
The Effect of Iron Dilution on Cu-Ni Weld 
Deposits Used in Seawater 

Iron dilution levels and filler metal compositions were 
evaluated for welding CA706 clad steel intended for 

seawater applications 

BY R. K. WILSON, T. J. KELLY AND S. D. KISER 

ABSTRACT. CA706 clad steel has for 
many years been welded for marine 
applications, but the acceptable iron dilu
tion limits for seawater service have not 
been established. The results of this work 
demonstrate that CA706 clad steel can 
be welded for seawater service with up 
to 10% iron dilution, using either 70-30 
copper-nickel or 70-30 nickel-copper fill
er metal. Additionally, these results show 
that 90-10 copper-nickel filler metal is 
unacceptable for welding CA706 clad 
steel for seawater service, regardless of 
the amount of iron dilution which occurs 
in the weld. 

Introduction 

As resources on land have become 
scarce, civilization has begun to turn to 
the oceans of the earth for energy, fresh 
water, and minerals. In dealing with sea
water, normal structural materials have 
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proven to be poor choices due to corro
sion and biofouling. Copper-nickel alloys 
have excellent resistance to seawater 
corrosion and biofouling, but they are 
expensive and have lower strength-to-
weight ratios than structural steels. Due 
to the cost of the Cu-Ni alloys, as well as 
to their lack of adequate strength for 
some applications, it is common to con
sider using Cu-Ni alloys as cladding on 
structural steels. 

The use of Cu-Ni alloys for cladding of 
steel structures in seawater service 
presents several questions, such as what 
thickness of Cu-Ni to use, how to join the 
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cladding to steel, how to compute the 
strength of the structure, and what (if 
any) additional corrosion protection is 
needed. The work described in this 
paper was mainly concerned with iron 
dilution, but the data can also be useful in 
determining cladding thickness and the 
proper joining process. 

Most of the technical publications (Refs. 
1-10) available on the welding of clad steel 
cite levels of iron dilution which vary with 
the filler metal, but only two papers (Refs. 1 
and 7) cite the effects of welding process 
and cladding thickness on the resulting 
dilution. It is obvious that, for a given filler 
metal, the maximum dilution permissible 
must be factored into the selection of the 
correct cladding thickness, since, if a given 
combination of welding process and clad
ding thickness would produce excessive 
weldment iron dilution, then either the 
welding process (or procedure) or the 
cladding thickness must be changed. The 
most economical shipbuilding system for 
Cu-Ni clad hulls would require integration 
of these factors. 

Copper-nickel clad structures (general
ly using CA706 alloy, 90-10 Cu-Ni) are 
currently being welded with either cop-
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Fig. 1 — Comparison of the cast pin microstructure to that of the 
weldment microstructure. A — The microstructure of a CA706 
weldment with 11.7% Fe dilution; B — the microstructure of a cast pin 
of 90-10 Cu-Ni electrode deposit composition with 8.8% Fe dilution 
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per-nickel (90-10 or 70-30) or nickel-
copper (70-30) electrodes or filler metals. 
Due to the wide range of composition in 
the electrodes, there is also a wide range 
of permissible iron dilution in the resulting 
weld deposits, but the effects of iron 
dilution have not yet been fully docu
mented. The lack of data on the effect of 
iron dilution on the seawater perfor
mance of Cu-Ni weldments is a problem 
since 1) organizations in several countries 
will soon establish standards for the weld
ing of clad offshore structures and desali
nation plants, and 2) if Cu-Ni cladding of 
ships develops into a commercial prac
tice, it will also require standards for 
permissible iron dilution in weld depos
its. 

There are several ways in which iron 
content can render a Cu-Ni weldment 
unsuitable for service: 1) excessive iron 
can affect the physical integrity, or 
soundness, of the weld metal; 2) iron can 
adversely affect mechanical properties of 
the joint; and 3) it can lower the corro
sion resistance of the weldment. In this 
paper, two levels of iron dilution in Cu-Ni 
weldments are determined. The first, 
higher dilution level established is the 
level required to fail a visual inspection; 
the second, and lower, iron level estab
lished in this work is the level at which the 
weldment corrosion resistance becomes 
inadequate. 

