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Abstract: Thermoplastics have been distinguished by their melt flow behaviour, dynamic mechanical characteristics, 
molecular weight, carbon chain arrangement and thermal properties. The dissimilar thermoplastic materials possess 
non-compatibility to each other because every thermoplastic have their unique chemical, mechanical, thermal 
behaviour. ABS and PA6 are the two dissimilar thermoplastic materials which exhibit the large differences in 
tensile properties, chemical resistivity, mould-ability, molecular weight, glass transition, melting point, Specific heat 
capacity, carbon chain branches and melt flow index (MFI). In the present work attempts have been made to enhance 
compatibility of acrylonitrile butadiene styrene (ABS) and Polyamide 6 (PA6) thermoplastic by reinforcement of 
Aluminium (Al) metal powder in terms of maintaining melt flow property. Further Twin Screw extrusion (TSE) 
and fused deposition modelling (FDM) was used develop the non-functional prototypes of these thermoplastic for 
solid state welding applications. Melting point by differential scanning calorimetry (DSC), break load and break 
strength by tensile testing were examined towards investigation of thermal and mechanical properties.
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similar thermoplastic composites [6]. For the specific 
cases of the friction welding applications, the FDM 
can be used for the fabrication of the consumable 
tool which will use for joining of polymeric sheets. 
For example, pipelines are generally made up of 
the thermoplastic material and occurrence of cracks 
and leakages are the most common things which 
cause material loss, time loss and economic loss. To 
prevent these problems a rapid tool as drill bit can 
be apply to fix that issues. The researcher in present 
era aims for welding of dissimilar polymers. Some 
studies have been reported the mechanism of friction 
welding for dissimilar polymeric material like; 
ABS and high density polyethylene (HDPE), low 
density polyethylene (LDPE), Polypropylene (PP), 
Polycarbonate (PC), Polyamide (PA) and etc [7-8]. 
Many researchers have worked on the development 
of feedstock filament for FDM, and it has been 
ascertained that besides cast factor the mechanical/ 
metallurgical properties of prototypes can also be 
improved. Some researchers have reported for use 
of Nylon6 matrix with reinforcement of Fe metal 
fillers for development of polymer composites as a 

intRoDuction1. 

Dissimilar thermoplastic materials posses non-
compatibility issues which hinders to apply it in 
different application; especially where application 
of thermoplastic needs to be the compatible by 
characteristics (e.g. solid state welding) [1-2]. So 
considering toward fixation of these issues some 
of the studies have been revealed the mechanism, 
theory and techniques by which two dissimilar 
thermoplastic material can be characterized, e.g. 
reinforcement of metallic and non-metallic fillers 
leads to the improvement in the mechanical and 
morphological characteristics of the polymer matrix 
as well as polymer compatibility for joining and 
mixing [3-5]. Friction welding is a process of joining 
of materials and structures below their melting 
points. When these materials come in contact with 
relative motion to each other, with the action of 
friction, heat is produced and deformation takes 
place, due to this intermolecular diffusion is occurred 
between their faces and thus welding is performed. 
Friction welding concept was originally come for 
similar metal joining, but it was further applied for 
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direct rapid tooling [9]. The screw extrusion process 
was used for preparations of FDM feedstock filament 
comprising of ABS with iron (Fe) powder as filler. In 
that study 10% Fe powder (by weight) was reinforced 
with ABS matrix, which contributed for the better 
mechanical properties as compared to the virgin ABS 
filament [10]. Another study has been conducted to 
understand optimal part deposition orientation for 
FDM process by considering two objectives, namely 
builds time and average part surface roughness 
[11]. Further investigations were made to examine 
the thermal and mechanical properties of ABS 
polymer matrix with metal powder filler. The Fe/
ABS and Copper (Cu)/ABS were mixed mechanically 
and extruded though the screw extruder machine. 
The results of study highlighted the effect of filler 
percentage on the elongation of functional prototypes 
[12].

