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NGHIEN cUU CHE'TA‘O MANG NIKEN HYDROXIT TREN DIEN CUC
VANG BANG PHUONG PHAP DIEN HOA

PénToa soan 23-12-2008

TRINH XUAN SEN, TRUONG THI HANH, NGUYEN THI CAM HA
Khoa Héa hoc, Truong Dai hoc Khoa hoc Ty nhién, Dai hoc Quoc gia Ha Noi

ABSTRACT

The nickel hydroxidel/oxyhydroxide films on

the gold substrate were formed by

electrodeposition. The formation of the films on the gold electrode were studied by cyclic
voltammetry between the potential range of 0.00 - 1.00 V (vs. SCE) in the solution consisting of
N+, complexion ligands and NaOH. These films were estimated by X-Ray diffraction (XRD) and
Scaning Electron Microscopy (SEM). The oxidation electrochemical ability of ethanol on nickel
hydroxideloxyhydroxide thin film on the gold substrate were investigated.

[-DAT VAN BE

Vat liéu niken hydroxit duge st dung rong
rdi dé ché tao dién cuc cat6t trong cic nguon
dién héa hoc, dic biét 1a trong dc quy kiém
(Ni/Fe; Ni/Cd; NiMH).

Ché tao niken hydroxit trén nén chit dan
dién s& tao ra truc ti€p cdc dién cuc niken
oxihydroxit/ hydroxit cé chéat lugng cao [1 - 3].
Nhiing loai dién cuc nay cé hoat tinh dién hoa
cao hon han dién cuc dang khoi cla niken
hydroxit [4]. Nhdm déng gép vao linh vuc
nghién cuu trén, bai bdo nay gidi thiéu cic két
qua nghién ciu vé viéc ché tao mang mong
niken oxihydroxit/hydroxit trén nén dan dién
bing kim loai vang va khao sét tinh chat dién
héa cta né.

IT - THUC NGHIEM

St dung thiét bi Potentioganvanostat PGS-
HHS (ghép n6i may tinh xi I céc s6 liéu) dé do
cac duong cong dong hoc dién héa dang phan
cuc vong cua dién cuc nghién citu trong hé dién
héa khao sat. Binh do dién h6a gém ba dién cuc:

dién cuc nghién ciu la vang c6 do tinh khiét
99,99%, dién tich lam viéc 0,3 cm?, phan con lai
dugc cach dién bang nhua teflon; dién cuc so
sanh 1a Calomen bao hoa clorua(SCE); va dién
cuc phu trg 1a Platin

Str dung thiét bi nhiéu xa tia X (XRD)
Siemens D5005 (CuK, = 4,5406 A); thiét bi kinh
hién vi dién tir quét (SEM) JEOSIEM 540 dé
nghién ctu cdu trdc va hinh thdi hoc clia mang
oxit.

Str dung cac héa chét tinh khiét va nuée cat
dé pha ché dung dich.

Mang mong niken hydroxit/oxihydroxit trén
nén kim loai vang dugc ch€ tao bang phuong
phap dién héa theo quy trinh sau: ti€n hanh phan
cuc vong nhiéu chu k¥ dién cuc vang trong dung
dich A gém céc thanh phan: EDTA 0,01 M;
Ni(NO;), 0,01 M va NaOH 0,1 M trong khoang
thé tir 0,00 - 1,00 V, t6c do quét th€ 0,05 V/s.

Panh gia va so sanh kha ning trao ddi
electron cua dién cyc vang phu niken hidroxit
v6i mot s6 dién cyuc khac Pt, Ni va Au tinh khiét
thong qua phan ung dién cyc:

[Fe(CN)s]* + le — [Fe(CN)4*"
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trong khoang thé€ -0,2 V - 0,5 V véi téc do quét
0,05 V/s trong dung dich: NaOH 0,1 M +
K,[Fe(CN),] 0,1 M + K,[Fe(CN),] 0,1 M (dung
dich B).

