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The Effects of Pulse Current Plating on the
Mechanical Properties of Cobalt and Coba lt-Al20

E. S. Chen and F. K. Sautter *

ABSTRACT

l’he effect of high current pulses on the mechanical properties of electrodepos ited cobalt and Co-
Al~O was studied along with two other sariables. ultrasonic agitation and superimposed direct
current. [he deposits were prepared at pulse current densities between 0 and 100 A dm ’. a pulse
Bidth of 120 ~sec and a pulse repetition time of 18 msec. The strength and hardness of both cobalt
and (‘o-Al ’O deposits made under these condit ions showed substantial increases 05c r
consentionall~ prepared deposits. The improvement in mechanical properties is attributed to the
refinement in grain siructure and the enhancement of A l . 01 codeposition associated with the use of
current pulses.

E LECTROPLATING WITH CURRENT PULSES is one of several Electrodeposits of cobalt and cobalt containing a dispersed
var iations of plating with modulated current which is Al201 phase were prepared at 40°C and pH 2.0 using d-c

finding increasingapp lication foravariet s of purposes. Burrus ’ densities of 1.5-10 A dm with superimposed current pulses of
employed high-voltage pulse plating to overcome problems 0-80 A dm.  A pulse width of 120 Msec and a pulse repetition of
associated with plating high-resistance or nonuniform- 18 msec were used . The pulse plating unit used is identical to
res istance surfaces of small area. Leidheiser and Ghuman’ used t hat reported by Sullivan’. After electrodeposition . t he brass
pulse current plating to control deposit composition in the substrate was dissolved anodicallv in a solution containing 100
preparation of silver-tin alloys. Avila and Brown reviewed the g I KOH and 50 g I K:C01. In this manner. e lectroformed
advantages of pulse current plating which included dense cobalt and cobalt alloy sheets were obtained for testing.
deposits , increased plating rate and elimination of hydrogen
embrittlement. Other advantages of plating with modulated Oxide determination
current are cited in review articles published by Baeyens4 in me amount of oxide in the deposits w as determined
1954, by Dini’ in 1963 and by Cheh and Linford’ in 1974. gravimetricall~ . The samples were dissolved in 50 per cent

Our interest in the study of electroplating with high current HNO1. t he resulting suspension diluted w ith distilled waterand
pulses stemmed from our belief that this process may lead to the oxide separated with Millipore filters . The oxides together
e lectrodeposits with improved strengths. This belief is based on w ith the control filters were dried for I hr at 90°C and weighed
t he premise that , because or ientation in electrodeposits is on a microhalance.
dependent on the applied overvoltage . t he use of extremely
high current pulses should change the deposit structure and Mechanical testing
consequent ly t he deposit strength. The possibility of increasing Tensile test samp les were prepared on a ‘1 ensi le Kut Machine
the strength of electrodeposits by increasing the plating current using a tem plate with a 0.25-in, w idth and an 0.5-in, gauge
density was suggested by Lamb’. However, he used only data length. An Instron I ensile fesier operated at a crosshead speed
from hardness measurements to conclude that the strength of of 0.04 in in. mm was used to determine sie ld and ultimate
copper prepared with high current pulses would he found to be tens ile values .in the ordinary range. The present work deals with the effects of
high current pulses on the strength and mlcrostructure of M.taIIUI’Ø#CaI examinationelectrodeposited cobalt and dispersion-hardened cobalt-
alumina alloys. ‘I he cross section of plated samp les was examined w it h  a l.cit,

Metallograph Microscope. 1 he microstructural leatures and
IXPUIMINTAL ox ide uniturmity were brought out by etc hing in a 92 per cent

