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ABSTRACT: Industry in Indonesia continues to experience development in line with 

advances in science and technology, and this is because the industrial sector makes the most 

significant contribution to the national economy. However, industrial operations that are 

getting bigger can produce various kinds of waste, one of which is waste from the processing 

of plastic metallization applications and modern vacuum coating on food packaging, namely 

evaporation boats. The result of this waste is substantial because, in its application, 

evaporation boats will always be used as long as plastic food packaging continues to be 

produced around the world, so it is necessary to have handling for environmental 

sustainability in the future. Evaporation boat waste is waste that cannot be decomposed but 

can withstand heat and be used as a refractory material, especially as a primary material for 

making crucibles.  
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1. INTRODUCTION 

The development of the manufacturing industry in Indonesia is considered relatively rapid 

and in line with advances in science and technology. This development is inseparable from the 

demands in this globalization era to continue to make changes and progress. Another demand 

is realizing environmentally sound development through effective and efficient waste 

management [1]. Various types of waste are generated in the metallurgical manufacturing 

industry sector, one of which is waste left over from the application of plastic metallization and 

modern vacuum coating, namely evaporation boats [2].  

Evaporation boats are materials used for coating aluminum in decorative applications, 

plastics, glass, and food packaging in vacuum chambers [3]. In the metallization process, 

aluminum plastic is heated using evaporation boats to the melting point of a vacuum so that the 

atoms and molecules will evaporate and stick to the surface, then cooled rapidly so that it 

crystallizes and forms a thin layer on food packaging products [4]. The purpose of having an 

aluminum metal coating on food packaging is to eliminate contamination by bacteria and 

microorganisms. However, in its operation, the industry engaged in plastic metallization 

always produces a lot of evaporation and boat waste. Currently, the amount of waste generated 

from this industrial activity is enormous because in its use, the material for evaporation boats 

is used in large quantities and has a relatively short service life, so in the future, there must be 

a solution for processing and utilizing the waste. 

The material life of the evaporation boats for plastic metallization is only 15 hours, after 

which it is necessary to replace new evaporation boats to maintain the effectiveness of the 

plastic metallization process [5] [6]. Therefore, the amount of waste evaporation boats produce 

https://doi.org/10.51630/ijes.v4i1.xx
mailto:nurilaby6@students.unnes.ac.id


        Indonesian Journal of Engineering and Science, Vol. 5, No. 1, 2024 Habiby et al. 

        https://doi.org/10.51630/ijes.v5i1.95  

36 

is considerable due to their continuous use and in a short time. However, the efficient handling 

of waste disposal has yet to be known. Whereas the evaporation boat material inside contains 

Boron Nitride (BN) and Titanium Diboride (TiB2), which have very good electrically 

conductive and thermal conductivity properties with high-temperature applications and 

resistance to chemicals and heat [7]. Material evaporation boats also have the advantage of 

being a refractory material [8].  

Refractory material can maintain its strength and shape at high temperatures, is very heat 

resistant, and has good thermal conductivity [9]. The superior of Boron Nitride, which has good 

heat resistance, needs to be used as a refractory material applied to high temperatures, such as 

crucibles for metal smelting [10].  

A crucible is a container for melting non-ferrous materials in the shape of a crucible 

resembling a pot where the top diameter is larger than the bottom diameter [11]. Crucibles also 

purify materials and their alloys at high temperatures [12]. The requirements for a good quality 

crucible are that it is inert or does not react chemically with the melted material and is heat 

resistant so that it can last a long time in use. However, the current problem with the quality of 

crucible products on the market is that they must be fixed. The metal casting industry 

experiences many problems because the price of crucibles available in the market is costly, 

difficult to obtain, and only lasts for a short time, so further development is needed in crucible 

materials [13].  

Evaporation boat waste has excellent potential for future quality waste utilization and 

treatment. Its availability in large quantities and its advantages as a refractory material must be 

used widely. Besides reducing environmental impacts due to waste pollution, evaporation boats 

can also solve the problem of crucible products, which still need further development to obtain 

higher quality crucible products. This article provides a literature review centered on examining 

the characteristics of waste generated from evaporation boats and its impact on the mechanical 

and physical attributes of the crucible material employed in metal casting processes. 

