bai bdo nay, ching t6i khao sit qua trinh khodng héa
metyl da cam (MO) - mot hop chét diazo dién hinh khé phan hiy va doc hai bang hiéu tmg
Fenton dién héa trén dién cuc cat6t composit Ppy/Cu; sMn; 50;.

2. PIEU KIEN THU'C NGHIEM

Céc qua trinh dién héa duoc thuc hién trong binh dién héa hé ba dién cuc vdi dién cyc lam
vigc la graphit phu mang Ppy chira hodc khong chira oxit Cu; sMn; 504, dién tich 5 cm?, dién cuc
doi 1a ludi platin va dién cuc so sanh la calomen bao hoa KCI, trén thiét bi Autolab (Ha Lan)
duogc dat tai Vién K¥ thuat nhiét doi.

Dién cuc polyme dan dugc téng hop trén nén cacbon béng phuong phédp dién hda trong
dung dich KCI 0,5 M, Ppy 0,1 M c6 hoac khong chira oxit Cu;sMn;sOs, tai mat 46 dong
2 mA/cm’ véi dién tich tong hop 13 2 C/em” [5].

Qud trinh xtr 1f metyl da cam bang hiéu tng Fenton dién hoa dugc thyc hién trong dung
dich Na,SO, 0,05 M, Fe** 1 mM pH=3 chua metyl da cam nong d¢ 1,53 mM, tai mat d6 dong
dién 1 mA/cm®. Dung dich dugc syc oxy véi toc do 0,5 1/phuit.

Sy suy giam cdc hop chat hitu co trong qud trinh xir Ii dugc xdc dinh nhd phd hép thu UV-
Vis va nhu cau oxy héa hoc (COD).

Hiéu suét phén huy metyl da cam (1) dugc tinh thong qua d6 hép phu (A) nhu sau:
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A A T A, - do hap phu tai thoi diém ban dau (t = 0) va A, — 4o
n (%) = A -100% hap thy tai thoi diém t

0

Hiéu suét dong dién ctia qué trinh khoang héa (H) dugc tinh thong qua do bién thién COD
trong qué trinh x1r 11, theo cong thirc sau:

H(%) = v6i: ACOD - Do bién thién chi s6 COD [g/l], V - Thé tich dung dich
ACODJV .F dién phan [1], F - Hang s6 Faraday, Q - Di¢n tich qua binh [C].

8Q

Céc héa chét sir dung trong nghién ctru nay déu c6 do tinh khiét cao (PA).

3. KET QUA VA THAO LUAN
3.1. Phd UV-Vis ciia metyl da cam

Theo biéu thirc cua dinh luét Buger-Lambert-Beer, nf")ng d6 chat hép thu ty 1¢ thuén voi do
hip thu. Do d6, dé nghién ctru sy bién thién ndng d6 metyl da cam trong sudt qud trinh xir Ii
bang hiéu tmg Fenton dién héa sir dung cic dién cyc catot khac nhau, ching t6i di do phd UV-
Vis nhu duoc biéu dién trén hinh 1,2 va3.
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Hinh 1. Ph6 UV — Vis clia dung dich metyl da cam

tai cdc thoi diém xir 1f khdc nhau st dung dién cuc cat6t cacbon

Trong dung dich axit (pH < pK), metyl da cam ton tai ¢ dang cation, vi viy su ddy va hit
electron dugc tang cuong, h¢ lién hgp dugec mo rong, do d6 xay ra hiéu Gng thAm mau, hay
chuyen dich do, buge song hap thu cuc dai chuyen dich vé phia budc séng dai hon. Tai thoi
diém ban dau (t = 0), pho UV - Vis cua metyl da cam tai pH 3 dugc dac trung boi mot dai séng
trong viing nhin thay véi hap thu cuc dai & 501 + 1 nm. Pay 1a viing hdp thy mau xanh da troi,
chinh vi vay dung dich metyl da cam tai pH 3 ¢6 mau d6 - 12 mau b ciia mau xanh da troi. Hap
thu cuc dai nay tuong tng véi su chuyén mic 7 — 7 cua electron 77 & lién két doi - N =N -
trong metyl da cam. Ngoai ra chuing ta con c6 thé quan sét dugc céc dai phé khéc & trong vung
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tir ngoai & cdc budc séng 275 + 1 va 320 + 1 nm twong tng véi sy chuyén mic 7 — 7 cla
electron 7 & céc lién két li€n hop trong dan suat cia vong thom benzen dinh véi lién két - N =
N - (hé thong lién hop 7 ban dau).
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Hinh 2. Ph6 UV — Vis clia dung dich metyl da cam

