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Abstract  Artificial coarse aggregates are created using 

geopolymerization methods to reduce high energy 

consumption. Raw materials rich in silica and alumina are 

mixed with an activator solution. Different sources of raw 

materials, although the materials are the same, cause the 

mineral content and chemical composition also to be 

different. There needs to be studies being done to obtain an 

artificial coarse aggregate mixture, including the effects of 

variations in the ratio of molar SiO2 to Na2O, the molar 

ratio of H2O to Na2O, and variations in the molar ratio of 

Na2O to Al2O3, as well as the effect of adding palm shell 

charcoal to the raw materials of Hampangen clay. Then the 

manufacture of coarse aggregate granules was carried out, 

and continued with the manufacture of a concrete mixture 

with a cylinder size of 100 mm and a height of 200 mm. 

The study showed that the addition of SiO2 concentrations 

in the activator solution has a certain value limit so that the 

paste can harden. Molar ratio H2O to Na2O and the molar 

ratio of Na2O to Al2O, have a noticeable effect on the 

compressive strength of the resulting paste. And there is a 

very strong relationship between the addition of palm shell 

charcoal to the compressive strength of the paste. The more 

charcoal the palm shell, the higher the compressive strength 

value of the paste. The properties of artificial coarse 

aggregates are light and are used as a material for the 

formation of lightweight concrete mixtures. The 

performance of artificial coarse aggregates is categorized 

as structural lightweight concrete.  

Keywords  Hampangen Clay, Palm Shell Charcoal, 

Geopolymerization, Artificial Lightweight Coarse 

Aggregate, Structural Lightweight Concrete 

1. Introduction

The condition of Central Kalimantan is that it is of peat 

swamps territory. Areas have very low soil support. If a 

civil engineering structure is built on it, it is required to be 

light in weight. If the structure on it is a concrete structure, 

then the greatest weight in the manufacture of concrete 

mixture is coarse aggregate. One way is to use light coarse 

aggregates. To obtain a lightweight aggregate, it can be 

obtained from natural as well as artificial. In other 

conditions, the need for coarse aggregates is usually 

imported from outside Central Kalimantan. On the other 

hand, there is natural potential, especially clay containing 

the mineral kaolinite (kaolin), only used as a material for 

making bricks. Another potential is oil palm plantations. 

And the side produces palm oil and one side produces 

waste. It is said that every 1 ton the palm oil fresh fruit 

bunches (FFB) produce 44% of the waste consisting of  14% 

of the fiber, 6% of the shell and 24% of the empty fruit 

[1][2]. In Central Kalimantan, several asphalt mixing plant 

(AMP) companies use palm shells as fuel in operating the 

AMP tool. However, it caused a pile of garbage in the form 
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of palm shell charcoal. Several researchers have conducted 

research utilizing factory waste, one of which is used as an 

artificial coarse aggregate, including: Wijaya et al. [3] 

utilizing Lapindo sludge and geopolymerization methods. 

Based on tests of paste compressive strength, water 

absorption, and solubility to acids, the optimal composition 

of the mixture is the molarity of NaOH of 2M and the ratio 

between sludge with sodium silicate is 1: 0.15. Combustion 

is carried out at a temperature of 660C for 7.5 hours. And 

previously the test object was treated with a curing 

temperature of 90C for 24 hours; Rafida et al.[4] also 

made coarse aggregates made from Lapindo mud. The 

aggregate is called alga (Artificial Lightweight Geopolymer 

Aggregate). The ratio of Na2SiO3 (sodium silicate) to 

NaOH (sodium hydroxide) was 0.6. The ratio of Lapindo 

sludge to alkaline assets was 1.7. The molarity of NaoH is 

8M. This study was carried out by varying the combustion 

temperature with a fixed combustion duration of 1 hour, 

testing the compressive strength of lightweight concrete 

with a cube-shaped test object. It is said that a combustion 

temperature of 900C gives an optimum lightweight 

concrete strength value of 30.1 MPa; Gomathi and 

Sivakumar [5] made artificial coarse aggregates with fly 

ash raw materials by 80% and bentonite by 20%. The 

molarity of NaOH is 10M. The process of hardening the 

aggregate granules is carried out at a combustion 

temperature of 950C. Curing is carried out at a combustion 

temperature of 100C for 7 days. The manufacture of test 

concrete is carried out by varying the volume of coarse 

aggregate against the volume of mortar, and also the variety 

of test object treatment systems (steam curing and hot 

water curing). A maximum compressive strength of 39.97 

MPa was produced by a test object with a coarse aggregate 

volume of 62% using hot water curing, Risdanareni et al. 

