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ABSTRACT. The corrosiveness of six 
commercial rosins used by the electron- 
ics industry was studied. The copper 
sheet test, drop test and copper elec- 
trodeposition test were used. The chlo- 
ride content, pH and conductivity of the 
aqueous rosin extracts were determined. 
Finally, the electrochemical impedance 
spectroscopy (EIS) method was used. All 
six tests allowed rosin corrosiveness to be 
studied. The EIS method allowed the cor- 
rosion rate to be quantified. 

Introduction 

The advent of the printed circuit 
board (PCB) has turned electronics into 
the major field for application of soft sol- 
der. In fact, a host of devices ranging from 
the smallest electronic devices to vast 
telephone switchboards include many 
soldering points. 

A soldering flux serves three main 
purposes: 1) to dissolve the corrosion 
film that hinders contact between the 
base metal and soldering alloy, 2) to pre- 
vent reoxidation of the metal surface dur- 
ing soldering, and 3) to alter the equilib- 
rium surface tension in order to facilitate 
the spread of the solder (Refs. 1,2). 

The fluxing properties of rosins are 
typically improved by mixing them with 
additives called "activators." Unfortu- 
nately, the activator also leaves a corro- 
sive residue that it is impossible to re- 
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move in many cases (Refs. 3-6). 
The purpose of this paper is to report 

the results of a study of the corrosiveness 
of six commercial rosins widely used in 
soldering PCBs. The rosins have specific 
applications and are not all used inter- 
changeably. Five conventional tests for 
PCB technology were used, along with a 
sixth more recent test, based on the EIS 
method, which makes it possible to study 
the corrosive effect of a rosin. 

Experimental Procedure 

The compositions of the fluxes used 
are indicated in the German DIN Speci- 
fication 8511 T2 (Ref. 7). According to 
the manufacturer, R-3 and R-4 are type F- 
SW-31 "water white" rosins (nonacti- 
vated), R-0 and R-00 are type F-SW-26 
halide-based activated rosins, R-1 is a 
type F-SW-32 halogen-free activated 
rosin, and R-2 is a type F-SW-25 organic 
flux rosin. The six solder fluxes are typi~ 
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cally used in the electronics industry. R- 
0, R-00 and R-2 also are used in struc- 
tural applications (Ref. 2). Table 1 shows 
information about the six commercial 
soldering fluxes studied and their na- 
tional specifications, United States QQ- 
S-571E (Ref. 6), Germany DIN 8511 T2 
(Ref. 7), and British BS 5625 (Ref. 8). 

Copper Sheet and Drop Tests 

Six 50 x 50 x 0.5-mm sheets of semi- 
hard copper with a cupping in the mid- 
dle were prepared. The sheets were de- 
greased in 5% H2SO 4 at 60-70°C for 1 
min and subsequently immersed in 25% 
(NH4)2S20 8 containing 0.5% H2SO 4 at 
20°C. After rinsing in distilled water, the 
sheets were placed in a 5% H2S04 solu- 
tion at 25°C for 1 min, followed by rins- 
ing with distilled water and acetone, and 
air-drying. 

One gram +0.05% of 60:40 Sn-Pb sol- 
dering alloy and 0.040 g +0.005% of flux 
were placed in the middle of each cop- 
per sheet and the sheets were then 
floated on the surface of a molten metal 
bath at 235°C + 5 °. Five seconds after the 
soldering alloy had melted, the copper 
sheet specimen was removed from the 
bath and allowed to cool for 15 min. Fi- 
nally, the specimens were placed upright 
in a humidity chamber at 91-95% rela- 
tive humidity (RH) and 40°C +2 °. Corro- 
sion was observed in the appearance of 
a bluish green color on the copper sheets 
or white stains in the soldering alloy or 
flux residue (Refs. 8-12). 

