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Nicke- PhogphorusBoron Coatings From Acidic Bath
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( State Key Lab. for Phys. Chem. of Solid Surf aces,
Dept. of Chem., Xiamen Univ., Xiamen 361005, China)

Hectroless plating is a chemicd redox process, which depends upon the cataytic reduction of
a metalic ion in an aqueous lution containing a reducing agent and the subsequent depostion of
the meta without the use of electrical energy. During the past five decades e ectroless plating has
gained popularity due to its ability to produce coatings with high performances. Although there
exists variety of eectroless plating process such as eectroless nickel , copper, dlver, platinum,
paladium, gold, etc. , electroless nickd hasproved its supremacy for producing coatings with ex-
cellent corroson and wear resstancet! 2!,

Blectroless nickd are mostly classfied as nickd-phosphorus, nicke-boron, and pure nicke
based on the regective reducing agents used in the bath, i.e. hypophosphite, borohydride or di-
alkyl amino borane, or hydrazine. These processes have often involved slutions containing a Snr
gle reducing agent. Recently a combination of two or more reducing agentsin the electroless bath
has been attempted to develop nickel-phosphorus boron ooatings[3 ! These studies, however ,
have been conducted in akaline bath , which is more sendtive to deconposdtion and does not func-
tion below 80 . Thergore, a more stable electroless nickel plating bath needs to be used to inr
prove aloy properties. In thispaper, a gable acidic bath for Ni- RB aloys with both sodium hy-
pophogphite and sodium borohydride as reducing agents has been developed and the deposts with
various boron content have been obtained. The effects of codegpostion of boron on the structure
and properties of the deposts have a0 been investigated .

1 Experimentad

The olutions used for the Ni- RB deposition were composed of 30g/ L NiSO,4- 6H,O, 20 g/ L
NaH;PO,- H,0, 0.2 1.0g/L NaBH;, 20 mL/L HCOOH, 10 g/L CH3COONa- 3H,0 and 10

mL/L additive ENO7. The pH vaue of the olution was adjusted with NHs- H,O and was con-
trolled in the rangeof 5.5 6.0. Both sodium hypophoghite and sodium borohydride were used
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asthe reducing agents. The quantity of borohydride alone was varied to produce deposits with
various boron content. The electroless Ni- P coating, for comparation, were depodted from the
bath composed of 30 g/ L NiSO4- 6H,0, 20 ¢/ L NaH,PO,- H,O, 16 g/L CH3;CH(OH)-COOH ,
8 g/L NazCgHs07- 2H,O, pH 4.8 5.0. All lutions were prepared usng reagent grade chemi-
casand digtilled water. The deposition was carried out on low cabon steel or stainless sted sub-
stratesfor 90 minutesat 88  with girring.

The chemica compostion of the deposts was determined by inductively coupled plasma
(1CP) emisdon spectrometry and atomic absorption spectrometry. Heat treatment was carried out
in a nitrogen atmoghere with a 10  / min heating rate for 1 h at temperaturesof 200 , 300

,400 and 500 resgectively. Hardnesstest was carried out usng a Vickers diamond mi-
crohardness meter under aload of 25 grams. X-ray diffraction data were collected usng D/ max-
RC X-ray diffractometer with Cu KX radiation. For transmisson eectron microscopic ( TEM)
studies, the separated depodts from stainless steel substrates were cut to 3mm diameter discs,
both sdesof which were thinned by mechanic polishing and further thinned to a suitable thickness
by jet polishing. The atomic force microsoopic (AFM) tests were carried out usng Mode
NANOSCOPE Illa made by Digital Instrument.

Potentiodynamic polarization studiesfor various deposits were madein 3.5 wt % NaCl and 40
wt % NaOH slutions at ambient temperature usng CHI-660 potentiostat. The gecimens were
masked with lacquer © that only 1 cm? aera was exposed to the eectrolyte. In 3.5 wt % NaCl <
lution, a saturated calome eectrode (SCE) was used as reference electrode whereas a Hg/ HgO
electrode was used in 40wt. % NaOH lution. The counter electrode was a coil of platinum 2 x 4
cm. The corrosion potentias( Eerr) and corrosion currents( i) Were measured from polarization
curves usng the Tafel extrgpolation method.