2. REFRACTORY MATERIALS FOR MAKING CRUCIBLES 

In non-ferrous smelting activities such as aluminum, copper, brass, gold, silver, and 

palladium, it is necessary to use quality crucible products. The choice of base material in the 

manufacture of crucibles must be appropriate to avoid contamination of the melt during 

smelting [14]. Table 1 shows the following refractory materials to high temperatures: 

Table 1: Refractory Materials for High-Temperature Applications 

Refractory Materials 
Melting Point 

(Co ) 

Thermal Conductivity 

(Wm-1 K-1 ) 
Reference 

Graphite 3600 140 [15] 

BN 2200 1300 [16] 

TiB2 3225 120 [17] 

AIN 2200 248 [18] 

SiO2 1200 1.2-1.4 [19] 

Al2O3 2072 30 [20] 

CaO 2572 30 [21] 

MgO 2852 45-60 [22] 

SiC 1200 45 [23] 
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The procedure for selecting crucible materials that have the potential to melt metals must 

consider several important aspects, namely the strength of the material from the interaction 

between the crucible and thermodynamics, such as melting temperature, softening, wettability, 

and resistance to thermal shock. [24]. The procedure for choosing the crucible material must 

be considered because if it does not, it will cause failure of the crucible. 
 

 

Fig. 1. Crucible failure [25] 

Failures in crucible products can be in the form of cracks and deformations. Cracks cause 

liquid metal leakage, while deformation is caused because the crucible material cannot 

withstand high temperatures during smelting. Failure in the crucible is unavoidable due to the 

continuous use of the crucible in smelting [26]. Therefore, the crucible products must have high 

purity and density, fine grain, good thermal conductivity, thermal shock and oxidation 

resistance, excellent stability, and low porosity to increase the crucible's service life [27].  

3. CHARACTERISTICS OF EVAPORATION BOAT WASTE 

Evaporation boat waste contains compound elements, namely between BN and TiB2. One 

of the advantages of evaporation boats is that they do not change much even though they have 

been used and become waste. The properties of the material evaporation boats on the market 

are usually used in the plastic metallization process. 

Table 2: Properties of Material Evaporation Boats [7] 

Property units Value 

Density (g/cm3 ) > 2.75 

Porosity (%) <3 

Brinell Hardness HB 2.5/40 45 

Flexural Strength MPa 70 

Young's Modulus GPa 55 

Fracture Toughness MPa √m 1.8 

Thermal conductivity at 20o C W/mK 80 

Resistivity at 1600o C Rail (10-6 Ωcm) 1300-4800 
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Fig. 2. XRD Results from Evaporation Boats Waste [28] 

The results of XRD tests on evaporation boat waste have been carried out, and they show 

that there are high crystallinity peaks in the BN and TiB2 compounds. The combination of 

compounds between the two makes evaporation boat waste have the properties of high thermal 

conductivity and melting point. Hence, evaporation boat waste is suitable for refractory 

materials [28].  

Boron Nitride (BN) and Titanium Diboride (TiB2) contained in the material of evaporation 

boats were studied for many applications as aluminum evaporation and deposition vessels, 

which produce good electrical conductors [29]. However, the service life of evaporation boats 

is limited due to the interaction of the metal with ceramic materials in the evaporation vessel, 

which cannot be used continuously. Therefore, there is a lot of waste, and even though the 

waste material in evaporation boats has many advantages, it needs to be utilized. 

 

Fig. 3. a). New Material Evaporation Boats, b). Evaporation Boats Waste [29] 
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4. EFFECT OF EVAPORATION BOATS ON CRUCIBLE PROPERTIES 

Research on the manufacture of crucibles has been carried out a lot. Usually, materials 

such as graphite, kaolin, and refractory cement are used to make crucibles that contain 

refractory materials. Several research studies focusing on the manufacture of crucibles made 

from evaporation boat waste have also been carried out. Table 3. Shows a collection of research 

on the manufacture of crucibles from evaporation boat waste. 

 

Table 3: Research in the Investigation of Crucible Manufacturing 

References Research Focus Results 

[30] 

Made an invention related to the method for making 

metal smelting crucibles from evaporation boat waste 

and has been patented with patent number 

IDS000004495 regarding the best composition of 

crucible materials, namely evaporation boat waste 

(50%), graphite materials (25%), and kaolin materials 

(25%). In addition, the crucible material is given 

thermal shock treatment to determine the impact 

resistance value of the crucible. 

The method for making crucibles 

using the best and patented 

composition has an impact resistance 

value based on ASTM D256 of 

0.01772659 J/mm2. In addition, based 

on the analysis of the thermal shock 

treatment carried out on the crucible, 

it is concluded that the higher the 

temperature of the thermal shock 

treatment, the lower the impact 

resistance value. 

