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 There are varying types of soil exist surrounding our environment. Different types of 

soils show different physical and chemical properties. Normally soils with exceeds 

more than 20% organic content will be categorized as organic soils. The identification 
of organic soils was important due to the characteristic of high moisture content, highly 

compressible strength and had a large amount of settlement which is not suitable for 

construction purpose. Organic matter can be divided into humidified and non-
humidified matter. Different decomposition level of organic matter will produce 

different characteristic of organic soils. It will become hardest part in predict the 

behaviour of organic soils. Hence, artificial organic soil (kaolin-humic acid) is proposed 
in this study to control the inconsistency of test results which may obtain due to 

complexity of characteristics of natural organic soils. The main objective of this study is 

to determine the physical and geochemical properties of kaolin-humic acid. In this 
study also able to highlight the effect of humic acid content on physico-chemical 

properties of kaolin-humic acid soils. Based on the result obtained, the physical 

properties test such as liquid limit, plastic limit and specific gravity are in the range 
between 43%-125%, 40%-104%, and 2.00-2.42respectively.  It was determined that 

chemical composition of soils will govern the soil pH as observed in XRF analysis and 

sulphate content test. Amorphous humic acid had the greatest influence on the physic-
chemical properties of soils compare to humic acid due to the different characteristics 

of both matter. Through this study, it is believe that not only the content of humic acid 

will influences the physico-chemical properties of kaolin-humic acid  however the 
types of humic acid will govern the properties of soils at the same time.   
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INTRODUCTION 

 

 Soil is the base and primary material in construction work. Before a construction work started, the 

properties of soil for the project must be identified to make sure it can sustain the building and prevented it 

collapse. There are many types of soil with their unique characteristic in natural environment. Organic soil 

normally found in low-lying areas where the water table is near or above the ground surface (Das, 2008). The 

soil will be named as organic soil when the organic content exceeds 20% of its dry mass and contains a 

significant amount of organic material derived from plant remains. (Bujang, 2004) 

 Soil organic matter can be categorized into living and non-living organisms. In nowadays the soil organic 

matter that use widely is refer to the non-living fraction produced by the degradation and decomposition of the 

plants and animals (Manley, 2007). From the dead material can be divided into two groups which are degraded 

material in which the anatomy of plant substances is still visible and material which had completely 

decomposed. The second group, known as humus which refers to decomposed material is distinguished as 

humidified substances. (Tan, 2011) 

 Humic matter or humus is a compound with brown to black complex variable of carbon. It cannot recognize 

under a light microscope as possessing cellular organization in plants and animals. (Pettit, 2004) According to 

Stevenson (1994), the total organic fraction in soils, especially non-decomposed plant and animal material is 

known as humus. Humus can be divided into humidified and non-humidified organic matter based on the degree 

of humidification changes.  Humidified substance is called as humic matter which is composed of variety of 

humic substances, for example humin, humic acid and fulvic acid. Non-humidified fraction is defined as 
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residues of plants and others organisms that released by decomposition. Carbohydrates, amino acids, protein, 

and lignin are the example for non-humidified organic matter. (Tan, 2003)  

 From the previous research had been done, most of the work is done to identify the effect of organic content 

on the physicochemical characteristic of kaolin-humic acid. However, it is believed that due to different 

decomposition and humification level of organic soil,  the properties of organic soils not only will be affected by 

the amount of organic matter, but also the types of organic matter. Hence, it is important to carry out the organic 

soil behaviour when humification changed.  

 This paper will discussed about the result of experiment tests carried out on artificial organic soil with 

mixed in different ratio and types of kaolin (inorganic matter) and humic acid (organic matter). At the same 

time, the correlation of organic matter on physic-chemical properties of kaolin-humic acid is summarized. 

Physical properties test that will be carried out in this study were Atterberg limit, specific gravity and 

compaction characteristic. Whereas, the tests required for chemical properties for kaolin-humic acid were pH, 

X-ray Fluorescence (XRF), sulphate content and loss of ignition.  

 

MATERIAL AND METHODS 

 

 Artificial organic soils are used in this study. To create an artificial organic soil, there are three different 

grade of kaolin (pink kaolin, kaolin FM and kaolin S300) and two different types of humic acid were mixed in 

different ratio.  These artificial organic soils were prepared in eight different types of combination of inorganic and 

organic content and ratio based on 3kg soils. For the sample with ratio pink kaolin 7: humic acid 3; its mean that 

70% of 3kg was pink kaolin and the rest 30% was humic acid. The following sampling was followed according the 

ratio respectively which, pink kaolin with humic acid in the ratio 5:5; pink kaolin with amorphous humic acid in 

the ratio 7:3 and 5:5; Kaolin S300 with amorphous humic acid in the ratio 7:3 and 5:5; and kaolin FM with 

amorphous humic acid in the ratio of 7:3 and 5:5. These ratios arrangement are used to evaluate the effect of 

organic content on physic-chemical properties of organic soils by using different percentage of humic acid and 

amorphous humic acid.  