tai céc thoi diém xur 1i khdc nhau st dung dién cuc catot cacbon phu Ppy
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Hinh 3. Ph6 UV — Vis ciia dung dich metyl da cam tai cdc thoi diém xtr 1f khac nhau
str dyng dién cyc catdt cacbon phi Ppy(Cu, sMn, s04)/Ppy

Trong qud trinh xir 1i, dbi véi ca ba dién cyc catdt, cudng do pic tai 501 nm giam lién tuc
va rat nhanh theo thoi gian dién phan, twong (mg voi sy phan hily cdu tric - N = N -, nguyén
nhin dan t6i sy mat mau dan cua dung dich dién phan. Ciing véi sy giam cudng do pic tai 501
nm, cic pic dic trung cho hip thy cua electron T ciia nbi doi lién hop trong vong thom ciing
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giam dan; dong thoi xuat hién thém pic méi & budce séng 229+1 nm véi cudong do 1on dan. Két
qua nay da chi ra rang: gbc OH' ddu tién tan cong vao nhém mang mau azo, mé lién két — N =
N —, phan hity hé théng c4u tric lién hop 7, gdy ra sy mat mau cua dung dich. Pic tai 229 nm
duoc dy dodn 1a do su chuyén mic 7 — 7 cua vong thom benzen khi hé thong lién hop dai ban
dAu da bi pha v, dan t6i sy chuyén dich vé phia budc séng ngén hon.

So sdnh phd UV - Vis ciia cdc dung dich metyl da cam duoc xir Ii sau ciing mot khoang
thoi gian véi céc dién cuc catdt khac nhau cho thdy su phan hity ciia metyl da cam khi sir dung
dién cuc cacbon phu Ppy(Cu; sMn, 50,)/Ppy la tdt nhét, dugc thé hién boi cuong d6 céc pic hép
thu & budc séng 501, 275 va 320 nm giam nhanh nhét. Chi sau 2 gio xir 1i dd khong con xuét
hién pic & 275 va 320 nm, thay vao d6 1a pic & 229 nm dic trung cho sy hinh thanh san pham
trung gian, ching to hé thong lién hop 7 ban diu da bi gdy gin nhu hoan toan hay qud trinh
khoéng héa metyl da cam xay ra manh nhat. Cuong do hap thu san phim trung gian cta dién cuc
cacbon phii Ppy(Cu, sMn, sO,)/Ppy nay tai budc séng 229 nm ciing nhé nhit chimg t6 hiéu qua
cao cua qud trinh khodng héa metyl da cam. Sau 15 gio' xu 1f vdi dién cuc catdt cacbon phu
Ppy(Cu, sMn, 50,4)/Ppy, pic hap thu twong tmg véi lién két azo tai budc song 501 nm gan nhu da
bién mat hoan toan, cho phép khang dinh metyl da cam da bi phan huy. Két qua nay ciing duoc
nhan biét rat rd bang sy mat mau dan cta dung dlCh metyl da cam theo thoi gian xu 1f nhu dugce
biéu dién trén hinh 4. Tuy nhién, sau xu If ¢6 thé van ton tai mot phan san phan trung gian dudi
dang céc axit cacboxylic mach thing twong (mg véi cic pic hap thu & budc séng ngan hon, gin
vling tir ngoai.

Mau chua xur If Sau xtr I 8 gid Sau xit If 16 gio Sau xtt 1i 24 gio

Hinh 4. Su mét mau ctia metyl da cam 1,53 mM theo thoi gian trong qud trinh xtr If trén dién catot
cacbon pht Ppy(Cu, sMn, s04)/Ppy bang hi¢u tmg Fenton dién héa

Tu cuong do hap phu cyc dai & budce séng 501 nm trén phd UV - Vis cho phép xdc dinh
duoc nong d6 metyl da cam trong dung dich nhd phuong phap duong chuén.

