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Abstract

The method of carbon nanotubes (CNT) addition to a friction stir welded dissimilar joint has been developed.
The CNT agglomerates are produced in shape of paper sheets. CNT sheets added to the gap of butt joint
during fixture before friction stir welding. Use of CNT sheets provide ability to measure the weight ratio of CNT
in welds. Experimental addition of CNT in Al to Cu dissimilar joint for obtaining 7 % CNT in weld was done.
XRD study of weld metal shows no formation of carbides as CNT degradation products. SEM study of different
weld join parts shows evidence of carbon presence. EDX mapping of carbon in the joint showed that both Al
and Cu weld matrix parts have carbon inside.
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1. INTRODUCTION

Electrical conductivity of dissimilar Al-Cu joints in bus-bars, foil conductors in transformers, connectors, etc.
usually made with use of bolts, rivets. Due to behavior under the thermal cyclic load (expanding/contracting)
driven by the Joule effect [1] the connection between solid bodies might be lost or became poor and electrical
resistance increases. In some cases, energy loses in such joints may be very high even with good
connection [2].

Those problems might be solved by welding of Al to Cu, but standard welding approaches of fusion processes
(arc, laser) are not possible to use due to difference in physical properties and formation of intermetallic phases
between Al and Cu. But solid state welding processes can overcome those limitations and sound weld joint
with decreased amount of intermetallics can be obtained by friction stir welding [2,3].

One of possible way to modify the electrical conductivity and mechanical properties of such joints is addition
of carbon nanotubes (CNT), nevertheless no methods of addition are proposed yet.

The aim of this work is development of the method for CNT addition to the friction stir welded dissimilar joint,
and evaluation of CNT distribution and degradation after welding.

2. EXPERIMENTAL APPROACH

2.1. Materials

Commercially available multi-walled carbon nanotubes were used as a raw material for addition in to the
welding joint.

Alloys are: Al - of electro chemical purity, Cu- of electro chemical purity (ETP), chemical composition give in
Table 1 and 2 respectively.

57



2018
NAN OCO N N Oct 17t - 19 2018, Brno, Czech Republic, EU

Table 1 Chemical composition of AI-ETP

Element Fe Si Mn Ti Al

Concentration,

(wt.%) 03 |03 |0025 |01 |Bal

Table 2 Chemical composition of Cu-ETP

Element Fe Ni S As Sn
Concen})ratlon, 0.005 | 0.002 | 0.004 | 0.002 | 0.002
(Wt. %)
Element Pb Zn O Sb Cu
Concengration, 0.005 | 0.004 | 005 | 0.002| Bal
(wt.%)

2.2, Methodology

So, called buckypaper was made of purchased CNTs. There are various types of processing for preparation
buckypaper described in the literature [4-6]. Figure 1 shows the prepared buckypaper sample and Figure 2 -
SEM images with different magnification.

Figure 1 Sample of buckypaper

SEM HV: 20.0 kV WD: 14,62 mm | WD: 14.82 mm | MIRA3 TESCANI  SEM HV: 20.0 kV WD: 14,82 MIRA3 TESCAN|
View fleld: 310 ym Det: SE 50 ym View field: 4.33 ym Det: SE View field: 2.17 pm Det: SE
SEM MAG: 700 x | Date(midly): 12/26/16 SEM MAG: 50.0 kx _ Date(midly): 12126/16

SEM MAG: 100 kx _ Date{m/diy): 12126116

Figure 2 SEM images of prepared buckypaper
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Friction stir welding parameters were found with a several tryouts of Cu to Al butt welding. Parameters are
given in Table 3 it is important to notice that during welding the tool has offset to aluminium side with respect
to good welding practice [7]. Buckypaper was sliced to 3 mm wide strips and placed in the butt joint between

3 mm thick Al and Cu sheets without visible gap.

Mass of the added CNT buckypaper was measured and it is corresponded to 7 % of CNT in weld metal.

