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ABSTRACT

The microstructure and corrosion behavior of 70Cu-30Ni welded pipe were investigated by EM-

PA, SEM, immersion test and electrochemical method. The results showed that: (1) with the process of drawing
and annealing, the composition and microstructure tend to uniform; (2) the corrosion rate of heat affected zone is
greater than that of base material; (3) the corrosion rate of welded pipe is about the same as that of seamless pipe.
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1 INTRODUCTION

70Cu-30Ni alloy is widely used as heat
exchange material in the condenser tube, the
microstructure and corrosion behavior have
been investigated by many scientists. It’s well
known the high corrosion resistance of this al-
loyt =3

In the past, 70Cu-30Ni condenser tube
was usually seamless pipe made by extruding
and rolling. The product process was compli-
cated and expensive; Now engineers of many
countries are trying to make welded pipe by
welding. Because the composition and mi-
crostructure of welding joints are different
from base material, the corrosion behavior of
welding joints may become the decisive factor
which determines the lifetime of condenser
tube. In this paper, the microstructure and
corrosion behavior of seamless and welded
pipe of 70Cu-30Ni alloy will be investigated.

2 EXPERIMENTAL

2.1 Material

The composition of 70Cu-30Ni alloy
(wt.-%) was Ni 30.10, Fe 0. 94, Mn 0. 85,
Si 0. 15, P 0. 006, Pb 0. 02 and Cu balance.
The seamless pipe d23 mm X 80. 85 mm ( & -
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wall thickness) was made by the 70Cu-30Ni
extruding ingot casting into 460 mm X 6 mm,
and then six times rolling and annealing. The
fabricating process of welded pipe was follow-
ing: firstly welded the 125 mm X 61. 2 mm
plate into d40mm X 1. 2mm pipe by high fre-
quency welding machine, then drew and an-
nealed three times into d25 mm X 80. 9mm af-
ter 30 min annealing at 840 'C, finally drawn
into d23 mm X 60. 85 mm and annealed at
650 'C for 30 min.

In order to observe the change of mi-
crostructure and properties in the fabricating
process, d40 mm X 81. 2 mm, d25mm X 80. 9
mm, d23mm X 60. 85 mm welded pipe and d23
mm X 80. 85 mm seamless pipe were chosen.
By comparison of different pipe and different
parts of the same welded pipe, the size of
specimen was: (1) Pipe: d40 mm X 61. 2 mm
X 14. 0 mm(length), d25 mm X 60. 9 mm X 23
mm, d23 mm X 60. 85 mm X 25 mm (welded,
seamless); (2) Base material (BM) and weld-
ing joints (WM): 30 mm in length, 20 mm in
width. All speciments were grounded by abra-
sive paper, polished, and then cleaned with
water and acetone for degreasing.

2.2 Test Methods
The microhardness of different parts of
welded pipe was measured by micro-sclerome-



Vol.5 Ne.2

Microstructure &. Corrosion Behavior of Welded Pipe $89.

ter; the compositions of pipes were analysed
by electron micro-probe (EMPA). The corro-
sion rate was measured at 60+ 2°C in 3.5
wt.-% NaCl and 25 g FeCl; « 6H,0 + 100 mL.
HCI/L solution by immersion test. The mor-
phology of welded pipe after corrosion was ob-
served by SEM and microscope.

The polarization curves of different pipe
and different parts of the same welded pipe in
3. 5wt. -% NaCl solution at room temperature
were determined by using the dynamic poten-
tial method with a sweep speed of 0. 5mV/s,
a saturated calomel electrode (SCE) was used
as the reference electrode.

3 RESULTS

3.1 Microstructure and Composition of
Welded Pipe

Fig. 1, Table 1 and Fig. 2 are the mi-
crostructure, composition and element distri-
bution of welded pipe. Tt can be seen that with
the process of drawing, the width of welds,
grain size and the width of grain boundary de-
crease, the composition difference between the
welds and base material (consists of Ni and
Cu) decreases. The welding joint of 423 mm
welded pipe can hardly be seen, the composi-
tion of 423 mm welds is almost the same as
that of base material. For the welding joint of
d40 mm welded pipe in special, the heat af-
fected zone (HAZ) has the large grain and

broaden grain boundary because of the heat
cycle of welding (Fig. 1).

