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Two spent hard chromium plating solutions were regen-
erated using an industrially viable electroseparation
method for removal of metal impurities. The spent and
regenerated baths were used to obtain chromium eleg
trodeposits that were compared with electrodeposits ob
tained from freshly made, impurity-free plating baths.
The morphology of the electrodeposits was characterize
by scanning electron microscopy (SEM). Comparative
evaluation of the hardness and corrosion resistance clearl
shows that the physical properties of the electrodeposit
obtained from the regenerated baths are superior to the
properties of the electrodeposits produced from the spen
solutions. These properties are close to those obtained f
the electrodeposits produced from a freshly prepared
hard chromium plating solution.

Because of environmental and economic considerati
various methods are being tried for the purification
regeneration of heavily used or spent (unusable) hard
decorative chromium plating solutions. Regardless of
importance of knowing the physical properties of the e
trodeposits produced from used vs. regenerated solutig
literature search could not uncover any pertinent infor
tion.

Electrodialysis and ion exchange are at times use

possible methods for removing metallic impurities fror

spent chromium plating solutions. They are not always p
tical nor economical, however, for small and medium cli
mium plating installations. The main reasons are that
membranes used are susceptible to mechanical ruptur
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attack by the hot, concentrated chromic acid and fairly large
amounts of effluents generatetiOne long-neglected, al-
though promising, practical, simple and economical method
-involves the application of d-c potential via ceramic mem-
+ brane to remove metallic contaminants (impurities). This
method is also known to practicing electrochemists and
d electroplaters as the “porous pot” (PP) technique.
Although originally used in the electroplating industry in
ythe late 1800s, the lack of clear practical instructions and
sabsence of any theoretical explanations suppressed its use for
a long time. Lately, this method is gradually finding more
t acceptance inindustry because of the simplicity of design and
broperation, compactness and low cost.
In previous papers® we have shown that when a spent, or

heavily used or abused hard chromium plating solution
containing metal impurities of iron, nickel, and copper is
osabjected to a d-c potential, the metal cations &f R&2 and
aru2 electromigrate through a porous ceramic separator from
dhel anode compartment to the cathode compartment. Be-
thause of their inherent negative charge, the dichromate and
epolychromate anions remain mostly confined to the anode
nspmpartment (bulk of the plating solutioh)rivalent chro-
MigHUM ions simultaneously electromigrate back to the anolyte
(bulk of the solution) where they undergo anodic reoxidation
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Table 1
Composiion  of Plaing  Soluions
Spent Regenerated
Solution Solution Remova
Solution pH Impurity mg/L %  mg/L % %
Setl 0.4 Iron 11680 1.17 9000  0.90 23.0
250 g/L CrQ Nickel 1964 0.19 1168 0.11 40.5
+ Copper 9408 0.94 5720 0.57 39.2
2.5 g/lL HSO,
Set 2 0.5 Iron 2844 0.28 2164 0.21 23.9
250 g/L CrQ Nickel 544  0.05 296 0.02 45.6
+ Copper 2356 0.23 1308 0.13 44 5
2.5 g/L HHSO,

and, consequently, hexavalent chromium is regenetatad
recent papersé we have shown that when hexavalent ch
mium, in the form of CrQ dissolved in water or actug
plating solution, is used as a catholyte, the pH of the solu

remains low and almost unchanged during the mg

electromigration process. Evidently, it acts as a buffer.
metal impurities are therefore electrodeposited on the
cathode and thus can be conveniently removed from the
of the electroplating solution. An additional advantage is
the Cr(VI) anions move across the ceramic membrane {
the catholyte back to the plating solution (anolyte)

consequently no hexavalent chromiuis left and thus los
inside of the “porous pot.” The final benefit is continug
regeneration, by Cr(lll) reoxidation on the outside anode
deleterious trivalent chromium that is always present in
bulk of the solution, to its hexavalent st&at&This important
feature (reoxidation) and the influence of anode compos
on reoxidation rate are beyond the scope of this p3
although comprehensive research is undefvay.