[31] 

We are analyzing the effect of thermal shock and the 

best composition percentage of metal smelting 

crucibles made from evaporation boat waste on 

macrostructure and impact resistance. Impact testing 

is used to determine the level of resistance of the 

crucible from impact, while the macrostructure is used 

to determine the shape of the fracture from the impact 

testing carried out. 

Variations in thermal shock and 

crucible material composition 

influence the crucible's impact 

resistance. The impact resistance 

value for each composition variation 

shows a decreasing value with 

increased thermal shock. The fracture 

results from all specimens have brittle 

properties and can provide high light 

reflectivity. 

[32] 

It was important to know the effect of thermal shock 

and the best composition of refractory materials, 

namely alumina, rice husk ash, and kaolin materials, 

on the value of impact resistance and macrostructure. 

Adding alumina material to the refractory material can 

increase the mechanical strength. 

The higher the refractory material's 

thermal shock (∆T) temperature, the 

lower the impact strength. Since the 

cooling of the material occurs 

suddenly and the material's structure 

becomes imperfect, it is also evident 

that the fracture has a flat surface and 

reflects a shiny shine—the higher the 

temperature of the thermal shock, the 

darker the color of the impact 

fracture. 

[33] 

Analyze the manufacture of crucible materials that 

utilize rice husk ash mixed with other refractories such 

as graphite and kaolin. Rice husk ash is utilized as a 

crucible base material because it contains refractory 

materials; besides, rice husk ash in Indonesia is still 

limited to animal feed. The analysis was conducted to 

determine the compound phase of rice husk ash and 

the thermal shock treatment of impact resistance and 

macrostructure. 

The compound phases in the rice husk 

ash material from the XRD test were 

98.8% SiO2, 100% Carbon, and 100% 

Si2O5 (OH)4. Based on the results of 

the analysis of thermal shock, heating 

or cooling quickly can cause a failure 

of the strength of the material due to 

damage to the atomic structure due to 

heat shock and high heat exceeding 

the strength of the material. 
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[34] 

Conduct experimental analysis on the effect of mixing 

time on the hardness of Vickers crucible materials 

made from evaporation boat waste, kaolin, and 

refractory cement. Mixing materials is necessary so 

that the process of mixing crucible materials becomes 

more homogeneous and prevents the failure of the 

crucibles. 

The results of the analysis from his 

research are that the longer the 

mixing time, the more homogeneous 

the mixture of crucible materials will 

be, and the more homogeneous the 

crucible, the greater the hardness, 

which is because the particles of the 

crucible are getting solid and the 

hardness can increase. Meanwhile, 

the micro-crucible structure of 

mixing the ingredients for a long time 

will produce a homogeneous phase 

because the particles are evenly 

distributed. 

[35] 

Investigate the effect of drying control on the crucible 

green body material on compressive strength, impact 

resistance, and macrostructure made from evaporation 

boat waste, graphite, and kaolin. Drying control is 

important for crucibles because if the water content in 

the crucible is too high, it will cause cracks during the 

combustion process. 

The controlled drying process will 

cause the crucible material to increase 

its mechanical properties with the 

length of drying time. Mechanical 

stresses in ceramic materials during 

drying can occur because water 

shrinkage can cause cracks if the 

drying conditions are not carefully 

controlled, so the compressive 

strength and impact values of the 

crucible decrease. 

[36] 

Experimental study of the effect of extrusion time on 

evaporation boats waste materials, graphite, and 

castable cement as crucible materials in extruder 

machines on density, porosity, and impact strength. 

Extrusion is used for crucible materials in the presence 

of friction which is then channeled by a screw to 

produce material that conforms to the shape of the 

mold hole. 

The analysis shows that the longer the 

extrusion time, the higher the density 

value, while the shorter the extrusion 

time, the higher the porosity value. 

The crucible's mechanical properties 

are increased using a longer extrusion 

time. 

[37] 

In his research, he analyzed the effect of compaction 

pressure on the density, porosity, and microstructure 

of crucibles made from evaporation boat waste, kaolin, 

castable, and rice husk ash. The compacting pressure 

on the crucible is a significant parameter in reducing 

the water content in the crucible formed prior to the 

combustion process so that it does not crack. 