111 - KET QUA VA THAO LUAN

1. Ché tao mang niken hydroxit/oxihydroxit
trén nén kim loai vang

Cac dudng phan cuc vong clia qué trinh hinh
thanh mang moéng nikenhidroxit/oxi hidroxit
duoc thé hién trén hinh 1.
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Hinh 1: Pudng phan cuc vong dién cuc vang
trong dung dich A: 1. 10 vong; 2. 20 vong;
3. 30 vong; 4. 40 vong; 5. 50 vong; 6. 70 vong;
7.90 vong; 8. 100 vong

Trén cic duong phan cuc vong xuat hién hai
dinh pic: dinh pic andt (Pa) va dinh pic catot

Mau 3

42340

Lin (Counts)
1

42682

(Pc) ing v6i hai trang thai oxi héa cla ion niken
12 Ni(IIT) va Ni(Il). Trong méi trudng kiém cap
oxi héa khtr ton tai & dang cdc hydroxit
NiOOH/Ni(OH),.

Trong dung dich kiém c¢6 mat EDTA su hinh
thanh mang niken oxihydroxit trén dién cuc
vang gén lién v6i qud trinh phan cuc anét. Céc
phuong trinh phan tng dién ra nhu sau [5]:

(NiEDTA),, — (EDTA)" + Ni** (1)
NiZ* + 20H — NiOOH+ H* +le  (2)

Su hinh thanh NiOOH trén dién cuc vang
trong khoang th€ 0,47 V - 0,63 V (SCE) tng vé6i
s6 vong quét tir 10 dén 100.

Khi phan cuc cat6t ion niken c6 s6 oxi hoa
cao s& bi khir vé trang thai oxi hda thap theo
phéan tng:

NiOOH +H,0 + ¢ —>Ni(OH),+OH  (3)

su hinh thanh Ni(OH), trén dién cuc vang xay ra
trong khoang thé tir 0,38 V - 0,28 V (SCE) ting
v6i s6 vong quét tir 10 dén 100.

Khi tang s6 vong phan cuc thi mat d6 dong
tai cdc dinh pic anét iPa va catét iPc déu tang,
diéu d6 ching to0 rang ting s6 vong phan cuc thi
luong chat cha cap oxi hdéa khk
NiOOH/Ni(OH), trén dién cuc vang tang lén.

Su ¢6 mit cua dang niken hidroxit trén bé
mat dién cuc vang sau khi phan cuc vong duoc
khang dinh qua gian dé nhiéu xa tia X (hinh 2).
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3-06¢ (C) - Gold - Au - Y: 37.65 % - d x by: 1

ile: Hanh CH16-mau 3.raw - Type: 2Th alone - Start: 20.000 * - End: 70.010 * - Step: 0.030 ° - Step time: 1. 5 - Temp.: 25 °C (Room) - Time Started: 15 s - 2-Theta: 20.
() - WL: 1.5406 - Cubic - a 4.07200 - b 4.07200 - ¢ 4.0720( a 90.000 - beta 90.000 -
0 (C) - Theophrastite, syn - NI(OH)2 - Y: 14.06 % - d x by: 1. - WL: 1.5406 - Hexagonal - a 3.11400 - b 3.11400 - ¢ 4.61

ata: 20.000 ° - Theta: 1.000 ° - Chi: 0.00 ° - P
0 - alpha 90.0( ta 90.000 - gamma 90.000 - Face-centered - Fm-3m (225) - 4 - 67.5186 - lic:
700 - alpha 90.000 - beta 90.000 - gamma 120.000 - Primitive - P-3m1 (164)

Hinh 2: Gian d6 nhiéu xa tia X cia mang niken hidroxit trén nén vang

182



Anh SEM hinh 3 cho thay mang mong niken hydroxit trén nén vang ciing ¢6 tic dung che
pht cdc khi€ém khuyét clia nén vang va lam cho nén vang c¢6 cdu triic min hon. Diéu nay rat c6 y
nghia trong viéc nghién ctu tang kha nang xuc tic cta dién cuc vang do6i v6i qud trinh oxi hod dién

hoa.

