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ABSTRACT 

The crucible is a container wherein metallic materials are melted in order to generate new objects or alloys. 

Crucibles are typically formed of ceramic, graphite, silicon-carbide, and steel. Until now, there has been no study on the 

use of evaporation boat waste and molasses for the manufacture of crucibles. This study shows that molasses was used for 

binding the crucibles production formed from evaporation boats waste. The goal of this research was to ascertain how 

using molasses affected the properties of the crucible produced. Evaporation boat waste is made into powder (mesh 80) 

using a hammer mill. Molasses, evaporation boat waste powder and water with a certain concentration are mixed 

homogeneously using a mixer. The mixed material is put into a mold that has been adjusted to ASTM C1161-18, and then 

the compaction process is performed (20 MPa) to produce a green body. The resulting green body underwent a 16-hour 

drying time in an oven set at 100°C. Afterward, it was sintered for 240 minutes at 1150°C. The specimens in this study 

were characterized using XRD, SEM, density, hardness and 3-point bending tests. The test results show that molasses as a 

binder in the manufacture of crucible specimens does not result in the formation of a new crystalline phase. 5% molasses 

produced the best specimens. In specimens with 5% molasses, the density, hardness, flexural strength, and weight 

percentage (%) crystal phase of BN and TiB2 were 2.25 g/cm
3
, 61.6 HRA, 49.96 MPa, 67.5%, and 32.5%. 
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INTRODUCTIONS 

Evaporation boats are material alloys used to 

produce thin aluminum films in decorative, plastic, glass, 

or food packaging applications in a high vacuum chamber 

[1]. The plastic metallization process is a process carried 

out by heating aluminum using evaporation boats to the 

melting point in a vacuum chamber so the atoms and 

molecules evaporate and stick to the surface of the plastic 

which moves at high speed and is then cooled rapidly so it 

crystallizes and forms a thin layer over the entire plastic 

layer [2]. This technology is widely used by the 

manufacturing industry that produces food packaging 

products such as PT 3M Indonesia. However, in its 

operation, industries engaged in this field always produce 

waste called evaporation boats waste (Figure 1). It is 

because of the lifespan of material evaporation boats 

which is only 15 hours [2]. After 15 hours, it is necessary 

to replace evaporation boats to maintain the effectiveness 

of the plastic metallization process. This is what causes the 

large volume of evaporation boat waste generated in the 

plastic metallization industry. 3M™ Evaporation Boat 
Dimet is made of Boron Nitride (BN) and Titanium 

Diboride (TiB2) [3]. Both boron nitride (BN) and titanium 

diboride (TiB2) exhibit exceptional levels of wear 

resistance, hardness, high-temperature stability, and 

melting point. These allow for the widespread use of BN 

and TiB2 in industrial processes such as metal evaporation 

plating, wear-resistant coatings, and aerospace 

applications [4]–[6]. TiB2-BN composite ceramics have 

good electrical conductivity, high wear resistance, and 

great machinability [5], [7]. Additionally, the mixture of 

TiB2 and BN offers superior electrical conductivity and 

lubricity for molten metals. In the aluminum casting 

sector, TiB2-BN composite ceramics are therefore 

frequently utilized [5]. 

 

 
 

Figure-1. Evaporation boats waste. 

 

The large volume of evaporation boat waste 

shows the abundant availability of Boron Nitride and 
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Titanium Diboride materials. The content of Boron Nitride 

(BN) and Titanium Diboride (TiB2) in evaporation boat 

waste is great potential for utilization and waste 

management in the near future. The utilization of waste for 

engineering applications and material synthesis has a 

positive impact on environmental sustainability [8]–[13]. 

The utilization of evaporation boat waste for crucible 

applications will reduce pollutants and will contribute to 

environmental sustainability. Aside from that, the cost of 

producing crucibles will be cheaper because the 

evaporation boat waste is affordable, easy to obtain, and 

available in large quantities. 

