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ABSTRACT: In order to increase the effectiveness of the clean production program in the small carbide welding workshop 

industry, it is necessary to make efforts to reduce the existence of the waste produced because it pollutes the soil, water a nd air 

environment. To minimize the presence of waste, research was carried out by utilizing solid carbide welding waste as a raw 

material for making gypsum (CaSO4) which is widely used for industrial needs. The implementation is by reacting the waste with 

various concentrations of H2SO4 solution by adjusting the reaction time and reaction temperature. The results of the initial analysis 

of carbide welding workshop solid waste in the form of Ca(OH)2 slurry contained relatively high levels of CaO, namely 71.58%. 

From the results of the research that has been done, it can be concluded that the largest conversion value of 34.98% was obtained 

by using 12N H2SO4 with a reaction temperature of 50oC and a reaction time of 40 minutes. 
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I. INTRODUCTION  

The existence of small carbide welding workshop industries 

in urban areas in Indonesia is growing with increasing 

people's living standards. Carbide welding workshop 

services offer a lot of work that can be done including 

repairing motor vehicles, making fences and other 

constructions. This activity generates a lot of waste in the 

form of water and Ca(OH)2 waste in the form of solid slurry 

or paste and has materials that are difficult to dissolve in 

water, has a pungent odour and has a pH between 12 – 13. 

This waste includes hazardous waste with the hazard 

category 2 according to PPRI No 101 of 2014 concerning 

the management of Hazardous and Toxic Waste which just 

piles up around the workshop and disturbs environmental 

sanitation, causes an unpleasant odour and can reduce the 

quality of the water around it and if it is piled up on vacant 

land it can cause the soil to dry out and arid.  

In accordance with the Indonesian government program, 

every industry must implement clean industrial management 

with the 6R principles, namely Reuse, Reduce, Recycle, 

Replace, Refill and Repair [1]. In waste management, Reuse 

is the utilization of waste that can be utilized directly 

according to its function and recycling, namely recycling 

waste so that new products are obtained that have economic 

value and more benefits. The recycling method is the easiest 

method to implement so that a clean industrial program can 

be achieved. There have been several studies utilizing this 

solid waste as a mixture in the manufacture of tiles, paving 

blocks, mortar, and concrete tiles [2][3][4][5] with positive 

results. Carbide welding waste can also be used to absorb  

 

heavy metal content in woven fabric washing liquid waste. 

utilizing carbide waste and industrial soda wastewater to 

produce CaSO4 where the greatest conversion was achieved 

at a reaction temperature of 60oC with a reaction time of 40 

minutes and a ratio of 1:3 reactants, the largest conversion 

was obtained at 46.36% with a CaSO4 content of 25.96%. 

However, in the field, there are still many solid wastes that 

have piled up unutilized, so researchers are trying to recycle 

solid waste from carbide welding workshops by using it as a 

raw material for gypsum production. In Indonesia, gypsum 

is found in the form of sediment in a relatively limited 

amount by means of extraction which is quite difficult. 

Areas that are often found include Cirebon, Rembang, Cepu, 

Madur and on the south coast of Java Island, with relatively 

low quality [7] while the need for gypsum as an industrial 

raw material is increasing every year. 

The aim of the research is to fulfil the clean industry 

program, namely by recycling solid waste from carbide 

welding workshops into a new product in the form of 

gypsum by reacting the waste with various concentrations of 

H2SO4 solution by adjusting the reaction temperature and 

reaction time. 

II. THEORETICAL BASE  

Small Industrial Solid Waste Carbide Welding 

Workshop 

The small welding workshop industry provides welding and 

metal cutting services for building construction, repair of 

motorized vehicles and manufacture of household and 

agricultural equipment. Calcium abide or carbide used as a 
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raw material for carbide welding is a chemical compound 

with the chemical formula CaCl2, in its pure state it is 

colourless and has a pungent odour, but the calcium carbide 

used in welding workshops is grey or brown in colour with a 

CaCl2 content (80 – 85)% and the rest is in the form of 

compounds CaO, Ca3P2, CaS and so on [7]. Acetylene gas 

with the chemical formula C2H2 is colourless, has a 

characteristic odour and is toxic, is explosive and is used in 

the chemical industry for the synthesis of certain products 

[8]. The provision of ethylene gas in the small carbide 

welding industry is obtained by reacting calcium carbide 

compounds with water, with the following reaction [9]. 

