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Abstract: An Experimental approach has been introduced to find the exact perimeters for the FDM machine to 
print a Dry Cell using Industrial Waste Polymer reinforced with different chemicals/salts. A convenient conditions 
and parameters have been found in present work in which FDM can work without changing settings, time to time, 
to feed different materials. Melt Flow Index machine is a machine which is used to check the Melting Flow rate 
of different polymers and materials with in setup boundary conditions is used to check the material behaviour at 
certain temperature with different mixture composition. This dry cell is formed by mixing different salts i.e. MnO2, 
ZnCl2 and NH4Cl with the ABS. Materials were mixed in different proportions and then heated up to 2300 C and 
then extruded into a fine wire following (ASTM D1238). Different values of MFI came out in each mixture which 
will used in further research studies of printing a Dry Cell in FDM.
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Figure 1: section view of a Dry Cell

Before making a dry cell, we must need 
some chemical powders like manganese dioxide, 
ammonium chloride zinc chloride and graphene 
also some polymers like ABS and nylon. These 
salts get mixed with abs to make a wire which is 
used in FDM to print a dry cell. FDM is one of 
the rapid prototyping (RP) technology by which 
physical objected (replica) is created directly from 
CAD data. These replicas are highly accurate in size 
and shape [3]. Parts of elastomeric or Acrylonitrile-
Butadiene-Styrene (ABS) or wax materials can be 

introDuCtion1. 

In the last two decades, there is large scale 
development and usage of electronic devices, wireless 
communication and instruments in military and civil 
area have made life easier for humans and also a large 
dependency on electronic gadgets and equipment [1]. 
There are Different types of Electrochemical Storage 
Devices. These devices are also known as batteries 
and cells. Cells are the simple electrochemical 
unit which convert chemical energy into electrical 
energy whereas a battery consists of one or more 
electrochemical cells, electrically connected in an 
appropriate series/parallel arrangement to provide 
the required operating voltage and current levels. 
They are divided into two parts known as primary 
or secondary. In Primary batteries are not capable 
of being easily or effectively recharged electrically 
and, hence, are discharged once and discarded. 
Secondary batteries can be recharged electrically, 
after discharge, to their original condition by 
passing current through them in the opposite 
direction to that of the discharge current. “dry cell” 
is one of the type of Secondary batteries which 
are commonly used in our households and other 
electronic items like clocks, remote and toys [2] 
(See Figure 1).
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fabricated using FDM technique with the layer by 
layer deposition of extruded material through a 
nozzle using feedstock filaments from a spool (See 
Figure 2).

Figure 2: Working Principle of FDm

Most of the parts fabricated in these materials can 
be used for design verification, form and fit checking 
and as sacrificial patterns for casting processes 
application [4]. To use that feed wire of different 
compositions and mixtures we should ensure the 
flow index of mixture by using MFI machine. MFI 
Machine is the machine used to check the flow 
properties of polymers and their mixture with other 
salts. To ensure the boundary conditions of the FDM 
process we must check the MFI of every salt and 
ABS mixture at various composition rates. FDM 
requires the extrusion techniques for preparations 
of feedstock filament as an input for development 
of functional/non-functional prototypes. Some of the 
studies have been reported for the reinforcement of 
micro-sized particle in thermoplastic matrix (e.g. 
ABS and PA6) for development of non-functional 
prototypes [5-8]. Some studies have been reported 
the methods and procedure by which feedstock 
filament of ABS (Reinforced with micro-sized 
particles) can be produced towards fabrication of 
non-functional prototypes [9-10].

Literature review suggested that there are 
numerous studies have been reported for the 
fabrication of functional/non-functional prototypes 
through FDM techniques. Some of the studies have 
been suggested for the development of smart and 
advanced material for the different engineering 
applications. But hitherto none of the studies 

reported for the fabrication of a dry cell through FDM 
technology that can be potentially applied in energy 
storage devices. In the present work attempts have 
been made to investigate the melt flow behaviour 
of the ABS thermoplastic reinforced with different 
salts like; ammonium chloride (NH4Cl), zinc chloride 
(ZnCl2) and manganese dioxide (MnO2) towards 
frame working dry cell fabrication.

eXPerimentAtion2. 

To check the fluidity of polymer and chemical 
powder mixture. MFI machine should be heated up 
to 230°C. This is the temperature at which ABS will 
completely blended with any other substance. After 
obtaining the temperature mixture of Abs and salt 
is poured into small barrel which is heated by its 
outer shell. When solid grains of ABS get in semi 
liquid state a pressure piston is applied on it After 
applying weight a small diameter wire comes out of 
lower end of barrel at which a small die is fixed which 
will ensure the exact flow of polymer mixture.

Figure 3: melt Flow index machine

There are six combinations of mixture in which 
different percentages is used of each salt with ABS. 
These percentages of composition are based on 
weight. Also, when final product comes out it will 
have weighted on weighing machine by which we 
can calculate exact MFI of substance in a scheduled 
time.

result3. 

When we mix and pour the different mixtures they 
will show different results according to their chemical 
nature and reaction with ABS and heat contact. 
Therefore, we take a mean value of all the mixtures 
and make a line graph on a single sheet. It will show 
some area at which all the values collide with very 
small differences. There are 4 lines in the graph
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Figure 4: mixture of ABs Figure 5: Weight machine 
and mno2

represent the 4 mixtures having different colours 
and line type. These lines are represented in the 
colours and line type like Graphene is in Blue colour 
and rhombus line type, Zinc Chloride is in Orange 
colour and square line type, Manganese Dioxide is in 
Grey colour and triangle line type and Ammonium 
Chloride is in Yellow colour and cross line type.

Figure 6: mFi line graph of Four mixtures

table 1 
mFi data table of four mixtures

Mixing ratio of 
ABS + Salt

MFI of 
Graphene

MFI of 
ZnCl2

MFI of 
MnO2

MFI of 
NH4CL

100+0 9 9 9 9

90+10 2.51 6 8.5 8

80+20 2.46 3 7 6

70+30 2.2 4 7 3

60+40 1.62 2.5 2 3

50+50 0.82 7.5 3 0.5

40+60 0.41 8.5 1.5 0.4

ConClusions4. 

According to this experiment, we found that all 
the materials show there MFI value near to 2-3 at 
different compositions of ABS + salt mixtures. It is 
concluded that different types of compositions of ABS 
+ salt is selected to set them in a range of 2-3 MFI. 
Selected values of compositions are highlighted in 
Table (Figure 7) Therefore, these are the boundary 
conditions which must be set during FDM process.

From above experiment it is found that whole 
process should be done in limited period. After that 
chemical reaction may vary and material starts 
chocking inside nozzle.
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