The crucible is a container wherein metallic 

materials are melted in order to generate new objects or 

alloys. Traditionally, crucibles are manufactured from 

ceramic materials, which can sustain extremely high 

temperatures [14]. In this study, evaporation boat waste 

was used as the basic material for making crucibles with 

molasses as a natural binder. The industry that processes 

cane sugar produces molasses, which has 32% sucrose, 

14% glucose, and 16% fructose as its major sugars. Sand 

molds, iron pellets, biofuel pellets, and heat-insulating 

bricks have all been made using molasses as a natural 

binder [15]–[20].  

Typically, ceramic, graphite, silicon carbide, and 

steel are used to make crucibles [14]. To the best of our 

knowledge, there has not been any research on the use of 

evaporation boat waste and molasses in crucible 

production. Therefore, this work is the first report on the 

conversion of evaporation boat waste into crucibles using 

molasses as a binder. Scanning electron microscopy 

(SEM), X-ray powder diffraction (XRD) techniques, 

density, hardness, and flexural tests were used to 

characterize the formed crucible specimens. 

 

MATERIALS AND METHODS 

The evaporation boat waste investigated in this 

study was obtained from PT 3M Indonesia. Meanwhile, 

molasses was obtained from Putra Agro Lestari Store, 

Salatiga, Indonesia. The waste of evaporation boats is 

pulverized using a crusher machine and meshed using 80 

mesh to produce evaporation boat waste powder (Figure-

2). 

 

 
 

Figure-2. Evaporation boats waste powder. 

Figure-3 shows the X-ray diffraction (XRD) 

patterns test outcome that has been carried out by Rietveld 

refinement using the x'pert high score on evaporation boat 

waste powder. The content of Boron Nitride (BN) and 

Titanium Diboride (TiB2) crystals in evaporation boat 

waste powder is 58.2% and 41.8%, respectively. Molasses 

and evaporation boat waste (powder) with a certain 

concentration (Table-1) are mixed homogeneously using a 

mixer. During the mixing process, water is added to as 

much as 15% of the total mixture of ingredients used. 

 

 
 

Figure-3. Result of XRD test on evaporation boats  

waste powder. 

 

Table-1. Crucible specimen composition. 
 

Specimens 

Code 

Evaporation boat 

waste (powder) (wt.%) 

Molasses 

(wt.%) 

0% 100 0 

5% 95 5 

10% 90 10 

15% 85 15 

20% 80 20 

 

The mixed material is put into a specimen mold 

that has been according to ASTM C1161-18, and then the 

compaction process is carried out using a hydraulic 

machine with a power of 20 MPa to produce a green body. 

The resulting green body was dried for 16 hours in an 

oven set to 100°C. In order to conduct the sintering 

procedure, a furnace is used to heat the green body 

specimen to 1150°C for 240 minutes. In this study, the 

sintering process was not carried out on the 15% and 20% 

specimens because the green body was not formed after 

compaction, as shown in Figure-4. This is due to the high 

water content of the material mixture, which prevents the 

compaction process from producing green bodies. The 

high water content causes all of the pores in the material 

mixture to fill with water, making it less compressible 

[21]. 
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Figure-4. The compaction results were carried out on 

specimens with a molasses content of 15% and 20%. 

 

The XRD, SEM, hardness, density, and 3-point 

bending test methods were used to characterize the study's 

findings. Using a scanning electron microscope (SEM) 

(JSM-6510, JEOL, Japan) at an exact 15 kV accelerating 

voltage, the surface morphology of the specimens was 

inspected. A high-sensitivity backscattered electron 

detector is installed on the bottom of the objective lens to 

create composition images, topography images, and 

shadow images. The crystal phase of specimens derived 

from evaporation boat waste and molasses was also 

examined using the Shimadzu XRD-7000. The High Score 

Plus program 3.0e was used to carry out the Rietveld 

analysis. The pseudo-Voigt function was used to describe 

the diffraction line profiles at the Rietveld refinement. The 

hardness test on the specimens formed in this study using 

the Rockwell hardness type A method with a force of 60 

KgF.  

