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ABSTRACT

In this work we have studied the polypyrrol/oxide (Ppyloxit) composite films electrodeposited
on glassy carbon for electrocatalyst application of oxygen reduction reaction. Three oxides used
NiO, Co;0, and Ni,;Mn,,0, with very small size were prepared by thermal decomposition of
nitrate salts. These oxides were incorporated in the polypyrrole films during the electrodeposition
respectively to form Ppyloxide composite films. Among the composite films obtained the
polypyrrole/Ni, ;Mn, ;0, gives the best electrocatalytic effect.

- MO PAU

Dé xir 1i cac hgp chat hitu co doc hai trong
nudc thai cong nghiép, mot trong cic phuong
phédp dugc nhiéu nha khoa hoc quan tam nghién
ctru 12 st dung hiéu tGng phenton dién hod hoac
quang dién hod. Fenton dién héa la qud trinh
khtr oxi hoa tan trén dién cuc catot tao H,O,,
H,0, tao thanh c6 kha nang oxi hod cac ion kim
loai chuyén tiép nhu Fe’*, Cu*, Co™... c6 mat
trong dung dich tao radical OH® ¢6 kha nang oxi
hod rdt manh, né c6 thé oxi hod cdc hop chat
hitu co trong nudc thai cong nghiép tao thanh
cac hop chit hitu co kém doc hai hon, hoac oxi
ho4 hoan toan tao thanh CO, va H,O.

Qua trinh khir oxi hoa tan trong dung dich
c6 thé dién ra theo co ché nhan 2 electron tao
H,0, hodc nhan truc ti€p 4 electron tao OH,
phu thuoc vao ban chat tu nhién cta vat liéu
dién cuc. V6i muc dich tao dugc peroxit bang
phuong phédp dién hod nhim tng dung trong xur
i cac hop chat hitu co nho hiéu tng Fenton,
trong khuon khé bai bdo nay, ching toi nghién

ctiu ch€ tao nano oxit NixCos,o, va kha nang
xtc tdc dién hod cha oxit thu dugc trén chat
mang 1a polypyrol (Ppy) dan dién d6i véi phan
ting khtr dién hod oxi hoa tan tao peroxit.

I - PIEU KIEN THUC NGHIEM

Trong nghién ctu nay, ching toi da tap
chung nghién cttu ba loai oxit khac nhau: NiO,
Co;0, va oxit phic hop Ni,Co; o, Cic nano
oxit dugc téng hgp bing phuong phap phan huy
nhiét di tr cic mudi nitrat. Cac oxit tao thanh
duoc dua vao trong Ppy trong qud trinh téng hgp
dién hod. Mang nano compozit Ppy/oxit tao
thanh dugc trang nudc cat, lau kho va nghién
cttu cac dac tinh xuc tac.

Céac phan tng dién hod dugc ti€n hanh trén
thiét bi Autolab (Ha Lan) dat tai Vién K§ thuat
Nhiét déi, trong binh do h¢ ba dién cuc: dién
cuc doi la ludi Pt, dién cuc so sanh 1a calomen
bao hoa KCI va dién cuc lam viéc la cacbon
kinh c6 dién tich 1am viéc khong déi 0,071 cm’.

Hinh thdi hoc va thanh phan cta oxit sau khi
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téng hop dugc nghién citu bang kinh hién vi
dién tr quét (SEM), hiéu Leica Stereoscan 440
str dung phan mém Leo két hop vdéi tdn xa nang
lugng tia X (EDX). Phan tich cdu tric pha cua
oxit dugc thuc hién nhd phd nhiéu xa tia X
(XRD) trén thiét bi Diffractometer Philips 1380,
phat tia bing cuc Mo, nang lugng 30 KeV, A =
0,7093Ao va ph6 raman trén thiét bi Jobin-Yvon
(Labram) vé6i budc song kich thich 514,5 nm.
Céc thiét bi nghién citu bé mat déu duoc dat &
phong thi nghiém Bé mat va Hé thong dién hod,
Truong Pai hoc Paris 6, Cong hoa Phép.