Hinh 5 biéu dién sy bién thién ndng d6 metyl da cam theo thoi gian xir Ii cho thdy khi st
dung dién cuc catdt phii mang Ppy(Cu, sMn, sO,)/Ppy, toc dd suy giam ndng d6 metyl da cam
12 16n nhat. Sau 7 gio xi 1, ndng d6 metyl da cam ban dau 1a 1,53 mM giam xudng chi con 0,2
mM, trong khi ddi véi dién cuc cacbon phu Ppy nong d6 chi giam xubng 1,11 mM va dién cuc
cacbon 1a 1,22 mM. Két qua nay cho thdy viéc sir dung dién cuc Ppy(Cu, sMn, sO,)/Ppy cho
hiéu qua xir 1f metyl da cam ti wu nhét.

Su bién thién hiéu suat phan hity metyl da cam theo thoi gian dién phan dwoc thé hién trén hinh
6. Céc két qua thu dwoc da chi ra rang hiéu sudt phan hily metyl da cam ting nhanh theo thoi gian
dién phan. Sau 7 gio xu li, hiéu suét phan huy metyl da cam dat 6,7% dbi véi dién cuc cacbon, 14%
d6i voi dién cuc cacbon phi Ppy va dat t6i 356% d6i véi dién cuc cacbon phu
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Ppy(Cu, sMn, sO,4)/Ppy. biéu nay mot lan nita khéng dinh dac tinh xic tdc vuot troi cua dién cuc
Ppy(Cu, sMn, 50,)/Ppy so voi dién cuc cacbon c6 va khong c6 mang Ppy vang madt oxit, 1a co so
cho ung dung vao xu lf 6 nhiém mdi trudong, dac biét 1a moi trudng nudc.
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Hinh 5. Su bién thién néng d0 metyl da cam theo thoi gian dién phén st dung céac dién cuc C (o),
C/Ppy (0), C/ Ppy(Cu, sMn,; 504)/Ppy (V) .
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Hinh 6. Hiéu suét phan hily metyl da cam theo thoi gian dién phan str dung dung céc dién cuc C (),
C/Ppy (0), C/ Ppy(Cu,; sMn; 504)/Ppy (V).

3.2. Két qua phan tich COD
Trong qua trinh Fenton dién hod, dung dich metyl da cam duogc 1ay miu va phan tich COD.

D6 suy giam COD theo thoi gian xir 1f cho phép khang dinh dung dich chira metyl da cam d bi
khodng ho4 (hinh 7).
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Hinh 7. Su suy giam COD phén hily metyl da cam theo thoi gian, sir dung céc dién cuc C (),
C/Ppy (0), C/ Ppy(Cu,; sMn, s0,)/Ppy (V)
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Dbi voi ca ba loai dién cuc catodt, do suy giam chi s6 COD 16n cho thiy tdc do xir Ii metyl
da cam trén cdc dién cuc nay kha cao: Sau 16h xur Ii (twong tng vai Q = 0,08 Clem?), do suy
giam COD dat 550 mgO./l d6i véi dién cuc C, 650 mgO,/l v6i C/Ppy va 900 mgO/1 véi dién
cuc C/Ppy(Cu; sMn; sO,4)/Ppy. Tai cung mot thoi diém gid tri dlen lwong Q nhu nhau, su suy
giam chi s0 COD khi st dung cic dién cuc khac nhau dugc sap xep theo thtr ty tang dan nhu
sau: dién cuc cacbon, cacbon phii Ppy va 16n nhét 1a dién cuc cacbon phit Ppy(Cu, sMn, sO4)/Ppy.
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Hinh 8. Bién thién hiéu suat dong dién phan hity hoan toan metyl da cam theo thoi gian,
str dyng céc dién cuc C (®), C/Ppy (0), C/ Ppy(Cu, sMn, sO,)/Ppy (V).

Hinh 8 biéu dién sy bién thién hiéu sudt dong dién khodng hod hoan toan metyl da cam
theo thoi gian xur 1f bang hi¢u tng Fenton dién hoéa.