The hardness testing process in this study refers 

to research conducted by Qi et al. (2019). In their research, 

the Rockwell hardness type A method was used to check 

the hardness of TiB2-Fe-Co materials which had been heat 

treated at different temperatures (800°C-1200°C) [22]. 

The three-point bending test was performed to calculate 

the specimens' flexural strength and flexural modulus 

following the American Society for Testing and Materials 

(ASTM) C1161-18. An electronic density meter (DME 

220 series) from Vibra Canada Inc., was used to conduct 

density testing. 

 

RESULTS AND DISCUSSIONS 

A graphic comparison of XRD test findings of 

the obtained specimens and evaporation boat waste is 

shown in Figure-5. TiB2 and BN crystalline phases were 

found in evaporation boat waste and obtained specimens. 

The phase of BN crystals in evaporation boat waste and 

obtained specimens is commonly labeled as 2: 26.75, 

41.61, 43.87, 50.16, 55.11, 59.54, 71.35, and 82.19 in 

accordance with JCPDS (Joint Committee on Powder 

Diffraction Standards) card number 01-073-2095 [23]. On 

other hand, the TiB2 crystal phase is shown at 2θ: 27.69, 
34.23, 44.51, 57.05, 61.18, 68.39, and 78.69 (JCPDS Card 

No. 85-2083) [24]. The XRD test findings revealed that 

only TiB2 and BN diffraction peaks were found in all 

specimens, with no evidence of molasses or a possible 

reaction product. Furthermore, the results of the XRD test 

also showed that there were no impurities found in the 

evaporation boat waste powder and the resulting 

specimens. In this investigation, the use of molasses as a 

binder did not result in the formation of a new phase in all 

of the resulting specimens. 

 

 
 

Figure-5. XRD Diffraction on the resulted specimen. 

 

The findings in this test are in line with those of 

Qiu et al. (2021), who used hexagonal boron nitride (h-

BN), lanthanum oxide (La2O3), alumina (Al2O3), and 

amorphous silica (SiO2) as raw materials to create BN/La-

Al-Si-O composite ceramics [25]. Only the hBN phase can 

be readily observed on the XRD graph, according to their 

study's findings. La2O3, Al2O3, SiO2, and their potential 

reaction products' diffraction peaks, however, were left 

undiscovered. The crystalline phase found in all specimens 

is similar to the crystalline phase found in evaporation 

boat waste powder. The use of molasses and sintering 

temperature carried out in this study resulted in a decrease 

in the intensity of the TiB2 and BN crystal phases which 

were shown at 2θ of 26.85, 27.69, 34.23, and 44.51. While 
the increase in the content of molasses as an adhesive in 

this study has an insignificant change in the intensity of 

TiB2 and BN. 
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(a) 

 
(b) 

 
(c) 

 

Figure-6. XRD diffraction patterns of specimens with various molasses concentrations (a) 0%, (b) 5%, and (c) 10%. 

 

The evaporation boat waste powder has a higher 

intensity of BN and TiB2 crystals compared to the three 

specimens obtained. This is inseparable from the sintering 

process which is carried out at 1150°C. This is in line with 

research conducted by Petukhov et al. (2019) regarding 

the synthesis of Zr-ZrB2 composites by spark plasma 

sintering (SPS). In the XRD test they carried out, it was 

clear that the intensity of the BN crystal phase was quite 

high in the starting mixture. However, the SPS treatment 

at 900°C showed a significant decrease in the intensity of 

the BN crystal phase, and at a temperature of 1800°C, the 

peak of BN crystal was no longer found [26]. Research 

conducted by Angel et al. (2022) concluded that increasing 

the temperature and holding time of sintering resulted in a 

decrease in the intensity of the TiB2 crystal phase on the 

XRD graph. This is due to the transformation of TiB2 into 

TiB in the Ti-TiB2 material sintering process [27]. 

