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Abstract— Investment casting is the most suitable technique for producing dimensionally accurate castings. Knowledge of 
melting point and physical properties is essential for selection of suitable waxes for producing wax blends. The present paper 
investigates the effect of adding different waxes in different proportions, on physical and thermal properties of wax blends. 
The experiments were conducted on wax injection machine and experimental determination of behavior of different wax 
blends under constant injection parameters was done to calculate linear and volumetric shrinkage of wax blends. Differential 
thermal analysis and thermo gravimetric analysis of wax blends was performed to establish the thermal behavior of different 
wax blends. Statistical Analysis of wax patterns dimensions was also carried out to measure surface roughness of wax 
patterns. Various parameters such as linear & volumetric shrinkage, standard deviation, variance, mean probable error etc. 
were calculated to establish the quality of the blend and to derive optimal blend. 
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I. INTRODUCTION 
 

Investment casting is the production method of 
engineering casting using an expandable pattern. The 
main steps [1] involved in production of casting in 
investment casting are (1) construction of die (2) 
production of disposable pattern (3) assembly of wax 
patterns (4) investment of patterns (5) dewaxing (6) 
firing (7) pouring (8) casting removal, cleaning, 
finishing and inspection.  

Different waxes used in investment casting [1] can 
be classified as (1) Animal waxes: (a) Bees wax are 
found as yellow or light brown solid having 
characteristic odor of honey with melting range of 
61–650C and density about 0.95 g/cm3. (2) Vegetable 
waxes:  (a) Carnauba wax, also known as Brazil or 
Palm wax, comes as hard yellow-brown flakes with 
melting point between 800C-860C and density about 
0.97 g/cm3. It is among the hardest of natural waxes, 
being harder than concrete in its pure form. (b) 
Candellila wax is a yellowish-brown hard, brittle, 
lustrous solid with an aromatic odor when heated. Its 
melting point is between 660C-710C. Specific gravity 
of Candellila wax is 0.98. (3) Mineral waxes: (a) 
Montan wax is hard wax obtained by solvent 
extraction of lignite or brown coal. Its color ranges 
from dark brown to light yellow when crude, and 
white when refined.  Its melting range is 82–95°C. (4) 
Petroleum waxes (a) Paraffin wax is found as a 
white, odorless, tasteless, waxy solid. The melting 
range is about 47–64°C and density about 0.9 g/cm3. 
(b) Microcrystalline waxes are moisture free and 
ranges in color from a white to brown depending on 
degree of refinement. Its melting point ranges from 

63–68°C and specific gravity about 0.96. Various 
binders used in investment casting can be Ethyl 
Silicate & Colloidal Silica. 
 
II. LITERATURE REVIEW 
 
 Various researchers have done prominent work in 
the areas of investment casting. Bemblage and 
Karunakar (2011) performed Taguchi method to 
optimize the process parameters for surface finish, 
percentage shrinkage and hardness in investment 
casting.  Herman et. al (2012) tested various 
approaches for cooling wax patterns in investment 
casting. Klancnik et. al (2010) used thermal analysis 
to establish thermodynamic properties essential for 
understanding the behavior of material under different 
heating and cooling rates, inert reduction or oxidation 
atmosphere or different gas pressures. Matysiak et. al 
(2011) evaluated wax compound shrinkage, bending 
strength test, hardness test using penetration method, 
and resistance to creep of wax patterns in precision 
foundry environment. Singh and Singh (2012) 
performed various experiments to calculate linear & 
volumetric contraction and dimensional variations of 
wax patterns in different wax blends. Authors 
concluded that quality and precision of the casting 
depend upon the composition and dimensional 
stability of the wax patterns. Singh et. al (2006) 
studied the effect of injection parameter on the 
dimensional accuracy of the wax patterns. Authors 
concluded that increase in die temperature reduces the 
wax shrinkage and slow injection & short holding 
time during the process tends to minimize the 
dimensional variation. Shivappa et. al (2012) studied 
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the effect of forming blends of various suitable waxes, 
fillers and resins on properties such as melting point, 
hardness, viscosity, expansion and contraction, setting 
rate etc. and concluded that these parameters are 
influenced by structure and composition of the wax 
compound. Zych et. al (2012) measured of the 
kinetics of the mixtures shrinkage and changes of 
viscous-plastic properties as a temperature function. 
The temperature influence on bending strength of wax 
mixtures was also determined. 

