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Co-electrodeposition refers to the electrolytic process by which reduced metal ions
together with ceramic or organic particles are deposited on a substrate, forming a composite
structure of metal matrix dispersed by the particles. The inert inclusions can potentially
enhance the performance of the metals in several ways, such as improvements of hardness,
wear resistance, and corrosion properties. In the present study, the co-electrodeposition of
nickel-tungsten/tungsten carbide (Ni-W/WC) whose metal matrix exhibits nanocrystallinity is
investigated. Processing parameters including direct current density, particle content, and
particle size are found to influence surface morphology and consequently the apparent
hardness of the co-deposits. The use of sub-micro tungsten carbide particles with moderate
solid loading and cathodic current density (1 g/l and 0.1 A/cmz) results in a composite of fine
and dense nodular structures with hardness exceeding those of nanocrystalline nickel-tungsten
alloys and comparable to that of hard chromium coating. Furthermore, pulse electrodeposition
is found to be an effective route for controlling the content and distribution of WC powders in
Ni-W matrix.

Keywords : Electrodeposition; Nanocrystalline; Composite coatings; Structural properties.



UNAAL

sHalasen1s: TRG5180008

Falasons: msﬁnmm:mummﬁmLm:awﬁ’a{a@luﬂm‘%@ﬂs:ﬂau AnAanIgLau-

MIFAUAS LA (NIW-WC) 71630 n3zumwnns Co-Electrodeposition

Fawnide:  avonmiwd yowsudiien

amﬂu%%ﬂamua:i’aq waaansﬁwﬁﬂmé’u
E-mail Address : yuttanant.b@chula.ac.th
szgziIalasinms: 24 1au

Co-electrodeposition iflunszuiuntindalzgaiudimslwiied lasfinsauquliiia
myanazanvadlanzniauiunieTinuwingsadsy Aadusuedoniolsznay HaRRILTN
ﬁnﬁwauagi'luiammmmLﬁ'ummm‘h ANNFumMudanIsannIauuaznsnansaulinulans
16 93T Iunns@neInszuIung Co-Electrodeposition  LilannIwaaiiniia (Ni) HANLNTY
wludefinswauasiaan (W) Lﬁamsmmwmwﬁnmm WRE HINIRLAUATT UG (WC)
Wamaivenuuds m3dnsinudn daudsnisnde taud anumuuinsasnszua Wiy
ArzuaAss UTnuazawavesnaamiin fudanudaylunmsimualasiainaameuas
audfiBinavadiag laonsldnaniaauntsludszay sub-micrometer lutSanm 1 gl uszns
muqumwwmuﬂuns:ua"lﬂﬁwﬁ 0.1 Alem’ §NaNInHAATUIARDY NI-WWC RERWAIAN WA
nodular AigdnLEYE LLazﬁmmuﬁaﬁggan'jﬁ Niw Tasaasrainsuwnlunaly uazagluszauidnany
HLARaU hard chromium uaﬂmﬂf:wn’jmTsiiwn5:ua"l‘vlﬁumwﬁmﬂuummﬂumiﬂ’mqm
US1naansnTEefIveans WC lusiuniou Ni-w Afilsz@nsnm

AMRAN msqumﬁauma"[ﬂﬂwmﬁ; NANNIUW I TuleFaulEIlsenay; sNUAEING