[6] using type C fly ash from Petrochemical Gresik as 

artificial coarse aggregates. The ratio of fly ash of 67.5% to 

alkaline activators was 32.5%. The ratio of sodium silicate 

to NaOH was 2. NaOH molarity of 10M. Fly ash was dried 

in the oven for 24 hours with a temperature of 100C. The 

process of hardening the aggregate granules was carried out 

using the sintering method at a temperature 900C for 6 

hours. The resulting compressive strength of concrete was 

20.69 MPa, in test concretes using artificial coarse 

aggregates in the absence of partial substitution of natural 

coarse aggregates. 

Therefore, it is necessary to have studies to obtain 

innovative solutions by utilizing natural resources that have 

not been utilized optimally and minimizing waste disposal. 

The natural source used is clay from the Hampangen area 

as the main raw material and the waste is palm shell 

charcoal as an additive. An innovative solution is a study 

in the manufacture of artificial coarse aggregates using the 

geopolymerization method. This method uses raw 

materials rich in silica and alumina. And it also requires an 

activator solution in the form of a sodium hydroxide 

activating solution and a sodium silicate binder due to 

different raw materials, the chemical reaction mechanism 

will be different. And making geopolymer products has 

different properties/characteristics [7][8]. The geopolymer 

properties are influenced by the molar ratio factors 

SiO2/Na2O [9][10][11], H2O/Na2O [1][11], and 

Na2O/Al2O3 [11][12][13]. The compressive strength of the 

paste increases if the concentration of SiO2 in the activator 

solution increases to a certain value. However, if the 

concentration of SiO2 is too high then the paste does not 

undergo hardening [9]. Ratio molar H2O/Na2O affects the 

amount of water effectiveness required to generate strength 

from geopolymer products [1]. The normal Na2O/Al2O3 

molar ratio is close to 1. Since Na2O/Al2O3 > 1, the strength 

of sialate tissues can be weakened which eventually leads 

to a reduction in strength in geopolymer products [12]. 

However, there are conditions of geopolymer products that 

Na2O/Al2O > 1 is caused by the small amount of aluminum 

present in the raw material [11]. 

Moreover, the aftereffect of addition of other pozzolanic 

materials was studied so that Hampangen clay is not needed 

to be converted to metaclay/metakaolin. The expected 

outcome is that one-time combustion at high temperature 

will be adequate to produce coarse aggregate grains. 

Combustion only performed during solidification of coarse 

aggregate as a geopolymer product. A study by 

Tippayasam, et al. (2014), stated that clay/kaolin could not 

be calcined to convert it to metaclay/metakaolin [14]. 

Another study by Gomathi and Sivakumar (2015) stated 

that addition of pozzolanic materials in production of 

geopolymer products will stabilize aggregate during 

pelletization and result in strength improvement after its 

curing period [5]. The final goal of this research is to 

evaluate performance of geopolymer products (artificial 

coarse aggregate made from Hampangen clay and palm 

shell charcoal) to be categorized as lightweight coarse 

aggregate and to determine its usage in concrete mixture to 

produce a product that is categorized as structural 

lightweight concrete.  