Both bulk chemical analysis and micro
probe data were used to measure iron 
dilution. The corrosion rate data for the 
iron-diluted weldments are presented 
based on measurements made using sim
ulated weld deposits galvanically coupled 
to CA706 and compared to actual weld
ments exposed in seawater. 

Experimental Procedure 

The iron dilution levels required to 
produce visibly defective welds were 
established by welding with 90-10 Cu-Ni 
and 70-30 Cu-Ni electrodes into weld 
grooves that had been machined into 
CA706 (90-10 Cu-Ni) clad steel plates. 
The cladding thickness was 2.5 mm (0.10 
in.) and the steel plate was 25.4 mm (1.0 
in.) thick. Various amounts of heat input 
were used to establish different levels of 
iron dilution in the weld. When a weld 
was made that was visibly defective due 
to cracking or porosity, then its bulk 
composition was analyzed by removing 
the top third of the weld deposit for 
chemical analysis to determine the level 
of iron dilution which caused the surface 
discontinuity. Once a level of iron dilution 
that caused the discontinuities was estab
lished, then this level was used as a 
maximum iron dilution. 

In the case of the 70Ni-30Cu electrode, 
it was necessary to set an arbitrary iron 
dilution limit. Because the nickel-rich side 
of the system has a much greater iron 

Fig. 2 — Example of galvanically coupled simu
lated weld pin and CA706 plate 

solubility than does the copper-rich side 
of the system, visible weld discontinuities 
would not be expected until the weld 
metal iron content was much too high to 
produce a weldment resistant to seawa
ter corrosion. 

Since the corrosion testing was to be 
done by immersion in seawater, the actu
al corrosion test coupons could not be 
made from CA706 clad steel, because 
the steel would be too difficult to isolate 
from the seawater; and if not totally 
isolated, the steel would galvanically pro
tect the entire Cu-Ni weldment. There
fore, the test specimens had to be made 
of solid CA706 with a simulated iron-
diluted weld either attached to or made 
across the specimen. This was accom
plished in two ways: 1) one set of speci
mens was made from pieces of CA706 in 
which iron rods were placed at the bot
tom of machined grooves, and 2) welds 
were then made over the iron rods to 
achieve the proper iron dilution. The 
other set of specimens consisted of 
blanks of CA706 coupled to pins of 
artificial weld metal. The artificial weld 
metal was made by extracting rods of 
molten metal from heats of Cu-Ni con
taining predetermined levels of iron. In 
both cases, the ratio of the surface areas 
of the CA706 baseplate to the weld bead 
was kept at 25:1 to allow a direct com
parison of galvanic data and actual weld 
exposure data. Examination of the cast 
pin microstructure and the actual weld
ment microstructure shown in Fig. 1 indi
cates that the segregation pattern in the 
pin was similar to that of the weld. 

The two types of seawater corrosion 
test specimens described above are 
shown in Figs. 2 and 3. Fresh seawater 
was used in 400-L (106-gal) tanks replen-

Fig. 3 —Example of iron-diluted weld bead 
specimens used for seawater exposure test
ing 

ished at a rate of 2 L/min (0.5 gal/min); all 
tests lasted at least 60 days and were 
done at two different temperatures — 
17.5°C (63.5°F) and 27.2°C (81.0°F). 
Both corrosion potential and weight loss 
were measured as functions of time. 

Bulk chemical analysis samples re
moved from the upper one-third of the 
weld were used to determine the levels 
of iron dilution in the weld bead, while 
microprobe measurements were used to 
determine the amounts of iron segrega
tion in the weldments. Metallographic 
examinations of the weldments were 
performed to document the effects of 
segregation on the weld microstructure. 

A separate set of weldments was 
made and tested to determine the effects 
on tensile and bend properties of Cu 
levels that were acceptable from a corro
sion standpoint. While gross degradation 
of properties was not expected, there 
was concern that bend ductility in partic
ular would be reduced by iron dilution. 