Hinh 3: Anh SEM cta dién cuc vang chua tao mang (A) va dién cuc vang da tao mang niken
hidroxit (B) v6i do phéng dai khac nhau

2. Anh huéng cua vat liéu dién cuc nén dén
su hinh thanh mang niken hydroxit

Hoat dong ctia cap oxi hda khir luon gén lién
v6i qud trinh trao déi electron, vi vay viéc
nghién ctu sy hinh thanh mang niken hydroxit
trén céc nén dan dién khdc nhau 1a c6 ¥ nghia
nhat dinh nhdm tao ra dién cuc niken hydroxit
c6 chat luong cao. Trong phan nay ching toi
tién hanh nghién ctu sy tao mang niken
hydroxit bang phuong phap dién hoa trén mot s6
nén kim loai Au, Pt, Ni va Cu.

Qué trinh tao mang niken hydroxit dugc
thuc hién bang phuong phdp quét th€ vong trong
khoang thé tir 0,00 - 1,00 V véi t6c do quét thé
0,05 V/s trong dung dich c6 EDTA déi véi cac
dién cuc Au, Pt, Ni va Cu. Cac két qua duogc
trinh bay trén bang 1.

Bang 1 cho thdy, trong cling diéu kién thi
nghiém, trén dién cuc vang tao ra dugc mang
niken hidroxit c¢6 dung luwong Ni(III) va Ni(II)
cao hon han céc dién cuc nghién cttu khic. Diéu
dé duoc thé hién bang dong ip, va ip, clia dién
cuc vang cao hon han céc dién cuc khao st va
v6i nén niken kim loai ting gin gdp 4 lan.
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Bdng 1: Céc gia tri thé E(V) ting véi cdc gid tri mat do dong (mA/cm?) tai céc dinh pic anét va pic
catSt cia cdc mang niken hydroxit trén cac dién cuc khac nhau

Céc dien Tai dinh pic an6t Tai dinh pic catot
A 2 2 AE = EPa - EPC
cuc nen I, mA/cm Ep, V Ip., mA/cm Ep., V
Au 8,48 0,61 791 0,22 0,39
Pt 5,08 0,53 291 0,33 0,20
Ni 2,22 0,62 2,67 0,14 0,48
Cu Khong tao mang

Tir két qua trén ciing cho phép gia thiét ring mang niken hydroxit trén dién cuc vang c¢6 kha
ning trao ddi electron doi véi hé oxi héa khit trong dung dich c6 hé [Fe(CN),**/[Fe(CN)¢**] t6t hon

cac dién cuc khao sat (bang 2).

Bdng 2: Gia tri thé€ dién cuc va mat do dong tai cdc dinh pic anot va catdt cua céc dién cuc khao sat

trong dung dich B
Pién Tai dinh pic an6t Tai dinh pic catot I,, mA/cm’
cwc | IL.mAfem’ | E,V I, mA/cm’ v | ABY (%)
Ni/Au 33,50 0,31 33,65 0,16 0,15 5,06
Pt 17,86 0,32 17,87 0,14 0,18 3,24
Au 10,26 0,32 11,53 0,13 0,19 2,29
Ni 12,10 0,31 10,43 0,16 0,15 1,49

(**) Dong trao déi i, (mA/cm?) clia phan ting (4) trén cdc dién cuc khéo sit.

Tir cdc s6 liéu trong bang 2 cho thdy gia tri
mat do dong ip, va ip, ctia hé dién cuc vang phu
16p niken hydroxit trong dung dich B cho gia tri
cao nhét so véi cdc dién cuc khao sat. Diéu do6
chitng t6 ring kha nang trao déi electron clia
mang nay la cao hon tét ca nhiing dién cuc khao
sat. K&t hgp véi viéc so sanh cic gia tri dong
trao déi i, ctia phan tng (4) trén cac dién cuc
nghién citu cho phép khang dinh kha nang trao
dai electron clia céc dién cuc khao sat giam theo
chiéu sau day: Ni/Au > Pt > Au > Ni.