The critical review of literature indicates that there 
is need to control shrinkage of pattern material to 
improve accuracy of products. The objective of present 
paper is to investigate the behavior of different wax 
compositions under same injection parameters and to 
know the thermal behavior of different wax 
compositions. 
 
III. METHODOLOGY 
 
Differential thermal analysis (DTA) and 
thermo-gravimetric Analysis (TGA) are required to be 
performed to establish the physical and thermal 
properties of the wax blends. The setup of DTA and 
TGA are discussed below. 
 
Differential thermal analysis (DTA) [2]: DTA is 
a thermo analytic technique in which the material 
under study and an inert reference are made to 
undergo identical thermal cycles, while recording any 
temperature difference between sample and reference. 
DTA detects the release or absorption of heat, which is 
associated with physical and thermal changes in 
materials as they are heated or cooled. DTA provides 
data on the transformations that have occurred, such 
as glass transitions, crystallization, melting and 
sublimation.  

 
Figure 1: DTA Analysis Apparatus [2] 

 
 Modern instrumentation used for thermal analysis 
usually consists of four parts as in Fig 1. (1) Sample 
and sample holder (2) sensors to detect or measure 
property of the sample and the temperature (3) an 
enclosure within which the experimental parameters 
may be controlled (4) A computer to control data 
collection and processing. 

 The DTA machine uses a pair of ceramic cups 
and a pair of matched thermocouples. One pair is in 
contact with the sample or the sample container; the 
other pair is in contact with the reference. 
Approximately 11-12 mg of sample and 11-12mg of 
reference material are placed in crucible cups 
(generally Al, Pt or Ceramic) held in heating block 
[2].  The furnace is then heated and cooled according 
to the programmed thermal cycle. The difference in 
temperature between the sample (TS) and the 
reference (TR) is amplified and sent to the data 
acquisition system. The differential thermocouple 
output is displayed on a PC monitor, and stored on the 
PC hard drive as a function of time and temperature 
for post testing analysis. 
 
Thermo-Gravimetric Analysis (TGA) [2]: 
 In thermo-gravimetric analysis, a mass of the 
substance is monitored as a function of temperature or 
time as the sample specimen is subjected to a 
controlled temperature program in controlled 
atmosphere. A TGA consists of a sample pan 
supported by a precision balance. The pan resides in a 
furnace and is heated or cooled during the experiment. 
The mass of the sample is monitored during the 
experiment. A sample purge gas controls the sample 
environment. This gas may be inert or a reactive gas 
that flows over the sample and exits through an 
exhaust. A computer is attached for recording and 
displaying the data. 

 

 
Figure 2: Simple TGA apparatus [2] 

 
The methodology used in present work has the 
following steps: 
1. To produce wax patterns from different wax 

blends. 
2. To determine the behavior of different wax blends 

under constant injection parameters and to 
calculate linear and volumetric shrinkage of wax 
blends. 

3. To perform differential thermal analysis (DTA) of 
wax blends to establish its physical and thermal 
properties. 

4. To measure surface roughness of wax patterns. 
5. To perform statistical analysis of wax patterns 

dimensions. 
6. To establish optimal wax blend for pattern making. 
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IV. EXPERIMENTAL SETUP 
 

A die, with injection point at the center of parting 
line, was prepared having two identical halves and 
locating pins on one halve for preparing wax patterns 
(Figure 3). Total allowances were taken in range 
0.275-0.375mm [2]. Shrinkage allowance of 
maximum 0.375/25mm for Al-7% Silicon alloy was 
taken [2]. 