Results 

Welding 

Representative samples of the actual 
welds made into CA706 clad steel plate 
are shown in Figs. 4 and 5. The weld in 
Fig. 4 was made with 70Cu-30Ni (MON
EL1 Welding Electrode 187), while the 
weld in Fig. 5 was made with 90Cu-10Ni 
(UTP2 389 welding electrode). In Fig. 4, 
one of the weldments has a number of 

1. Trademark of the Inco family of compa
nies. 

2. Trademark of UTP We/ding Materials, Inc. 
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Table 1—Percent Iron Dilution in Cu-Ni 
Weldments Made in Grooves Machined 
into CA706 Clad Steel<a> 
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Fig. 4-Weldments made with 70Cu-30Ni electrode on CA706 clad steel (8052 and 8053 
containing 20.3 and 7.5% iron, respectively). Note that weld number 8052 is cracked in several 
locations 

Electrode Nominal 
Composition 

90Cu-10Ni 
90Cu-10Ni 
90Cu-10Ni 
70Cu-30Ni 
70Cu-30Ni 
70Cu-30Ni 

% Fe 

1.8 
5.6 

10.4 
1.0 

10.4 
17.5 

Condition 
of Weld 

Good 
Passable<b» 
Defective'0' 
Good 
Good 
Cracked 

(a) The iron content was measured from chips taken from the 
top one-third of the weld bead. This data was used to 
establish iron dilution levels for visible defects. 
(b) Poor surface appearance, some porosity. No gross 
defects, no cracking visible. 
(c) Extremely poor surface appearance, including extensive 
porosity, possible cracking. Uneven weld bead surface is 
equivalent to significant undercut. 

transverse cracks, while in Fig. 5, the 
weldment is very porous. The iron con
tents of these two weldments were used 
as the levels of iron dilution that would 
produce defective welds —Table 1. Visi
ble defects were found in the weldments 
at 10% iron dilution for the 90-10 weld 
deposit and at 17.5% iron dilution for the 
70-30 Cu-Ni weld deposit. Though these 
were the upper limits of iron dilution 
desired for testing, the actual corrosion 
test specimens were slightly different in 
iron content, having 11.7% iron in the 
90-10 Cu-Ni specimen and 14.1% iron in 
the 70-30 specimen. 

Since weldments of the CA706 with 
70Ni-30Cu weld metal were not used to 
establish a maximum iron dilution level, 
the maximum was arbitrarily set at a 
target value of 16%. The actual weld
ments made for corrosion testing, how
ever, contained a maximum of only 
11.8% iron. 

Fig. 5 —Surface appearance of three welds made with 90Cu-10Ni welding electrode on CA706 clad steel: W8047 contained 5.6% Fe, W8048 contained 
10.4% Fe, and W8049 contained 1.8% Fe. W8048 was determined to be unacceptable based on visual inspection, and was used as the maximum 
allowable Fe dilution for this electrode 
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F/i?. 6 — Microstructures of the weldments containing one-half the 
maximum amount of iron used for seawater exposure testing. A — The 
90CU-10NI deposit with 5.1% Fe; B-the 70Cu-30Ni deposit with 7.5% 
Fe; C-the 70Ni-30Cu deposit with 9.2% Fe 

Fig. 7— The microstructures of the weldments containing the maximum 
amount of iron dilution used for seawater exposure testing. A — 
The 90Cu-10NI deposit with 11.7% Fe; B - the 70Cu-30Ni deposit with 
14.1% Fe; C- The 70Ni-30Cu deposit with 11.8% Fe 

Metallographic Examination 

Figures 6 and 7 show the effects of 
iron dilution on the microstructures of the 
weldments. In Fig. 6, the microstructures 
of weld metals at the half-maximum iron 
dilution level are compared for each 
welding electrode, while in Fig. 7, the 
effect of the maximum iron dilution is 
demonstrated. Both the 70Cu-30Ni and 
70Ni-30 Cu welding electrodes produced 
deposits which are single phase at the 
half-maximum and maximum iron con
tent, while the 90Cu-10Ni electrode pro
duced a two-phase microstructure at 

both the maximum and half-maximum 
iron dilution levels. 

Table 2 presents the results of the 
microprobe analysis done on the material 
shown in Figs. 6 and 7. In all cases, there 
was a marked degree of segregation, 
even in the welds which retained a single-
phase structure. Similar results were 
found by Van Dyck (Ref. 9) and Rockel 
(Ref. 10). The bulk iron content in one of 
the 70Ni-30Cu deposits was 11.8%, but 
the iron level found in the microprobe 
analysis varies from a minimum of 5.4% 
to a maximum of 13.8%. Similarly, in one 
of the 70Cu-30Ni deposits, the bulk iron 

level was 14.1%, but the minimum was 
5.0% and the maximum was 18.2%. The 
greatest segregation was found in the 
90Cu-10Ni deposit with an 11.7% bulk 
iron dilution, which segregated to a mini
mum of 2.9% and a maximum of 64.0%, 
as would be expected since it was a 
two-phase structure. 