The focus of this research is to investigate and comparge

physical characteristics (hardness) and electrochemical |
erties (corrosion resistance) of the electrodeposits prod
from the new or regenerated vs. spent or heavily used,
chromium plating solutions. In addition, the electrodep

Table 2
Compostion  of Deposits
Total
Sample Iron  Nickel Copper Impurities
% % % %

Set 1

a) Deposit from spent solution 0.48 0.12 0.23 0.88
b) Deposit from regenerated solution  0.12 0.05 0.07 0.24
Set 2

a) Deposit from spent solution 0.13 0.04 0.07 0.24
b) Deposit from regenerated solution  0.10 0.04 0.07 0.21

Resuts  &Discussion

Evaluaion  of Deposit Composition

Purification of the spent solution was carried out using the
"'imilar procedure and apparatus described in our previous
‘I.paperf? The used plating solution labeled “Set 1" was col-
UiRted from the HBM Electrochemical and Engineering Com-
ny, Lansing, IL, and contained 250 g/L of 100:1 Sargent-
e bath. The compositionally similar, but artificially con-

inated solution labeled “Set 2" was prepared in the
bl oratory. The purification step involved the application of
(N8} A direct current (current density of 15.7 A&t 45°C for
'YBeriod of 24 hr. The data on removal of metal impurities are

-
I

AMted in Table 1.

The results indicated that up to 23 percentiron, 41 percent
Pﬁi kel and 39 percent copper removal can be obtained from
”E\? spent solution (Set 1) which is heavily contaminated.
t fso, up to 24 percent iron, 46 percent nickel and 45 percent
.copper removal was achieved from the synthetic spent solu-
UQ8n (Set 2) used in this study. It must be noted that to obtain
P&broader set of results, the initial as well as the final impurity
content of Set 1 solution must be greater than the correspond-
ing impurity content of Set 2 solution.

PrORBecause Cr(lll) is simultaneously generated inside the PP
HSA regenerated at the outside anodes, measurements of
hé II) concentration changes is rather complex and will be

)Sciﬁdressed in forthcoming papers.

morphologies were characterized and compared by scanning

electron microscopy (SEM).

Bxpeiimental  Procedure
The batch glass reactor, representing laboratory size PP
for the regeneration of the spent plating solution is diagr
matically shown in Fig. 1. A detailed schematic of an act
industrial size PP is depicted in Fig. 2. The outside comy
ment contains approximately 2000 mL of anolyte.(the
spent plating solution). The inside compartment, wit
capacity of 750 mL, contains a porous, ceramic solid m
brane (40% porosity and pore size approximatelyong

Both the anode and cathode are constructed from tech
grade lead grids. The inside compartment contains a sol
of 250 g/L of technical-grade chromic acid. The regener

Chromium Deposition
Electrodeposits were plated from 250 g/L Grid0:1, plat-
ing solutions listed in Table 1. Plating of both sides was
ed out using a constant current (of about 0.28-0.35 A/
BE}) at 45°C for one hr. The metal cathode used was 6 x 1 cm
H8h4 SS plate, polished to No. 3 finish. The composition of the
8tﬂa\'posits was determined by dissolving them in 1:1 hydro-
chloric acid and analyzing the solution using inductively
' @upled plasma spectroscopy (ICP). The composition of the
BHkposits is reported in Table 2. It can be seen from the table
that the chromium deposits contain mostly chromium with
?t%ﬂa]a” amounts of iron, nickel and copper. Set 2, with much

plating solution was used to electroplate a chromium dey
ina500-mL rectangular plating tank. Sulfuric acid was ad
to adjust the Crg)H_SQO, ratio to 100:1. The thermostatical
controlled tank contains two square lead plates (25 am

