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Th e m icr ostr ucture , microh ardness, corrosion, and w ear resistance of
d.c.-plated N i electro deposits prepared from di ˜erent typ es of electroly z-
in g W atts- typ e baths, w ithout or w ith organic comp ounds, ceramic powder

| SiC and polymer | polytetra Ûuoro ethylen e ( PT FE), on Cu substrate,
w hich w as subsequently remo ved from the dep osits, w ere investigated. With
the change of the typ e of bath, the deposit grain size was found to decrease
mar kedly , e.g. deposits w ith an average grain size of about 50 nm could b e

pro duced from a bath containing 45 g/dm 3 N i 2 + ions, 5 g/dm 3 SiC , and
20 g/dm 3 PT FE. T he surf ace morphology on the bath side of the electro de-
p osited N i or N i {SiC {PT FE foils was characteristic of the typ e of bath, and

its roughness correlated w ell w ith the observed grain size. Microhardn ess
and w ear resistance increased w ith decreasing grain size, as exp ected. On
discussi ng the factors controlling dep osit grain size, it is concluded that the
N i 2+ ion content in the bath and the presence of organic comp ounds may

have a decisive role.

PACS numb ers: 81.07.{b, 68.37.Lp, 68.60. {p

1. I n t rod uct io n

Al tho ugh electro depositi on is a ver y ẽ ecti ve m etho d of synthesi zing nanocrys-
ta l l ine m etals, i t is ci ted less often tha n other m etho ds. The adv anta ges of elec-
tro depositi on are num erous and include:

¯ The possibi l i ty of synthesi zi ng a large numb er of pure m etals, al loys, and
composites wi th gra in sizes as smal l as 10 nm ;

¯ Lo w investm ent costs and fast pro ducti on;
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¯ Pro ducti on of nanom ateri als di rectl y in thei r ful l volum e wi tho ut further
pro cessing (i n contra st wi th, for exampl e, the sol -gel metho d in whi ch the
components are produced Ùrst, then combined);

¯ A fast tra ck from laborato ry to techni cal scales.

Mo reover, electro deposited nickel foi ls have uni que pro perti es such as: high den-
sity , low porosity , excellent adhesion, and high corro sion resistance [1].

They are also hi ghly wear resistant and are used to regenerate heat ex-
changers, as electro nic connecto rs, catalysis for hydro gen oxi datio n and evoluti on
reacti on electro des [2]. Nanonickel has appl icati ons in the producti on of capacito rs,
and is used to bui ld sup erlatti ces [3{ 6] characteri zed by the gigantic m agneto re-
sistance (GM R ) e˜ect. Nanonickel powder has also been used in m ixtures wi th
ful lerenes in the pro ducti on of di amonds [7].

El ectrodeposito n of nanoni ckel m ay be done under d.c. [8] or pul se [9] pl at-
ing. Nanocrysta l l ine al loys of Ni { W have also been electrodeposited [10], as have
composite nanonickel foi ls wi th Al 2 O 3 and Ti O 2 [11] and wi th SiC [12]. Cel is et
al . [13] described a m athem ati cal model for the electro lyti c codepositi on of inert
parti cl es wi th a m etal l ic matri x. The depositi on stra tegies f or the incorp orati on
of parti cles into growi ng meta l deposits can be di vi ded in two groups | physi cal
di spersion and adsorpti on of cati onic surfacta nts at the parti cl e surface in order
to give i t a positi ve charge (Hel le and Walsh [14]). Szczygiel [15] described the
inÛuence of the concentra ti on Ni 2 + ions and SiC on adsorpti on Ni 2 + ions into SiC
surf ace. The same autho r [16] researched inÛuence of di spersion parti cles SiC on
the ki neti cs of depositi on of com posite coati ngs. Celis and Franser [17] present
new insi ght leading to impro ved process contro l of the electro lyti c codepositi on of
parti cl es wi th m etal . Ram esh Babu and Mo han [18] described the electrochemical
behavi or of system s Ni 2 + { PTFE.

