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Abstract 
 

Platostoma palustre (Blume) A.J. Paton, a natural biopolymer, has shown promise for 

use in enhanced oil recovery due to its thickening properties. However, limited 

research has examined how environmental factors such as sand grain size and salinity 

affect its adsorption behavior and resulting in viscosity changes, which are key 

parameters in crude oil production from reservoirs. This study investigates how 

different sand grain sizes (0.149 mm and 0.420 mm) and salinity levels (10,000 and 

20,000 ppm) influence the adsorption of P. palustre (Blume) A.J.Paton and how this 

adsorption affects the solution’s viscosity. The biopolymer was tested in batch systems 

with concentrations ranging from 2,000 to 6,000 ppm. Four adsorption isotherm 

models: Henry, Langmuir, Freundlich, and Harkins-Jura were used to analyze 

adsorption behavior. Results showed that adsorption increased with smaller grain 

sizes and lower salinity, leading to a significant reduction in solution viscosity. Among 

the models, Harkins-Jura provided the best overall fit, particularly under high salinity 

and coarse sand conditions. These findings suggest that optimizing both the 

environmental conditions and polymer concentration is crucial for maximizing the 

performance of P. palustre (Blume) A.J. Paton in applications such as polymer 

flooding. 
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1. Introduction 

 

Polysaccharides derived from various sources are widely used in food 

applications, including texture modifiers, gelling agents, stabilizers, and 

thickeners. One source is Platostoma palustre (Blume) A.J. Paton, a food plant 

that contains polysaccharide gum. P. palustre (Blume) A.J. Paton is a plant 

species that grows in East Asia and Southeast Asia and is better known as 

black grass jelly (Paton, 1997). It is a nutritious drink that is commonly served 

as a traditional beverage and has long been known in various regions of 

Indonesia. The black grass jelly drink is not only popular in Indonesia but also 

in other Asian countries, including China, Taiwan, Korea, Japan, Singapore, 

and Malaysia. Known since ancient times, black grass jelly, in addition to 

being a food ingredient, is also believed to have medicinal properties. Black 

grass jelly has been reported to be used for fever, abdominal pain (abdominal 

nausea), diarrhea, cough, and canker sores. It also helps prevent digestive 

disorders and lowers blood pressure. In South Korea, black grass jelly, which 

is made by adding certain spices to the mixture, is promoted as a healthy food. 

In China, P. palustre (Blume) A.J. Paton is a traditional herbal drink used as 

medicine (Tri et al., 2012; Fathaddin et al., 2022; Widyaningsih & Sari, 2017). 

 

The characteristics of P. palustre (Blume) A.J. Paton, such as viscosity, color, 

and texture, have been analyzed in various concentrations and salinities 

(Octaviyana et al., 2023; Lai et al., 2000; Huljannah et al., 2020). Another 

important characteristic of P. palustre (Blume) A.J. Paton is its adsorption, 

since it can affect the abovementioned characteristics. Therefore, the aim of 

this study was to observe the adsorption of P. palustre (Blume) A.J. Paton on 

sand grains. In addition, the effect of salinity and sand grain size on adsorption 

and viscosity was analyzed. Several isothermal adsorption models were used 

to estimate the plant's adsorption patterns. 

 

P. palustre (Blume) A.J. Paton was chosen because of its high salt tolerance, 

allowing it to maintain significant viscosity under a wide range of ionic 

conditions. Chemically, it contains a wide array of bioactive compounds, 

including polysaccharides, polyphenols, flavonoids, terpenoids, and sterols 

(Widyaningsih et al., 2018; Tang et al., 2020; Deswati et al., 2024). Unlike 

most biopolymers with random coil conformation, such as xanthan and guar, 

P. palustre (Blume) A.J. Paton exhibits rod-like behavior with lower coil 

overlap thresholds, allowing effective viscosity control at lower 

concentrations (Lai & Chao, 2000; Chao & Lai, 1999; Lai et al., 2000; Agi et 

al., 2020). 
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2. Methodology 

 