HCI. 3 per cent HNO and 5 per cent H1Sth solution. Knoop
PIatrn~ pr.c.dur. Hardness values at a load capacit% of l (X ) g we re determined on
All chemicals were of reagent grade and used without further this instrument fitted wIth a I eit, Hardness Fester .
purification. A cobalt stock solution was prepared by dissolving
310 g ’ I CoSO4 ’ 7H~O. 41 g I CoCI: 6H:Oand 25 g I H 801 ~fl RESULTS AND DISCUSSION
doubly distilled water. The stoc k solution was electroly,ed w ith

Pulse current plated cobaltcorrugated cathodes at 0.2 to 0.4 A dm~ for 30 A-hr per litre
and passed throug h 0.22 .L Millipore filters prior to use. Alon C In the pulse current plating of cobalt , all of the depos its were
(0.02 M A120,. Cabot Corp) was added tothe plating solution at prepared h~’ using cit her: I) high current pulses superimposed
25g lin the preparation of dispersion-hardened Co-Al~0 alloy on a consta nt d-c background or 21 de of ditferent le~e ls in
samples. conjunction with a constant pulse current density . Pulse current

The plating experiments were conducted in a 2-litre capacit y plating used in this manner is consistent with that def ined h~
Pyrex container using vertical brass cathodes . 40 cm ’ mas ked Bae~ens 1 and has thc adsantage of increased plating rate osci
are a, and rolled cobalt anodes hung ~n diaphragms made of ripple and interrupted Current plating because of t he absence of
filter paper. The plating solut ions were stirred wi th a idle time .
magnet ically driven Teflon coated stirring bar. In addition, an Figure I shows the sar iat ions of strength and hard ness in
ultrasonic generator (Sonogen Model AP-258. Branson cobalt deposits as a function ol cu rrent pulses superImposed on
Ultrasonic Corp.) was used tominimi,eAl ..0 agglomeration in a back ground dc of 4 A tIm lhcse cu tSes  indicate that
the plating suspension. The ultrasonic generator was operated increasing the pulse current dens its produces a parallel
at 40.000 H~ with a peak power output of 500 W . increasing trend in hardness and st rcn~t h reaching peak sa lues

at a pulse current densit~ of 7(1 .\ dm At this point , the eM
Dept. of the Arms . Wat er~ ti ct Ars enal . Wat e rs lie n . s V 12189 strengt h. hardness and tenstle strength of the pulse plated 

-- .-- ... . .-~~~~~~~~~~~~~ -- -- -.- ~~~~~~~~~~~-- . _



.. . 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

COBALT 

— 

895 1895 
rm temp 

500 
~~

. 