Corrosion Testing 

The actual weldments were tested by 
immersion in quiet seawater at 1-m (3.3-
ft) depth for up to 525 days, during which 
time the temperature varied from 5°C 
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Fig. 8 - CA706 welded with Ni-Cu alloy with 
11.8% iron dilution after 60-day exposure in 
quiet seawater 

(41 °F) t o 3 0 ° C (86°F). Results o f these 
tests appear in Figs. 8 th rough 10. No te 
that there is minimal ev idence of i ron 
ox ide (rust) o n the 70-30 Cu-Ni and 70-30 
Ni-Cu w e l d deposits (Figs. 8 and 9), wh i le 
the 90-10 Cu-Ni deposi t shows a heavy 
red deposit on the w e l d bead — Fig. 10. In 

Fig. 9-CA706 welded with 70-30 Cu-Ni with 
14.1% iron dilution after 60-day exposure in 
quiet seawater 

most cases, the cor ros ion p roduc t show
ing o n the higher Ni deposits can be 
t raced either t o we ld ing craters wh i ch 
w e r e not backfi l led or t o a slight amount 
of undercut t ing. In any case, the higher Ni 
we ldments conta ined as much or more 
i ron w i t h considerably less rusting evi-

Fig. 10 - CA706 welded with 90-10 Cu-Ni with 
11.7% iron dilution after 60-day exposure in 
quiet seawater 

dent , and the rusting that is ev ident can 
be at t r ibuted to the w a y in wh ich the 
specimens w e r e made. 

The cast pins that w e r e made t o simu
late the composi t ions and structures of 
we ld deposits containing various 
amounts of i ron w e r e placed in quiet 
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Fig. 11 — 90-10 Cu-Ni simulated weld deposit pins after 60-day exposure 
in quiet seawater (left to right: 1.7% Fe, 3.5% Fe and 6.9% Fe) 

Fig. 12 — 70-30 Cu-Ni simulated weld deposit pins after 60-day exposure 
in quiet seawater (left to right: 0.8% Fe, 5.5% Fe and 9.6% Fe) 
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Fig. 13 — Ni-Cu alloy 
simulated weld deposit pins 

after 60-day exposure in 
quiet seawater (left to right: 

2.5% Fe, 7.1% Fe, 11.3% 
Fe, 25.6% Fe and 19.7% Fe) 
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i Coupled C70600 Baseplate 

| Couplad 90/10 CuNi Weld Electrode 

1.7% 3.5% 6.9% 

Weight % Fe 

I Coupled C70600 Baseplate 

• Coupled 70/30 CuNi Wfiin Electrode 

B 5.5% 9.6% 

Welatil % Fr, 

| | Couplad C706O0 Baseplate 

• J Coupled NICu alloy Weld Electrode 

2.5% 7.1% 11.3% 15.6% 19.7% 

Fig. 14 - Effect of galvanic coupling on weight loss of CA706 baseplate and 90-10 Cu-Ni weld electrodes with various iron levels. Data shown are from 
tests in seawater at 17 °C (first bar of each pair) and 27 "C (second bar of each pair). Comparative weight loss of uncoupled control specimens of CA706 
baseplate is shown by the crosshatched area. Comparative weight losses of uncoupled control specimens of 90-10 Cu-Ni weld electrodes are shown 
by the individual crosses. A-90Cu-10Ni electrode; B-70Cu-30Ni electrode; C-70Ni-30Cu electrode 

seawater f o r 60 days, and we igh t loss 
measurements w e r e made. Figures 11 
th rough 13 contain typical pin test results. 
All o f these pins c o r r o d e d (at di f fer ing 
rates, as s h o w n in Figs. 14A-C) in quiet 
seawater. 

