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Abstract

Nickel-tungsten films on the steel substrate were prepared by electrodeposition technique using citrate-containing
baths at room temperature. These films were deposited using conditions: {NiSO, 0,025M + Na;C¢Hs;O; 0.025M +

Na,WO, 0,05M}, pH =7 - 8§,

current densities I = 5 + 35 mA/cm’, and the deposition time t = 60 minutes. The

morphology and the composition of nickel-tungsten films were characterizied on the scanning electron microcopy
(SEM) attached an energy dispersive spectroscopy (EDS). The phase compositions were also identified by X rays
diffraction technique. The results shows that the present of tungsten on the films in some kinds of Ni(W), NiyW and
these films have good electrochemical property in KOH medium.

1. MO DAU

Niken va cac hop chat ciia né dugc quan tdm
nghién ctru nhiéu trén thé gidi vi ¢6 nhidu img dung
quan trong: ché tao vat lidu dién cuc cho dcqui, vat
liéu dién séc, vat liéu xuc tac,... [1 - 6]. Trong sb do,
dang hop chét niken pha tap vonfram rat dugc quan
tam trong thoi gian gan day, dic biét & dang hop kim
niken/vonfram thé hién tinh chat co 1y tt hon nhu
kha ning chéng an mon cao, do cing cao [7, 8].
Tuy nhién, tinh chit dién hoa va kha ning ing dung
cua nd lam xuc tac cho cac qua trinh oxi hoa cac hop
chat hitu co van chua duoc quan tdm nghién ciru.
Céac mang niken pha tap vonfram chu yéu duoc didu
ché theo phuong phap dién phan dong két tiia voi sy
tham gia ciia mudi xitrat dong vai tro ligan tao phirc,
ngan can sy hinh thanh hidroxit ctia niken va
vonfram trong dung dich ma, dong thoi mé rong
khoang pH lam viéc ciia hé tir 4 dén 10. Trong cac
nghién ciu trude, dién cuc nén thuong duoc lya
chon trén nén cua kim loai dong (Cu) [8 - 11] hay
vang (Au) [7, 12]. Gan day nhat, song song véi
nhiing nghién ctu cta chung t6i, R. Juskenas va
cong su di cong bd két qua cua nhom trong viée
nghién ctru ché tao mang Ni/W dang hop kim bang
phuong phap dién két tia sir dung thép 1am dién cuc
nén [13]. Cac dung dich chat dién ly duoc sir dung
trong bé ma & ndng do 16n (tr 0,1 mol/l dén 0,5
mol/l), ty 1& ion trong dung dich [WO,]*/Ni*" = 1/1
hodc 2/1, nhiét 6 bé ma xap xi 60°C va mat d6 dong
dién phan téi da 50 mA/cm’. Bé midt mang
niken/vonfram thu dugc véi hinh thai hoc thuong
khong dong déu hodc xuat hién nhiéu dudng nut giy
v6i do rong vét nut khoang 100 nm dén 500 nm [7,
8, 11]. Chung t6i thyc hién nghién ciru nay véi muc

dich diéu ché mang niken/vonfram bang phuong
phap dién phén dung dich {NiSO,, Na,WO,,
Na;CsHsO7} 6 nong do thap cua cac cau tuo (nho hon
0,1 mol/l), & pH khong d6i va nhiét d6 thip (T =
30°C), sir dung dién cuc nén bang thép. Khao sat anh
huong cua cudong dd dong dién phan dén tinh chat
16p mang thu dwoc va tién hanh danh gia tinh chét
dién hoa cua cac mang niken/vonfram trong moi
truong kiém (KOH) dinh hudng cho tmg dung.

2. THUC NGHIEM

Dung dich cac chét trong bé dién phan dé ché tao
mang niken/vonfram trén nén dién cuc thép duoc s
dung tur cac hoa chit tinh khiét: NiSO,4.7H,0,
Na,W042H,0, Na;C¢Hs;0,.2H,O0 (ky hiéu 1la
Na;Cit) va KOH. Dung dich NaOH duoc dung dé
diéu chinh pH cua dung dich trong khoang pH = 7 -
8, nhu da chi ra trong nghién ciru cia O. Younes-
Metzler [12]. Dién cyc thép duoc mai bong bang
gidy giap, tay ria sach va hoat hoa bé mit bang dung
dich HCI 1% trudc khi tién hanh thi nghiém.