The drop test was carried out as fol- 
lows: a 30 wt-% rosin solution in benzyl 
alcohol was prepared and a drop was 
placed in the middle of each copper 
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sheet. Finally, the sheets were placed in 
a humidity chamber at 100% RH and 
room temperature (Ref. 10). 

Copper Electrodeposition Test 

A volume of 0.05 mL of rosin solution 
was placed on a copper-coated stainless 
steel sheet. Two copper film thicknesses 
were studied: 0.1 pm and 0.6 pm. The 
stainless steel sheets were then placed 
horizontally in a humidity chamber at 
50% +5% RH and 23°C +2 °, for 24 h +0.5 
h. After exposure to the humidity cham- 
ber, the specimens were visually exam- 
ined and finally immersed in isopropyl al- 
cohol, according to the MIL-F-14256C 
specification (Ref. 5). 

Determination of the Chloride Content, pH 
o f  Aqueous Solution, and Conductivity o f  

the Water Extract 

One gram of flux was added to 50 mL 
of benzyl alcohol and the mixture was 
heated until the dissolution of the flux 
was complete. Fifty mil l i l i ters of dis- 
tilled water was then added, and the so- 
lution was filtered through a separation 
funnel and allowed to stand for 24 h. 

The phase containing the aqueous ex- 
tract was collected and diluted to 100 
mL. The resulting solution was then used 
to determine the chloride content (Ref. 
13), the pH by use of a glass electrode 
pH-meter (Ref. 14), and the conductivity 
by means of a commercially available 
conductivity meter (Refs. 5, 6). 

Electrochemical Impedance 
Spectroscopy (EIS) 

The specimen used was a 2.3 x 1 x 
0.1-cm PCB (Fig. 1) with two soldering 
points for establishing a two-electrode 
configuration (Ref. 15). A sketch of the 
setup is included at the bottom of Fig. 1. 
One-tenth gram of 60:40 Sn-Pb soldering 
alloy was placed at each soldering point, 
together with an approximate quantity of 
0.03 g of flux, and melted in place using 
an electronic soldering iron. The speci- 
mens were stored in a humidity chamber 
at 100% RH and 40°C +2 °. 

The PCBs used in this work simulated 
real service conditions. In fact, they con- 
tained the galvanic couple formed by the 
copper tracks in the printed circuit and 
the soldering alloy, as well as the rosin- 
activator residues. These features and the 
high sensitivity of the EIS method make 
this approach a very promising choice. 

By applying a single-frequency volt- 
age Av=Vmsincot, where co is the angular 

frequency in radians/s (co = 27xf, f is the 
frequency in Hz), the phase shift, ~), and 

Table 1 - -  Identification and National Specifications of the Six Categories of Solder Fluxes 
Studied 

QQ-S-571E DIN 8511 T2 
Rosin Standard Standard 

R-0 RA F-SW-26 
R-00 RA F-SW-26 
R-1 RMA F-SW-32 
R-2 RA F-SW-25 
R-3 R F-SW-31 
R-4 R F-SW-31 

United States QQ-S-571E (Ref. 6). Germany DIN 8511 T2 (Ref. 7). British BS 5625 (Ref. 8) 

BS 5625 
Standard 

5a 
5a 
5b 
5a 
6 
6 

amplitude of the resultant current Ai = 
Imsin(cot+ ~) can be determined. Imped- 

ance is a vector whose modulus is de- 
fined as I Z I = Vm/I m containing resistive 

(R) and reactive (C) components. Imped- 
ance can be defined as a complex num- 
ber z =z'-jz", where z' and z" are the real 
and imaginary components, respectively, 
and j2 = -1 (Ref. 16). 

Measurements were 
made using a Solartron 
1250 frequency response 
analyser (FRA) connected to 
an EG&G PARC 273A po- 
tentiostat/galvanostat. The 
frequency range used was 
from 55 kHz to 1 Hz, and 
the signal amplitude was 
+10 mV (rms). Impedance 
measurements were gener- 
ated at the open-circuit po- 
tential. 