This process is very simple with a very low cost, so it is 

widely used by small welding workshop industries, while 

the negative impact of this welding workshop industry is the 

production of waste in the form of water and the compound 

Calcium hydroxide [Ca(OH)2] in the form of a slurry or 

paste and if left alone takes a long time to become dry and 

hard and difficult to dissolve in water, at 0oC the solubility 

in 100 parts (g) is 0.185 and at 100oC is 0.77. Ca(OH)2 is 

white with a density of 3.34 g/cm3[10][11]. 

Sulfuric Acid (H2SO4) 

Sulfuric acid is a colourless liquid and is hygroscopic, 

corrosive and can mix with water in all ratios by releasing 

heat. Its concentrated acid contains more than 98% acid with 

a specific gravity of about 1.838 g/ml and a boiling point of 

338oC[11]. Sulfuric acid is not a very strong oxidizing agent 

but is a strong dehydrator for carbohydrates and other 

organic acids because it can break down carbohydrate 

compounds. to be elemental carbon. Sulfuric acid is a type 

of acid that is most widely used among other acids so the 

progress of a country's chemical industry is often equated 

with the need for sulfuric acid in that country [12]. 

Gypsum 

The compound CaO or Calcium oxide is one of the 

compounds that make up the chemical formula of gypsum 

and is more often used in chemical processes is a compound 

that is unstable and very easily combines with water to form 

the compound calcium hydroxide [Ca(OH)2] [13]. The 

gypsum compound contains a fairly high CaO content, 

which is around 28.11%, making it possible to use carbide 

welding waste as a raw material in its manufacture [14] 

considering that carbide welding waste also has a CaO 

content of around 72.37% [4]. 

Gypsum, commonly known as calcium sulfate dihydrate 

[CaSO4 2H2O], is a white powder with a purity of 91-92%, a 

melting point of 150oC, a density of 2.32 g/cm3 and 

solubility in water (20oC): 0.21 g CaSO4 2H2O / 100 g 

solution [10]. Based on the difference in the molecular 

weight of calcium sulfate, 3 types are known, namely: 

Calcium sulfate dihydrate [CaSO4 2H2O], Calcium 

hemihydrate [CaSO4 1/2H2O] and calcium sulfate anhydrous 

[CaSO4]. Theoretically, the change point for pure gypsum is 

as follows [12]. 

CaSO4 2H2O (c)    →     CaSO4 1/2 H2O (c)  + 3/2H2O(g)   ( 

at 120 – 150o C temperature ) 

 

CaSO4 1/2 H2O    →    CaSO4         ( at 190oC temperature ) 

The temperature change is strongly influenced by the 

amount and type of impurities contained therein so it will 

also affect the chemical and physical properties of gypsum. 

In the formation of gypsum compounds, there are several 

factors that must be considered in order to obtain the 

expected quality and quantity, these factors are [9] [15] 

The concentration of a reactant will greatly affect the rate of 

reaction and the amount of product produced. To increase 

the product of the reaction is to make excess H2SO4 to the 

amount of CaO being reacted.  

In general, the higher the reaction temperature, the greater 

the rate of formation of reaction products, but in the gypsum 

formation reaction, the reaction temperature can determine 

the properties of the gypsum obtained. 

The duration of the reaction process will affect the number 

of reaction products obtained, but up to a certain point, the 

number of products produced becomes constant because one 

of the reactants has finished reacting. 

The stirring process also helps the movement of the reacted 

particles so that the composition of the reactants is evenly 

distributed at each point. Moving particles will cause 

collisions between molecules thereby accelerating the 

reaction process. 