11 - KET QUA VA THAO LUAN

1. Ché tao cac nano oxit

Cac nano oxit dugc téng hop theo phuong
phdp gom c6 truyén di tir cic mudi Ni(NO,),,
Co(NO;), hodc hdén hgp Ni(NO,), + Co(NO;),

(tron theo ti 1& s6 mol 1a 1:9), dugc nghién nho
trong ¢6i md ndo, sau d6 nung & 300°C trong
16h dé nhiét phan huy cdc mudi nitrat tao oxit
kim loai [1]. Chat ran thu dugc dé nguoi, nghién
k§ va nung & 450°C trong 2 h dé loai bo céc tap
chat.

*Hinh thdi hoc va thanh phan cua oxit

Oxit thu dugc ton tai dudi dang bot min mau
den. Nhin chung, hinh thdi hoc cua cdc oxit
dugc quan st trén anh SEM la rat khac nhau
(hinh 1a). Oxit coban ton tai dudi dang hat rat
min, trong khi d6 cac oxit niken va oxit phuc
hop coban va niken cé kich thuéc 16n hon. Tuy
nhién, céc hat oxit gén két v6i nhau nén trén anh
SEM chi cho chiing ta thay hinh thdi hoc bé mat
oxit ma khong cho phép quan siat dugc hinh
dang ciing nhu kich thudc cua ting hat riéng
biét.
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Hinh 1 Phan tich hinh thai hoc nho SEM (a), TEM (b)
va thanh phan cua oxit nhd EDX (c)
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Dé khac phuc khé khan trén, cdc hat oxit
duoc phan tdn va quan sat nhd kinh hién vi dién
tir truyén qua. Cac anh TEM (hinh 1b) cho phép
quan sat rd hinh dang ciing nhu kich thudc cua
tung oxit. Oxit niken c¢6 dang hinh khéi, hinh
dang khong xac dinh, kich thudc hat trung binh
tuong doi 16n ¢& vai tram nano mét. Oxit coban
c6 tinh thé dai va kich thudc rat nhé khoang vai
chuc nano mét. Trong khi d6, oxit phic hgp
coban-niken duong nhu c6 hai dang céu tric
tinh thé khac nhau, mot loai dai va nho tuong tu
nhu cdu tric tinh thé clia oxit coban, loai kia ¢6
dang hinh dong, kich thudc 16n hon rat nhiéu,
khoang vai tram nanomet.

Phan tich thanh phan oxit nhd phé tin xa
nang lugng cho thdy cdc oxit nhan dugc cé
thanh phan chi yéu la kim loai va oxi. Oxit
coban va oxit phiic hgp coban-niken con xuat
hién thém ham lugng rat nho cdc nguyén to tap
chdt nhu Ca, Mg va S. Diéu nay dugc giai thich
do nguyén liéu dau Co(NO,), khong hoan toan
tinh khiét. Doi véi oxit phiic hgp niken-coban,
ham luong gita Ni:Co dugc xé4c dinh tir phd tdn
xa nang luong tia X xap xi 1:9 (hinh 1c¢).

*Cau tric pha:

Nghién cttu thanh phin bing phé tin xa
ning luong tia X cho phép khang dinh su ¢6 mat
clia cdc nguyén to trong oxit, nhung khong cho
phép khang dinh cdu tric pha ca oxit tao thanh.
CAu tric pha clia cdc oxit duge khang dinh bang
phé raman va phé nhiéu xa tia X 1an luot dugc
thé hién trén hinh 2 va hinh 3.