The stages of the experiment are illustrated in Figure 1. In this research, the 

adsorption analysis of Platostoma palustre (Blume) A.J. Paton solution was 

carried out on sand grains. The sand was prepared with a sieve shaker (ZIA 

11710 AG, Indonesia). The sizes of the sand used were 0.149 mm (100 mesh) 

and 0.420 mm (40 mesh). The two sand grain sizes were used to represent fine 

and coarse reservoir media, with the aim of evaluating how surface area affects 

polymer adsorption. The brine solution was made by first dissolving NaCl into 

distilled water using a magnetic stirrer. The salinity of the prepared brine was 

10,000 ppm and 20,000 ppm. These two salinities were chosen to simulate the 

low-to-moderate brine concentrations typically found in oil reservoirs, as 

salinity affects polymer conformation, adsorption efficiency, and viscosity 

through electrostatic interactions and ionic strength. Then, P. palustre 

(Blume) A.J. Paton was dissolved in the brine. Solutions were prepared at 

concentrations of 2,000 ppm, 4,000 ppm, and 6,000 ppm. The three 

concentrations of polymer solutions were made for both types of brine. 

 

Adsorption testing was carried out using the batch method (static method) (Ali 

& Mahmud, 2015; Abdurrazzaq et al., 2022) using a spectrophotometer (S-

721, Visible, China). Batch methods do not take into account polymers that 

may be mechanically trapped (Manichand & Seright, 2014). For each 

experiment, sand with a 40 mesh size or 100 mesh size weighing 25 grams 

was put into a bottle. Then P. palustre (Blume) A.J. Paton solution with a 

concentration of 25 mL was poured into it. The bottle was stirred to ensure 

that the surface of all the grains of sand was well wetted with the polymer 

solution. The bottle was closed and stored at room temperature (30°C) for 

three hours to reach a state of equilibrium. After having been soaked for three 

hours, P. palustre (Blume) A.J. Paton was separated from the sand by filtering 

it for adsorption measurements (Fathaddin & Awang, 2004). 

 

The final concentration was determined by measuring the absorbance. The 

absorbance was measured using a spectrophotometer at a wavelength of 600 

nm (Ali & Mahmud, 2015; Li et al., 2018). Before measuring the absorbance, 

calibration was performed. The absorbance value was transformed into a 

concentration value, which is required to calculate the amount of the adsorbed 

polymer (Fathaddin, 2021). Then, based on the correlation between 

absorbance and concentration values, the final concentration could be 

obtained. 
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Figure 1. Stages of the experiment 

 

The viscosity of Platostoma palustre (Blume) A.J. Paton was measured at 

room temperature using a viscometer (NDJ-8S, rotational, China). 

Measurements were made on the sample solution to see the effect of 

Platostoma palustre (Blume) A.J. Paton concentration and salinity on 

viscosity. In addition, viscosity measurements were carried out on the solution 

after the sand was soaked to observe the effect of adsorption on various sizes 

of the sand grains. 

 

Many isothermal adsorption models have been introduced by several 

researchers. These can be models either for monolayer or multilayer 

adsorption patterns (Gilani et al., 2016; Ayawei et al., 2017; DaCosta, 2017; 

Alsehli, 2020; Zare et al., 2021). In this study, four models were used. They 

were Henry, Langmuir, Freundlich, and Harkin-Jura isotherm models. The 

Henry adsorption isotherm is generally applied to estimate the stability state 

of adsorption at relatively low concentration (Majd et al., 2021). The 

equilibrium concentration of adsorbate in the solution and adsorbed phase is 

expressed in Equation 1 (Ayawei et al., 2017): 
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𝑞𝑒 = 𝐾𝐻𝐸𝐶𝑒    (1) 

 

where Ce is the adsorbate's equilibrium concentration on the adsorbent. KHE 

is Henry's adsorption constant, and qe is the quantity of adsorbate at 

equilibrium (mg/g). 

 

The Langmuir isotherm provides surface coverage by dynamically balancing 

the relative rates of adsorption and desorption. The model applies to single-

layer adsorption, which is limited by the assumption of uniform adsorption 

energy on the surface. The Langmuir equation (Equation 2) has the following 

linear form (Gunay et al., 2007; Putranti et al., 2017; Volesky, 2003): 

 
𝐶𝑒

𝑞𝑒
=

1

𝑞𝑚𝐾𝐿
+

𝐶𝑒

𝑞𝑚
    (2) 

 

where KL is a Langmuir constant related to adsorption capacity (mg/g), and 

qm is maximum adsorption capacity of the adsorbent. 