3. Kha nang xiic tac dién héa cia cac dién
cuc mang niken hydroxit d6i véi qua trinh
oxi hoa dién héa ruou etanol

St dung dién cuc niken dé oxi héa dién héa
ruou trong moi trudng kiém da duge nghién citu
va cong bo trong nhiéu cong trinh [6] song vén
dé luon duogc cdc nha khoa hoc quan tam la
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chon va ché tao dién cuc dé tién hanh oxi héa
rugu ¢6 hiéu sudt cao. Nham déng gép vao van
dé nay, ching toi stt dung dién cuc vang phu
mang niken hydroxit dé tién hanh oxi héa dién
héa ruou.

Qua trinh oxi héa rugu dugc tién hanh bang
phuong phap phan cuc ané6t dién cuc vang phu
niken hydroxit trong dung dich kiém KOH 1 M
c6 mat etanol 0,1 M, két qua thu dugc thé hién
trén hinh 4.

Su oxi hoa dién héa ruou trén dién cuc niken
trong moi trudng xay ra trong cic phan ung sau
[2]:

Ni(OH), + OH — NiOOH + H,0 + ¢ (€))
NiOOH + CH;CH,OH —

(TTTG1)" + Ni(OH), (5)
(*) Trang thdi trung gian ki hiéu la TTTG
TTTG1 + NiOOH — CH,;CHO + Ni(OH), (6)




NiOOH + CH,CHO —TTTG2 + Ni(OH), (7)

NiOOH + TTTG2 — CH;COOH + Ni(OH), (8)
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Hinh 4: Buong cong phan cuc don cua céc dién cuc trong dung dich KOH 1 M + Etanol 0,1 M:
1. Dién cuc mang niken hidroxit trén nén Au(Ni/Au); 3. Dién cuc Ni kim loai
2. Dién cuc mang niken hidroxit trén nén Pt; 4. Dién cuc Au kim loai; 5. Dién cuc Pt

Nhu vay su c¢6 mat cha trang thai oxi héa
NiOOH rit quan trong d6i v6i qua trinh chuyén
héa etanol thanh axit axetic.

Hinh 4 cho thay, trén cic duong phan cuc 4
va 5 khong xudt hién pic ané6t diéu dé chiing to
trén cac dién cuc khong c6 mang niken hydroxit
thi khong x4y ra qua trinh oxi héa rugu etanol.

Ngugc lai trén dién cuc kim loai niken,
platin, vang phi niken hydroxit déu xuat hién
pic andt ting v6i qua trinh oxi héa rugu etanol.
Mait khdc ciing thay rang, dinh pic anét clia dién
cuc vang phl niken hydroxit cao hon hin céc
dién cuc khao sat, nghia 1a dién cuc vang pha
mang niken hydroxit c6 kha nang chuyén héa
rugu etanol thanh axit la t6t nhat so véi cac dién
cuc khao sét.

IV - KET LUAN

1. Bang phuong phdp dién héa do dudng
phan cuc vong cta dién cuc vang trong dung
dich c6 mat EDTA, Ni** vd NaOH da tao dugc
mang niken hydroxit trong khoang th& 0,00 V -
1,00 V, téc do quét 0,05 V/s.

2. Mang niken hydroxit trén nén vang c6
kha nang trao déi electron doi v6i hé oxi hoéa

khir Ferroferri xianua trong moi trudng kiém
cao hon cac dién cuc Pt, Ni, Au.

3. Dién cuc vang phl niken hydroxit dugc
ding lam dién cuc dé oxi héa dién héa chuyén
etanol thanh axit axetic ¢6 hiéu qua cao hon cac
dién cuc kim loai vang, kim loai platin, niken.
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