S IT S  

500

1:: 4OO~~

~~ 
~~~~~~~~~~~ ~3OO 

~~ 

480 

,

~
,
, 

~~~~-, 
300

,
Y s  

~~~~ 4 6 8 1 0  12
_00

20 ‘ 
4b 

‘ 
6O 8b 

- . 
00200 d-c Density (A/dm 2)

Pulse Current (A/d m 2) Fig. 3. Stre ngth and hardness of cobalt electrodeposited as a function of
d.c density at o pulse density of 50 A/d rn 2 from a Watt s elect ro lyte main ’

Fig. 1. Strength and hardness of coba lt electrodepo s ited as 0 func t ,on of ta m ed at pH 2.0 and 40°C.
pulse current densi ty and dca t 4 A , ’ dm ’ from a Wa f ts elec t ro l yte maInta Ined
at pH 2 0  and 40°C.

deposits show respective increases of 77 .67 and 48 per cent oser
cons entiona ll~ prepared coba lt deposits . rhe subsequent

, 

decrease in strength for the deposits prepared abose 70 A dm’
is suspect , and may be related to the observation that at 70
A dm’. dendr ites begin to form on the corners of the deposit.
while abose 70 A dm. dendritic formation occurs extcnsi se lv
on t he corners and edges of t he deposits. Consequently. the
sam ples deposited above 70 A dm may have lower mechanical
propert ies because the effective current densities are lower than
the applied values.

The increases in hardness and strength of pulse current plated
coba lt are attributed to the refinement in grain structure.
Figures 2a and 2b show the microstructure of a cobalt deposit
pre pared with continuous dc at 4 A dm . and one with a pulse
current density of 70 A dm’ super imposed on dc at 4 A dm ’.
The refinement in grain s u e  as illustrated in Fig. 2b is t \  pical ol
t he pulse current plated cobalt deposits .

Figure 3 shows the effects of increased dc used in conjunction
w ith a constant pulse current density of 50 A dm ’ . For the
range of dc investigated. 4-10 A dm . t he curses indicate a
slight increase in yield strength and hardness with increasing d-c

d-c Density (A/dm 2)

__  

a. . . . _ _ _ _ _

b. Pulse Current (A dm ’)

Fig. 2. Micr ostr uctu re of cobalt elect rodepo s ited from a Watts electroly t e Fig. 4 . Elongation in cobalt electroe lepos lted f~on’ a Wat t s ~ IPii~olyIe
maint o inC d at pH 2.0 and 40°C . a~ continuous dc at 4 A dm . (bl pulse maintained at pH 2 0 and 40°C Top curve 0~— as a function, ot Cl I
curr ent at 70 A/ d m ’ w ith superimposed dc at 4 A elm , orIgin a l and a pulse current dens ity of 50 A dm Bottom curve • a~ a f unct ion ,
magni fic ation l . 000n . of pulse curr ent dens ity and a d.c dens ity of 4 A dm
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Fig. 5. Microsfrucfure of Co-Al203 electrodeposited from a Watts electroly t e Fig. 6. Microstruc t ure of Co’A l?03 electrodepo s ited from a Watts electrol yte
contain ing 25 g/ l 0.02 ~i Al203 using continuous dc at 4 A/d m 1, pIt 2.0 and containing 25 g/ l 0.02 tz Al203 using pulse current at 50 A . ‘dm’ and
40°C. (aj mechanical st irr ing, (b)ul t rason icag itatio n , ori g inal magnification superimposed dc at 4 A/d m 1, pH 2.0 and 40°C. 10) mechonico l stirr ing. b
1,000,1. ultrasonic ag itat ion , or ig inol magnification t ,000x.

density. This trend w as also observed h~’ Sadak and Sautler ’ in resu lted in a more uniform distribution of the ~~~~ in the
t he conventional plating of cobalt from a Watts typee lect rolvte. deposits. The increased unil’orm ity of the oxide phase has

Figure 4 shows the elongation in the cobalt tensile samp les. essentiall y no influence on the mechanical propert ies of as
The top curve indicates that the elongation increases when the plated Co-Al:0 . l’his is true for conventionally prepared Co.
pulse current platedsamp les are preparedath igher back ground Al:Oi” as well as f~ r pulse current plated (‘o- Al :O. prepared
d-c densities . the lower curve shows an opposing trend in w ithout ultrasonic agitation . Figs. 7. 8 and 1(1 (dotted Cu rse s).
e longation for samp les prepared with increasing pulse current These properties can he compared to ih~ samples plated under
density and constant back ground dc. the same conditions hut using ultrasonic agitation (curves w i th

open c ircles). For all pract ical purposes . t he mechanical