Table 1 Composition of welding
joints (wt.-%)
Specimen Cu Ni Fe Mn
BM 6834 30. 06 0.78 0.84
d 40mm .
WM 60.58 37.63 1.05 0.74
BM  68.00 30.38 0.85 0.77
d 25 mm
WM 63.72 34,36 1.05 0. 87
BM  68.63 29. 48 1.04 0.85
d 23mm
WM RR. 14 2G. 98 0GR 0 /4

3.2 Microhardness of Welded Pipe

Table 2 lists the microhardness of differ-
ent welded pipe and different weld parts. It
can be seen that the difference of microhard-
ness among WM, HAZ and BM decreases
with the process of drawing. For one given
welded pipe, because of the large grain and
broaden grain boundary in HAZ, the micro-
hardness of HAZ is obviously less than that of
BM. The microhardness of 423 mm seamless
pipe is different from that of 423 mm welded
pipe because of the different process.

3. 3 Immersion Test and Morphology
After Corrosion

Table 3 is the corrosion rate of welded

pipes immersed in 3. 5 wt. -% NaCl solution,

200 h and FeCl;+HCI solution, 72h. In 3.5

wt. -% NaCl solution, From d40mm, d25 mm

Fig. 1
(a)— d 40mm; (b)— d 25mm; (c)—d 23mm

Microstructure of welded pipe
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BM and that of the same pipe. The corrosion
60 rate of d23 mm welded pipe is slightly larger
than that of d23 mm seamless pipe; the corro-
70 sion rates of all BM is almost the same. Be-
50l Cu cause the corrosion rate in 3. 5 wt.-% NaCl
1 solution is very small, the difference between
WM and BM can hardly be distinguished by
microscope and SEM. In FeCl, + HCl solu-
tion, the corrosion rate decreases from d40
mm, d25mm and d23 mm (welded) to d23 mm
(seamless ); the corrosion rate of pipe and
WM decrease in order, the corrosion rates of
all BM are about the same; the corrosion rate
of WM is larger than that of BM and pipe.
. . . 40 The corrosion rate of d23 mm (welded) is

30 20 10 0 10 20 30 .
D /um slightly larger than that of 423 mm (seamless)

pipe.

Fig. 2 Distribution of Ni and Cu Fig. 3 is the surface morphology of weld-
in the welding joints ed pipes in FeCl; 4+ HCl solution. It can be
(1)— d 40mm; (2)—d 25mm; seen that there is a deep corrosion pit in the
D —grain size of weld heat affected zone. It is proved that the corro-
sion rate of HAZ is larger than that of BM.
From the section morphology (Fig. 4), the

Ni{wt.-5%)
Culwt. -%)

20

Table 2 Microhardness of different

pipes (Hv) same conclusion can be obtained. After 108 h
Specimen BM HAZ WM corrosion immersed d40 mm pipe and WM
d 40 mm 2048 76.7 08,0 specimen in FeCl; +HCI solution, the welds
(Welded) : ’ ’ was corroded away, the welds of 425 mm pipe
4 25mm was also corroded away in some area.

(Welded) 206. 5 152. 4 239.3 The maximum depth of WM of 190 ym,
72 pm and 23 pm are, respectively, related to
(dwzeslézgl) 204. 5 200.2 214.5 BM of d40 mm, d25 mm and d23 mm welded
pipe immersed in FeCl; +HCI solution for 36
4 23mm 137. 4 — — h. From d40mm to d23 mm (welded) pipe, the

(Seamless) }
maximum depth decreases from 190 pum to 23

and 423 mm (welded) to d23 mm (seamless), pm.

the corrosion rate of pipe and WM decrease; )
the corrosion rate of WM is larger than that of 3.4 Electrochemical Test