A representat ive sample of a coup led 
corros ion pin and CA706 baseplate is 
s h o w n in Fig. 2. This test specimen was 
used to deve lop corros ion potent ia l data 
in quiet seawater. The data was p lo t ted 
as corros ion potent ia l and current vs. 
t ime, w i th negat ive current indicating gal
vanically accelerated corros ion o f the 
w e l d metal specimen, and posit ive cur
rent indicating preferent ial corros ion of 
the baseplate. A sample o f these cor ro 
sion potent ia l plots is s h o w n in Fig. 15. 

The average currents measured during 
the last 10 days of the 60-day tests of 
galvanic couples are given in Table 3. Five 
of the six current readings fo r 90Cu-10Ni 
w e l d metal in 17°C (63°F) seawater we re 
negat ive, indicating that the w e l d metal 
was cor rod ing preferential ly. All other 
current readings at this po int in the testing 
w e r e posit ive (except one reading o f 0). 
Positive current readings indicate galvanic 
p ro tec t ion of the w e l d metal by the base 
metal . 

Weldment Mechanical Tests 

Laboratory shielded metal arc elec
t rodes of 70Ni-30Cu and 70Cu-30Ni 
w e r e fo rmu la ted , containing sufficient Fe 
p o w d e r t o p roduce 5% and 10% Fe we ld 
metals. These w e r e used to w e l d butt 
joints in 0.75-in. (19-mm) thick 90-10 
Cu-Ni plate. Longitudinal and cross-weld 
tensile tests, and face and side b e n d tests 
w e r e p e r f o r m e d to evaluate the effects 
of i ron. 

This m e t h o d p r o d u c e d a un i fo rm i ron 

concent ra t ion th roughou t the w e l d met 
al, but it also resulted in m o r e porosi ty 
than w o u l d likely result f r o m i ron di lut ion. 
The poros i ty increased the severi ty o f the 
b e n d tests by prov id ing numerous f laws 
that cou ld enlarge dur ing testing. 

The b e n d test results presented in 
Table 4 indicate that iron levels up to 10% 

Table 2—Iron Content of Maximum and 
Half-Maximum Dilution Levels in Welds of 
90-10, 70-30 and 30-70 Cu-Ni on CA706 
Base Metal, as Determined by Microprobe 
Analysis and Wet Chemical Analysis 

CA706 

Flp rrnrlp Position of 
T Microprobe Distribution(al 

Cu-Ni 

30-70 
30-70 
70-30 
70-30 
90-10 
90-10 

1 

3.6-4.4 
8.8-11.2 
5.7-7.6 
6.7-12.3 
4.3-13.1 
9.8-64.0 

6.3-7.9 
5.4-13.8 
2.5-2.5 
5.0-12.9 
3.5-3.9 
2.9-57.3 

3 

4.6-6.2 
7.2-8.2 
7.0-8.4 
7.0-18.2 
3.7-20.2 
4.8-51.8 

Bulk Iron 
Content<b> 
of Weld 

9.2 
11.8 
7.5 

14.1 
5.1 

11.7 

(a) These are the high and low readings from five separate 
counts at each position. Positions 1, 2 and 3 were —SO 
microns from the weld surface. 
(b) Samples for analysis were taken from the top third of the 
weld bead. 

Table 3—Average Galvanic Currents 
Measured During Final 10 Days of 60-Day 
Seawater Tests 

Simulated Weld 
Metal Portion 
of Galvanic 

Couple'6' 

90-10 Cu-Ni with 
1.7% Fe 
3.5% Fe 
6.9% Fe 

70-30 Cu-Ni with 
0.8% Fe 
5.5% Fe 
9.6% Fe 

70-30 Ni-Cu with 
2.5% Fe 
7.1% Fe 

11.3% Fe 
15.6% Fe 
19.7% Fe 

Average Current(a), uA 

17°C'C> 
Seawater 

-6.5, -29 
3.3, -0.4 
-15, -33 

1.6, 5.4 
51, 47 
14, 11 

59, 57 
62, 61 
45, 46 
19, 12 
20, 17 

27°C 
Seawater 

0.1, 0 
2.3, 0.9 
4.4, 3.0 

0.4, 3.1 
31, 52 
43, 57 

92, 106 
37, 69 
34, 54 
44, 25 
25, 32 

(a) Negative current indicates that the weld metal is corroding 
preferentially with respect (o the base metal. 
(b) Base metal in all cases is 90-10 Cu-Ni. 
(c) Readings separated by commas are results of duplicate 
tests. 