2 Results and Discusson
Numerous preliminary experimentsfor choos 6 \ . 18

ing a suitable complexing agent have been carried
out for a stable acidic eectroless Ni- RB process.
The results show the bath stability, depodtion
rate, and properties of the depodts are greatly in- ! /. \E\. 4
fluenced by the type of the complexing agent and M . . . .

its quantity. We have a = achieved an effective ad 6z 04 06 08 10
ditive ENO7 to further improve the bath stakility. NaBH, /g °L

The NaBH, concentration in the bath has a great Fig. 1 Dependence of boron and phosphorus
effect upon the chemicad composdtion of the de content of Ni-PB deposts on NaBH,
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podts. Fig.1 shows an increase of NaBH,; concernr concentration in the bath
tration in the bath resultsin great increase in boron
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content of Ni- PB deposts and a subsequent decrease in phogphorus content. The NaH, PO, con-
centrationin the bath, however , has an opposte efect on the chemica compostion of the de-
posts. The resultsa show that the NaB Hy concentration haslittle effect on the depostion rate,
but the tendency for bath decompostion increases with increasng the NaBH, concentration. All
the electroless Ni- RB depodts obtained are uniform. They are ssmibright in gppearance and are
highly adherent when tested by the bend test and the therma shock method. Table | shows the
chemical compostion of Ni-PB deposts obtained by varying the NaBH4 concentration in the
bath.
Tab.1 Chemical compostion of Ni- RB and Ni- P deposts

Chemical compostion

Secimen NaBH4/ gL *

Ni P B
a 0 91.80 8.20 —
b 0.2 90. 96 7.78 1.26
c 0.4 89.80 6.83 3.37
d 0.8 90.07 4.04 5.89

The atomic force microscopy provides a powerf ul means of characterizing the microstructure
and growth process of the films deposted by both chemica and eectrochemica methods® 1.
Fig. 2 showsthe AFM imagesof dectroless Ni- P and Ni- B coatings with various boron content.
When the depodt containsonly nickel and phogphorus, the surface morphology of depost is more
uniform and smooth than that of the degpodtsin which boronisincorporated (Fig.2a) . When the
boron content islow , as shown in Fig. 2b, the depost is composed of phogphorus boron idands
with fine nickel nodulesin random internal orientation. When the boron content increases, both
phogphorus boron idands and nickel nodules become larger and the depodts show a coarse grain
size and less uniform crystal structure (Fig.2c) . This may be due to a distortion in the lattice of
the deposted nickd because of codeposdtion of boron.

s 100 o L M
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FHg.2 AFM imagesof dectroless Ni- P and Ni- RB degosts with various boron content.
(a) Ni-8.20P (b) Ni-7.78R1.26B (c) Ni-6.83P-3.37B
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The hardnessof the as deposted Ni- RB coatings with various boron content is shownin Fig.
3. The results show that the Ni- B coatings have higher hardness compared with Ni- P depost ,
and the hardness increases with the boron content increasing. Theincrease in hardnessof Ni- RB
coatings, as compared with Ni- P coatings, is probably attributed to the incorporation of boronin
the Ni- P matrix!®!. Boron is expected to occupy theintergtitia voidsof the nickel , caudng a dis
tortionin thelattice of the deposted nicke , thereby impeding the didocation movement in the de-
post, which is shown in terms of increaesed hardness and better wear resstance. On the other
hand , earlier reports'?! show the electroless Ni- P deposits with lower phosphorus possess higher
hardness. S agreat decrease of phogphorusin the depodts, which is caused by the incorporation
of boron, may be another factor of causng higher hardness.
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Fig.3 Hardness of dectroless Ni-RB dgodts asa Fg.4 Hfect of heat treatment on hardness of the
function of boron content dectroless Ni-7. 78R 1. 26B dgpost

Fig. 4 showsvariation of hardnessof the Ni-7. 78R
1.26B depost with heat treatment temperature . There Ni-4.04P-5.89B
isnot much change in the hardness at temperatures be-

low 200 . With further increase in temperature the w
hardness increases regpidly as its structure begins to N
change. Repid increase in hardness is noticed wp to a

temperature of 400 . Over this temperature the hard- w

ness decreases. It is evident that the hardness follows 30 40 5'0 610
typicd precipitation hardening behavior with the peak 20

hardness temperature correponding well with the comr
pletion of the precipitation reaction. After the peak
hardness reaches, further annealing resultsin decrease of
hardness, a result of general growth and conglomeration

of the precipitates asociated with the oftening of the matrix. Previous studies on Ni- RB de-

Fg.5 X-ray diffraction patterns of Ni- P
and Ni- RB depodts with various
boron content
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podts, showed the hardened phase of NisP and NisB precipitated aong with crystalline nicke
when heat treated®! | which surpports the observation in this work. The variation of hardness of
Ni- P and other Ni- P-B depostsobtained with heat treatment temperature a < follows above ten-
dency.