Results of Experiments 

Copper Sheet Test 

The intensity of the 
bluish green halo formed on 
the copper sheet was the cri- 
terion for estimating the cor- 
rosiveness of the soldering 
fluxes according to British 
specification 5625 (Ref. 8). 
After three days, the copper 
specimens coated with 
rosins R-0, R-00 and R-2 
showed a bluish green halo, 
whereas R-I exhibited no 
signs of corrosion. 

Table 2 summarizes the 
results obtained at 30 days. 
The halo developed on R-0, 
R-O0 and R-2 at 30 days may 
have resulted from the con- 
densation of moisture and 
the solution containing the 
ionic residues from the rosin 
activators agree with British 
specification 5625 (Ref. 8). 

The soldering alloy was more readily 
melted on the copper specimen coated 
with rosin R-2 than on the other speci- 
mens, to the extent that it spilled over - -  
Fig. 2A. On the other hand, the solder did 
not wet the copper sheet or spread 
widely on the specimens coated with 
rosins R-3 and R-4 - -  Fig. 2B. This is an 
indirect measure of flux corrosiveness. 

Flux 
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and Sn: Pb alloy 

/ 

Fig. 1 - -  Specimen containing two soldering spots used in the 
EIS Method and the setup of  the arrangement. 
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Fig. 2 - -  Copper sheets containing soldering al loy and rosin. A - -  Rosin R-2; B - -  Rosin R-3. 

Table 2 - -  Copper Sheet Test Results at 30 
Days 

Corrosion Grade at 
30 Days Associated 

Rosin to Sheet Color 

R-O I 
R-00 1 
R-1 2 
R-2 0 
R-3 0 
R-4 0 

0: No change, 1: Bluish green color, 2: White color (Ref. 8). 

Table 3 - -  Drop Test Results 

ExDerimentation Time 
Rosin 2 days - 10 days 30 days 

R-O 1 1 2 
R-O0 1 1 2 
R-1 1 2 3 
R-2 2 2 3 
R-3 0 1 1 
R-4 0 1 1 

0: No corrosion stain, I: Slight trails of corrosion and color 
change, 2: Slight pittings, 3: High corrosion. 

Table 4 - -  Modified Copper 
Electrodeposition Test Results Expressed as 
Time Needed to Dissolve a Thin Copper 
Film Using a Drop of Flux Dissolved in 
Benzyl Alcohol 

Thickness of Copper Film 
Rosin 0.1 pm 0.6 pm 

R-O 7 min 30 min 
R-O0 30 min 60 min 
R-1 45 min 6 h 
R-2 4 rain 25 min 
R-3 16 h >24 h 
R-4 16 h >24 h 

Thus, rosin R-2 was seemingly the most 
active, whereas rosins R-3 and R-4 did 
not a l low the solder to wet the metal 
properly as they contained no activator. 

Drop Test 

Table 3 shows the corrosion produced 
by the rosins tested as measured by 
means of the drop test. Within 1 h, rosins 
R-O, R-00 and R-2 gave rise to a light-col- 
ored halo around the drop, whereas rosin 
R-1 had changed the drop area to a very 
dark color. Rosins R-3 and R-4, however, 
resulted in no changes. 

At two days, the drops of rosins R-O, 
R-O0 and R-2 were thicker and darker 
and the original halo had spread and 
turned bluish. At 10 days, the drops of 
rosins R-O, R-O0 and R-1 had a greenish 
blue veil. On the other hand, the drops of 
rosins R-3 and R-4 had evaporated. 

At the end of the test the rosins were 
dissolved in benzyl alcohol in order to 
study the type of attack involved. Rosins 
R-3 and R-4 left a dark stain on the cop- 
per sheets, which was even darker for R- 
1 and R-2. The specimens coated with 
rosins R-O and R-O0 showed many pits. 