 Liquid limit of the soil samples were carried out by using cone penetrometer method based on BS1377: 

Part2: 1990.  However, for the plastic limit of soil samples were conducted by using modified cone 

penetrometer method. The procedure is same as the liquid limit and the only differences was the mass of the 

cone. In the journal by Rashid et al., (2008) had stated that Wood and Wroth (1978) suggested a cone with 240g 

weight, 3 times heavier than standard liquid limit cone with same geometry and penetration depth.  Introduce of 

an alternative method was to solve the inconsistence of result obtained from standard method. Small 

pkynometer method was used to determine the specific gravity of soils. Due to the soil samples in this research 

were powder form, so the method is allowable to be used. The oven drying method is used to determine 

moisture content of a specimen of soil as a percentage of its dry mass at 50ºC.  Temperature of 50ºC is 

recommended to prevent the losses of organic content.  

 Proctor Compaction Test has been conducted in accordance to BS 1377: Part 4: 1990 with the aim to 

determine the maximum dry density (MDD) and optimum moisture content (OMC) of the organic soil samples. 

Soil compaction is a method to increase density of soil and reducing the settlement using mechanical 

procedures. The results obtained were used for prepared specimens before strength testing.  

 By referring to BS1377: Part 3: 1990, pH value of soils been identified by used electrometric method. 30g 

of soil is prepared and place in a 100mL beaker with 75mL of distilled water.  The pH for temperature required 

can be obtained by using formula: 

)25(03.0
25

 TpHpH
T

      

where,  

pHT = pH value of the sample; 

T = temperature of sample. 

 Loss of ignition describes the procedure for determining the proportion by mass that is lost from a soil by 

ignition at 440ºC. The mass loss on ignition is to identify the organic content of the soils. Sulphate content and 

chemical composition of artificial organic soils were determined respectively by SulfaVer 4 method and X-ray 

Fluroscence (XRF). The sulphate content of the soil was extracted by using the water extracted method stated in 

Tex-620-J which by preparing 30g with 300mL of deionised water and heat to near boiling for 24 hours. Next, 

by referring Method 8051 (HACH), reagent of powder pillow is used to run the test. The sample for XRF test 

needed to be prepared by mix 8g of grinded samples with 2g of wax into die set.  

 

RESULTS AND DISCUSSION 

 

 Table 1 shows the physic-chemical properties test that had been carried out for kaolin-humic acid and 

kaolin amorphous humic acid. Based on the data collected, the differences between used of humic acid and 

amorphous humic acid can be seen. Soil samples with amorphous humic acid had shown greater value in 
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Atterberg limit test compare to the sample with humic acid. Hence, with the plasticity index value, soils samples 

with amorphous humic acid were classified as very high plasticity silt. Pink kaolin-amorphous humic acid 

shows increasing in optimum moisture with increment of organic content compare the pink kaolin-humic acid. 

This may occurred due to amorphous humic acid had more high water holding capacity.  

 For chemical properties test part, through the pH testing can know that humic acid had low pH value 

(acidic) whereas amorphous humic acid had higher pH value (alkaline). Low pH value of soils was not so 

recommended for construction purpose because release of acidic matter will affect the bitumen stability for road 

construction and had adverse effect on concrete strength and steel structures to the point of failure. However, 

soils with high pH will have a poor soil structure and low infiltration capacity.  

 XRF test are carried out and the results are summarizes as below Table 2 had showing that the changes on 

pH for the soil samples were correlated with its own chemical composition. Pink kaolin-humic acid had lower 

pH than pink kaolin-amorphous humic acid due to the content of sulfur trioxide (SO3) where SO3 is acidic 

component. Besides that, pH value of soil samples was influenced by the potassium and sodium content. 

Sodium oxide (Na2O) is a simple strongly basic oxide than magnesium oxide because it contains the oxide ion, 

O
2-

 which is a very strong base with a high tendency to combine hydrogen ions. It is believed that when the soil 

pH reduced in order increasing soil acidity, the availability of potassium (K) is often reduce.  

 Figure 1 was the XRD result for humic acid and amorphous humic acid. Humic acid was crystalline phase 

however amorphous humic acid was amorphous phase which were the factors that contribute to the changes on 

the characteristic of soil samples. Due to the structurally disordered nature, amorphous solids often prove that 

more reactive than crystalline phase solids.  