 

The Freundlich isotherm applies to adsorption processes on heterogeneous 

surfaces. The model can be applied to multilayer adsorption. However, if the 

exponent in the equation is close to 1, it can be used for monolayer adsorption. 

The Freundlich isotherm (Equation 3) has the following linear form (Putranti 

et al., 2017; Volesky, 2003; Ayawei et al., 2015; Boparai et al., 2011): 

 

𝑙𝑜𝑔 𝑞𝑒 = 𝑙𝑜𝑔𝐾𝐹 +
1

𝑛
𝑙𝑜𝑔 𝐶𝑒       (3) 

 

where KF represents Freundlich’s adsorption capacity (L/mg) and 1/n 

represents adsorption intensity. 

 

The Harkin-Jura isotherm model assumes multilayer adsorption on the surface 

of absorbents with heterogeneous pore distribution. The model accepts the 

probability of multilayer adsorption on the absorbent surface that has 

heterogeneous pore distribution. This model is expressed in Equation 4 (Foo 

& Hameed, 2010; Yokogawa et al., 2014; Yokogawa et al., 2016): 

 
1

𝑞𝑒
2 =

𝐵

𝐴
− (

1

𝐴
) 𝑙𝑜𝑔 𝐶𝑒   (4) 

 

where A and B denote the Harkin-Jura constants. 
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The application of four isotherm models was intended to capture different 

adsorption behaviors. This choice allowed the researchers to comprehensively 

model and interpret adsorption dynamics under various environmental 

conditions. 

 

 

 

3. Results and Discussion 

 

The results of the calculation of the final concentration of Platostoma palustre 

(Blume) A.J. Paton solution with various concentrations, grain size of sand, 

and salinity are shown in Table 1 and Figure 2. The amount of polymer 

adsorbed was influenced by polymer concentration, grain size, and salinity. 

The tables and figures show that the adsorption rate of P. palustre (Blume) 

A.J. Paton increased with increasing concentration, decreasing particle size, 

and salinity. 

 

The four isothermal adsorption models were applied to predict the adsorption. 

The straight-line equations of these isothermal adsorption models were used 

to obtain the constants of slope and intersection. The results are given in Table 

2. Substitution of these constants into the original correlation form of the 

models was carried out to obtain the correlation between the equilibrium 

concentration of polymer in solution and the quantity of polymer adsorbed. 

This relationship is displayed in Figures 3 and 4 for a salinity of 10,000 ppm 

and Figures 5 and 6 for a salinity of 20,000 ppm. Each case is for the sand 

grain size of 0.149 and 0.420 mm, respectively. The curves shown in these 

figures are validated with experimental data.  

 

Table 1. Absorbance level of Platostoma palustre (Blume) A.J. Paton (PP) solution 
 

Group 
Sand grain 
size, (mm) 

Salinity, 
(ppm) 

PP Concentration (ppm) Adsorption 
(mg/g) Initial Final 

1 

0.149 10,000 2,000 1952.5 0.076 

0.149 10,000 4,000 3945.0 0.112 

0.149 10,000 6,000 5882.5 0.188 

2 

0.420 10,000 2,000 1976.3 0.071 

0.420 10,000 4,000 3962.7 0.088 

0.420 10,000 6,000 5939.0 0.183 

3 

0.149 20,000 2,000 1992.2 0.052 

0.149 20,000 4,000 3987.0 0.087 

0.149 20,000 6,000 5983.0 0.114 

4 

0.420 20,000 2,000 1993.3 0.07 

0.420 20,000 4,000 3991.0 0.095 

0.420 20,000 6,000 5987.1 0.135 
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Figure 2. Absorbance curve of Platostoma palustre (Blume) A.J. Paton 

 

 

Figure 3. Experimental results and models for the Platostoma palustre (Blume) A.J.  

               Paton adsorption for salinity of 10,000 ppm and grain size of 0.149 mm 
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Figure 4. Experimental results and models for the adsorption of Platostoma palustre 

(Blume) A.J. Paton for a salinity of 10,000 ppm and grain size of 0.420 mm 

 

 

Figure 5. Experimental results and models for the Platostoma palustre (Blume) A.J.   

          Paton adsorption for salinity of 20,000 ppm and grain size of 0.149 mm 
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Figure 6. Experimental results and models for the Platostoma palustre (Blume) A.J.  