Déi v6i ca ba dién cuc, hi¢u sut dong dién khodng hod hoan toan metyl da cam déu rét
cao, déc biét 1a tai cac thoi diém dau xi 1i khi nong d6 cia metyl da cam trong dung dich con
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tuong dbi 16m: Sau 1 gi0 xu li, hiéu sudt dong dat 1050% véi dién cuc catdt cacbon, 1116% véi
dién cuc cacbon phu Ppy va 1313% véi dién cuc cacbon phu Ppy(Cu, sMn, 50,)/Ppy. Céc gid tri
hiéu suat nay cho phép khing dinh khi dong dién chay qua binh dién héa, bén canh hiéu img
Fenton dién héa, cing mot lic ¢6 thé xay ra nhidu qud trinh dong thoi nhu oxi héa truc tiép
metyl da cam trén dién cyc andt hodc oxi héa gin tiép metyl da cam nho cdc téc nhan oxi héa
manh sinh ra trén dién cuc andt, ddng thoi c6 thé sinh ra cdc gde c6 kha ning tiép tuc khoi mao
cho cdc phan rng oxy hod metyl da cam va cac sin phém trung gian, do d6 dan dén hiéu suat
qud trinh xt If rét cao.

Theo thoi gian, ham lugng metyl da cam giam dan dén toi giam dan hiéu sut ciia qué trinh
dién phan. Hiéu suit xir If metyl da cam trén céc dién cyc ciing duoc sip xép theo thir ty ting
dan nhu sau: dién cuc cacbon, dién cuc cacbon phu Ppy va cao nhét 12 dién cuc cacbon phu
Ppy(Cu, sMn, s0,)/Ppy. Két qua nay khang dinh dién cuc Ppy(Cu, sMn, sO,)/Ppy vdi su két hop
gitra Ppy ¢6 tinh dan dién cao voi oxit phutc hop, cAu tric spinel Cu,; sMn; 504, c6 hoat tinh xic
tac rat tot cho phan tng khir O, tao H,0,, do d6 1am ting tdc do va hiéu suat cia phan ung
khoang hod metyl da cam béng hiéu tng Fenton dién hod so véi dién cuc catot cacbon cé va
khong c6 mang Ppy.

4. KET LUAN

Phuong phap Fenton dién héa cho phép khodng héa metyl da cam — mét hop chét diazo
dién hinh, doc hai. So véi dién cuc cacbon va dién cuc cacbon phu Ppy, dién cuc catdt composit
trén co s Ppy dan dién va oxit cdu tric spinel Cu; sMn, 504 c6 kha nang xtc tac t6t cho phan
ung khur oxy tao hydroperoxit, cho phép tang hiéu qua xu Ii chit mau metyl da cam béng hiéu
ung Fenton dién héa. Vi mat d¢ dong ap dat 1 mA/cm?, trong dung dich Na,SO, 0,05M suc
oxy, chira Fe** 1mM, metyl da cam 1,53 mM d bi phan huy va mat mau hoan toan sau 15 h xu
1 vi hiéu suat dong dién rat cao (trén 100%). Két qua nay cho phép mo ra trién vong img dung
hiéu tng Fenton dién héa trong viéc xur Ii cdc hop chat hitu co doc hai khoé phan huy, ¢6 nong do
cao (khong xur Ii dugc bang céc phuwong phdp truyén théng) nhim giam thiéu 6 nhidm moi
truong va tiét kiém nang lugng.
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SUMMARY

MINERALISATION OF METHYL ORANGE BY ELECTRO-FENTON PROCESS
USING A POLYPYRROLE/OXIT COMPOSITE CATHODE

To promote treatment efficiency, an efficient undivided electrochemical system using a Ppy
(Cu; sMn,; 504) composite film on graphite cathode with high production rate of hydrogen
peroxide was applied to the electro-Fenton oxidation of a model azo dye, methyl orange (MO).
The decrease of MO concentration and treatment efficiency during the electro-Fenton process
was investigated by UV-Vis spectra and COD analyses. The results obtained confirme that using
the cathode of PPy(Cu, sMn,; sO4) allowe treating MO wiht very high efficiency. A solution of
1,53mM MO could be mineralized nearly totally by a electrical charge of 0.08 A.h with a very
high current yield.
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