Figure-3 (evaporation boat waste powder) and 

Figures-6a–6c, which show the results of a Rietveld 

analysis performed using High Score Plus software 

version 3.0e, indicate the weight in percent (%) of TiB2 

and BN crystals. The specimens with 5% molasses content 

had the largest weight percentage (%) of the BN crystal 

phase, which was 67.5%. Meanwhile, the highest Weight 

percentage (%) of crystal phase of TiB2 was found in 

evaporation boat waste powder, which was 41.8%. TiB2 

and BN weight percentages (%) of their respective crystal 

phases for evaporation boat waste powder are 41.8% and 

58.2%. The sintering treatment and the use of molasses in 

this study resulted in an increase in the Weight percentage 

(%) of the crystal phase of BN which reached the 

maximum value in the specimen with a molasses 

concentration of 5%. The weight percentage (%) of the 

crystal phase of BN decreases as the molasses 

concentration exceeds 5%. Different trends are shown in 

the percentage by weight (%) of the TiB2 crystal phase. 

The weight percentage (%) of the TiB2 crystal phase was 

reduced as a result of the sintering procedure and the 

usage of molasses in this investigation. The specimen with 

5% molasses content had the lowest weight percentage 

(%) of the TiB2 crystal phase, which was 32.5%. 
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Figure-7. Comparison of weight percentage (%) of crystal phase on evaporation  

boat waste powder and obtained specimens. 

 

Figure-7 compares the weight percentage (%) 

crystal phases of TiB2 and BN crystals on the evaporation 

boat waste powder and obtained specimens. The results of 

this study indicated that there was a change in the weight 

percentage of BN and TiB2 crystals in evaporation boat 

waste powder after the manufacture of crucible specimens 

using molasses with different concentrations. In the 

evaporation boat waste powder, the weight percentage of 

BN and TiB2 crystals is 58.2% and 41.8%, respectively. 

After compaction (0% molasses) and sintering, the weight 

percentage values of BN and TiB2 crystals were 67.2% 

and 32.8%, respectively. This happened because BN and 

TiB2 have differing sintering behaviors due to their 

different melting temperatures, which may result in the 

preferential compaction of one material over the other. 

The melting temperatures of TiB2 and BN materials are 

3225±20
o
C [28] and 2980

o
C [29], respectively. In general, 

BN is sintered more readily than TiB2, and as a result, BN 

crystals have a higher weight percentage (%) than TiB2 

crystals [30]. In this investigation, sintering was conducted 

at 1150°C, which allowed BN and TiB2 crystals to grow 

and merge to form larger and more precisely defined 

crystals. The results of this study demonstrate that the 

weight percentage of BN crystals is higher than TiB2, 

indicating that BN crystals grow more than TiB2 crystals. 

Figure-8 depicts SEM cross-sectional images of 

specimens from this study with varying molasses 

concentrations. This section's microstructure consisted of 

large crystalline grains and many crystals in flake shape 

(flaky crystals). The crystal with a flat structure is the BN 

phase, while the crystal with a granular structure is the 

TiB2 phase which is dispersed among the BN crystal 

flakes. The flake crystals were more clearly visible with 

increasing molasses concentration, especially at 5% 

molasses concentration. The findings in this study have the 

same phenomenon as the microstructure of TiB2-BN-SiC 

composite ceramics in the study of Tian et al. (2022) [5]. 

In addition, their findings also demonstrated that the 

granular crystals (TiB2 and SiC) were uniformly dispersed 

in flake-shaped BN crystals.  