 
Table 1: Physico-chemical properties of pink kaolin-humic acid versus pink kaolin-amorphous humic acid. 

Physico-chemical Properties Test 
Pink Kaolin: Humic Acid Pink Kaolin: Amorphous Humic Acid 

7:3 5:5 7:3 5:5 

Liquid Limit (%) 43 43.8 84 132 

Plastic Limit (%) 40 40.2 72 102.8 

Plasticity Index 3 3.6 12 29.2 

Specific Gravity 2.42 2.06 2.37 2.00 

pH 5.29 4.71 9.26 9.34 

Sulphate content (g/L SO4
2-) 0.261 0.236 2 0.4 

Loss of Ignition (%) 17.95 26.46 10.73 16.69 

Optimum Moisture Content (%) 19.5 26 26 40 

Maximum Dry Density (kg/m3) 1420 1220 1200 928.7 

 
Table 2: XRF result for pink kaolin-humic acid versus pink kaolin-amorphous humic acid. 

Formula 
Soil Sample 

PK7:HA3 PK5:HA5 PK7:AHA3 PK5:AHA5 

CO2 0.1 0.1 0.1 0.1 

SiO2 39.40% 32.70% 42.70% 33.40% 

Al2O3 23.20% 19.40% 22.80% 17.10% 

Fe2O3 3.66% 3.82% 3.40% 3.15% 

SO3 2.50% 4.13% 0.32% 0.59% 

CaO* 2.07% 3.02% 0.96% 1.08% 

K2O* 1.73% 1.38% 4.34% 6.48% 

TiO2 0.56% 0.61% 0.46% - 

MgO* 0.39% 0.39% 0.30% 0.24% 

BaO* - 0.14% - - 

Na2O* - - 1.26% 2.29% 

ZrO2 - - - 0.14% 

Cl - - 0.16% 0.31% 

Percentage of alkaline & alkali 

earth elements over total inorganic 

elements 

0.057 0.075 0.089 0.155 

Percentage of sulfur over total 

inorganic elements 
2.50 4.13 0.32 0.59 

Note: PK = Pink kaolin, HA = Humic acid, AHA = Amorphous humic acid, 

*Alkaline and alkali earth elements 

 

 Comparison between different types of kaolin (inorganic matter) mixed with same amorphous humic acid 

was summarized as below Table 3 and 4. The differences between pink kaolin, kaolin FM and kaolin S300 were 

pink kaolin had the highest ferum content, kaolin FM had fined particle size and kaolin S300 had coarse particle 

size among three inorganic soil samples. Therefore, kaolin FM-amorphous humic acid shows largest value for 

liquid limit and plastic limit test. Specific gravity for pure kaolin was determined as a guide or baseline. The 

specific gravity of pink kaolin, kaolin FM and kaolin S300 were 2.64, 2.44 and 2.68 respectively. Fine soil had 

less specific gravity compare with the coarse soil. Besides that, different soils with the same compaction effort 

were shows on Figure 3. Particle size of soils will affected the compaction curves where fine grain soil needs 
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more water to achieve optimum whereas coarse grain needs less water to reach optimum. In others word, coarse 

grained soils can be compacted to higher dry density than fine-grained soils. Kaolin FM-amorphous humic acid 

and kaolin S300-amorphous humic acid had proved that description mention above.  

 
 

Fig. 1: XRD result for humic acid and amorphous humic acid. 

 

 
 

Fig. 2: Effect of different humic acid on compaction characteristics.  

 

 Sulfur had the ability to reduce the pH value of soils. Data obtained from this study shown that when the 

sulphate content increase, the pH value shows decreased. Based on the XRF analysis, it was found that hematite 

(Fe2O3) content for sample with pink kaolin (slighty orange color) had higher value compare to samples with 

kaolin FM and kaolin S300.  It is believed that hematite had the characteristic that can colours the soil red and 

had a great pigment effect.  

 
Table 3: Physico-chemical properties for different type kaolin-amorphous humic acid. 