Céc dai phé dac trung & s6 séng 460, 499 cm
! cha oxit niken va & s6 song 195, 483, 525, 618,
692 cm™ clia oxit coban di khang dinh c4c oxit
don thu duoc ton tai dudi dang NiO [2] va oxit
spinel Co,0, [3]. Trong khi d6 phd raman cla
oxit phitc hgp (hinh 2c) c6 hai dai phé thu dugc
tai 479 va 674 cm’ ¢6 vi tri va cudng do hoan
toan khéc so véi céac oxit don, di€u dé chiing to
oxit dong-mangan ton tai déi dang oxit phic hgp
6 cau tric khéc so véi cac oxit don.

Cdu tric pha cla cdc oxit tao thanh con
dugc khiang dinh nhd phd nhiéu xa tia X. D6i
véi cac oxit don, quan sat vi tri va cuong do cac
pic trén pho nhiu xa tia X va so sanh véi bang
phd chuin [4] c6 thé khang dinh cdc oxit don
ton tai dudi dang NiO céu triic cubic, Co;0, ciu

Cudng d6 raman (a.u)
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Hinh 2: Phé raman cla oxit niken (a), oxit
coban (b) va oxit phtc hop (c)
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Hinh 3: Pho nhiéu xa tia X cta oxit niken (a),
oxitcoban (b) va oxit phiic hop (c)
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tric spinel. Riéng doi véi truong hop oxit phic
hop, so sdnh phé nhiéu xa tia X clia oxit niken
coban véi oxit coban, ching ta nhan thay vi tri
céc dai phd thu duoc ciing nhu cudng do cac pic
hoan toan déng nhat. Piéu d6 khang dinh cic
oxit phuc hop thu dugc twong tng véi cdu tric
clia oxit spinel AB; o, Tinh todn d6 dai cua
cdc canh mang tinh thé lap phuong cho thdy a =
8,00 A, trong khi d6 do dai Ii thuyét a = 8,07 A.
Su sai khdc nay 1a do su khéc biét vé kich thudc
nguyén tu giita Ni va Co. K&t hgp véi cac két
qua phan tich thanh phén, chiing ta c6 thé dua ra
cong thic cdu tao cua oxit phitc hgp c6 dang
Nij;Co,;0,

2. Tong hop dién cuc compozit Ppy/oxit

bién cuc nano-compozit dugc téng hop dién
hod trén d€ carbon kinh bang phuong phap dong
4p dat tai mat do 2 mA/cm?, véi dién tich téng
hop 1 C/cm?, trong dung dich chita KCl 0,5 M,
pyrol 0,1 M va céc oxit kim loai 5 g/l. Cac oxit
trong dung dich duoc ton tai dudi dang huyén
phu lo Iimg nho tidc dung cha khuay tir. Sau tong
hgp, mang compozit dan dién c6 mau den xam,
d6ng nhat phu trén toan bo bé mit dién cuc va
c6 chiéu day khoang 2 um dugc xac dinh nho
SEM & mat cit ngang ctia bé mat mau.

3. Nghién citu cic dac tinh xiic tac cua dién
cuc compozit

Pac tinh xdc tdc dién hod cla cdc mang
compozit Ppy/oxit d6i véi phan ting khir oxi hoa
tan duoc thé hién qua quan hé dong — thé tinh
(steady state polarization) tai cac gid tri dién thé
4p dat khong déi 1an luot tir dién thé mach h&
ctia mang trong dung dich nghién ctu dén -0,5
V, tuong tng véi dién thé khit cua O, tao H,0,.

Hinh 4 biéu dién quan hé dong thé finh
trong dung dich KCI 0,5 M. Khi dung dich ving
mat O, (suc khi Ar), dong dién khong déi va xap
xi bang khong chiing to khong ¢ bat ci phan
ting khir nao xdy ra trén bé mat dién cuc. Khi ¢6
mat O,, ¢6 su tang 1én clia mat do dong dién
catot bat dau tir dién the -0,1V, khang dinh qué
trinh khir cia O, bat dau xdy ra va dong dién
tang manh khi dién thé cang am. Cac két qua
thu dugc trén hinh 5 cling chi ra ring su ¢6 mat
clia cdc oxit trong thanh phan cua mang polyme
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da lam tang ding ké cudong do dong dién khir
oxy. Hiéu qua xtc tdc phan tng khir oxi clia oxit
phtic hgp t6t hon so véi cic oxit don va tét hon
nhiéu trong trudng hop Ppy vang mat oxit.
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Hinh 4: Pudng cong phan cuc thé finh clia cac
dién cuc polime trong dung dich KCl

