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The improvement of TiB, coatings over graphite was
investigated by comparing the electrochemical technique
of continuous current plating (CCP) and pulse current
plating (PCP). The electrolyte used was the molter
eutecticum of sodium, lithium and potassium fluorides,
often called Flinak, and K, TiF ;+ KBF ,in a proportion of
one to four (mass). The coatings produced by pulse
current (PCP) show improvements in morphology and
microstructure if experimental conditions, such as cur-
rent density, frequency and {,, ./t Pulse duration ra-
tio, are appropriate.

TiB, as asurface coating has mostinteresting properties,
as high hardness and corrosion resistance, high melting
and electrical conductivity, low solubility in liquid metal
high thermal shock resistance and good adhesion to
strates.

Andrieux (1929)is considered the precursor of the el
trochemical preparation of TiBThe substantial work o
Makyte? and Wendg, besides the important fundamen
aspects presented, consolidate the electrochemical u
molten chlorides and fluorides.

In this study, we report the investigation of the morp
logical and microstructural improvements of Tigatings
over graphite substrates by pulse current plating (P
Preliminary experimental parameters were determined
by cyclic voltammetry (CV) and continuous current plati
(CCP). The electrolyte is a fluoride mixture maintained
600°C. The surface was characterized by scanning eleg
microscopy (SEM).

BExpeimental Procedure
The electrolyte used was prepared with analytical gf
chemicals. The eutectic fluoride mixtti@6.5 LiF-11.5
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Fig. 1—TiB coating thickness as a function of mean current density
600 °C, t = 30 min).
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Variation  of Weight Percentage of Ti &Bin TiB ,

> AsaFuncion of Frequency

N

F (Hz) B (%) Ti (%)
0.5 30.32 69.68
1 30.41 69.59
d 10 31.62 68.38
100 30.54 69.46
1000 30.32 69.68
Average 30.64 69.35
Theoretical 30.6%£0.5) 69.4 ¢0.5)

SMelfF-42 KF) mol pct, Flinak, was used as solvent; a mixture
pofK TiF, and KBF, in a mass proportion of 1:4, as solute. The
Stemperature used in this study was 800 because earlier
stiermogravimetric tests showed that at higher temperatures
an accentuated loss of solute occurs, mainly as a result of
2evaporation of KBEin the form of BE.
f The working electrode was graphite because it has a
alhermal expansion coefficient (48n/m/C) close to the
sdiBf, (4.6um/mPC). A platinum wire was used as a pseudo
reference electrode and, when necessary, a RiBN ref-
N@rence electrode was used during the electrochemical experi-
ments. The coatings obtained were analyzed by scanning
CBlectron microscopy (SEM), X-ray diffraction (XRD) and X-
bedly fluorescence.
ng
fesuits  &Discussion

t®8position by continuous current at high current densities
normally produces nodular, dendritic coatings instead of the
uniform coatings obtained at lower values. While reproduc-
ible, compact coatings still can be obtained, the measurement

ade coating thickness is difficult because of the irregular
surface of the nodular deposits.

TFig. 2—TiB CCP SEM micrograph; i= 0.30 A/crd, t = 30 min, 600°C.
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Fig. 3—TiB PIC SEM micrograph; j= 0.33 A/cr, 30 min, 600°C, 100 Hz.

The PCP technig§éis usually subdivided into PIC (per
odically interrupted current) and PRC (periodically rever
current). This paper deals with PIC in comparison to
(continuous current). By increasing the nucleation ratg
substrates, PCP increases coating uniformity, while the ¢
ing growth rate is not significantly affected. Previous st
ies by cyclic voltammetrallowed determination of the TiB
deposition potential for the application of both CCP and
techniques.

The thickness increase shows the same pattern for
CCP and PIC at different mean current densitjgsatian
arbitrarily chosen electrolysis duration of 30 min an
frequency of 100 Hz, as shown in Fig. 1. All experime
performed with CCP (curve 1) do not show the exped
linear thickness increase resulting from the formation
nodular deposits. The typical surface structure show
Fig. 2, by SEM surface examination, was obtained &t
0.30 A/cnt. At higher current densities, nodular depos
predominate.