2. Materials and Research Methods 

2.1. Research Materials 

The clay used is from Hampangen area, Central 

Kalimantan. Based on the test results of X-Ray Diffraction 

(XRD), the mineral phase contains the minerals kaolinite = 

66%, quartz = 18%, and gibbsite = 16% (Figure 1). Palm 

shell combustion waste from the Asphalt Mixing Plant tool 

is palm shells that are used as fuel to be burned at a 

temperature of 200⁰C for 2 hours. The incineration waste 

is black and contains the mineral cristobalite by 54%, the 

rest is calcite minerals and quartz minerals (Figure 2). The 

chemical composition of the two materials based on the 

test results of X-Ray Flourescene (XRF) can be seen in 

Table 1. It can be seen that the chemical content contained   
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in Hampangen clay is the most SiO2 at 45,090% and Al2O3 

at 37,190%, while Fe2O3 is 0.940%. When totaled, the three 

compounds amounted to 83.22%. While palm shell 

charcoal, the content of SiO2 is 29.40%, Al2O3 is 4.42%, 

and Fe2O3 is 4.61%. Total SiO2 + Al2O3 + Fe2O3 amounted 

to 38.43%.  

 

Information: 
Q = Quartz-SiO2 - Silicon Oxide = 18% 
K = Kaolinite 1A - Al2The2O5(OH)4 - Aluminum Silicate Hydroxide = 66% 
G = Gibbsite - Al(OH)3-Aluminum Hydroxide = 16% 

Figure 1.  Hampangen Clay XRD Test Results 

 

Information 
Q=  Quartz Low -SiO2 - Silicon Oxide = 19.4% 
Cal= Calcite= 26.7 % 
Cr= Cristobalite = 54% 

Figure 2.  XRD Charcoal CKS Test Results 
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Table 1.  Chemical Composition of Hampangen Clay and Palm Shell 
Charcoal based on XRF Testing 

Parameters Unit Hampangen Clay Arang CKS  

SiO2 % 45.090 29.400  

Al2O3 % 37.190 4.420  

Fe2O3 % 0.940 4.610  

CaO % 0.090 11.190  

MgO % 0.220 2.420  

K2O % 0.720 2.150  

TiO2 % 1.830 0.180  

Na2O % 0.050 0.270  

MnO2 % 0.008 0.080  

Cr2O3 % 0.008 0.030  

SO3 % 0.050 0.240  

LoI  13.650 43.600  

The chemical content of the two raw materials in the 

form of silica and alumina with the most content makes the 

geopolymerization process occur in the formation of 

geopolymer products with special properties [15]. Alkali 

activator uses NaOH solids with a purity of 98%, and 

Na2SiO3 with a composition of Na2O of 16.77%, SiO2 of 

38.24% with a ratio of SiO2/Na2O of 2.29, and grade 58.5 

Baume derived of PT. Bratachem, Surabaya. 

2.2. Research Methods 

Hampangen clay is sourced from the Kasongan area of 

Katingan Regency, Central Kalimantan Province. The clay 

is still in the form of chunks, so it needs to be dried using 

an oven. Next the soil is ground to obtain small grains of 

soil and then sifted on sieve number 50 (300μm). The same 

is done with palm shell charcoal. Rafiza et al.[4] used 

Lapindo Sludge (LUSI) in the manufacture of lightweight 

aggregates known as ALGA (Artificial Lightweight 

Geopolymer Aggregate). The warp was dried at 105C for 

48 hours and sifted using a sieve number 50 (300μm). 

In this study, this clay was not converted into metaclay 

or metacaolin, this refers to a study conducted by de Santis 

et al. [15], which converted clay into a ceramic material and 

varied the type of activator solution and carried out the final 

stage of calcination during the process of hardening the 

aggregate granules. And research conducted by 

Tippayasam et al. [14]to obtain the synthesis of kaolin 

originating from Thailand as a geopolymer product, is 

usually carried out without having to convert into 

metacaoline by adding rice husk ash or bagasse ash. This 

research was carried out without converting the clay into 

metaclay or metacaoline, but the calcination process was 

carried out at the end, namely in the sintering process, the 

process of hardening coarse aggregate grains.  

This research was carried out in several stages: 1) 

Obtaining a mixture of raw materials (Hampangen clay and 

palm shell charcoal) with an alkali activator (NaOH and 

Na2SiO3).  