Pulse current plated Co-Ah03 properties in the deposits prepared with and ss ithout ultrasonic
In the electrodeposition of dispersion-hardened (‘o-A l:Os. two agitation are quite similar. Nesertheless . it is expected that (‘o-
plating parameters were selected for study. I hesc were t he Al.0 deposits with a more homogeneous disper sed phase wi ll
elf ects of: I) ultrasonic agitation and 2) pnt lsccurr e nt platingon show improved high temperature properties . and th is  will he
the mechanical properties of Co-Al’() . described in a later report.

It is well know n that the use of ultrasonic agitation in the Figure 10 shows the codcposition of \I , O. ri cobalt ,is a
plattng of dispersion-hardened alloys will result in depos its ‘.s ‘h function of puls e cstrrent density and back ground d-c dcnsit~a more homogeneous distribution of the dispersed phase. l’his I hese salues may he compared with the 1.3 sol per cent A l 0.
ef fect is illustrated in Figs . Sa and Sb both ~f w hich are obtained in the co nsentional plating of (‘ii- Al ’O . using
photomicrographs of conventionalls prepared (‘o- Al:() . t he continuous dc at 4 A dm . Ii is interest ing to note thai below
former without and the latter w i th  ultrasonic agitation. back ground d— e level of’ (~ A dm . pulse current plafi ng
Similarly Figs . 6a and 6h show the microstruc lure of pulse introduces more Al.0 into the deposits as compared to those
current plated (‘ci— A l. ( ) without and with us It rasonic agitation produced eons en liii n a I lv . su bi le a ho e (s A tIm . I lie
respectivel y . In both instances , t he u se of silt rasunic agitatio,~ incorporat ion of ..\l ( ) . is less
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Fig. 7. Yield strength of Co’A l203 elecf rodepo s ited from a Watts electrol yte Fig. 9. Knoop hardness of Co-Al203 electrodeposited with ultrasonic
co ntaining 0.02 tc Al203 maintained at pH 2.0 and 40°C. Dashed curve— ag itation from a Watts electrol yte co ntaining 0.02 u Al703 maintained at pH
plated wi th pu l se current  at 50 A/el m’, no ultrasonic agitation . (0)—plated 2.0 and 40°C. (0)—p lated with pulse current at 50 A/dm ’. (•)— piated with
with pulse current at 50 A/dm’ with ultrasonic agitation. (S)—p lated with pulse current at 65 A/dm ’. (3)—p lated with pulse current of 80 A/ d m~.
pulse current at 65 A/dm ’ w ith ultrasonic ag itation. (0)—p lated with pulse
current at 80 A/elm’ with ultrasonic agitat ion.

It was mentioned earlier that dendritic formation in pulse The yield strength, tens ile strength and hardness of pulse
current plated cobalt may be responsible for the lowering of current plated Co-Al20, deposits are shown in Figs. 7. 8 and 9.
strengt h in the cobalt deposits prepared at pulse current In comparing these values, reference must be made to the oxide
densities above 70 A dm’. A similar reasoning may be app lied content as shown in Fig. 10 for the plating conditions used. In
to Co-Al:O to account for the decrease in strength associated iew of the relatively large spread in codeposited Al:O . 2.0 to
w ith the deposits prepared at pulse current densities of 50. 65 0.5 vol per cent , it would be desirable to compare the
and 80 A dm’. For all levels of background d-c dens ities mechanical properties of these deposits by normalizing the
invest igated, the Co-Al2O~ deposits prepared with super- Al:Oi content to a specific salue. However , norma liiation of
imposed current pulses of 50 A dm’ s howed no dendritic the present data is impractical because it is now’ necessary to
formation, while at 65 A dm’. dendritic formation occurred on consider how each of two parameters , pulse ci~rrent and ox ide
t he corners of the deposits , and at 80 A dm’. dendritic growth content , can interact to affect the mechanical propert ies. The
formed extensivel y on t he corners and edges of the deposits. effects of these two parameters on yield strength can be seen by
Metallographic attempts to bring out the grain structure in comparing Figs. I and 7 for cobalt and Co-Al:O . For the
these deposits were unsuccessfu l because the grain boundaries deposits prepared at current pulses of 50. 65 and 80 A dm’ with