The results show that the higher the 

compaction pressure on the crucible 

made from evaporation boats, kaolin, 

castable, and rice husk ash, the 

mechanical properties and density 

will increase, and the porosity of the 

crucible is found to be higher with 

reduced crucible compaction 

pressure. The white phase of high 

compaction pressure is produced 

because the particles can unite tightly. 

[38] 

Conduct a study on the effect of temperature in the 

sintering process on density, porosity, and bending 

strength of refractory linings based on evaporation 

boat waste. Refractory materials include evaporation 

boat waste, refractory cement, and silica sand. The 

sintering temperature is important to control because 

it determines the uniform grain growth rate in crucible 

firing. 

The resulting analysis shows that the 

higher the sintering temperature, the 

more density and mechanical 

properties, such as bending, will 

increase. Still, the sintering 

temperature must also be adjusted to 

the level of the melting point of the 

material used, whereas the lower the 

sintering temperature, the porosity 

will increase. The mechanical 
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properties of the crucible will 

decrease. 

 

[39] 

Investigate and analyze the effect of firing temperature 

parameters on density, porosity, impact resistance, and 

the macrostructure of crucible materials made from 

refractory materials such as graphite, kaolin, and 

castable cement. The firing temperature is considered 

very important to control in the combustion process 

for making crucibles because the firing temperature 

will determine the maturity level of the crucible; too 

high a temperature will cause damage to the material 

because it does not match the melting point of the 

material, so this parameter is important to control. 

 

The results are that the higher the 

firing temperature will produce 

mechanical properties such as higher 

impact strength; the porosity is also 

observed to increase with increasing 

temperature, and the porosity 

decreases; this is because high 

temperatures will make the particles 

of the material stick together more 

tightly and densely so that the grain 

boundaries get smaller and stick 

together tightly. 

[40] 

Researching the effect of holding time parameters on 

density, porosity, and Vickers hardness in crucible 

materials made from evaporation boats waste with a 

mixture of kaolin and graphite materials. The holding 

time parameter can also affect the crucible yield 

because the combustion process requires holding time 

to produce the perfect crucible material maturity level. 

Based on the tests' results, the longer 

the holding time used, the stronger 

the crucible material will be. The 

hardness and density values increase 

with a long holding time, while 

porosity decreases with decreasing 

firing holding time; the process of 

burning crucible material will 

become more perfect due to the 

holding time at the combustion 

temperature used. 

[41] 

Analyze the effect of the green body heating rate on 

the mechanical and physical properties of crucible 

materials such as compressive strength, hardness, and 

microstructure made from evaporation boats waste 

with a mixture of kaolin, graphite, and fire-resistant 

cement. The heating rate parameter is also necessary 

because it determines the time needed for the firing 

process. Control of this parameter needs to be used so 

that the crucible material does not experience thermal 

shock due to the heating rate that is too fast. 

It is known that the slower the heating 

rate used, the better the mechanical 

properties and physical properties of 

crucible material. The compressive 

strength and hardness Vickers values 

are known to increase along with the 

slow rate. In contrast, the 

microstructure and fast heating rate 

are known to be increasingly 

inhomogeneous and uneven. There is 

not enough time for the particle's 

crucible materials to coalesce during 

combustion. 

 

5. FUTURE STUDY 

Evaporation boat waste has a significant potential for the utilization and management of 

waste in the future. Besides reducing the environmental impact due to the increasing and piling 

up waste pollution, evaporation boat waste can also be used to increase added value in 

industries engaged in plastic metalizing. Opportunities for commercializing this crucible 

product are still extensive, and there are excellent prospects for the future due to the high 

demand for crucibles for the smelting industry for various types of metal in Indonesia. 

The use of evaporation boat waste is not only used as a material in the manufacture of 

crucibles, but in the future, it can be used again widely in other component manufacturing 

applications that require very high heat resistance, such as refractory linings, furnace waiting 
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linings, and in other applications as a substitute material. Refractories, which, if bought in the 

market, are very expensive. 

6. CONCLUSION 

The results of studies from various literature that have been conducted concluded that 

many crucible materials use refractory materials that can withstand high temperatures. 

Evaporation boat waste generated from the plastic metallization industry is colossal due to its 

continuous use and unknown waste handling. Evaporation boat waste is a material containing 

BN and TiB2 compounds. It has properties as a refractory material and has the potential to be 

used as a material for making crucibles for metal smelting. Evaporation boat waste can be used 

as a substitute for refractory materials to make crucibles for smelting non-ferrous materials, 

which are very expensive. 
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