Nghién ctu anh hudng cia pH dén kha nang
xuc tdc dién hod cla dién cuc Ppy/Ni;Co,,0,
duogc biéu dién trén hinh 5. Trong moi trudng
axit, nong do H* trong dung dich 16n hon nhiéu
so vGi nong do O, hoa tan, do d6 bén canh phan
ting khir oxi tao peroxit, mot phan 16n dién tich
chay qua dién cuc duoc tiéu thu cho phan tng
khtr H* thanh H,, d4n dén hiéu suat phan dng
khtr oxi thuong thap. Quan sat duong cong dong
- thé¢ 6n dinh cla c4c dién cuc compozit trong
dung dich axit cho thdy dong dién catot ting bat
dau & dién thé€ twong doi duong (~0,2 V/SCE),
tuong ung v6i dién th€ kha H* gidi phong H,
trén catot.

Trong moi trudong kiém, Ppy kém dan dién
nhét. Do dan cta Ppy ciing 1a yéu t6 anh hudng
dén kha nang xic tac ctia hé. Dién thé€ ctia phan
ung khir oxi trong moi truong nay ciling dich
chuyén vé phia catot hon (E < -0,3 V) so véi
moi truong trung tinh va moi trudng axit.

So sanh do 16n clia cudng do dong dién khir
oxi trén dién cyc catot Ppy/Ni, ;Co,,0O, cho phép
khang dinh kha nang xiic tic dién hod clia dién
cuc nay tang theo thd tu dung dich axit, dung
dich kiém va t6t nhat 1a trong dung dich trung
tinh.



0.0+ . — 1
e K
-0.5 o o
o o
1.0 P
o9
& 1.5 /
8 %
< 504
E 2.0
T 25 [
3.04 ®-- pH7
. oy O pH3
35 % pH10
T T T T T T T T T
0.6 0.4 0.2 0.0 0.2 0.4
E (V/SCE)

Hinh 5: Dudng cong phan cuc thé€ tinh cua dién
cuc Ppy/Ni,;Co,;0, trong cdc dung dich pH
khac nhau

IV - KET LUAN

Cic oxit kim loai chuyén tiép NiO va Co;0,
va oxit phic hop spinel Niy;Co,;0, c6 kich
thudc rat nhd dugc téng hop trong phong thi
nghiém béng phuong phdp gém c6 truyén. Cic
oxit tao thanh c6 kich thudc nhd, dién tich riéng
16n dugc dua vao trong mang Ppy trong qud
trinh téng hop dién hoé tao compozit dan dién
¢6 kha nang xdc tac dién hod cho phan ting khir
oxi hoa tan tao peroxit. Trong ba oxit nghién

Tdc gid lién hé: Nguyén Thi Lé Hién
Viéen Ky thuat Nhiét déi,

cttu, oxit phic hgp cho hiéu qua xic tic cao
nhat va kha nang xdc tdc t6i uu trong moi
truong trung tinh. Cac két qua budc dau thu
dugc cho phép mé ra huéng nghién citu ché tao
vat liéu dién cuc compozit Ppy/Ni,;Co,,0, xic
tdc cho phan tng khir oxi tao peroxit, tao tién dé
cho cdc nghién cttu ting dung trong xu 1i moi
trudng gidn ti€p bang phuong phéap dién hoa.

Loi cam on: Nhom tdc gid xin trdn thanh on sy
hé tro kinh phi cua Chuong trinh nghién ciiu co
bdn (Dé tai KHCB 517206) dé thuc hién noi
dung nay.
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