The similar conclusion was also obtained from 

SEM investigations of the morphology of BN and TiB2 

crystals carried out by Popov et al. (2022) [30] and 

Peighambardoust et al. (2021) [31]. 
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(a) 

 
(b) 

 
(c) 

 

Figure-8. SEM images of specimens with various molasses concentrations (a) 0%, (b) 5%, and (c) 10% with 10000 

magnifications. 

 

The specimen with a molasses concentration of 

10% produced the lowest density (2.21 g/cm
3
) compared 

to other specimens (Figure-9). The specimen with a 5% 

molasses concentration produced the highest density of 

2.25 g/cm
3
. Meanwhile, the specimen with 0% molasses 

concentration resulted in a density of 2.23 g/cm
3
. In this 

study, increasing the concentration of molasses from 0% 

to 5% had a density increase. However, the density of the 

specimen decreased when the molasses concentration 

approached 5%. These findings are similar to those of 

Utchariyajit et al. (2019), who produced briquettes out of 

Palmyra palm trash using molasses as a binder. According 

to their research, the densest briquettes were those with 

5% weight-to-weight molasses, followed by those with 

10% and 15% w/w molasses.  

 

 
 

Figure-9. Density of specimens with different molasses 

concentrations. 

 

As the molasses content of briquettes decreases, 

the density of the briquettes increases [32]. Syahfitri et al. 

(2022) demonstrated that the composite lightweight roof 

tile density decreased as the molasses content increased. 

Molasses content of 10% will produce  lightweight roof 

tile composite with the highest density [33]. The 
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investigation carried out by Jiménez et al. (2022) likewise 

produced results that were similar. A composite with a 

high density is produced when the molasses concentration 

is 2%. The composite density decreases as molasses 

concentration increases [34]. 

The density of the specimen increased as the 

molasses content was raised from 0% to 5%. This is 

impacted by the increase in binder concentration, which 

makes pores to close up and a stronger link to form 

between the waste from evaporation boats and the 

molasses binder. The increase in the concentration of the 

binder causes the grain size to increase due to the increase 

in particle coalescence, so that the porosity decreases and 

the mechanical properties increase [35], [36]. The findings 

of this study showed that the sample to which 5% 

molasses had been added generated the specimen with the 

highest density. Effective binder burnout can increase the 

density of the sintered body, but insufficient removal can 

lead to flaws including black coring, cracking, bloating, 

and the emergence of blocked pores. They are detrimental 

to the sintered material's mechanical properties [37]. 

The density of Cf/C-SiC composites steadily rises 

with an increase in binary binder content, according to Liu 

et al. (2022) [38]. On the other hand, the density of the 

specimen decreased when the molasses content was 

increased from 5% to 10%. Yu et al. (2010) discovered 

that the porosity of porous silicon nitride ceramics is 

influenced by the binders’ number ratio. The higher the 

concentration of binder, the resulting porosity increases. 

The pores from the sintered body are mostly derived from 

the leftover micro-space of the organic processing aids 

after organic binder burnout in the green body [39]. 

Furthermore, research conducted by Ayorinde et al. (2013) 

showed a decrease in particle density with an increase in 

molasses concentration [40].  

The effect of molasses concentration on hardness 

and density is shown in Figure-10. The highest hardness 

obtained in specimens using molasses with a concentration 

of 5% is 62 HRA. The specimens using molasses with a 

concentration of 10% produced the lowest hardness of 52 

HRA. Meanwhile, the specimens without molasses (0%) 

produced a flexural strength of 58 HRA. In general, a 

material's hardness tends to rise as its density increases 

[41]–[44].  

 

 
 

Figure-10. Hardness and density of specimens with 

different molasses concentrations. 

 

This is because a material with a higher density 

typically has a more compact and organized structure that 

can withstand deformation and preserve its shape when 

subjected to external forces. Raising the content of 

molasses from 0% to 5% led to an increase in density, 

followed by an increase in Rockwell hardness. Increasing 

the percentage of molasses from 5% to 10% caused a 

decrease in density values, followed by a decrease in 

Rockwell hardness values. This study's findings are 

consistent with research conducted by Babapoor et al. 