          Paton adsorption for salinity of 20,000 ppm and grain size of 0.420 mm 

 

Table 2. Constants of the adsorption models 

 

Group 
Sand grain 

size, (mm) 

Salinity, 

(ppm) 

PP Concentration (ppm) Adsorption 

(mg/g) Initial Final 

1 

0.149 10,000 2,000 1952.5 0.076 

0.149 10,000 4,000 3945.0 0.112 

0.149 10,000 6,000 5882.5 0.188 

2 

0.420 10,000 2,000 1976.3 0.071 

0.420 10,000 4,000 3962.7 0.088 

0.420 10,000 6,000 5939.0 0.183 

3 

0.149 20,000 2,000 1992.2 0.052 

0.149 20,000 4,000 3987.0 0.087 

0.149 20,000 6,000 5983.0 0.114 

4 

0.420 20,000 2,000 1993.3 0.07 

0.420 20,000 4,000 3991.0 0.095 

0.420 20,000 6,000 5987.1 0.135 

 

The relative deviation between the model and the data is expressed by the 

AARE parameter. The calculated AARE for the four applied correlations is 

illustrated in Figure 7. The AARE values for all methods varied from 0.14% 

to 13.48%. In general, the Harkins-Jura correlation had the lowest AARE, 

ranging from 0.14% to 6.94%. However, the correlation with the lowest 
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AARE was only in Groups 2 and 4, which was 4.66% and 0.14%, respectively. 

By contrast, the Freundlich correlation with the lowest AARE was in Groups 

1 and 3 with 5.57% and 0.52%, respectively. Meanwhile, the strength of the 

relationship between the model and the measurement data was shown by all 

correlations. The value of the determination coefficient (r2) for all methods 

varied from 0.86 to 1.00, as shown in Figure 8. The Henry correlation showed 

the highest coefficient of determination, 0.98, for Group 1. The Harkins-Jura 

correlation showed the highest determination coefficient for Groups 2 (0.99) 

and 4 (1.00). The Freundlich correlation showed the highest coefficient of 

determination for Group 3 (1.00). 

 

Table 3 shows a comparative analysis of the prediction errors (%) of four 

adsorption isotherm models against the experimental adsorption data. Based 

on the table, the performance of the isotherm models varied significantly 

across different experimental conditions, reflecting their capacity to interpret 

the adsorption mechanism and polymer-electrolyte interactions of P. palustre 

(Blume) A.J. Paton. The Harkin-Jura model consistently showed the lowest 

percentage errors in Groups 2 and 4 (e.g., 0.00% and 0.08%, respectively), 

indicating superior accuracy under high-salinity and coarse-sand conditions, 

where multilayer adsorption and surface heterogeneity are more pronounced. 

The Freundlich model exhibited the best fit in Groups 1 and 3, with 0.00% 

and 0.00% errors at lower salinities and finer grains, suggesting its strength in 

modeling heterogeneous adsorption surfaces under milder ionic conditions. In 

contrast, the Henry and Langmuir models showed higher errors, for instance 

Henry reached up to 31.66% and Langmuir up to 12.05%, particularly under 

conditions where their assumptions of linearity and monolayer adsorption, 

respectively, did not hold. These results confirm that the Harkin-Jura and 

Freundlich models better capture the complex adsorption behaviors influenced 

by both surface morphology and salinity-dependent polymer-electrolyte 

interactions. 
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Table 3. Comparison of the deviations of the estimates of the adsorption models 

 

Gro- 

up 

Sand 

grain 

size, 

(mm) 

Sali- 

nity 

(ppm) 

Concen 

tration 

(ppm) 

Expe- 

riment 

(mg/g) 

%error 

Henry 

%error 

Lang-

muir 

%error 

Freun-

dlich 

%error 

Harkins-

Jura 

1 

0.149 10,000 2,000 0.071 13.71 0.10 0.00 1.14 

0.149 10,000 4,000 0.112 9.68 11.16 13.55 7.68 

0.149 10,000 6,000 0.183 0.61 9.42 2.46 0.00 

2 

0.420 10,000 2,000 0.052 15.71 8.20 0.00 1.47 

0.420 10,000 4,000 0.087 0.82 0.01 1.70 16.42 

0.420 10,000 6,000 0.114 15.46 6.72 0.36 0.00 

3 

0.149 20,000 2,000 0.052 15.71 8.20 0.00 1.47 

0.149 20,000 4,000 0.087 0.82 0.01 1.70 16.42 

0.149 20,000 6,000 0.114 15.46 6.72 0.36 0.00 

4 

0.420 20,000 2,000 0.07 31.66 7.07 0.00 0.08 

0.420 20,000 4,000 0.095 0.82 12.05 10.26 0.47 

0.420 20,000 6,000 0.135 6.44 0.03 1.81 0.00 

 