Bé dién phan c6 thé tich 100 ml gom hai dién
cuc andt niken hoa tan mic ndi tiép, dién cuc catt
thép dugc diat song song véi dién cuc anbt mot
khoang cach lem duoc nhung trong dung dich chat
dién ly. Cac dién cuc c6 dién tich 1 cm’. Thi nghiém
dién phan ché tao mang niken/vonfram dugc tién
hanh trong diéu kién: cuong do dong I = 5 + 35
mA/cm?, nhiét d6 T = 30°C, thoi gian t = 60 phut.

Cac phuong phap nghién cuou: Xac dinh pha
bang nhidu xa tia X (XRD) trén thiét bi nhidu xa D8
Advance Bruker (1c,K, = 1,5418 A, 20 steps =
0,03°/step). Thanh phén va hinh thai hoc bé mat
mang niken/vonfram dugc khao sat trén thiét bi hién
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vi dién tir quét SEM JMS-5410LV (Jeol) két hop
phan tich thanh phan hod hoc bang EDS ISIS300
(Oxford). Tinh chét dién hoa danh gia trén thiét bi
Potensio-Galvanostat PGS-HHS; st dung dién cuc
so sanh bac clorua, dién cuc dbi Pt va dién cyc lam
viéc la dién cuc dang mang cua niken/vonfram trén
nén dién cyuc thép nhing trong dung dich KOH.

3. KET QUA VA THAO LUAN

3.1. Ché tao mang niken/vonfram trén nén dién
cue thép

Lop mang niken/vonfram thu dugc trong cac
nghién ciu truge day thuong Xudt hién cac duong
nut giy hoic bé mat khong dong déu, go ghé [7, 8,
11]; co6 thé giai thich do mot trong sb cac nguyén
nhan chinh sau: (i) sy kém tuong thich gitta 16p
mang niken/vonfram véi dién cyc nén Au hoic Cu;
(if) ndng dd cac cau tir trong dung dich dién phan
16m; (iii) nhiét do bé dién phan cao thuong xép xi
60°C hodc mat d6 dong dién phan 16n, lam ting toc
do khuéch tan cac ion trong dung dich kéo theo su
tang tdc dién két tha kim loai trén nén dién cuc. Khi
st dung nén 1a dién cuc thép, bé mit mang sau dién
phan khong thiy cac vét ran, nhung xuat hién cac
bién hat rd nét duoc chi rd trong nghién ctru ctia R.
Juskenas [13]. Nhdm khéc phuc nhitng van dé trén,
mot loat cidc mau thi nghiém khac nhau da duoc
chung t6i tién hanh nghién ctru do phéan cuc catdt
dién cyc thép trong dung dich cac chit dién ly, sir
dung cac cau tir trong dung dich & nong do thap tir
0,01 dén 0,1 mol/I (M), dé danh gia kha ning phong
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dién cua cac ion N1 va [WO,* v6i myc dich tim ra
khoang nong do tbi wu clia cac cau tir trude khi tién
hanh dién phan & nhiét 46 30°C.