Literature reveals the tools, techniques and 
procedures by which functional/non functional parts 
can be fabricated of different thermoplastic material. 
Some of these have been reported for the welding of 
dissimilar thermoplastic. But hitherto very few have 
been reported for development of the nonfunctional 
prototypes which must be compatible for the friction 
welding applications. In this present work attempts 
have been made to develop the feedstock of ABS-
15Al and PA6-50Al compositions with providing the 
compatibility on rheological and thermal properties 
point of view. Further nonfunctional prototypes 
on FDM have been generated of said composition 
to be potentially applied in the friction welding 
applications.

expeRimentationS2. 

Cylindrical pieces of natural ABS and PA6 of 
dimension 30mm diameter and 50mm length 
was prepared on the FDM setup. Fabricated part 
was then fed to the lathe machine and exposed to 
frictionally attach at rotational speed of 1200rpm, 
0.045mm/rev of federate and 10sec of stirring 
time. The welding/joining of the parts was failed 
and parts was not stacked to each other may me 
their differences in the rheological and thermal 
properties. So next it was tried to enhance the 
compatibility of mentioned thermoplastic by varying 
al., content reinforcement maintaining their melt flow 
properties.

MFI of any polymer or polymeric composites 
is considered as the deposition/10min though melt 
flow tester as ASTM D1238-95, applying standard 
weight of 3.8 Kg at standard temperature of 230oC 
Degree centigrade. It was assumed that similarities 
in MFI offer the possibility of joining of two different 
polymeric materials in the case of rotary friction 
welding. So with provision melt flow behavior has 
been investigated for ABS and PA6. Table 1 shows 
the variations of MFI over changing the al., content 
percentage to the thermoplastic matrix.

table 1 
mfi of aBS and pa6 matrix with 

Different proportions of al., content

Al Content
(%)

MFI with ABS 
(g/10min)

MFI with PA6 
(g/10min)

0 8.76 23.27

5 9.40 24.52

10 10.12 29.82

15 11.57 31.62

20 12.64 34.40

25 10.82 36.01

30 10.28 36.37

35 9.99 30.07

40 9.14 21.52

45 7.56 17.07

50 6.48 11.97

It was observed that a similar range of MFI 
obtained by ABS with 15% al., content (11.57 
g/10min) andPA6 with 50% al., content (11.97 
g/10min). So based upon the pre-determined 
hypotheses it was considered that ABS-15Al and PA-
50Al are compatible based upon melt flow property 
as one of the rheological properties

After fixing the al., proportions to the 
thermoplastic the DSC test have been carried to 
the said compositions for to know the thermal 
behaviour in terms of polymer compatibility. The 
DSC was conducted in the two subsequent heating 
and cooling cycle, the second cycle was considered 
as final because in second cycle the thermoplastic 
material gone to thermally stable. The melting point 
of natural ABS and natural PA6 was measured as 
201.22°C and 219.35°C respectively which show the 
large gap of melting point. After reinforcing 15% 
al., to the ABS and 50% al., to the PA6 it gone as 
218.11°C and 218.27°C respectively this was very 
closer to each other (See Figure 1). It was hereby by 
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noted that the defined level of al., content led to the 
better rheological and thermal compatibility.

figure 1: DSc results of different compositions

Feedstock filamnets of ABS-15Al and PA6-50Al 
have been prepared as an input of FDM under the 
conditions given in Table 2 (based upon uniformity 
of feedstock fimlaments).

table 2 
processing conditions of feedstock filaments on 

twin Screw extruder (tSe)

Parameter ABS-15Al PA6-50Al

Temperature (°C) 220 245

Applied Load (Kg) 20 20

Screw Speed (RPM) 30 15

After preparations of feedstock filaments of 
ABS-15Al and PA6-50Al it were fed to FDM setup 
following DOE given in Table 3 for fabrication of 
non-functional prototypes.

table 3 
Design of experiment based upon taguchi l9 

orthogonal array for fabrication of aBS-15al and 
pa6-50al by fDm

Experiment No. Infill density Perimeters Nozzle angle

1 0.6 4 45

2 0.6 5 60

3 0.6 6 75

4 0.8 4 60

5 0.8 5 75

6 0.8 6 45

7 1.0 4 75

8 1.0 5 45

9 1.0 6 60

Figure 2 shows the fabricated parts on FDM 
of ABS-15 and PA6-50Al on FDM following 
experimental conditions given in Table 2.

  
 aBS-15al pa6-50al
figure 2: fDm printed parts of aBS-15al and pa6-50al

ReSultS anD DiScuSSionS3. 