Fig.5 shows the X-ray diffraction patterns(XRD) of the asplated coatings with boron con-
tents. The X-ray diffraction pattern of Ni-8. 20P depost hasonly a sngle broad peak around a ®
vaue of 45°. The peak broadening can be attributed to the amorphous nature of the depost. This
isin good agreement with the literature where the deposts with more than 7 wt % phosphorus are
shown amorphousin the asplated form!®!. When boron isinocorporated into the deposts, relative
ly sharp XRD patternsof the depodtsare observed , indicating the presence of microcrystaline and
amorphous mixture. Moreover , the increase in boron content in the depodts results in a much
sharper pattern. The formation of microcrystaline phase in Ni- RB deposts may be due to the
great decrease in phogphorusin the deposts caused by codepodtion of boron.

Fig.6 Sdected aera diffraction patternsof Ni- P and Ni- RB depost
(a) Ni-8.20P (b)Ni-7.78R1.26B

The TEM micrographs of asplated Ni- P-B deposts with various boron content show that
the depost with higher boron content presents larger grain Sze. This result is consstent with
AFM observation. The diffraction pattern from Ni- P deposit exhibits a diff use ring pattern(Fig.
6a) , which istypical of an amorphous structure and supports the from X-ray diff raction measure-
ments. However , the diff raction patternsfrom al Ni- P-B depodts show a diff use inner ring and a
relatively sharp outer ring(Fig. 6b) , and the outer ring becomes much sharper with increasng
boron content. The presence of such sharp ring in the diff raction patternsindicates that the Ni- P
B deposts are not fully amorphous phases. This result is do in good agreement with the X-ray
diff raction measurement.

2]
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The corroson redstance of Ni- P and Ni- RB coatingsin 3.5 wt %NaC lution and 40 wt %
NaOH lution was investigated by eectrochemical methods. The resultsin Table 11 show that
thereisa great improvement in corroson redstance of Ni- RB coatings compared with Ni- P de-
podt. With the boron content in the depodtsincreasng from 1. 26 to 5. 89 wt %, the corroson
current density decreases and the corroson potentia shifts toward postive in both fest olution.
This result seems to be inconsstent with the XRD and TEM results given in this paper , which
show the depost with higher boron content exhibits more microcrystalline structure and usually
revea s less corrosion resstance ™). Mita and Shrivastaval® investigated the corroson resstance
behavior of Ni- PB coatings by sdt spray test. They found the deposts with a certain quantity of
boron yielded superior corroson resstance; however , with an increase of B/ P ratio , more corro-
don gots were sen in the tesed samples. This observation is smewhat different from our re-
sults.

The role of phogphorusin the anodic inhibition of an amorphous Ni- P aloy in acidic and aka
line electrolytes have been investigated by many authors™ **!. A commonly accepted mechanism
isthat phogphorus can accelerate the early stage of disolution during pasdvation and thereby cause
enrichment of theformation of element. phogphorusin the resultant passvefilm. However , there
are little reports about the role of boron in the improvement of corroson red stance of such amor-
phous dloys as Ni-B and Fe-B. Therefore, it is necessary to deeply study the effectsof boron on
propertiesof Ni- P dloys, the further investigations are in progress.

Tab.2 Corroson parameters from potentiondynamic polarization data

3.5 wt % NaCl lution 40 wt % NaOH slution
Pecimen”
Ewr/ MV (vs. SCE) iorr/M A-Ccm” 2 Ecor/ MV (vs. Hy/ HgO) iorr/MA-Ccm” 2
a - 425 12.7 - 228 2.9
b - 369 3.6 - 161 1.8
c - 278 1.7 - 128 1.1
d - 248 0.5 - 117 0.2

" The ecimen in this table is condstent with that in Table 1

3 Conclugons

Hectroless Ni- PB coatings with various boron content have been deposted from a stable
acidic bath which contains both sodium hypophoghite and sodium borohydride. The introduction
of NaBH, into the bath hasled to a marked decrease of phogphorus content in the deposts. Comr
pared with Ni- P depodt, the Ni- RB depodts have shown a coarse grain dze and less uniform
crystal structure, which is characterized by A FM observation . Both X-ray diff raction and selected
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aera diff raction reved that the as deposted Ni- PB coatings are a mixture of microcrystaline and
amorphousphase in nature. The hardness of the Ni- RB depodts increases with increasng the
boron content in the depodts, and follows typica precipitation hardening behavior when heat
treated. Potentiodynamic polarization studiesin both 3.5 wt % NaCl solution and 40 wt % NaOH
lution show that the coedpodtion of boron can dgnificantly improve corrodon red stance of the
electroless Ni- P depodt , which increases with increasng the boron content in the depodt.

Key words: Bectroless plating, Ni-P aloy, Ni-RB dloy, Sodium borohydride, Sodium
hypophosgphite, Hectrochemica corroson
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