Calcium hemihydrate (CaSO41/2H2O) also known as 

gypsum plaster is a compound that is difficult to dissolve in 

water or other organic solvents, is white in colour with a 

molecular weight of 145.15, melting point is 163oC and the 

solubility per 100 g in water at 25oC is 0. 3 g [11]. With the 

development of various types of industry, the need for 

gypsum plaster as a raw material is also increasing including 

being used in the industrial sector [8] As a retarder in 

cement factories which functions to regulate cement 

hardening time, widely used for making sculptures, lamp 

bases and other artistic items. Very pure and high-quality 

plaster casts are widely used in dentistry and orthopaedic 

surgery. Other uses as a colour fixing agent in the paint 

industry, for enamel, used in the manufacture of mortar, 

marble cement, paper industry and so on. 

 

III. METHODOLOGY 

In carrying out the research used equipment in the form of a 

three-neck flask, Erlenmeyer, stirrer and electric heater, 

thermometer, furnace, oven, scales and filter paper. While 

the materials needed are carbide welding industrial solid 
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waste, H2SO4, NaOH, EDTA, MgSO4, AgNO3 and distilled 

water. Fixed variable: Weight of CaO = 2 gram; Stirring = 

100 rpm; 100 ml of H2SO4 solution with various 

concentrations. Variable changes: 1) Concentration of 

H2SO4(N): 9; 10; 11; 12. 2) Reaction temperature (oC): 30; 

40; 50; 60 and 3) Reaction time (minutes): 20; 30; 40; 50; 

60. 

 

Research Procedure 

Carbide welding workshop waste from the welding 

workshop area in Surabaya in the form of slurry [Ca(OH)2] 

was analyzed specifically for the CaO content contained 

therein, then slurry [Ca(OH)2] in a certain amount according 

to the experimental needs was heated in a furnace at 600oC 

so that CaO compounds were obtained. Then a three-neck 

flask was installed with a stirrer placed above the electric 

heater, then put 2 grams of CaO and 100 ml of H2SO4 

solution were with the concentration adjusted to the 

variables that had been set as well as the reaction 

temperature and reaction time. After the reaction is 

complete, the results are filtered and weighed, and then the 

conversion is calculated 

IV. DISCUSSION 

As we know, carbide welding workshops produce solid 

waste in the form of calcium hydroxide compound 

[Ca(OH)2] which is waste with hazard category 2. The 

results of the analysis of carbide welding workshop solid 

waste from the welding workshop area in Surabaya obtained 

CaO levels. 71.58%; Si2O3 0.76%; Al2O3 2.85% and other 

compounds 24.81%. Meanwhile[4] shows carbide waste 

from one of the gas industries in East Java containing 

95.37% CaO; Si2O3 0.94%; Al2O3 0.61% and other 

compounds 3.08%. This analysis shows that the CaO 

content is the highest, making it possible to use it as a raw 

material for gypsum manufacture. The first step taken in this 

study was to heat the waste [Ca(OH)2] in the furnace to a 

temperature of 600oC to form CaO. Furthermore, the CaO 

obtained was reacted with a solution of H2SO4 with various 

concentrations and stirring was carried out at various 

temperatures and reaction times, so that the reaction was 

perfect. Then the reaction results were filtered using filter 

paper and then weighed and the reaction conversion was 

calculated. The reactions that occur in the process of making 

gypsum from carbide welding workshop solid waste are as 

follows[9] 

 Furnace at  600oC   :  Ca(OH)2    →   CaO  +   H2O  

 Reaction the form of gypsum : CaO +   H2SO4     

  →   CaSO4   +   H2O 

 

 

 

 

 

 

 

Figure 1. Conversion of gypsum produced by using 9N 

H2SO4 solution with various reaction temperatures and 

reaction times. 