The mechanical properties (namely; break load and 
break strength) was observed and investigated by 
the help of a regression model for finding the bet 
set of process parameter. For ABS-15Al samples 
the values of break load and break strength shown 
in Table 4. The maximum value of break load and 
break strength was observed at experiment No. 6 
whereas minimum value at experiment No. 7.

table 4 
mechanical properties and Sn Ratios of 

aBS-15al parts

Exp No. Break 
load (N) SN ratios Break strength 

(Kg/mm2) SN ratios

1 377.46 51.53 14.634 23.30

2 451.17 53.08 16.623 24.41

3 484.56 53.70 20.187 26.10

4 362.42 51.18 14.869 23.44

5 458.01 53.21 15.48 23.79

6 519.48 54.31 18.648 23.41

7 353.39 51.67 14.436 23.18

8 460.35 53.26 17.154 24.68

9 504.99 54.06 19.503 25.80

For PA-50Al samples the values of break load 
and break strength shown in Table 5. The maximum 
value of break load and break strength was observed 
at experiment No. 4 whereas minimum value at 
experiment No. 8.

taBle 5 
mechanical properties and Sn Ratios of 

pa6-50al parts

Exp No. Break 
load (N) SN ratios Break strength 

(Kg/mm2) SN ratios

1 390.51 51.83 16.272 24.22

2 461.16 53.27 19.215 25.67

3 436.41 52.79 18.18 25.19

4 475.65 53.54 19.818 25.94

5 388.35 51.78 17.982 25.09
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Exp No. Break 
load (N) SN ratios Break strength 

(Kg/mm2) SN ratios

6 419.22 52.44 17.469 24.84

7 349.47 50.86 14.562 23.26

8 290.34 49.25 14.496 23.40

9 401.58 52.07 16.731 24.47

Table 6 shows the analysis of variance table 
for SN ratios of break strength for ABS-15Al 
samples. The P value for perimeter was observed 
as 0.014 which is lesser than 0.05 considered as the 
significant factor for experimentation.

table 6 
analysis of variance table Sn Ratios of 

Break load (aBS-15al)

Source DF Seq SS Adj SS Adj MS F P

Infill density 2 0.07 0.07 0.037 0.50 0.667

Perimeters 2 10.24 10.24 5.12 68.24 0.014

Nozzle angle 2 0.10 0.10 0.05 0.69 0.592

Residual error 2 0.15 0.15 0.07

Total 8 10.57

It was observed from Table 7 that the perimeter 
was ranked as 1, nozzle angle as 2 and infill density 
as 3 for contribution of SN ratio for break load of 
ABS-15Al sample.

table 7 
Response table Sn Ratios of Break load (aBS-15al)

Level Infill density Perimeters Nozzle angle

1 52.78 51.46 53.04

2 52.90 53.19 52.78

3 53.00 54.03 52.87

Delta 0.22 2.56 0.26

Rank 3 1 2

Towards finding the best set of input process 
parameters regression equation of break load (ABS-
15Al) for equivalent SN ratios has been developed 
as;

SN ratio (Break load of ABS-15Al) = 52.89 – 
0.117 (SN_Infill density_0.6) + 0.011 (SN_Infill 
density_0.8) + 0.106 (SN_Infill density_1.0) – 1.429 
(SN_Perimeter_4) + 0.295 (SN_perimeter_5) + 1.134 
(SN_perimeter_6) + 0.143 (SN_Nozzle angle_45) – 
0.115 (SN_Nozzle angle_60) – 0.028 (SN_Nozzle 
angle 75)

Here (SN_Infill density_0.6), (SN_Infill 
density_0.8), (SN_Infill density_1.0) are SN ratio 
values of Infill density at level 0.6, 0.8 and 1.0. (SN_