 
Figure 3: Design of patterns to be produced 

 
A plunger type liquid wax injection machine was 

fabricated in the research lab, which takes a 
preconditioned wax and injects it into a die, to produce 
a wax pattern. This machine performs various 
essential functions like Jacketed heating and melting 
of the wax, Injecting liquid wax from the cast iron 
cylinder, maintaining the injected wax under pressure 
and to compensate for melt during  solidification. The 
setup of the wax injection machine and various wax 
patterns are shown in figure 4(a, b). 

  
     4(a)           4(b) 

Figure 4: (a) wax injection machine (b) different wax patterns 
 

 Figure 5 shows various parts of wax injection 
machine. The parts can be broadly classified as (1) 
Motor (2) Heater regulator (attached with cylinder) (3) 
Stirrer (4) Heater regulator (attached with reservoir) 
(5) Stirrer speed regulator (6) Voltmeter (7) Main 
switch (8) Pinion (9) Handle (10) Rack (11) Heater 
(12) Cylinder (13) Clamp (14) Die (15) Control valve 
(16) Glass wool (17) Aluminum reservoir (18) Heater 
(19) Glass wool (20) Plunger. 
 

Figure 5: Labeled wax injection machine 

Five different wax blends prepared by mixing different 
compositions of five different waxes taken for 
investigation are listed in table 1. Five patterns were 
produced from each blend at pouring temperature 
650C, die temperature 480C, dwell time 14 minutes 
and cycle time 15 seconds.  
 

Table 1: Wax composition for various blends 

 
Experimental Parameters 
 A number of parameters can be analyzed to 
establish the physical and thermal properties of the 
wax blends. In present work, percentage linear and 
volumetric contraction and surface roughness were 
recorded during experimentation. Mean standard 
deviation and variance and mean probable error was 
also calculated to evolve the optimal blend during 
experimentation. These parameters are discussed 
below. 
 
Percentage linear & volumetric contraction (PLC 
& PVC): 
 Die was made leak proof by applying grease at ends 
of two halves and then die was locked. Water was 
filled in the die to measure the volume of die using a 
measuring flask of 1000ml volume and 2.8 inch 
diameter. Linear dimension and volume were 
measured initially. The pattern was then dipped in 
water and final linear dimension and volume was 
measured.  
 
        PLC =  (Required-Actual dimension) X 100    
                                    Required dimension                     
 … (1) 
   
       Volume of pattern: VP =   VF-VI       
 … (2)  
                                                         VF 
         PVC  =     (VD-VP) X 100        
  … (3)          
              VD 
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 Where VF=final volume, VI=initial volume, VP= 
pattern volume VD=volume of die, VP=volume of 
pattern. 
  After calculating percentage linear and volumetric 
contraction of each pattern, mean percentage linear 
and volumetric contraction was calculated 
respectively. 
Surface Roughness: 
 It is essential to measure the surface roughness of 
test wax patterns to establish the surface quality of the 
wax blends.  Surface roughness of all the patterns 
was calculated in microns (µm) by using mitutoyo 
surface roughness tester. As the surface qualities of 
wax patterns are transferred to the ceramic shell and 
then to final casting therefore it is essential to check 
the surface finish of wax patterns.  After solidification 
at room temperature, the blends were stored in air 
tight container to prevent them from moisture and 
dust.  
 
Standard deviation, variance and probable error 
 Standard deviation of an infinite number of data is 
defined as the square root of the sum of the individual 
deviations squared, divided by the number of readings. 
Thus standard deviation s, variance v and probable 
error p, can be represented in equation (4, 5 & 6) 
respectively. 

               … (4) 
 Variance,             v = (s)2          ...  (5) 
 Probable error,  p = 0.6745s        … 
(6) 
 Hence standard deviation, variance and probable 
error of each dimension of patterns of all the five 
compositions can be calculated and mean standard 
deviation, mean variance and mean probable error of 
each blend can also be calculated. 
 
V. RESULTS AND DISCUSSIONS 
 
Experimental Results 
 Various wax blends (Table 1) were developed in the 
research lab and their linear and volumetric shrinkage 
and surface roughness were calculated. Table 2 shows 
the results of percentage linear and volumetric 
shrinkage and surface roughness of five blends. 