In thi s paper we describe d. c.-pl ated ni ckel foi ls di ˜eri ng in gra in size and
pro perti es. In the study we used low- concentra ti on baths wi th various organic
addi ti ves.

2. E x per i m en t a l

2.1. Samp le preparation

In the experim ents on d.c.-plati ng of nickel foi ls and hybri d com posite nickel
foi ls we used low- concentra ti on baths (L{ CB) wi th a basic compositi on of:
130 g/ dm 3 Ni SO4 Â 7H 2O p. g., 70 g/ dm 3 Ni Cl 2 Â 6H2 O p.a., 45 g/ dm 3 H 3BO 3 p.g.
(p. a. | anal i tyca l reagant, p.g. | pure).

The bath wa s prepared wi th disti l led water in a routi ne m anner, oxi dized and
pre-electro lyzed in order to rem ove conta minants, after whi ch the proper com po-
nents for each typ e of bath were added. A bath wi th no addi ti ves served as the con-
tro l . Mo reover, the KG N- 97 [19] bath (co mm ercial low-concentra ti on bath wi th a
hi gh abi l i t y of microsmoothing ), whi ch conta ined W R N addi ti on to the basic sal ts,
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wa s used. W RN is a m ixture of several organi c com pounds such as alkynyl enols,
quaterna ry pyri dini um sal ts, sacchari n. Bath HKT- 2000 [20] (l ow-concentra ti on
hybri d ni ckel pl ati ng bath) was also used. It conta ined 5 g/ dm 3 SiC 1000 and
20 g/ dm 3 PTFE (0.1 to 0.3 micro n parti cles) and, as a wetti ng addi ti ve, a cati onic
hi gh-Ûuoride surfactant (W FK) and HR N as an addi ti on agent (m ixture of several
organi c com pounds | to be patent). The parti cles SiC and PTFE were di spersed
(each separated) into a 1% aqueous soluti on of wetti ng agent using a porcelain
m orta r. These di sperses were trea ted wi th 50 cm 3 of each bath, thi s was sti rred
and tra nsferred into an electro lyti c cell wi th such a bath. Ni ckel layers were de-
posited at a current density of 4 A/ dm 2 at a temperature of 4 5 £ C for 30 min wi th
m ixi ng at the appro pri ate pH for the process. The substra te wa s a copper sheet
degreasing wi th Vi enna l im e and pi ckl ing wi th 1:1 hydro chl ori c aci d and then pas-
sivati on so i t was possibl e to rem ove the deposited nickel foi l . A tw o-electro de
electro lyti c cell wa s used. An electro lyti c Ni pl ate was used as anode, placed par-
al lel to the catho de at a di stance of 80 mm . The large anode to catho de surface
area rati o ensured a uni form current distri buti on.

2.2. T echni ques for investigating the deposit propert ies

The bri ght- Ùeld tra nsmission electro n micro graphs were ta ken for examina-
ti on of the structure of nanocrysta l l ine deposits. Thi n foi ls for TEM exam inati on
were prepared by pul se electro lyti c thi nni ng using an electro lyte com pri sing of
10 vol .% perchl oric acid in m etha nol at 0 £ C and 20 V p-c (pul se current).

The micro hardness of the deposited layers was measured using Vi ckers'
m etho d and a R EICHER T MF3 m icrohardness tester at a load of 0.05 kg.

Bri ghtness wa sm easured wi th a Johansonn 8510-1 glossmeter. The roughness
of the nickel foi ls was evaluated usi ng a Taylo r{ Ho bson pro Ùlograph.

In order to determ ine wear resistance the nickel foi ls were tested usi ng a
techni que based on a m easuri ng system com pri sing a Ûat surface and bal l . The
layers were subjected to wear by dry slide fri cti on using a 40 mm di am eter bal l
at an angle of 4 0 £ . The pressure of the bal l at the point of conta ct was 1.3 N,
dura ti on of fricti on | 60 m in. On the basis of the wear tra ces and m easurem ent
of thei r di ameter, the depth of the wear was calcul ated, whi ch was a measure of
wear resistance.