In this stage, variations in the molar ratio SiO2/Na2O = 

0.50; 0.75; 1.00; 1.25, 1.50, b) Variations in the molar ratio 

of Na2O/Al2O3 = 1.00 ; 0.80 ; 0.60, molar ratio H2O/Na2O 

= 6.00; 8.00; 10.00 c) Variations in the addition of palm 

shell charcoal as much as 10%, 20%, 30% and 40% into 

Hampangen clay raw materials. Testing the compressive 

strength of the paste is cylindrical with a diameter of 20 

mm and a height of 40 mm. Curing is carried out using an 

oven at a temperature of 90C for 24 hours. The hardening 

process is carried out using an upright furnace at a 

temperature of 500C for 1 hour (see Figure 3). 2) Rough 

Aggregate Grain Formation Stage, physical properties 

testing to obtain aggregate criteria, whether included in the 

coarse aggregate criteria is light and can be used as a light 

concrete mixture with structural purposes. Tests include 

tests of volume weight, specific gravity and water 

absorption. In the manufacture of coarse aggregates, the 

curing temperature is 90C for 24 hours, and the hardening 

process by the sintering method at a temperature of 500C 

and 900C for 1 hour, and 3) The manufacturing stage of 

the Lightweight Concrete Mixture, by conducting heavy 

testing of the volume and compressive strength of the 

concrete by using cylindrically-shaped cylinders with a 

diameter of 100 mm and a height of 200 mm. 

3. Results and Discussion 

3.1. Effect of SiO2 to Na2O Molar Ratio 

The mixed composition of this paste is Hampangen clay 

mixed with activator solution. The activator solution is 

prepared by mixing sodium silicate liquid with NaOH 

solution. The ratio is arranged so that a varied 

concentration of the molar ratio of SiO2 to Na2O is obtained 

of 0.5; 0.75; 1; 1.25 All test objects (A-D) use the same 

NaOH concentration, namely the molar ratio of H2O to 

Na2O remains at 10. The molar ratio of Na2O to Al2O3 

remains at 1 for all test objects. As a result the source of Al 

is only from aluminum, then the amount of Na2O used for 

all test objects is the same. Na2O is derived from sodium 

silicate and NaOH liquids. 
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Figure 3.  History of Combustion Temperature in Upright Furnaces  

Table 2.  Composition of Hampangen Clay Mixture with Activator Solution with molar ratio H2O/Na2O = 10 and Na2O/Al2O3=1 

Test objects 
Molar Ratio 

SiO2/Na2O 

Weight Comparison Composition of activator solution 

Clay Activator Solution 

% Weight 

Na2O SiO2 H2O 

A 0,50 100,00 99,17 22,79 11,03 66,18 

B 0,75 100,00 104,64 21,60 15,68 62,72 

C 1,00 100,00 110,11 20,53 19,87 59,60 

D 1,25 100,00 115,58 19,56 23,66 56,78 

 

The difference in the ratio of SiO2 to Na2O molars in the 

activator is due to the fact that the amount of sodium 

silicate liquid used varies (Table 2). The higher the molar 

ratio of SiO2 to Na2O, the sloppier the mixture is and the 

mixture is not subjected to hardening and does not become 

a dense mass. Test objects B – D, the mixture does not 

harden and does not undergo a dense mass (Figure 4). The 

test object with a molar ratio of SiO2/Na2O is equal and 

greater than 0.75 or the concentration of SiO2 is equal and 

greater than 15.68% (Table 2).  

In contrast to research conducted by Pratiwi, Wiyati, and 

Winata[9], when clay raw materials in the form of kaolin 

were converted into metacaolin. The kaolin was calcined at 

a temperature of 700C for 5 hours. The composition of the 

mixture of the test objects is the molar ratio of Na2O/AlO3 

of 1 and the molar ratio of H2O/Na2O of 11 is the same for 

all test objects. What is varied is the molar ratio of SiO2 to 

Na2O. The study stated that the pasta/test object could not 

harden at the ratio of SiO2 to Na2O molars of 2 or a SiO2 

concentration of 31.6% [9]. The test object is tested for 

compressive strength and volume weight is the test object 

A. The test object hardens and forms a solid mass. The A 

test object is with a molar ratio of SiO2/Na2O of 0.5 or a 

concentration of SiO2 of 11.03%. The test item was treated 

using an oven at a temperature of 90C for 24 hours. And 

next, the test object is burned using an upright furnace at a 

temperature of 500C for 1 hour. Figure 5 shows the test 

results of compressive strength and volume weight of the 

test object/paste. The compressive strength produced at the 

life of the test object of 28 days was 22.399 MPa. A similar 

study using clay containing the mineral kaolinite originated 

in Ranong Province, Thailand, and produced a compressive 

strength below 20 MPa at the age of 28 days [14]. 