 
Table 2: Linear & vol. shrinkage and surface roughness of wax blends 

  

The analysis of results shown in table 2 shows that 
wax blend-3 has the minimum linear shrinkage, 
minimum volumetric shrinkage and minimum surface 
roughness. So it can be concluded that blend-3 can be 
considered as optimal blend based on parameters in 
table 2. Figure 6 shows graphical view of the results of 
table 2.   

 
Figure 6: Linear & vol. shrinkage and surface roughness of wax 

blends 
 

 Table 3 shows mean standard deviation, mean 
variance and mean probable error of each dimension 
for five wax blends under investigation. 

 
Table 3: Standard deviation, variance and probable error of wax blends 

Blend/ 
Paramete
r 

Mean 
SD 

Mean 
Variance 

Mean 
probable 
Error 

Blend-1 0.0969 0.0094 0.0653 
Blend-2 0.1394 0.0194 0.0941 
Blend-3 0.0948 0.0090 0.0639 
Blend-4 0.1277 0.0163 0.0861 
Blend-5 0.0992 0.0098 0.0669 

   
The analysis of results shown in table 3 shows that 
wax blend-3 has the minimum standard deviation, 
minimum variance and minimum probable error. So it 
can be concluded that blend-3 can be considered as 
optimal blend based on parameters in table 3. Figure 7 
shows graphical view of the results of table 3.   
 

 
Figure 7: Standard deviation, variance and probable error of 

wax blends 
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Thermal Analysis Results 
 The thermal analysis of wax blends was performed 
using apparatus Exstar DTA/TDA 6300 in the 
temperature range 25-1500C. The samples approx. 
11-12mg were heated upto 1500C at rate of 50C/min 
using alumina powder as reference. Percentage 
change in mass was determined during heating of wax 
from TGA curve. Rate of change of mass under 
controlled temperature was obtained from DTG 
results. The results of the thermal analysis of the wax 
blends are tabulated in table 4. 
 

Table 4: DTA, TGA & DTG analysis results for wax blends 

 
Figure 8 shows the graphical view of the results of thermal 

analysis as in table 4. 
  

 
Figure 8: DTA, TGA & DTG analysis results for wax blends 

 
 All the compositions show a large depression from 
base line, indicating an endothermic process. Table 4 
shown the results related to melting point, change in 
enthalpy. Percentage loss in weight and rate of change 
of mass of various blends under investigation. 
 The analysis of thermal analysis (table 4) results 
show that Blend-3 has the maximum melting 
temperature, maximum change of enthalpy, minimum 
loss in weight with moderate rate of change of mass 
among five blends under investigation.  
 
CONCLUSIONS 
 
1. Results of Linear and Volumetric shrinkage shows 

that minimum linear shrinkage of 0.72% and 
minimum volumetric shrinkage of 10.76% was 
developed in blend-3. Therefore blend-3 
(composition: paraffin wax 40%, bees wax 30%, 
ozokerite wax 15%, candellila wax 15%, carnauba 
wax 05% by weight) can be considered as best blend 
among all five blends under investigation. Along 
with minimum linear and volumetric shrinkage, 
blend-3 has minimum surface roughness. It 

indicates that the surface quality of blend-3 is best 
among all blends.  

2. Analysis of the results of standard deviation, 
variance and probable error, it can be seen that 
minimum mean standard deviation, minimum 
variance and minimum mean probable error occurs 
in blend-3. So blend-3 can be considered as best wax 
blend among all five blends under investigation. 

3. After analyzing the results of thermal analysis of 
wax patterns, it can be concluded that blend-3 
shows the most optimal thermal characteristics 
among all five blends under investigation. 

 
FUTURE WORK 
 
In present work, injection parameters were kept 
constant and wax compositions were changed to 
obtain various wax blends. Firstly, More results can be 
obtained by varying injection parameters. Secondly, 
ceramic shells from different refractory materials can 
also be made to produce Al-7% Silicon alloy castings. 
Al- 7% Silicon alloy castings can be produced from 
best blend and physical properties of the castings can 
be evaluated. 
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