Copper Electrodeposition Test 

The specifications commonly used to 
carry out the copper electrodeposition 
test are cited in United States specifica- 
tions MIL-F-14256C, QQ-S-571E and 
ASTM B284 (Refs. 5, 6, 17). However, 
none of the six rosins studied complied 
with these specifications, due to their ex- 
cessive corrosiveness. A new method 
named the modified copper electrode- 
posit ion test was proposed. This new 
method involves measuring the t ime 

taken by a drop of f lux solution in 20 wt- 
% of benzyl alcohol to dissolve a thin 
copper film. This proposed new method 
al lowed the rosins to be classified ac- 
cording to their corrosiveness. 

Rosin R-O dissolved the 0.6-pm-thick 
film in half the time taken by R-O0. On the 
other hand, rosin R-O was approximately 
four times less corrosive than R-O0 with a 
0.1-pm film thickness - -  Table 4. 

Corrosion in the specimens coated 
with rosins containing chlorine (R-O, R- 
OO and R-2) started around the drop and 
formed a halo that eventually exposed 
the underlying stainless steel. The other 
specimens showed a dark spot under the 
drop, where the copper coating started to 
d i s s o l v e -  Fig. 3. 

As can be seen from Table 4 and Fig. 
3, rosins R-O and R-2 were more corro- 
sive than R-O0 and R-l, which in turn sur- 
passed R-3 and R-4 in this respect. 

In order to simulate the changes oc- 
curring in a rosin during soldering, a par- 
allel test was carried out, involving boil- 
ing a constant volume of rosin solution 
for 1 min fol lowed by placing 0.05 mL of 
the solution on a copper-coated stainless 
steel sheet with a 0.1 -pm and 0.6-pm film 
thickness. The results were identical to 
those for the nonheated rosins. 

Activators are known to become inert 
above a given temperature (Ref. 18). In 
order to investigate this effect, a second 
parallel test was carried out, involving 
placing five drops of rosin on a stainless 
steel sheet coated with copper at a 0.1- 
pm and 0.6-pm thickness and heating 
with a soldering iron. The results thus ob- 
tained were similar to those of the modi- 
fied copper electrodeposition test. 

Determination of the Chloride Content, 
pH of Aqueous Solution, and Conduc- 
tivity of the Water Extract 

Table 5 shows the chloride content, 
pH, and conductivity of the aqueous ex- 
tracts from the fluxes studied. Al l  six 
rosins were acidic; also, three of them (R- 
0, R-00 and R-2) contained a chlorinated 
activator. As can be seen from the con- 
ductivity values, there were some differ- 
ences between the fluxes. Thus, the acti- 
vated rosins had a much higher 
conductivity than the unmodified rosins. 

As can be seen from Table 5, the rosin 
R-2 was the least acidic and also the one 
containing the most chloride. Dunn, et 
al. (Ref. 9), claim that a rosin of pH 3.5 
containing over 4% chloride is highly 
corrosive. 

Electrochemical Impedance 
Spectroscopy (EIS) 

In general, the diameter of the semi- 
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circle of a Nyquist plot is a measure of Rp 
value, and using the Stern-Geary equa- 
tion (icorr = B/Rp) the corrosion current 
density may be estimated. It can be con- 
cluded that the greater the diameter of 
the semicircle (Rp) the lower the 
icorr.Thus, the evolution of a Nyquist plot 
with time allows the corrosion current 
density to be quantified (see below). 

Figure 4 shows the typical Nyquist 
plots (Z' vs. jZ") for the rosins obtained at 
different experimental times. During the 
first 10 days of the test a very open arc is 
observed. It should be noted that all the 
Nyquist plots obtained in these first 10 
days were similarly shaped. However, 
after 15 days the plots started to exhibit 
some differences. Thus, the approximate 
semicircle for R-2 and R-1 rosins was de- 
fined with time, with less definition for R- 
0 and R-00 rosins and almost no change 
for R-3 and R-4 rosins. 