 

Figure 1 shows the use of a 9N H2SO4 solution, the 

conversion value obtained is still low, but the changes can 

be read. It can be seen that the higher the reaction 

temperature, the higher the conversion obtained, this is by 

[9][15] which states that the reaction rate increases with 

increasing reaction temperature, usually with an increase in 

temperature of 10oC it will be able to increase two to three 

times the reaction rate between molecules. reacting 

molecules. With an increase in temperature, the percentage 

of collisions between molecules that result in chemical 

reactions will be greater. It can be seen that at 30oC the 

reaction conversion produced was the smallest, while at 

60oC the highest conversion was obtained. The longer the 

reaction process, the greater the conversion of the reaction 

because the opportunity for contact between the reacting 

molecules increases. When using 9N H2SO4 solution, the 

largest conversion of 27.65% was obtained at a reaction 

temperature of 60oC and a reaction time of 50 minutes. The 

conversion obtained is still low, this is because the 

conversion reaction is strongly influenced by the 

concentration of the H2SO4 solution.  

 
Figure 2. Conversion of gypsum produced by using 10N 

H2SO4 solution with various reaction temperatures and 

reaction times. 

 

Temperature 
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Figure 2 shows the use of 10N H2SO4 solution, the 

conversion value obtained has begun to increase, it can be 

seen that the higher the reaction temperature, the greater the 

conversion, as well as the addition of reaction time. In the 

10N H2SO4 solution the number of SO4 -2 ions is more than 

in the 9N H2SO4 solution, as a result, there are also more 

reactions between SO4
-2 ions and Ca+2 ions originating from 

CaO so that more reaction products can be produced. By 

using the reactant 10N H2SO4  the greatest conversion of 

29.32% was obtained at a reaction temperature of 60oC and 

a reaction time of 50 minutes, but under these conditions, it 

still showed a trend of increasing yields. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Conversion of gypsum produced by using 11N 

H2SO4 solution with various reaction temperatures and 

reaction times. 

 

Figure 3 shows the use of 11N H2SO4 solution at a 

temperature of 30oC to 50oC and with increasing reaction 

time it can be seen that the conversion value is still 

experiencing an increasing trend, which means that SO4
-2 

ions from H2SO4 and Ca+2 ions from CaO are still present 

and with increasing reaction time and increasing the increase 

in reaction temperature will still be able to produce the 

expected product. However, at a reaction temperature of 

60oC with a reaction time of 40 minutes and 50 minutes, a 

conversion of 32.53% and 32.55% were obtained, 

respectively, and it seemed almost constant, so at a 

concentration of 11N H2SO4 an optimal conversion of 

32.53% was obtained at a reaction temperature of 60oC with 

a reaction time 40 minutes.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. The conversion of gypsum was produced by 

using 12N H2SO4 solution with various reaction 

temperatures and reaction times. 

 

Figure 4 shows the use of 12N H2SO4 solution, it can be 

seen that the conversion value obtained at each run is much 

greater than the previous reaction conditions. In order for a 

more perfect reaction to occur, it is necessary to have an 

excess of SO4
-2 ions so that the available Ca+2 ions can react 

more to form CaSO4. At a reaction temperature of 50oC with 

a reaction time of 40 minutes and 50 minutes the conversion 

values obtained were 34.98% and 34.99% respectively. Here 

with an increase in reaction time of 10 minutes the reaction 

conversion can be said to be constant. Whereas at a reaction 

temperature of 60oC with a reaction time of 40 minutes and 

50 minutes the conversion value is also close to constant, 

namely 34.97% and 34.98% so it can be concluded that 

using a 12N H2SO4 solution the optimal conversion of 

34.98% is obtained at a reaction temperature of 50oC with a 

time 40 minutes reaction 

 

V. CONCLUSION 

Based on the results of the initial analysis of carbide welding 

workshop solid waste in the form of Ca(OH)2 slurry 

containing a high enough CaO level of 71.58% the research 

was continued by utilizing carbide welding workshop solid 

waste as a raw material in the manufacture of gypsum 

(CaSO4) by regulating the concentration of reagent H2SO4, 

reaction time and reaction temperature. From the data 

obtained, it can be concluded that the largest conversion 

value of 34.98% was obtained using 12N H2SO4 with a 

reaction temperature of 50oC and a reaction time of 40 

minutes. In this study, the conversion value is still very low, 

so there is a need for suggestions to improve the results 

obtained so as to reduce the presence of carbide welding 

waste which can pollute the environment. 

 

 

 

Temperature 

Temperature 
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