Két qua do phan cuc ddi véi dung dich Na,WO,
khong thay xuat hién ving ion [WO,]* bi dién phan
va chi ¢o su thoat khi hidro trén bé mat dién cuc
thép. Nhu vay trong dung dich nudc, ion [WO,]*
khoéng c6 kha nang phong dién mdt cach doc lap nhu
jon Ni*" (viing gia trj thé tir -0,6 V dén -1,0 V chi ¢o
su phong dién cua Ni** hinh thanh Ni va ving gia tri
thé tir -1,0 V trd v& sau g v6i su hinh thanh dong
thoi ca Ni va H,); ddng nghia véi két qua 1a khong
dé dang thu dugc kim loai vonfram hodc cac dang
oxit, hidroxit ciia n6 doc 1dp thdong qua con duong
dién két tha. Su phong dién cua ion [WO4]* chi xay
ra dong thoi cing véi sy phong dién cua ion Ni**
trong dung dich do su tao thanh hop chat phirc kép
gitta Ni** va [WO,]* v6i xitrat nhu dd chimg minh
trong cac nghién ctru trude [7, 12] va dugc khing
dinh trén hinh la (cic duong al dén a4). Tién hanh
cac thi nghiém khao sat do phan cuc catdt cua dién
cuc thép theo su bién thién néng dd cua cac cau tu,
chung t6i nhan thiy kha ning phong dién cua ion
Ni** va [WO,]* t6t nhét trong dung dich xitrat khi
ndéng do cac ciu tir trong dung dich dién phén 14 :
NiSO; 0,025 M, Na,WO, 0,05 M va Na;Cit 0,025
M. Str dung dung dich dién phan c6 ndng do cac cau
tor néu trén, chung t61 dd thyc hién cac thi nghiém
dién phan dé nghién ciru va khao sat anh hudng ciia
cuong do dong dién phan dén tinh chit mang
niken/vonfram. Gia tri mat dong dién phan (I) dugc
thay doi tir 5+ 35 mA/cnr’.
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Hinh I: Pudng cong phan cuc catbt ciia dién cuc thép trong cac dung dich chét dién ly (a)
va gian d6 nhidu xa tia X cdc mau mang niken/vonfram sau dién phan (b)
Puong (al): Dung dich NiSO4 0,025M. Puong (a2): Dung dich {NiSO4 0,025M + Na;Cit 0,025M}.
Puong (a3): Dung dich Na,WO, 0,05M. Buong (a4): Dung dich {NiSO, 0,025M + Na;Cit 0,025M + Na,WO, 0,05M}.
Puong (b1,b2): Gian d6 XRD chuén ctia Ni(W) va Ni;W tuong tng.
Puong (b3,b4,b5): Gian dd XRD céac miu mang niken/vonfram thyuc nghiém.

Hinh 1b 1a cac gian dd nhifu xa tia X mot sd
mau mang niken pha tap vonfram thu dugc sau khi

41

dién phan trong 1 gid, nhiét d6 30°C (duong
b3,b4,b5). So sanh cac pha véi co s¢ dir li€u chuan
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ICSD (duong bl,b2) [14] va cac nghién ctu [6, 8, 9,
13], cho thiy cac mau dién phan thu dwoc chi yéu pha
& dang kim loai ctia Ni hodc hop kim Ni(W). O day, rat
khé khing dinh chic chén do su sai l1éch khong nhiéu
vé hing sb mang a trong ciu tric cia Ni (Fm-3m, a =
3,517 A), va hop kim Ni(W) (Fm-3m, a = 3,501 A);
mg voi mat phang nhidu xa {111}, vi tri pic 260 =
44.8°. Bén canh con xuét hién cac pic dac trung cho
pha NiyW (I4/m, a = 5,690 A, ¢ = 3,430 A), tng véi
mit phing nhidu xa {121}, {200}, {321}, vi tri pic
tuong tng 26 = 44,3°, 45,0° va 65,0°. Tuy nhién do thi
nghiém duoc thyc hién trong khi quyén khong khi, mot
phan niken va vonfram hinh thanh trong qua trinh dién
phén c6 thé bi oxi khong khi oxi héa va hinh thanh cac
dang oxit hodc hidroxit kim loai ton tai & trang thai vo
dinh hinh hodc c6 do két tinh khong cao [2, 11]; gop
phan giai thich d6 nhiéu 16n cua dudng nén cac gian do
nhidu xa trén hinh 1b. Gia thiét trén dugc khang dinh
hoan toan thong qua phan tich EDS trén cidc mang
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Nghién cieu ché tao mang niken...

niken/vonfram thu dugc (hinh 2¢,d) v6i sy xuit hién
clia pic dic trung cho nguyén té oxi bén canh cac pic
voi cuong do 16n dac trung cho Ni va cac pic dac
trung cho W trong mau. Ham lugng W ¢6 trong mau
so voi Ni khong vuot qua 20% vé phan trim khdi
luong nguyén tir [8, 11].

Anh chyp kinh hién vi dién tor quét SEM (hinh
2a,b) cho biét hinh thai bé mat mang niken/vonfram
cua cac mau thu duge sau dién phan. Trén bé mat
cac mau khong thiy c6 su xuét hién cac dudng nut
gdy, bé mit twong dbi phing min ching t6 cac hat
bam trén bé mit dién cuc thép c6 d6 dac chéc cao.
Céc ranh nho song song nhin thdy trén bé mit mang
niken/vonfram hinh thanh do qué trinh mai bong
dién cuc thép tao nén hinh anh tuong phan cAu tric
bé mat 16p ma sau dién phan. Két qua thu duoc gﬁn
tuong tu cho cac mau dién phan & cac gia tri mat do
dong con lai.
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Hinh 2: Anh chup SEM/EDS mang niken/vonfram thu dugc sau dién phan ¢ gia tri mat d¢ dong dién [ = 15
mA/cm’ (a,c) va I =25 mA/ecm’ (b,d)