XRD of polished upper surface was evaluated (Figure 4) as well as SEM of stir zone with EDX mapping in

cross section (Figures 5 - 9).

Table 3 Friction stir welding parameters

Rotation speed. rom Travel speed, Force/lmpulse Tool probe offset to
p » P mm/min Force, kN Al side, mm
1200 100 7 2.0

Sqrt (Cps)

Figure 3 Overview of the joint

Oct 17" - 19t 2018, Brno, Czech Republic, EU

2-Theta - Scale
m‘f +80mm - Flie: AKCu_C_minus zalvka.raw - Theta: 4.000 * - Divergence IR 0.952 * -Antiscatier sit 0 IEJ\-JT 4-2329 (N} -C - R-3m (166) -3 2.46102 -0 2.46102 - ¢ $3.26615 - Rnombo Haxes
Qperatons: Back. (¥ 1.1.000 |Range Op. A-5 | Y Scak Mul 0203 |impon m:l']-]w-\ﬂ? (1) -CE0 -Fm-3m (225) -3 12.35000-D 12.38000 - C 12.33000 - Cupk:

Tewagonal
ombk

- 445160 - Omomombk
Wl1-074-2330 /N)- € - Cmo21 (361 - 22 44564 - b 4 21566 -¢ 29 23752 - Onthomomble

Figure 4 XRD patterns
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Figure 5 SEM image of stir zone near boundary with copper

25um

Figure 6 SEM image of stir zone near boundary with copper

25um

Figure 7 EDX mapping of copper and carbon in stir zone near boundary with copper
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25um

Figure 8 EDX mapping of carbon in stir zone near boundary with copper

SEM HV: 20.0 kv WD: 14.47 mm L MIRA3 TESCANMl  SEM HV: 20.0 kv WD: 14.47 mm
View field: 361 pm Det: BSE 100 pm

SEM MAG: 600 x  Date(m/diy): 09/28/18

MIRA3 TESCAN
View field: 43.3 pm Det: SE 10 pm

SEM MAG: 5.00 kx  Date{midly): 09/28118

SEM HV: 20.0 kV WD: 14.46 mm MIRA3 TESCANM  SEM HV: 20.0 kV WD: 14.47 mm | | MIRA3 TESCAN

View field: 6.19 ym Det: SE 1 pm
SEM MAG: 35.0 Kx _ Date(midly): 09/28/18

View field: 2.17 pm Det: SE 500 nm
SEM MAG: 100 kx | Date{mic/y): 09/28/18

Figure 9 SEM image of stir zone between material clusters

3. RESULTS AND DISCUSSION

Analysis of XRD patterns shows evidence of CuxAly - intermetallic phase formation but no carbides are found
as any other possible chemicals with carbon (Figure 5). So due to temperature and stir processes during
welding intermetallics formation was stated in several papers [2,7]. As well as carbides, carbonates and many
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other carbon containing chemicals are stated to be the CNT degradation products [8-11]. At that point, no CNT
degradation during friction stir welding of Al to Cu was found using XRD.

SEM mapping analysis of carbon distribution near Cu boundary (Figures 7, 8) is evidence that CNT distributed
both in Al and Cu metal matrix. Nevertheless, it is well seen that carbon distributed not evenly. The reason for
that might be the metal flow during stir process. With the same reason Al and Cu metal forms a sort of material
clusters of complex shape. It is well seen form Figures 5 - 7 that metals also distributed not evenly. Analysis
of SEM images of boundary between clusters with high magnification (Figure 9) shows CNT in metal matrix.

4, CONCLUSION

Method for the addition of carbon nanotubes to friction stir welded joint has been developed. Carbon nanotubes
were found in stir zone of weld metal between clusters of Cu and Al. No evidence of CNT degradation during
friction stir welding was found. Distribution of CNT in both copper and aluminium matrix of weld metal has
achieved.
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