(2018). Their research revealed a linear correlation 

between the density and hardness of titanium carbide 

treated with spark plasma sintering (SPS). Raising the 

temperature of SPS from 1800°C to 1900°C led to an 

increase in relative density followed by an increase in 

Vickers hardness. However, as the temperature is 

increased from 1900 °C to 2000 °C, the relative density 

value decreases, which is followed by a reduction in the 

Vickers hardness value [45]. 

The effect of molasses concentration on flexural 

strength and density is shown in Figure-11. The highest 

flexural strength obtained in specimens using molasses 

with a concentration of 5% is 49.96 MPa. The specimens 

using molasses with a concentration of 10% produced the 

lowest flexural strength of 28.35 MPa. Meanwhile, the 

specimens using molasses with a concentration of 0% 

produced a flexural strength of 37.01 MPa. The results of 

the study done by Ahinöz et al. (2022) corroborate the 

conclusions in this study. Their findings indicated that 

adding up to 35% more molasses increased the flexural 

strength of the composite pine cone material. Molasses 

content greater than 35% (40%, 45%, and 47.5%) caused a 

decrease in flexural strength [46]. 
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Figure-11. Flexural strength and density of specimens 

with different molasses concentrations. 

 

In general, a material's mechanical properties 

decrease substantially as its density decreases [47], [48]. 

The study's findings also make it abundantly clear that the 

specimen's flexural strength increases as density rises. The 

use of molasses with a concentration of 5% produces 

specimens with the highest flexural strength. Furthermore, 

flexural strength decreased with increasing molasses 

concentration (10%). This happened because the density 

of the specimen decreased with the use of molasses with a 

concentration of more than 5%. Increased flexural strength 

reflects the specimen's ability to absorb more energy, 

extend the path of crack propagation, and increase plastic 

deformation. Consequently, the surface fracture energy 

and strength of the specimen are enhanced [49].  

These findings are consistent with the Zang et al. 

(2018) investigations [50]. Their findings demonstrated 

that the flexural strength of porous ceramics based on 

Si3N4 rise dramatically when the density of the resulting 

specimens increased due to a reduction in porosity. These 

results are also supported by research on the manufacture 

of composites from polyurethane and fly ash conducted by 

Shivakumar et al. (2019).  

The higher the concentration of fly ash used, the 

higher the density of the composite. The flexural strength 

of a composite material increases in direct proportion to its 

density [51]. Manni et al. (2019) discovered that the 

density of porous red ceramics (class BIII) decreased as 

the concentration of coffee waste increased. Additionally, 

as density drops, the flexural strength of the porous red 

ceramics also declines [52]. 

 

CONCLUSIONS 
The manufacture and characterization of crucible 

specimens made from evaporation boats waste using 

molasses as a binder has been successfully carried out. A 

new crystal phase is not created when molasses is used as 

a binder to create crucible specimens from evaporation 

boat waste. This is evidenced by the XRD test which only 

found TiB2 and BN crystal phases in all the specimens 

produced. This study found that adding more molasses as 

an adhesive had no discernible impact on the amount of 

TiB2 and BN. The SEM image on the crucible specimen 

shows the crystal with a flat structure is the BN phase, 

while the crystal with a granular structure is the TiB2 

phase which is dispersed among the BN crystal flakes. The 

use of molasses as an adhesive has been shown to have a 

positive impact on the hardness, flexural strength and 

density of crucible specimens. The use of molasses with a 

concentration of 5% resulted in crucible specimens with 

the highest hardness (62 HRA), flexural strength (49.96 

MPa) and density (2.25 g/cm
3
) compared to other 

specimens. This happens because the increase in the 

concentration of the molasses causes the grain size to 

increase due to the increase in particle coalescence, so that 

the porosity decreases and the mechanical properties 

increase. 
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