3.2. Khio sit tinh chét di¢n héa trong mdi truong
KOH

Mot loat cac mau mang niken va niken/vonfram
dugc chung t6i didu ché bang phuong phap dién két
tia trén nén dién cuc thép tir dung dich dién phén c6
thanh phan cac cu tir twong tng: {NiSO4 0,025 M +
Na;Cit 0,025 M} va {NiSO, 0,025 M + Na;Cit 0,025
M + Na,WOy, 0,05 M}, trong diéu kién nhiét d6 T =
30°C, thoi gian t = 60 phut, mat d6 dong dién phan I
=5 + 35 mA/cm’. Cac miu sau khi dién phan duoc
danh gia tinh chat dién hoa qua viéc do phan cuc
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vong trong mdi truong KOH 1M véi toe do quét thé
50 mV/s. Két qua tom tat trong bang 1 va hinh 3.

C6 thé nhan thay, d6i v6i mang niken tinh khiét,
duong phan cuc vong do trong moi truong KOH 1M
thu dugc véi cac dinh pic andt va catdt rd nét tuong
g vé6i su chuyén hoa thuén nghich Ni** thanh Ni** va
nguoc lai [2,4]. Gia tri cuong d6 dong pic andt (Ip)
va catbt (Ipc) cua mang niken thu dugc tng véi mau
dién phan dudi diéu kién mat d6 dong I = 15
mA/cm® va 25 mA/cm® (hinh 3a,b) hoan toan dong
nhat v6i nghién ctru ciia J-W. Kim ciing cong su [1].
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Trinh Xudn Sén va cong sw
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Hinh 3: Puong phan cuc vong do trong dung dich KOH 1M cua cac dién cyc mang niken
va niken/vonfram thu duoc sau dién phan

Ky hiéu:
- Mang niken thu dugc khi dién phan tai :
mA/cm?® (a); val =25 mA/cm? (b).

I1=15

- Mang niken/vonfram thu dugc khi di€n phan tai:
=5 mA/em’ (c); 1 = 15 mA/em’® (d); 1=20 mA/cm’
(e); I = 25 mA/em® (f); va I = 35 mA/em® (g).

Bang 1: Gia tri cuong do dong tai cac dinh pic anot va catot.

Mang niken Mang niken/vonfram
Ky hiéu mau, hinh 3 (a) (b) (c) (d) (e) &) (g)
I,.., mA/cm’ 5,40 6,31 9,68 17,78 18,35 18,95 12,88
I, mA/cm’ -4,12 -5,43 -6,56 -13,99 -14,59 -14,94 -9,87

Tuy nhién khi c¢6 mat vonfram, mang
niken/vonfram cho gia tri cuong d dong tai dinh pic
anbt va catot cao gap khoang 3 lan gia tri cuong do
dong plC an6t va catbt cua mang niken tuong ung
duoc diéu ché trong cung diéu kién dién phan. Vi du
mau khi dién phan & mat do dong [ =15 mA/cm? thi
két qua do phan cyc vong trong mdi truong KOH
IM cho cuong d6 dong pic andt va catdt cia mang
niken 1an luot bang Ipa 5,40 mA/cm’ s Ipe = -4,12
mA/cm® (hinh 3a) dbi v6i mang nlken/vonfram Ia
= 17,78 mA/cm’, L. = -13,99 mA/cm? (hinh 3d).
Khao sat anh huong cia mét d6 dong dién phén dbi
v6i cac mang niken/vonfram cho thiy mang
niken/vonfram c6 d¢ hoat dong dién hoa t6t nhat khi
dién phan két tia mang dudi diéu kién cudng do
dong dién phan I = 20+5 mA/cm?® (hinh 3d,e,f). Khi
mang dién phan ¢ mat d6 dong nho hon 15 mA/cm’
hodc 16n hon 35 mA/cm? thi hoat tinh dién hoa giam
di 1 rét so v6i cac mau duoc dién phan tai [ = 20 +
5 mA/cm’® (hinh 3c,g). Nhu vay, su c6 mat cia
vonfram trong thanh phan mang niken da cai thién
ro rét kha nang hoat dong dién hda so véi mang
niken tinh khiét. Co so 1y luan dé giai thich vai tro
cua vonfram c6 tac dung cai thi€n ro nét hoat tinh
dién hoa ctia mang niken hién van chua dugc lam
sang to, co thé gia thiét sw c6 mit vonfram, voi su
sai khac 16n vé ban kinh ion so v&i niken, 1am ciu

tric mang niken bi thay dbi do tao ra céac khuyét tat
trong cdu trac mang luéi tinh thé cta niken dudi
dang Ni(W) hoic Ni;W, nhu di dwoc khing dinh
trén cac gian d6 nhidu xa tia X.