Table 4—Bend Test Results for Iron-Containing Cu-Ni and Ni-Cu Weldments 

Approximate Number of 
Pores Observed 

As-Welded 

Number of Cracks Detected 
by Visual Inspection 
of Tested Specimens 

Weld Metal 

70Cu-30Ni 
70Cu-30Ni 
70Ni-30Cu 
70Ni-30Cu 

% Fe 

5 
10 

5 
10 

Dye Penetrant 

5 
35 
0 
0 

Radiograph 

50 
300 

11 
12 

Face Bends'3' 

8,0 
6,1 
0,0 
0,2 

Side Bends'6' 

0,0,0,0,0 
0,3,2,4,3 
1,1,0,0,3 
2,0,1,2,1 

(a) All cracks %. in. long or smaller. 
(b) All cracks fa in. long or smaller. 
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Fig. 15 —Example of polarization plots for galvanically coupled speci
mens. A —Corrosion potential vs. time; B —current vs. time. This test, 
for CA706 (90-10 Cu-Ni) coupled to a simulated 90Cu- lONi weld metal 
containing 3.5% Fe, was conducted in 27°C (81 °F) seawater 

Fig. 16—Effect of temperature on galvanic current measured in 90-10 
Cu-Ni weld metal samples with 6.9% Fe. A-Tested at 17"C (63°F); 
B-testedat 27°C(81°F) 

ate not significantly detrimental. Despite 
the porosity, all bend tests were satisfac
tory. 

Tensile test results were similar, with 
duplicate cross-weld tensile tests of each 
weld metal and iron level all failing in the 
base metal well away from the heat-
affected zone. This is to be expected 
since both weld metals, even without the 
additional solid solution strengthening 
effect of Fe, are stronger than annealed 
90-10 Cu-Ni. 

All weld metal tensile properties show 
both the strengthening effect of Fe and 
the detrimental effect of porosity on 
tensile ductility (Table 5). Despite the 
porosity, the ductility of the high-iron 
Cu-Ni and Ni-Cu weld metals is accept
able. 

Discussion 

The results of the corrosion tests are 
summarized in Fig. 14, in which weight 
losses are plotted against iron dilution for 
60-day quiet seawater immersion tests. 
On the graphs, the X's represent the 
60-day weight losses of the uncoupled 
corrosion pins, while the black bars rep
resent the 60-day weight losses of the 
corrosion pins galvanically coupled to the 
baseplate, and the open bars represent 

the 60-day weight loss of the baseplate 
galvanically coupled to the corrosion 
pins. The crosshatched areas represent 
the uncoupled 60-day weight loss of the 
CA706 baseplate. 

The data from the 90Cu-10Ni simulat
ed weld deposit is summarized in Fig. 
14A. It is clear from the graph that the 
90-10 Cu-Ni weld deposit corroded pref
erentially to the baseplate at every iron 
dilution level tested, and this is corrobo
rated by the potential and current vs. 
time plots (Figs. 15-17) made for these 
couples. Additionally, the weldments that 
were exposed in seawater also showed 
marked amounts of corrosion product 
after 525 days' exposure. This can be 
contrasted to the results of the 70Cu-
30Ni simulated weld deposit in Fig. 14B, 
which shows no preferential attack of the 
weld bead up to approximately 10% iron 

dilution. This result was corroborated by 
the corrosion potential measurements 
during the 60-day test period and by the 
weldments exposed to seawater for 525 
days. Similar results were attained for 
70Ni-30Cu simulated weld deposits (Fig. 
14C), which show no preferential attack 
of the weld deposit with up to 10% iron 
dilution at 17.5°C (63.5°F), but some 
attack at 27.2°C (81.0°F). All of the cor
rosion data were verified by the corro
sion potential plots. 