 

Figure 4.  Condition of the Test Object that does not harden 
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Figure 5.  Relationship of Compressive Strength and Volume Weight of Paste to The Age of The Test Object for molar ratio SiO2/Na2O = 0.5 

3.2. Effect of the Molar Ratio of Na2O to Al2O3 and the Molar Ratio of H2O to Al2O3 

3.2.1. Effect of the Molar Ratio of Na2O to Al2O3 

Table 3.  Composition of Hampangen Clay Mixture with Activator Solution with Molar Ratio H2O/Na2O =10 and SiO2/Na2O = 0.50 

Sample Na2O/Al2O3 

Weight Comparison Composition of activator solution 

Clay Activator Solution 
in % Weight 

Na2O SiO2 H2O 

E 1,00 100,00 99,17 22,79 11,03 66,18 

F 0,80 100,00 79,34 22,79 11,03 66,18 

G 0,60 100,00 59,50 22,79 11,03 66,18 

 

Table 3 and Table 4 show the composition of the mixture 

between Hampangen clay and activator solution. The 

composition of the mixture is done by varying the molar 

ratio of Na2O/Al2O3, while the molar ratio of SiO2/Na2O 

remains at 0.5. 

The test results of the maximum compressive strength 

are produced by the test object I (see Table 4) with a mixed 

composition, namely the molar ratio SiO2/Na2O = 0.5 or 

SiO2 concentration of 12.71%; H2O/Na2O = 8 and 

Na2O/Al2O3 = 0.8. The compressive strength obtained was 

29,299 MPa at the age of the test object of 28 days (Figure 

6). The higher the value of the Na2O/Al2O3 molar ratio, the 

easier it is for the test object to mix evenly. This is due to 

the need for an activator solution to increase in number 

(Table 3, and Table 4).  

Kaze et al. conducted a study with laterite raw materials 

rich in iron. The laterite is calcined with a temperature of 

600 C for 4 hours. It produces a maximum compressive 

strength of 18 MPa in the mixed composition with a Na/Al 

ratio of 1.44 (Odza region) and 1.48 (Eloumden region). It 

is said that the high molar ratio value is due to the low 

amount of aluminum content [16]. Usually the optimal 

Na2O/Al2O3 molar ratio is close to 1. Pratiwi, Wiyati, and 

Winata, 2017 conducted a study using Belitung kaolin, 

calcined at 700C for 5 hours. The compressive strength of 

the resulting paste ranges from 20 MPa with a mixture 

composition, namely the molar ratio of SiO2/Na2O of 0.5, 

H2O/Na2O of 11 and Na/Al of 1. The maximum paste 

compressive strength produced ranges from 60 MPa in the 

composition of the mixture SiO2/Na2O=1.75, H2O/Na2O = 

11 and Na/Al = 1 [9]. The Na2O/Al2O3 ratio limitations 

suggested by Davidovits range from 0.8-1.6 [17]. 
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Table 4.  Composition of Hampangen Clay Mixture with Activator Solution with Molar Ratio H2O/Na2O = 8 and SiO/Na2O = 0.50 

Sample Na2O/Al2O3 

Weight Comparison Composition of activator solution 

Clay Activator Solution 
in % Weight 

Na2O SiO2 H2O 

H 1,00 100,00 86,05 26,27 12,71 61,02 

I 0,80 100,00 68,84 26,27 12,71 61,02 

J 0,60 100,00 51,63 26,27 12,71 61,02 

 

(a) Molar Ratio H2O/Na2O = 10 

 

(b) Molar ratio H2O/Na2O = 8 

Figure 6.  Relationship of Compressive Strength and Volume Weight of Paste with Variations in the Molar Ratio Na2O/Al2O3 
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3.2.2. Effects of H2O on Na2O 