The influence of pulsing and pulse duration on the gro
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Fig. 4—Thickness variation as a function of pulse frequency.

-metallic luster, as demonstrated by Fig. 3 fby,t= 3:1. The
sathserved cracks can be attributed to the differences in ther-
Q@al expansion coefficients. At mean current densities greater
timan 0.4 A/cmthe deposits are nodular, showing the same
caggpects and properties as those obtained by the CCP plating
ughrocess.
The thickness variation of the TjBoating as a function of
Pfeequency is shown in Fig. 4 for frequencies between 0.5 and
1,000 Hz, a current density= 0.45 A/cn, (established in
bGP experiments), and a ratjf ) = 10. In the region of
decreasing thickness growth, the deposit exhibits a mixture
i @ nodular and lamellar crystallization, as can be seen in Fig.
n&s (despite some attack caused by dissolution), suggesting a
tbdhavior similar to that observed with CCP (Fig. 2).

of At frequencies above a minimum of 0.5 Hz, the improve-
nrirents in deposit quality are substantial, as can be observed by
comparing Figs. 3, 5 and 6, even considering the inferior
ithickness values obtained at 100 Hz.

Figure 7 demonstrates that, as frequency increases, the

waipen-circuit potential (}) and the reduction potential get

of the TiB, coatings is shown for PIC by curve 2. The timeloser to each other. At low frequencies (0.5 Hz), the depo-

t/t . (cathodic current on/ current off) was varied from O.
to 11:1, at a frequency of 100 Hz. It also follows the patt
but the coatings show a distinct structure, typical for the
of PIC. When the diffusion coefficient of ions to be redu
or oxidized becomes too low, however, for the time inte
in which current pulses are applied, the morphology of
coatings is comparable to those applied by CCP.

At mean current densities lower than 0.05 Alaheposits
are smooth, still showing the graphite substratum. Ab
0,05 A/cnt, the deposits continue smooth, without nodule
dendrites and in the range 0.2-0.4 Afchave a bright

: ——— 200mm 22
Fig. 5—SEM photo of mixture of nodular and lamellar crystallization;
0.5 Hz for | = 0.45 Alcrd, i, = 0, t/t , = 10:1, 30 min.

bdition potential during a longer period of time is sufficient to
efiorm nodules. The time intervals in which oxidation can
usecur is insufficient to eliminate them to allow uniform
cezbating growth.
val At higher frequencies (1,000 Hz), the periods between the
thpen-circuit and reduction potentials are shorter and the depo-
sition potential is reached, although this does not happen with
the oxidation potential. The deposits obtained are thicker and
oliave more nodules, similar to those shown in Fig. 6. At
s lequencies greater than 2,000 Hz, the reduction and oxidation
potentials are practically identical to those obtained by CCP.

———— 200

f Fig. 6—SEM photo of deposit at 1,000 Hz 0.45 A/cr, i = 0, t/t =
10:1, 30 min.
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Fig. 7—Open-circuit potential and cathodic potentials resulting fi
frequency variation; i= 0.45 Alcr, i , = 0, t/t = 10:1.

The hexagonal structure of the TiBeposits was ident

fied by X-ray diffraction; the results obtained for the wei

percentages of B and Ti in the Tiy X-ray fluorescence a

listed in the table. No indication of other intermetallic ca

pounds was observed.

The small deviation between the theoretical value, ca

lated or obtained from the phase diagram (30.1-31.1%
and the average of the weight percentages obtained by

ray fluorescence can be attributed to the cylindrical surfa

the electrode and, mainly, to the fact that boron, as a

element, is almost at the limit of detection of available
equipment. Even at high current densities, no anodic effect
was observed when using pulsed current.

Condusions

The PCP technique produces coatings with better quality,

showing fewer cracks and better adhesion to the substrate
when compared with those obtained by CCP, for comparable
thickness values. The suitable interval of frequencies for the

current pulses application is between 5 and 100 Hz.

Editor’'s note: Manuscript received, October 1999.
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