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A Helping Hand

Dear Advice & Counsel,
 I read with great interest the complete 
report, IBM Corporate Manufacturing 
Specifi cation CMH 6-0420-013: Porosity 
Testing of Electroplated Gold, published 
in the Advice & Counsel section of Plating 
and Surface Finishing (November 2006). 
As part of AESF Research Projects that 
I have worked on, I have developed 
a method for evaluating the porosity 
of thin (up to 2 µm thickness) metal 
coatings following almost the same 
principles that Gel Porosity Testing is 
based upon, namely by applying anodic 
polarization in appropriate electrolytes. 
I am convinced, however, that the Linear 
Polarization Resistance (LPR) technique 
can be used as a more precise means 
for quantitative comparative evalua-
tion of porosity. I came to this opinion 
after researching the LPR-method and 
concluding that it offers a quick, effec-
tive and reliable way of determining the 
best plating conditions (electrochemical 
parameters and the bath’s contents) for 
deposition of high quality metal coat-
ings.
 Since P&SF’s readers are interested 
in porosity determinations, I am send-
ing you as an attachment a description 
of the porosity test that I use. I hope that 
it will be benefi cial to other platers and 
metal surface fi nishers who can refi ne it 
or develop it further. 

Sincerely,
Dr. Mois Aroyo

Associate Professor at Technical 
University of Sofi a, Bulgaria,

AESF Member

Response:
 Thank you, Dr. Aroyo. With your per-
mission, I hereby reproduce your proce-
dure for porosity determination:

Porosity Measurements by 
Applying the LPR Method
This porosity test is based on the method 
of linear polarization resistance (LPR) 
applied, for example, in CORRATER 
electronic devices for corrosion monitoring 
manufactured some years ago by Rohrback 
Instruments (USA). The well-known Stern 
and Geary relation1 is used to define the 
instantaneous corrosion rate of the metal in 
contact with the corrosive agent:
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are Tafel slopes of the anodic and cathodic 
polarization curves, respectively.
 Our electrochemical equipment for 
porosity testing has been described earlier.2 
It was designed for comparative evalua-
tion of the porosity of thin metal coatings 
(up to 2 µm thick) deposited on different 
metals. Two fl at metal-coated specimens 
are pressed to rubber O-rings, closing 
two identical axial openings located at the 
bases of the cylindrical electrochemical 
cell (Fig. 1). The electronic device mea-
sures the polarization conductance 1/R

p
, 

which represents the ratio between the 
resulting current ∆I (mA) and the voltage 
∆E which is within ±10 mV of the applied 
sign-changing pulses. The current ∆I is 
automatically measured after eliminat-
ing the transition current occurring at the 
beginning of each pulse. The integral Q 
= ∫(1/R

p
)dt is calculated for a defi nite test 

period of 5 or 10 min and displayed by the 
1/R-time integrator.

 The porosity of the metal coating was 
proportional to the integral value Q, pro-
vided that the corrosion rate of the metal-
deposit is negligibly low in comparison 
to the dissolution rate of metal-substrate 
through the pores. Therefore, when the 
goal is to provide the largest possible dif-
ference between the dissolution rates of the 
two metals, the most important problem 
with such porosity measurements was the 
accurate choice of a test electrolyte.

Example 1
The electrolyte used in the porosity mea-
surements of nickel deposits on mild steel 
contains:
 
NaCl -  18 g/L           
Na-gluconate -  8 g/L
NH

4 
F / HF -  2 g/L

H
3 
PO

4
 , 85%

 
-  2 mL/L

When uncoated steel electrodes were in 
contact with the electrolyte for 5 min, 
the 1/R-time integrator displays a value 
assumed to correspond to 100% porosity. 
For a two-pure nickel-electrode assembly 
in contact with the same test electrolyte, 
the Q values obtained were assumed to 
correspond to 0% porosity. The deposition 
time for all nickel coatings was the time 
required to obtain the same approximate 
thickness of 1.5 µm. The roughness of the 
steel substrate was the same in all cases 
and was equivalent to that obtained by 
treatment with #600 grit paper. The aver-
age porosity values were obtained from the 
large number of measurements.
 The results obtained from experimen-
tal porosity measurements confirmed 
our theoretical considerations that there 
was a correlation between the leveling 
performance and some coating proper-
ties; namely that the maximum leveling 
power value corresponds to minimum 
porosity, and the minimum leveling power 
value corresponds to maximum porosity.3 
The comparison between the porosity of 
DC deposits and that of pulse-deposited 
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coatings demonstrated the advantages of 
deposition at pulse plating conditions that 
ensure maximum leveling power.
 At the same time, by comparing the dif-
ferent pulse plating regimes for metal coat-
ing deposition, we came to the conclusion 
that the (DC+AC) pulse-reverse plating 
technique had defi nite advantages. Bright 
nickel coatings deposited from a Watts 
electrolyte by unipolar pulses had higher 
porosity (11%) than those deposited by the 
application of (DC+AC) bi-polar pulses 
(6% porosity). P&SF
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Test Your Plating I.Q. #430
By Dr. James H. Lindsay

Commonly plated alloys

Based on materials from the AESF Foundation Educational Courses, authored by 
Frank Altmayer, MSF, AESF Fellow

1. Name the individual metals that can be found in the following alloys: brass, 
bronze and solder.

2. Ammonia is sometimes added to brass plating solutions to improve the                     
_____________ of the deposit.

3. Bronze plating solutions employ two complexes for copper and tin respectively. 
The copper is complexed by _____________, while the tin is complexed by 
___________________.

4. The most popular substitute for decorative chromium is an alloy of                       
 _______________ and _______________.  Why?

5. For two or more metals to be deposited as alloys, generally, a plating solution 
where the _______________ for deposition of each of the alloying metals are 
within ____ volts is required.

Answers on page 49.

 Perhaps the simplest answer to 
chemophobia is this. It is based on a 
misperception. Everything is made of 
up chemicals. A report by the National 
Research Council noted that about 
5,000,000 different chemical substances 
are known to exist. Of those 5 million, 
less than 30 have been defi nitely linked 
to cancer in humans, 1,500 have been 
found to be carcinogenic in tests on ani-
mals and about 7,000 have been tested 
for carcinogenicity. Again, if you missed 
those numbers, less than 30 out of fi ve 
million known chemical substances 
have been defi nitely linked to cancer in 
humans.5 P&SF
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