Variations in the molar ratio of H2O to Na2O were 

carried out to obtain the effective amount of water in the 

improvement of the dissolving process of Al and Si species, 

but did not take part in the polymerization process and were 

instead released during the polymerization process. And 

the presence of excess water can increase the development 

of the zeolitic phase in the binding of geopolymers [1]. In 

this study, the variation in the molar ratio of H2O/Na2O 

studied ranged from 6, 8 and 10. The molar ratio of 

H2O/Na2O is 6, the mixture made is not formed, and it still 

needs additional water to form a uniform and dense mixture. 

The greater the molar ratio of H2O/Na2O used, the more 

water needs are needed for the mixing process so as to 

provide ease of work and form a uniform and dense paste. 

The maximum paste compressive strength produced was 

29.299 MPa by the test object with a molar ratio of 

H2O/Na2O=8 (see Figure 7). Davidovits recommended 

limits for the H2O/Na2O molar ratio range from 10-25[17] 

[18]. Based on regression analysis, judging from the 

multiple R value (correlation coefficient) of 0.690 shows 

the attachment relationship between the variables X (X1 is 

the molar ratio H2O/Na2O and X2 is the molar ratio of 

Na2O/Al2O3) with variable Y (paste compressive strength 

value) which is categorized as strong. From the value of the 

coefficient of determination (adjusted R square) of 44.48%, 

it shows that the value of the compressive strength of the 

paste is influenced by the molar ratio H2O/Na2O and the 

molar ratio Na2O/Al2O3. The analysis of variance in this 

case is the magnitude of the compressive strength value of 

the paste caused by variations in the molar ratio of 

Na2O/Al2O3 and the molar ratio of H2O/Na2O. A p-value 

(significance F) of 0.000023 less than (confidence level)  

of 0.05(5%) indicates that there is an X variable that affects 

variable Y. Based on the t test, it is to find out the variable 

X which has a real influence on the variable Y. When 

viewed from the p-value of the variable X1, the molar ratio 

of H2O/Na2O of 0.02661 is smaller than 0.05. It shows 

that the variable X1 has a noticeable effect on variable Y. 

And the p-value of variable X2 (the molar ratio of 

Na2O/Al2O3 of 0.0000112 is less than  that of 0.05. 

Likewise, the variable X2 affects the variable Y.  

So in this study, explaining that the molar ratio of Na2O 

/Al2O3 and the molar ratio of H2O / Na2O have a noticeable 

effect on the compressive strength value of paste. 

 

Figure 7.  Relationship of Compressive Strength and Volume Weight of Paste with Variations in the Molar Ratio H2O/Na2O 
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3.3. The Effect of Adding Directions to Palm Shells 

As a result of the addition of palm shell charcoal in the 

Hampangen clay mixture (Table 5), it had a very significant 

effect on the increase in compressive strength of the test 

object. From Figure 8 and Table 5, it shows that the more 

palm shell charcoal added to the Hampangen clay raw 

material mixture and reduced need for alkaline solutions, 

the more it increases the compressive strength of the 

resulting test object. The compressive strength of the test 

object increases by 70% when compared to the addition of 

charcoal by 40% against without the addition of charcoal. 

The maximum compressive strength produced by the test 

object with the addition of charcoal by 40% is 40,074 MPa 

which is tested at the life of the test object of 28 days. 

Table 5.  Composition of Hampangen Clay Mixture with Activator 
Solution with Molar Ratio SiO2/Na2O=0.50; H2O/Na2O=8 and 
Na2O/Al2O3 = 0.80 