Perimeter_4), (SN_perimeter_5), (SN_perimeter_6) 
(SN ratio values of perimeter at level 4, 5 and 6). 
(SN_Nozzle angle_45), (SN_Nozzle angle_60), (SN_
Nozzle angle 75) values of nozzle angle at level 45, 
60 and 75) has been taken from the Table 6. After 
putting the values form the Table 6 in regression 
equation final maximized value has been obtained 
as under

SN ratio (Break load of ABS-15Al)= 52.89 – 
0.117(52.78) + 0.011 (52.90) + 0.106 (53.00) – 1.429 
(51.46) + 0.295 (53.19) + 1.134 (54.03) + 0.143 (53.04) 
– 0.115 (52.78) – 0.028 (52.87)

SN ratio (Break load of ABS-15Al) = 56.37 
(predicted value)

Further equation 1 has been used for predicting 
the value of output parameter:

 SN ratio = -10 log X (1)

(Here X = 1/n S1/y2 and y is output parameter)

Now, 56.37 = -10 log X

 X = 10-5.637

 X = 2.306 ¥ 10-6 now put value of the 
  x in next equation

 X = 1/n S1/y2 (2)

 2.306 ¥ 10-6 = 1/y2 (here n = 1)

 y2 = 1/2.306 ¥ 10-6 = 433510.8784

 y = 658.4154299N (maximized value 
  of the Break load for ABS-15Al)

Similarly the value of break load and break 
strength have been calculated for ABS-15Al and 
PA6-50Al parts in search of best setting, it was 
calculated and given in Table 8 as;

table 8 
multiple Response prediction for aBS-15al parts

ABS-15Al

Variable Setting
Predicted/ Exp 
value of break 

load (N)

Predicted/Exp value
of break strength

(Kg/mm2)

Infill density 1 658.41/652.54 23.93/23.10

Perimeters 6

Nozzle angle 45

PA6-50Al

Infill density 0.8 660.69/ 655.44 22.41/22.01

Perimeters 6

Nozzle angle 60
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feaSiBility StuDy4. 

Selecting the best set of FDM process parameter 
firstly there are 2 different cylindrical specimen 
of ABS-15Al and PA6-50Al have been prepared of 
dimension 50mmlength and 30mm diameter. After 
that friction welding was performed under rotational 
speed of 1200rpm, feed rate of 0.045mm/min, stirring 
time of 10 seconds on the centre lathe. The welding 
performed under this parametric condition was 
successful and welded joints were appeared strong 
physically and visually. So finally it was taken to the 
consideration that welding of two dissimilar plastic 
can be achieved by characterizing their melt flow 
properties. Figure 3 shows welded piece of ABS-15Al 
and PA6-50Al.

figure 3: Welded piece of fDm fabricated parts

concluSionS5. 

The following conclusions have been made from the 
present study.

Initially the MFI of ABS and PA6 was obtained 
as 8.76g/10min and 23.27g/10min with large 
difference but reinforcement of 15% al., to ABS 
and 50% al., to PA6 have been resulted into the 
very similar range of MFI as 11.57g/10min and 
11.97g/10min. The reinforcement of al., at certain 
proportions confirms the compatibility on rheological 
properties view point.

The melting point of natural ABS and natural 
PA6 was measured as 201.22°C and 219.35°C 
respectively which show the large gap of melting 
point. After reinforcing 15% al., to the ABS and 50% 
al., to the PA6 it gone as 218.11°C and 218.27°C 
respectively this was very closer to each other (See 
Figure 1). It was hereby by noted that the defined 
level of al., content led to the better rheological and 
thermal compatibility.

Towards optimization of process parameters, 
regression analyses have been conducted. The 

predicted bet setting was observed for ABS-15Al 
(with break load of 658.41N and break strength of 
23.93kg/mm2) as infill density of 1.0, 6 perimeters 
and nozzle angle of 45°. For PA6-50Al samples the 
best predicted setting (with break load of 660.69 
and break strength of 22.41kg/mm2) was obtained 
as infill density of 0.8, 6 perimeters and 60° nozzle 
angle.
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