Table 3 Corrosion rate of pipes in 3. 5wt. -% NaCl and FeCl,+HCI solutions

3.5wt.-% NaCl, 200h/107  mm=+a~! FeCl;+HCl, 72h/mme+a~!
Specimen
Pipe BM WM Pipe BM WM
d 23 mm(Seamless) 29.52 29.52 — 18. 30 18. 30 -
d 23 mm(Welded) 30. 01 29. 32 32. 37 18. 99 18. 30 19. 38
d 25 mm(Welded) 32.08 29.72 32. 47 19. 48 18. 50 20. 47

d 40mm(Welded) 33. 95 30. 21 34.93 20. 86 18. 99 21.16
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Fig. 3 Surface morphology of welded pipe in FeCl,+HCI solution, 36h
(a)— d 40mm; (b)—d 23mm

b
>
100 yum .xi’

Fig. 4 Section morphology of welded pipe in FeCl,+HCI solution, 36h
(a)—d 40mm; (b)— d 25mm

Table 4 is the corrosion potential and cor-
rosion current density of pipes in 3. 5 wt.-%
NaCl solution. The corrosion potential of d40
mm, d25mm, and d23mm{welded) are almost
the same; the corrosion potential of 423 mm
(welded) is more negative than that of 223mm
(seamless). The corrosion current density de-
creases from d40 mm, d25 mm and 423 mm
(welded) to 423 mm(seamless); the corrosion
current density of WM is larger than that of
BM of the same pipe.

Fig. 5 was the polarization curves of d23
mm (welded) and d23 mm (seamless) pipe. It
shows that the corrosion potential of 423 mm
(welded) is more negative than that of 23mm

Table 4 Corrosion potential and current
density in 3. 5wt. -% NaCl solution

Ece /mVsce

2

Teoe /pAccm™

BM WM BM WM

d 23mm
(Seamless) ~1%9 10. 2 —
d 23mm
(Welded) 190 —184 24,87 28.40
d 25 mm
(Weldeq) 195 —186  36.70 39.89

d 40mm

(Welded) —199 —192 39.90 44.20

(seamless), the corrosion current density of d
23 (welded ) is larger than that of d23 mm
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(seamless).

4 DISCUSSION

After several drawing of welded pipe, the
deformation increases. Diffusing and recrys-
tallizing during the annealing at 650 °C, the
welded pipe tends to have the fine grain and
fine grain boundary, the microstructure, com-
position and microhardness of welded parts are
finally the same as those of BM.

Table 5 is the composition of grain and
grain boundary of d40 mm HAZ. In the grain
boundary of HAZ, the content of Ni is less
than that of grain and BM, the contents of P,
Pb are larger than those of grain. This result
is the same as Savage’s conclusion™ %, It is
these element’s segregation that the melting
point of grain boundary decreases and the
grain boundary is broadened.

In ordinary circumstances, the hetero-
geneity of the microstructure would result in
micro-electrochemical heterogeneity, produce
micro electric cell, and then accelerate the cor-
rosion loss of materials. For welding joints,

200

40

—120¢

E/mVv

— 280

— 440}

— 600! . N " N
107" 10° 10' 10! 10° 10
I/pA+cm™

Fig. 5 Polarization curves of pipes d 23 mm
1— d 23 mm welds; 2— d 23 mm seamless

Table 5 Composition of grain and
grain boundary of 4 40 mm HAZ (wt.-%)

Specimen Ni Fe Mn P Pb Cu

Grain

boundary 29.29 0.71 0.98 0.015 0.06 68.94

Grain 31.74 0.79 0.88 0.007 0.03 66.54

the welded part, especially the heat affected
zone with large grain, broad grain boundary
and heterogeneity of composition, is the anode
related to the base material. So the corrosion
rate of welded parts is obviously larger than
that of BM under the general corrosion of
pipe.

With the process of drawing and anneal-
ing, the microstructure of welding joint tends
to uniform, the difference between HAZ and
BM decreases, eventually disappears, thus the
maximum depth of HAZ decreases.

5 CONCLUSION

(1) With the process of drawing and an-
nealing, the composition and microstructure
of welded pipe tend to uniform.

(2) In 3. 5wt. -% NaCl solution, the cor-
rosion rate of welded pipe decreases with the
process of drawing and annealing. The corro-
sion rate of d23 mm welded pipe is about the
same as that of 423 mm seamless pipe.

(3) In FeCl; +HCI solution, the general
corrosion is occurred in the welded pipe, but
the corrosion rate of HAZ is greater than that
of BM.
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