The current readings from the last 10 
days of the 60-day galvanic couple tests 
also point out some significant trends. 
First, it is surprising that the 90-10 Cu-Ni 
weld metal corroded preferentially at 
17°C, but not at 27°C, between 50 and 
60 days. Since total weight losses were 
approximately equivalent, it is possible 
that the difference in current reflects a 

Table 5—All-Weld Metal Tensile Properties 

Weld Metal 

70Cu-30Ni 
70Cu-30Ni 
70Ni-30Cu 
70Ni-30Cu 

% Fe 

4.9 
10.0 
4.7 

10.0 

Yield Strength, 
psi 

35,400 
44,000 
40,200 
40,600 

Tensile Strength, 
psi 

59,100 
68,300 
72,900 
75,900 

Elongation, 
(%) 

40.0 
31.0 
43.0 
46.0 

Reduction in 
Area (%) 

64.5 
43.2 
61.6 
54.9 
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Fig. 17 — Galvanic current vs. time for: A — 70Cu-30Ni, and B — 70Ni-30Cu weld metals containing substantial iron dilution. Positive galvanic current 
shows that the weld is protected; contrast with current plots for 90Cu-10Ni weld metals in Figs. 15B and 16A and B. The 70Cu-30Ni weld metal in A 
contained 9.6% Fe, while the 70Ni-30Cu weld metal in B contained 11.3% Fe 

change in the kinetics of corrosion attack. 
Figure 16 shows that the 90-10 Cu-Ni 
sample containing 6.9% Fe underwent a 
period of initial attack at much higher 
current levels than did the sample ex
posed to seawater at 17°C. 

The second observation from the gal
vanic couple measurements is that the 
90-10 Cu-Ni weld metal corrodes prefer
entially to the base metal at 1.7% Fe, 
which represents the upper limit of iron 
content for the base metal. This suggests 
that even when solid 90-10 Cu-Ni is being 
welded, it is prudent to use a more highly 
alloyed (overmatching) welding product. 
The difference in electrochemical behav
ior can be understood by comparing the 
current vs. time plots in Figs. 15 and 16 
with the two in Fig. 17. In the latter, 
galvanic current is positive during the 
entire test, indicating that the weld is 
galvanically protected from the outset. 

Tensile and bend tests performed on 
uniformly diluted welds of 70Ni-30Cu 
and 70Cu-30Ni indicate no detrimental 
effects in welds containing up to 10% Fe. 
A weld in a clad structure that contains 

10% iron at the surface, however, is likely 
to contain higher Fe in sections below the 
surface, due to gradient effects from the 
underlying steel. Therefore, these results 
should be applied with caution. 

Conclusions 

1. CA706 clad steel structures should 
be welded with overmatching weld met
al compositions (higher Ni content) if they 
are to be used for seawater applications, 
even where no iron dilution is ex
pected. 

2. 70-30 Cu-Ni and 70-30 Ni-Cu weld
ing electrodes can be used to weld 
CA706 clad steel structures for seawater 
applications, as long as the iron dilution in 
the weld deposit is kept below 10%. 
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The primary objective of this Bulletin, which contains two papers, is to present a comprehensive 
picture of the research work conducted to establish the current techniques and procedures for 
specifying the ferrite content of austenitic stainless steel weld metal and measuring its level. 

Factors Influencing the Measurement of Ferrite Content in Austenitic Stainless Steel Weld Metal Using 
Magnetic Instruments 
By E. W. Pickering, E. S. Robitz and D. M. Vandergriff 

This report describes a program conducted under the auspices of the Welding Research Council 
(WRC) Subcommittee on Welding Stainless Steel to identify the optimum procedure for the preparation 
of austenitic stainless steel weld samples for Ferrite Number (FN) determination. 

Measurement of Ferrite Content in Austenitic Stainless Steel Weld Metal Giving Internationally 
Reproducible Results 
By E. Stalmasek 

This report is a summary of the results of 14 years' work by the IIW Commission 2 in the field of ferrite 
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By C. D. Lundin, C. H. Lee, R. Menon and E. E. Stansbury 

The research described in this report was undertaken to derive a better understanding of the HAZ 
sensitization response of 304, 304LN, 316NG and 347 austenitic stainless steels. The results are directly 
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Welding Metallurgy and Weldability of High Strength Aluminum Alloys 
By S. Kou 

A literature survey was conducted to gather the information available on the welding metallurgy of 
high strength aluminum alloys, and its effect on their weldability. Both conventional high strength 
aluminum alloys and newer products, e.g., powder metallurgy aluminum alloys, Al-Li alloys and Al-matrix 
composites, are included in this report. 
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