Discussion of Results 

While the drop test can be used as a 
rough approach to studying corrosive- 
ness in rosins employed by the electron- 
ics industry, it is better suited to stronger 
fluxes such as those used in plumbing, 
where pit depth can readily be measured 
by metallographic microscopy (Ref. 19). 

In soldering two metals, the liquid flux 
wets the surroundings of the molten sol- 
der front, thus bringing both metals and 
the corrosion layer potentially present 
into contact. The soldering process may 
alter the composition and activity of the 
flux. On the other hand, some of the 
residues left after the flux cools are highly 
hygroscopic and may lead to galvanic 
corrosion. Therefore, the basic purpose 
of the copper sheet test is to measure gal- 
vanic couples formed in soldering. Be- 
cause copper is more noble than the sol- 
dering alloy, approximately 300 mV (Ref. 
20), the galvanic effect will further en- 
hance solder corrosion in the presence of 
chloride ions, thereby increasing the risk 
of failure in the electric contact at the sol- 
dering joint. 

As can be seen from Table 6, the re- 
sults provided by the modified copper 
electrodeposition test and copper sheet 

Table 5 - -  Chloride Content, pH, and 
Conductivity Test Results 

Conductivity 
Rosin % CI- pH IJS cm -1 

R-0 1.60 3.5 56 
R-00 0.40 2.4 139 
R-1 0.00 3.3 17 
R-2 4.04 4.1 122 
R-3 - -  3.5 8 
R-4 - -  3.1 10 

test were quite consistent. 
In addition to these tests, 
the water extract chloride 
content, aqueous solution 
pH, and water extract con- 
ductivity should be deter- 
mined (Ref. 14) since 
residual ionic contami- 
nants in the solder can trig- 
ger corrosion in the pres- 
ence of moisture. The 
results of these tests (Table 
5) were also consistent 
with the corrosion tests: 
copper sheet test and mod- 
ified copper electrodepo- 
sition test. 

In order to interpret the 
EIS measurements, the 
electrolyte (water ad- 
sorbed from the atmos- 
phere)/rosin/metal system 
may be described by an 
equivalent circuit relevant 
for the conditions of the 
experiment, i.e., some net- 
work containing ideal re- 
sistive and capacitive 
components which can 
represent the properties of 
the test system and model 
the collected data. To ap- 
proximate the electrical 

Fig. 3 - -  Effect of the attack by different rosin drops on a copper 
film of 0.6 pm thick. A - -  Spots left by rosins R-O, R-I, R-00 and 
R-2 (top to bottom) at 30 min; B - -  Spots left by rosins R-O, R-2, 
R-00 and R-I (top to bottom) at 60 min. 
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Table 6 - -  Classification of the Rosins Studied in Decreasing Order of Corrosiveness 

Copper sheet test 
Drop test 
Modified copper 
Electrodeposition test 
Chloride content of water extract 
pH of aqueous solution 
Conductivity of water extract 
EIS method 

R-2>R-O>R-OO>R-I>R-4=R-3 
R-2>R-I>R-O=R-OO>R-4=R-3 

R-2>R-O>R-OO>R-1 >R-4>R-3 
R-2>R-O>R-OO>R-1 =R-4=R-3 
R-2>R-O=R-3>R-1 >R-4>R-O0 
R-OO>R-2>R-O>R-1 >R-4>R-3 
R-2>R-1 >R-OO>R-O>R-4=R-3 

Table 7 - -  Rosin Corrosion Current Density Estimated by the EIS Method 

Rosin 
Time R-O R-O0 R-1 R-2 

Corrosion current density, nA cm -2 

15 days 7.9 4.1 0.3 17.6 
20 days 11.0 5.5 12.7 20.6 
30 days 11.3 8.2 15.0 25.8 
40 days 11.8 13.7 23.6 37.5 

R-3 

4.1 
3.8 
4.1 
4.1 

R-4 

4.0 
3.9 
4.2 
4.0 

20 

5 

2 

R-3 

R-/. 