4. KET LUAN

Bing viéc khao sat va do cac duong cong phan
cuc catdt cua dién cuc thép trong dung dich céc chét
dién ly v6i su thay d6i ndng do cac chit NiSO;,
Na3C1t va Na;WOy, chiing t61 da tim ra dugc nong do
tdi wu cua cac chu tu: {N1804 0,025M + NasCit
0,025M + Na,WO, 0,05M} dé ché tao cac 16p mang
niken/vonfram trén nen dién cuc thép bang phuong
phéap dién két tua. O ndng d6 lodng clia cac cau tir, didu
kién dién phan t&i vu 1a: pH = 7 - 8, thoi gian 60 phut,
mat d6 dong I = 20£5 mA/cm’. Mang niken/vonfram
thu duge c6 bé mat tuong dbi min, khong xuét hién cc
duong nut, gay trén bé mit va co hoat tinh dién hoa
cao gap 3 1an so v6i mang niken tinh khiét khi do phan
cyc trong mdi truong kiém KOH 1 M. Két qua phan
tich nhiéu xa Ronghen va EDS mang niken/vonfram
cho thdy sy c¢6 mit cia cac pha dang hop kim cua
niken va vonfram nhu: Ni(W), Ni;W va cac oxit-
hidroxit cta niken/vonfram & trang thai khong két
tinh. Cac két qua nghién ctru thu duoc gép phan mo
ra mot hudng nghién ciu Gng dung cho mang
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niken/vonfram trong linh vyc xuc tac dién hoa oxi
hoa céc hop chat hitu co.

TAI LIEU THAM KHAO

1. J-W. Kim, S-M. Park. J. Korean Electrochemical
Society 8 (3), 117 - 124 (2005).

2. Nguyén Thi CAm Ha. Lu4n an Tién si Hoa hoc, Truong
Dai hoc Khoa hoc Ty nhién, PHQG Ha Noi (2007).

3. K.S. Kumar et al. Surface and Coatings Technology
202,19, 1764 - 1770 (2008).

4. 1. Danaee et al. International Journal of Hydrogen
Energy 33, 116, 4367 - 4376 (2008).

5. J-J. Huang, W-S. Hwang, Y-C. Weng. Thin Solid
Films 516, 116, 5210 - 5216 (2008).

6. M. Surender, R. Balasubramaniam. Surface & Coatings

technology 187, 93 - 97 (2003).

Lién hé: Nguyén Xuan Hoan

Khoa Hoéa hoc

Truong PHKHTN, DPHGQ Ha Noéi

19 Lé Thanh Téng, Hoan Kiém Ha Noi
Email: nguyenxuanhoan@gmail.com

44

10.

11.

12.

13.

14.

Nghién curu ché tao mang niken...

N. Eliaz, T.M. Sridhar, E. Gileadi. Electrochimica Acta,
50, 2893 - 2904 (2005).

I. Mizushim, P. T. Tang, H. N. Hansen.
Electrochimica Acta 51, 888 - 896 (2005).

I. Mizushima, P.T. Tang. Surface & Coatings
Technology 202, 3341 - 3345 (2008).

M. Ma, V. S. Donepudi, G. Sandi, Y. K. Sung.
Electrochemica Acta 49, 4411-4416 (2004) .

H. Alimadadi et al. Materials and Design 30, 1356 -
1361 (2009).

O. Younes-Metzler, L. Zhu, E.
Electrochimica Acta 48, 2551 - 2562 (2003).

R. Juskenas, 1. Valsiunas, V. Pakstas. Electrochimica
Acta 54,2616 - 2620 (2009).

Gmelin Institute, FIZ Karlsruhe. Co s¢ dir liéu XRD
chuan ICSD (2008).

Gileadi.