are masked by preferential etching around the Al2O~ particles dc at 4 A . dm , t he yield strengths are 420. 605 and 620 M Pa for
(see Figs. 6a and 6b). cobalt and 670. 625 and 585 MPa for Co-AI:Oi respectivel y.

2 01100 0 0

p u l s e  c . d .

F 

_____________________ 
c 

2 4
d-c Density (A/dm 2) d.c Density (A/dm 2)

Fig. 8. Tensile strength of Co.Al203 electrodeposited from a Watts Fig. 10. Vol per cent Al203 codeposited from a Watts electrolyte containing

~ ‘ tro l yte containing 0.02 p Al203 maintained at pH 2.0 and 40°C. Dashed 0.02 A003 maintained of pH 2.0 and 40°C. (01— plated w ith pulse current
curve ‘plated with pulse current at 50 A /dm ’, no ultrasonic agitation. (0)— at 50 A/dm , no ultrasonic agitation. (0)—p lated with pulse current at 50
plated wi th pulse current at 50 A /dm ’ with ultrasonic agitation. )•)—ploted A dm with ultrasonic agitation. (•)—p lated wilts pulse current at 65 A dm
~. ‘5 pu lse current of 65 A/dm ’ with ultrasonic agitation. (3)—plated with with ultrasonic agitation. (0) —p lated with pulse current 01 80 A dir’ w,ih

pulse current ot 80 A ‘dir,’ with ultrasonic agitation, ultrasonic agitation. 
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Thus the incorporation of .Al:() . into cobalt inpro\cs the yield incorporation ot o.\ide particles in the depos its vs. is also
strengt h in deposits prepared at current pulses of ’ 51) .\ dm ’ hut iscreased. Optimum mechanical properties were produced in
has little cOcc I at 65 and 80 A dm ’ . Similarly .t he contri hutionv . deposits prepared ~ it h a pulse current densi ty of 50 A dni and
of pulse current and .Al0 .  content to ~ie ld strength can he superimp osed de ot 6 A dm An increase in strength of 91 per
seen in Figs. 3 and 7 for pulse current plated coba lt arid Co cent and in hardness of 54 per cent was obtained liver
AI~0 as a funct ion of d-c density . Accordingto Fig. 3.they ie ld conventional (‘o-A l’O. deposits.
strengt h in pulse current plated coba lt becomes higherlrom 420 3. Current pulses were used in conjunction with super-
to 495 MPa with increasing back ground ~-e dens (ty front 4 to 10 imposed direct current to increase the overall plat ing rate At a
A dm’. By incorporating ..\l.O. in cobalt, the ~icld strength given pulse current densit~ , better mechanica l properties were
increases by about 170 MPa ov er pulse current plated cobalt obtained in deposits prepared wi th  superimposed dc of 4-6
prepared under t he same conditions. FIow’ese r. unlike pure A dm .
coba lt, t he y ield strength in pulse current plated (‘o-\ l  0. 4. U ltrasonic agitat ion e f fe c t i ve l y d ispersed part ic le
decreases with increasing current densits from 4 to 10 A dirt . agglomeration and produced a uniliirm particle distribution in
The decrease in strength may be attributed to the reduction in the deposits. 1 he importance of this feature will be shown in
codepos ite t A I:0 associated w ith the use of higi:er d-c ensuing studies on the high temperature properties of pulse
densities. t hese results indicate that the strengthening obser ved current plated coba lt and (o-Al :0 alloys.
in pulse current plated (‘o-.Al:O i.s related t,, tw o  cooperati ve
effects. Firstly, t he use of high current pulses in plat ing will ACKNOWLEDGMENTS
intens ify nucleation and growth processes leading to a Iheauthors wishtot hank Mr. Richard Carte rforprepar ingthe
re finement in grain structure. Secondly , increasing the e lectrodeposits and per forming the necessars mechanical tests .
dispersed phase has the effect of increasing the deposit defect We also w ish to express our appreciat ion to Mrs. ‘1 heresa
stiucture , Both grain refinement and increased dispersed phase Brassard for the capable metallograp hic work.
car, increase t he strength by imposing more resistance to oppose
dislocation motion during deformation ’ . It is difficult to REFERENCES
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also improved with the use of pulse current plating. The of This Journal.
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