Her initial concentration of impurities, behaved differ-
at*t'é’.lly, with only iron concentration affected. The amount of
c?@laurities (Ni, Fe, and Cu) present in the deposits in Set 1 is
dﬁ portional to the concentration of impurities present in the
Yplating solution in approximately a 2:1 ratio for Fe and Ni and
4:1 for Cu. Upon regeneration of the contaminated plating

anodes, placed opposite each other. The 6 x 1 cm stainlgs

steel (type 304) cathode, polished to No. 3 finish and t
oughly cleaned is placed in the center. The temperatu
both compartments was kept in all experiments &C45

N&oidtion, the level of impurities present in the electrodeposits
¥ considerably reduced.
€ OThe faradaic efficiency for electrodeposition was deter-
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mined and is listed in Table 3. The cathode efficiency
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calculated for deposition from a freshly prepared hard ¢
mium plating bath was found to be 23 percent, whichis c|g
to that reported in the literature for the given current dens
and temperature. Out of the two spent solutions, the spent
1 solution, which contains significantly more impurities tha

Faadtic Efidency  for Chromium Blectodeposiion

Table 3

Cathode Curr.

the synthetic spent Set 2 solution, has a lower far
efficiency for chromium electrodeposition (Table 3).
data suggest that upon purification, within experime
error, the faradaic efficiency for chromium electrodepositic
is slightly decreased. This could be plausibly explaine

=

the fact that in a contaminated solution, in addition to chr

A%}

mium electrodeposition, also iron, nickel, and copper elg
trodeposition can proceed as well. It is confirmed in |tk
literature, that Cr/Fe and Cr/Cu alléyand Cr/Ni alloy®
can be plated from a Crased solution. Because the
Coulombic charge required for deposition of these bivalg
impurities is three times lower than that needed for hexav
chromium, the calculated efficiency is higher for the ¢
taminated solutions in relation to the regenerated soluti
The other more plausible explanation is that Cr(lll) w
complex portions of Cr(VIl) and lower the actual Cr(\
concentration? It is well known that at lower concentration
chromium baths always plate faster with all the other par
eters being equal.

S 0 ==00

Determination o Mechanical  Properiies

’ Solution Efficiency (%)
Freshly prepared hard chromium plating solution (control) 23.0
Set 1 -Spent solution (obtained from industrial bath) 14.0
Set 1 -Regenerated solution 13.6
Set 2 -Spent solution (synthetic) 215
Set 2 -Regenerated solution 19.3

Table 4
Rockwell  Hardness Measurements
Hardness Value
Sample (mean/median)
1. Control: Deposit from freshly prepared 77.5/77.0
hard chromium solution.
2. Setl
a) Deposit from spent solution 57.1/58.0
b) Deposit from regenerated solution 69.6/69.0
3. Set 2
a) Deposit from spent solution 68.2/68.0
b) Deposit from regenerated solution 77.5/78.0

Measurement of hardness is used to characterize the

meAhen the spent Set 1 solution was purified and the deposit

chanical properties of the plated deposits. One of the majaas produced, the hardness value of the deposit was found to
reasons for the widespread use of hard chromium platingés 69.6. This represents an increase of 22 percent. The
the high hardness that is indirectly related to its excellafposit produced from the less contaminated solution (Set 2)
wear properties. The commonly used device for measyringd a hardness value of 68.2. Upon purification of the
hardness is the Rockwell tester. Carefully prepared glgoiution and subsequent deposition, the hardness value in-
trodeposits were used for this study. The data show that ¢heased to 77.5, an increase of 14 percent. This same value
sample prepared from spent Set 1 solution (the most contawas obtained for the deposit produced from the freshly
nated), has the lowest hardness value of 57.1 Rockwsibduced hard chromium plating solution.

(scale C), while the chromium deposited from a freghly
7' Garosion  Measurements

prepared solution has the highest hardness value of

Hardness was measured by indentation with a 150-kg |q@@ctrochemical methods are routinely employed to measure

of Hull Cell panels plated with 25m of chromium (0.001
in.). Because of the small thicknesses of chromium,

the corrosion resistance of metals and alloys. The method
th€ed in this study was d-c potentiodynamic polarization. This

values obtained cannot be taken as absolute, but rathemaghod is in accordance with the American Society of Test-
comparative (Table 4).

solution. 1000X.