I I i 

20 30 /.0 
TIME, days 

Fig. 5 - -  Variation of  the apparent polarization resistance, Rp, with time. 

double-layer and the faradaic imped- 
ance of a quasireversible reaction (corro- 
sion process) a resistor and a condenser 
(electrical double-layer) in parallel can 
be used. Nyquist plots provide a wealth 
of information. Thus, as can be seen from 
Fig. 4, the behavior of the 
electrolyte/rosin/metal system at 10 days 
was essentially capacitive, the rosin ap- 
pears to show a certain inertia to starting 
the corrosion process and a very open arc 
close to the imaginary axis is obtained 
(10 days, Fig. 4). The Nyquist plot shape 
can be ascribed to the absence of corro- 
sion; otherwise, part of the current would 
have shunted along the faradaic branch 
parallel to the capacitive branch of the 

equivalent circuit, as was indeed the case 
later, which accounts for the gradual de- 
finition of the semicircle. Thus, for 15 
days experimentation, the Nyquist plot of 
R-2 rosin draws a semicircle. The diam- 
eter of the semicircle gives an apparent 
polarization resistance, Rp, equal to 9 x 
106 ~ cm 2. Finally, for 40 days experi- 
mentation, the R-2 and R-1 rosins define 
a depressed semicircle, at high frequen- 
cies, and a small diffusion "tail" at low 
frequencies. The depression of the 
Nyquist plot may be due to dispersion in 
the time constant (Ref. 16). For 40 days 
experimentation R-O0 and R-O semicir- 
cles continue to be very open and the Rp 
value may be obtained by extrapolation. 

For this experimentation time, the least 
corrosive behavior is shown by R-3 and 
R-4 rosins. Figure 5 depicts the variation 
of Rp with time. 

Once Rp is known, the corrosion cur- 
rent density can be estimated by using 
the Stern-Geary equation (icorr = B/Rp). 
For this purpose, we assumed an ap- 
proximate value of the constant B of 
0.026 V, which is very commonly used in 
atmospheric corrosion studies (Ref. 21). 
The apparent surface area was 32 mm 2. 
Table 7 shows the corrosion current den- 
sity thus estimated for each type of rosin. 

Tentative weight loss and average cor- 
rosion may be calculated using Faraday's 
law. In this way, we found an average an- 
nual corrosion of 0.43 [am year -1 for cop- 
per, and 0.99 and 1.11 pm year -~ for tin 
and lead, respectively, all at the maxi- 
mum corrosion current density mea- 
sured, i.e., 37.5 nA cm -2 (Table 7). Obvi- 
ously, lower values of icorr cause less 
corrosion. Because these are mean val- 
ues, the corrosion rate may be greater at 
some points. 

Conclusions 

The rosins studied in this work are em- 
ployed by the electronics industry, and 
the activators they contain are moder- 
ately corrosive, so use of the modified 
copper electrodeposition test is to be pre- 
ferred as it is more sensitive than the drop 
test and performs similarly in all other re- 
spects. On the other hand, the copper 
electrodeposition test fails to measure the 
effect of contact between the metals form- 
ing the soldering joint, so it must be used 
in combination with the copper sheet test. 

The EIS method is potentially useful for 
assessing the corrosiveness of rosin acti- 
vators used as soft soldering fluxes. The 
corrosion system made up by the copper, 
solder and flux residue is adapted to an 
equivalent circuit essentially consisting of 
a parallel condenser and resistor. Consis- 
tent with the theoretical predictions, the 
resulting Nyquist plot is roughly semicir- 
cular. The estimated apparent polariza- 
tion resistance, Rp, provides a semi-quan- 
titative measure of flux corrosiveness. 
Thus, rosins R-1 and R-2 proved to be the 
most aggressive of the six tested, whereas 
R-3 and R-4 were found to be the most re- 
liable, with R-O and R-O0 lying between 
the two extremes. These results are con- 
sistent with those obtained using conven- 
tional techniques. 
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