Sample 

Weight Comparison 

Palm Shell 

Charcoal  
Clay 

Activator 

Solution 

K 0,00 100,00 68,84 

L 10,00 90,00 62,77 

M 20,00 80,00 56,71 

N 30,00 70,00 50,64 

O 40,00 60,00 44,58 

Tippayasam et al. [14] conducted a study by adding rice 

husk ash and bagasse ash. Both pozzolans were added to 

Kaolin Thai as the main raw material. It is said that the 

addition of husk ash to Thai kaolin gives better results than 

bagasse ash. The addition of rice husk ash by 20% provides 

a compressive strength value of around 16 MPa at the age 

of 28 days. Meanwhile, at the age of 91 days, it was 21.3 

MPa. Noor-ul-Amin et al. [19] conducted a study using 

clay originating from Shah Dheri area, Swat district. Such 

clay is calcined at a temperature of 900C. The resulting 

compressive strength was 2487 psi (17.15 MPa) at the age 

of the test object of 7 days. The composition of the mixture 

is NaOH 3M, which does not use sodium silicate, molar 

ratio SiO2/Al2O3 = 2.5, calcined clay as much as 64% and 

bagasse ash as much as 36%.  

Based on statistical analysis, when viewed from the r 

value of 0.88123 which is close to the value of 1 which is 

an interpretation of correlation, the relationship between 

the addition of palm shell charcoal and the strong Paste 

press is categorized as very strong. Positive linear pattern. 

So the more added palm shell charcoal in the mixture of 

Hampangen clay and activator solution, the more 

compressive strength of the resulting paste will increase. 

When viewed from the value of R square (determinas 

coefficient value) which is 0.777 or 77.7%, it explains that 

the addition of palm shell charcoal has an effect of 77.7% 

on strong values press paste. And the remaining 22.3% is 

influenced by other factors. When based on the analysis of 

variance, judging from Fthe calculation of 10.426 greater than 

Ftabel by 10.13 or seen from F the significance of 0.0483 

smaller than 0.05, then there is a significant influence 

between the addition of palm shell charcoal on the 

compressive strength value of the paste. Judging from the 

regression equation Y = 0.2408X + 27.937, it shows that 

every 1% the addition of palm shell charcoal (variable X) 

to the mixture of Hampangen clay and solution activator 

causes an increase in the compressive strength value of 

paste (variable Y) by 0.2408 MPa.  

 

Figure 8.  Relationship of Compressive Strength and Volume Weight of Paste with Variations in the Addition of Palm Shell Charcoal 
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3.4. Physical Properties of Artificial Coarse Aggregates 

The composition of the mixture of test objects for the 

manufacture of artificial coarse aggregate mixtures is the 

molar ratio of SiO2/Na2O =0.5, Na2O/Al2O3=0.8 and 

H2O/Na2O = 8 as well as the ratio of Hampangen clay raw 

materials of 60% and palm shell charcoal = 40%. 

Manufacturing with aggregate granules is carried out using 

a granulator machine with a disk slope of 45, a rotating 

speed of 50 rpm and a rotating disk duration of about 15-

20 minutes. Curing temperature of 90C for 24 hours. The 

hardening process is carried out using the sintering method 

which is the final stage of combustion/calcination.  

Table 6.  Physical Properties of Artificial Coarse Aggregates 

  

Combustion 

Temperature (°C) Indonesian 

Specification 
  500 900 

Loose Volume Weight 

(kg/m3) 
836,00 748,33 < 880 

Specific Gravity 

1. Apparent  1,82 1,45 

1,00-1,80 
2. Saturated Surface 

Dry 1,60 1,37 

3. Dry 1,34 1,21 

Water Absorption (%) 19,80 14,00 <20% 

Based on Table 6, the combustion temperature of 500C 

does not meet the applicable regulations. The physical 

properties of the aggregate based on apparent specific 
gravity amounted to 1.82. The specific gravity of the 

aggregate that can be used as a reference for structural 

lightweight concrete mixtures is 1.00-1.80 [22][23][24]. 

The physical properties of aggregates with a combustion 

temperature of 900C meet the existing conditions. 

Risdanareni et al. [6] with artificial coarse aggregates made 

from fly ash type produced a volume weight of 1,080 

kg/m3, a specific gravity of 1.78 and a water absorption of 

1.5%. Jo, Park and Park, 2007 with AFLA produced an 

aggregate volume weight of 972 kg/m3 specific gravity 

with a saturated surface dry condition of 1.85 and dry 

conditions of 1.66 and water absorption of 11.8% [20]. 