January 2000

ing Materials (ASTM) procedure D-1242. The rate of corro-

30 pm

Fig. 3—Chromium plate deposited from fresh gig. 4—(a) Chromium plate deposited from (a) spent Set 1 solution; (b) regenerated solution. 2000X.
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sion of selected chromium coatings was determined
sodium chloride solution (33 g/L in distilled water). T
procedure involved creation of a currare.( metal dissolu-
tionrate) vs. potentiai.€., oxidizing power) plot. The active
passive regions of chromium corrosion were determined
the net anodic and cathodic currents were calculated fron
experimental data. The potential at which the anodic
cathodic currents equal each other, Bnd the correspond
ing corrosion current, |, were measured.

The Tafel analysis method is used for calculation
corrosion characteristics. The corrosion rate in mils per
(MPY) is calculated using Faraday’s law:

M,
nF

] dw
Corrosion Rate = T =

where:

W = weight loss of specimen
M = atomic weight

n = valence of dissolution

t =time

F = Faraday constant

The corrosion characteristics of the deposits are repg
in Table 5. The deposit produced from a freshly prepared
chromium solution showed the lowest metal dissolution r
The rate of dissolution is found proportional to the amoun
impurities present in the plating solutions. For example,
deposit produced from the spent Set 1 solution that con
the highest level of metal impurities, is observed to have

=1

1 Table 5
Comoson  Charaderisics of Bledrodeposis
i Dissolution
9 Sample =MV mA/cm?  rate, mpy*
n
a 1. Deposit produced from freshly
prepared hard chromium solution -100 0.27 0.04
“| (control)
2.Setl
6 a) Deposit from spent solution -945 1707 265
b) Deposit from regenerated solution  -50 0.63 0.1
3.Set2
a) Deposit from spent solution -265 316 49.04
b) Deposit from regenerated solution -100 0.63 0.1
* Mil per year

plating solution is shown in Fig. 3, where some microcracks
typical of chromium electrodeposits are visible. The ob-
served morphology is relatively uniform and appears to form
a continuous chromium layer. Figures 4a and 5a are SEM
micrographs of the electrodeposits produced from the spent
Set 1 and Set 2 solutions. Figures 4b and 5b are the SEM
rtattrographs produced from regenerated Set 1 and Set 2
haofutions respectively. In comparison with the SEM micro-
atgaphs obtained for the hard chromium electrodeposits (Fig.
t8f, micrographs of the deposits from the contaminated Set 1
thad Set 2 solutions appear to have grain boundaries that are
aah®0st in contact with one another and the deposits seem to
the “burnt.” When the Set 1 and Set 2 solutions were regener-

highest corrosioni.. dissolution) rate. Once the contamiated by electropurification, the micrographs of the obtained

nated solutions have been regenerated, the electrode
produced exhibit greatly lowered metal dissolution ra

Do osits appear to display characteristics (Figs. 4b and 5b)
lethat are very similar to those of deposits produced from a

These rates are of nearly the same order of magnitude adrihly prepared hard chromium plating solution (Fig. 3), on

corrosion rate observed for the deposit produced from
freshly produced hard chromium plating solution. Since
measured deposits are relatively thin|(®%) those corrosior
values should be taken for comparative purposes only.

Properties

A SEM micrograph of electrodeposit obtained under ma

tihe same substrate and under the same plating conditions.
the

Condusions

Although experienced chromium platers knew empirically or
intuitively that the absence of metallic impurities would
improve hardness and corrosion properties, the results pre-
pisiented in this paper clearly quantify the improvement. These

fication of 1000X, from a freshly prepared hard chromi

Fig. 5—(a) Chromium plate deposited from (a) spent Set 2 solution; (b)
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umesults should keep concerned platers aware that although a
chromium plating solution is tolerant of
heavy use and abuse, some of the impor-
tant, but less apparent properties, can be
drastically affected.

Editor's note: Manuscript received,
August 1999; revision received, Novem-
ber 1999.
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