R esistance to corro sion wa s evaluated using a vol ta mm etri c m etho d in a
three- electrode system . The test was conducted in 0.5 M non-deoxi dizati on soluti on
of sodium chl ori de.

3. R esul t s an d d iscu ssio n

3. 1. Str uctural studi es

Very large gra ins di stinguished the nickel layer deposited in a low-concentra -
ti on bath (Fi g. 1). The majori t y of the grains were 0.4{ 0.8 ñ m in size. Latti ce
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Fig. 1. TEM picture of the microstructure of N i foil d. c.-plated from a low-con-

centration bath.

Fig. 2. TEM picture of the microstructure of N i foil d. c.-plated from bath K GN -97.

defects and subgrains (segm entati on and lam ellar arra ngement) were vi sible. The
gra ins were i rregular in shape. The relati vely low current density and consequent
smal l degree of depleti on of Ni 2 + concentra ti on at the catho de/ electro lyte interf ace
and lack of organic addi ti ves were probably the main causes of the unrestri cted
electrocryst a ll izati on of nickel . There were no factors restri cti ng the grain growth,
so the gra in size wa s l imited m ainly by the frequency nucl eati on, thi s frequency
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declines as current density increases. The studi ed bath compositi on and electro-
crysta l l izati on condi ti ons produced gra ins wi th an avera ge size of 600 nm . The
organi c addi ti ves W R N com pletely changed the structure of the deposited nickel
layer and grain size. Very smal l gra ins, 10{ 50 nm (Fi g. 2), were found in the layer
and the surf ace of the sam ple was very smooth. Surf ace texture was not vi sible
under a scanni ng electron microscope at m agniÙcatio ns up to 5 0 0 0 È .

Fig. 3. TEM picture of the microstructure of N i foil d.c.-plated from bath H K T -2000.

The hybri d coati ngs deposited from bath HKT- 2000 had gra ins even 7 nm
in size, wi th a predom inance of 40{ 60 nm gra ins (Fi g. 3). Defects in arra ngement
were al ready vi sible despite the smal l size of the gra ins. The gra ins are equiaxi al
and randomly ori ented.

3. 2. Deposit proper ties

The Tabl e conta ins a com pari son of the properti es of the deposited layers.

T ABLE

Prop erties of the electro deposited nickel layers.

Bath ñ H V
Ê

5 0 Brightness Roughness Depth of
P

inclusi ons i co rr

kG/mm 2 % ñ m w ear, ñ m % weight ñ A /cm 2

L- CB 235 0 0.55 16.7 0.037 0.45

K GN -97 695 64 0.19 16.1 0.147 0.81

H K T -2000 766 44 0.38 1.6 3.1 0.38
Ê microhardne s at load 0. 050 kG.
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The foi l deposited from the low- concentra ti on bath was characteri zed by a
low micro hardness, dul lness, roughness, and low wear resistance. The nanonickel
foi l deposited f rom bath KG N- 97 had a very high m icrohardness, low roughness,
and low resistance to wear. Hi gh wear resistance and m icrohardness characteri zed
the hybri d coati ng f rom SiC and PTFE. The corro sion current was the highest
for deposits from bath KG N- 97 and the lowest f or the hybri d nanoni ckel layer.
Thi s indi cates tha t incl usions tha t are incorp orated in the nanonickel layer f rom
bath KG N- 97 have an unf avorabl e inÛuence on i ts corro sion resistance. The dul l
deposit f rom the low-concentra ti on bath had better corro sion resistance despite i ts
large-gra in structure (the content of non-m etal incl usions was four ti m es lower).
Cera mic and polym er parti cles incorp orated into the hybri d coati ng gives to thi s
coati ng a very good resistance to corro sion because the m etal l ic surf ace exp osed
to atta ck from the corro sion medium is reduced.

4. Su m m ar y

The presented results supp ort the concl usion tha t a nanocrysta ll ine structure
of a nickel layer is not su£ cient to obta in good functi onal pro perti es. Streng then-
ing the nanocrysta l line nickel m atri x wi th ceram ic and polym er parti cles gave a
positi ve e˜ect in the form of hi gh wear and corrosion resistance.
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