Razak et al., 2016, the resulting artificial aggregate 

produces a volume weight of 1100 kg/m3 and water 

absorption of 4.7% and produces a protective layer 

(vitrified shell) that improves the physical properties of the 

aggregate [21]. 

3.5. Volume Weight and Compressive Strength of 

Concrete 

Coarse aggregates are light in nature because they have 

a water absorption value above 14% [25], it is necessary to 

carry out a stirring process that is not the same as normal 

coarse aggregates in producing lightweight concrete. In this 

case, the stirring process is carried out using the two-stage 

mixing approach method. This method is usually carried 

out for the manufacture of concrete mixtures that use 

recycled coarse aggregates. Water is divided into 2 parts. 

The first mortar is used to coat the aggregate and fill the 

pores of the aggregate that occurs during the concrete 

mixing process [26][27]. The concrete mixing method uses 

the ACI method. The composition of the mixture can be 

seen in Table 7. 

Table 7.  Mixed Composition for Field conditions per m3 

Material 
Weight 

(kg) 

Cement 374,794 

Water 330,832 

Coarse Aggregates 658,552 

Fine Aggregates 269,398 

The volume weight of fresh concrete obtained was 

1809.93 kg/m3 and the compressive strength of the concrete 

obtained at the age of the test object of 28 days is 23.30 

MPa. A concrete is said to be lightweight concrete for 

structural purposes when the maximum concrete volume 

weight is 1850 kg/m3 and the compressive strength of 

concrete is at least 17.24 MPa [22][23][24]. Risdanareni et 

al.[6] conducted research on the manufacture of coarse 

aggregates using type C fly ash derived from PT. 

Petrochemical Gresik with a curing process using a 

temperature of 100C for 24 and a process of hardening 

aggregate granules with a temperature of 900C for 6 hours 

produced a concrete compressive strength of 20.69 MPa at 

the age of the test object of 28 days. And for the weight of 

the volume of concrete amounting to 1846 kg/m3. Jo, Park 

and Park, 2007 with AFLA produced a concrete 

compressive strength of 26.5 MPa at the age of 28 days [20]. 

Razak et al.[21] with ALGA (Artificial Lightweight 

Geopolymer Aggregate) made from Sidoarjo Mud (Lusi 

Mud) with an hardening process using a temperature of 

950C for 1 hour produced a concrete compressive strength 

of 41.89 MPa with a concrete volume weight of 1760.1 

kg/m3.  

4. Conclusions 

From this research for raw materials from Hampangen 

clay and CKS charcoal which are used as a mixture for 

making artificial coarse aggregates by the 

geopolymerization method, it can be concluded: 

a) The greater the molar ratio of SiO2 to Na2O, the 

longer the hardening process of the paste mixture. 

The molar ratio that provides the maximum 

compressive strength of the test object produced by a 

mixture of SiO2 to Na2O is 0.5. 
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b) Increasing the concentration of SiO2 in the activator 

solution by more than 11.03% makes the paste test 

object not harden.  

c) The greater the molar ratio of Na2O to Al2O3, the 

more water needed to make the mixture of the test 

object homogeneous. The molar ratio of Na2O to 

Al2O3 is 0.8 which provides maximum compressive 

strength of the test object 

d) The molar ratio of H2O to Na2O of 8 provides 

maximum compressive strength of the paste. The 

greater the molar ratio of H2O to Na2O, the more 

water needed to facilitate the process of mixing raw 

materials evenly.  

e) The addition of palm shell charcoal has a 

considerable influence in increasing the compressive 

strength of the test object 

f) The composition of the test object that provides the 

maximum compressive strength is the molar ratio 

SiO2/Na2O = 0.5; Na2O/Al2O3 = 0.8; H2O/Na2O = 8 

and the addition of palm shell charcoal by 40%. 

g) Artificial coarse aggregates produce light coarse 

aggregates and can be used for light concrete 

mixtures with structural purposes. 

h) The resulting concrete is structural lightweight 

concrete in terms of the compressive strength of the 

concrete produced of 23.30 MPa and a volume 

weight of 1809.93 kg / m3 
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