Physico-chemical Properties Test 

Pink Kaolin: Amorphous 

Humic Acid 

Kaolin FM: Amorphous 

Humic Acid 

Kaolin S300: Amorphous 

Humic Acid 

7:3 5:5 7:3 5:5 7:3 5:5 

Liquid Limit (%) 84 132 91.8 135 73 125 

Plastic Limit (%) 72 102.8 76.8 107 70 104 

Plasticity Index 12 29.2 15 28 3 21 

Specific Gravity 2.37 2.00 2.14 2.00 2.14 2.00 

pH 9.26 9.34 9.17 9.32 9.38 9.40 

Sulphate content (g/L SO4
2-) 2 0.4 0.5 0.1 0.5 0.3 

Loss of Ignition (%) 10.73 16.69 10.64 16.90 9.49 14.99 

Optimum Moisture Content (%) 26 40 35 35.75 30.39 42 

Maximum Dry Density (kg/m3) 1200 928.7 997 900 1135.1 950 

 

 
 

Fig. 3: Effect of different types of kaolin on compaction characteristics. 
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Table 4: XRF result for different type of kaolin-amorphous humic acid. 

Formula 
Soil Sample 

PK7:AHA3 PK5:AHA5 FM7:AHA3 FM5:AHA5 KS7:AHA3 KS5:AHA5 

CO2 0.1 0.1 0.1 0.1 0.1 0.1 

SiO2 42.70% 33.40% 38.70% 32.30% 45.60% 34.10% 

Al2O3 22.80% 17.10% 30.10% 24.60% 16.10% 12.90% 

Fe2O3 3.40% 3.15% 1.29% 1.88% 1.31% 1.36% 

SO3 0.32% 0.59% - 0.48% 0.35% 0.66% 

CaO* 0.96% 1.08% 0.18% 0.61% 0.25% 0.49% 

K2O* 4.34% 6.48% 4.12% 6.37% 5.44% 7.46% 

TiO2 0.46% - 0.87% 0.77% 0.73% 0.67% 

MgO* 0.30% 0.24% 0.54% 0.46% 0.72% 0.56% 

BaO* - - 0.12% - - - 

Na2O* 1.26% 2.29% 0.79% 1.65% 1.41% 2.44% 

ZrO2 - 0.14% - - 0.38% 0.45% 

Cl 0.16% 0.31% 0.12% 0.26% 0.18% 0.34% 

Percentage of alkaline & 

alkali earth elements over 
total inorganic elements 

0.089 0.155 0.07 0.13 0.108 0.17 

Percentage of sulfur over 

total inorganic elements 
0.32 0.59 0 0.48 0.35 0.66 

Note: PK = Pink kaolin, AHA = Amorphous humic acid, FM = Kaolin FM, KS = Kaolin S300 
*Alkaline and alkali earth elements 

 

Correlation of organic matter on physic-chemical properties: 

 The correlation of organic matter on physical and geochemical properties were established and introduced 

at this section. Based on Figure 3, the correlation between the specific gravity (SG) and organic content (OC) 

are summarized in Equation 1 to 4 and the R
2
 values were 0.975, 0.984, 0.998 and 0.962 respectively.  
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 The relationship between moisture content (MC) and organic content are presented in Figure 4 where 

percentage of moisture content increase when organic content in the soils increasing. The correlation was shown 

in Equation 5 to 8 with the R
2
 value of 0.778, 0.811, 0.901 and 0.861 respectively. 

 

997.0034.0

367.1029.0

685.1027.0

798.1026.0

:

:

:

:









OC

OC

OC

OC

MC

MC

MC

MC

AHAKS

AHAFM

AHAPK

HAPK

 

 

 From the Figure 5 represent the relationship between the loss of ignition and organic content. The 

correlation was presented in Equation 9 to 12 and the R
2
 values were 0.992, 0.994, 0.939 and 0.972 respectively. 
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Conclusion: 

 As a conclusion, the physical properties of artificial organic soils with different types of humic acid are 

significantly affected by the characteristic of humic acid and amorphous humic acid where humic acid is a 

crystalline solid while amorphous humic acid is in the amorphous pattern. Amorphous are less physically and 

chemically stable than crystalline materials. Therefore, the liquid limit and plastic limit of the pink kaolin-

amorphous humic acid shows more reactive than pink kaolin-humic acid. Through this study, the pH values for 
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kaolin-humic acid were more acidic whereas kaolin added with amorphous humic acid found to be more 

alkaline. From the XRF analysis, the chemical composition can help us to differentiate the humic acid and 

amorphous humic acid where the percentage of SO3 and CaO content high in humic acid and percentage of K2O 

high in amorphous humic acid. High in SO3 content will influence the pH value of soil samples become more 

acidic. Not only that, according to Kitazume et al (2013) had noticed that the chemical compound of CaO, SO3 

and Al2O3 were the chemical compound that will effects on the strength. The correlation between the organic 

matter and physic-chemical properties had been established where organic matter will give influenced on the 

properties of soils. Overall, the result obtained through this study will be useful as references on the 

understanding of the fundamental properties of soils and suitable design on soft soils can be provided in the 

future.  
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