 

 

Figure 7. Average absolute relative error (AARE) of isothermal adsorption models 
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Figure 8. Coefficient of determination (r2) of isothermal adsorption models 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Platostoma palustre (Blume) A.J. Paton viscosity before and after 

adsorption at salinity of 10,000 ppm 
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Figure 10. Platostoma palustre (Blume) A.J. Paton viscosity before and after 

adsorption at salinity of 20,000 ppm 

 

Figures 9 and 10 show the results of viscosity measurements before and after 

adsorption on sand grains with a diameter of 0.149 mm and 0.420 mm at a 

salinity of 10,000 ppm and 20,000 ppm, respectively. Viscosity was reduced 

due to adsorption, where adsorption resulted in a decrease in the concentration 

of P. palustre (Blume) A.J. Paton in the solution. The observed decrease in 

viscosity could be attributed to the rate of adsorption. Since the amount of P. 

palustre (Blume) A.J. Paton adsorbed was affected by the size of the sand 

grains, a higher decrease in viscosity occurred after adsorption of the solution 

at a smaller sand grain size of 0.149 mm. In a solution with a salinity of 10,000 

ppm, the average decrease in viscosity for grain sizes of 0.149 mm and 0.420 

mm was 12.60% and 5.29%, respectively, for various concentrations of P. 

palustre (Blume) A.J. Paton. Meanwhile, for a solution with a salinity of 

20,000 ppm, the average decrease in viscosity for grain sizes of 0.149 mm and 

0.420 mm was 14.54% and 9.12%, respectively. 

 

In a previous study, the viscosity reduction of shrimp chitosan also occurred 

due to adsorption. The average viscosity reduction of shrimp chitosan at 

10,000 ppm salinity for particle sizes of 0.149 mm and 0.420 mm was 60.49% 

and 54.90%, respectively. Meanwhile, the average viscosity reduction of 

shrimp chitosan at 20,000 ppm salinity for particle sizes of 0.149 mm and 

0.420 mm was 39.20% and 30.07%, respectively (Ulfah, 2023; Fathaddin et 
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al., 2024; Ulfah et al., 2024). Another study also examined the viscosity of 

crab chitosan. The average viscosity reduction of crab chitosan at 10,000 ppm 

salinity for particle sizes of 0.149 mm and 0.420 mm was 50.50% and 40.59%, 

respectively. Meanwhile, the average viscosity reduction of crab chitosan at a 

salinity of 20,000 ppm for particle sizes of 0.149 mm and 0.420 mm was 

65.56% and 42.31%, respectively (Ulfah, 2023; Ulfah et al., 2023; Fathaddin, 

2024). This finding indicates that the viscosity reduction of P. palustre 

(Blume) A.J. Paton due to adsorption was much lower than that of shrimp 

chitosan and crab chitosan. This indicates that the effect of adsorption on P. 

palustre (Blume) A.J. Paton is smaller than that of shrimp chitosan and crab 

chitosan. Therefore, the displacement efficiency of P. palustre (Blume) A.J. 

Paton is more stable than that of chitosan. 

 

The increase in salinity decreased the viscosity. A possible explanation for this 

might be that the hydrodynamic behavior of grass jelly was influenced by ions. 

When the strength of the Na+ ion was low, the dominant electroviscous effect 

made the grass jelly molecule to have a longer and stiffer shape resulting in a 

higher viscosity. When the ionic strength is higher, the polymer molecules 

become shorter (Lai et al., 2000; Wicaksono & Yuliansyah, 2015). At the 

molecular level, salinity affects adsorption by altering electrostatic 

interactions and the structure of the electrical double layer at interfaces; higher 

ionic strength compresses this layer, reduces repulsive forces between 

similarly charged species, and enhances adsorption of molecules such as 

surfactants, polymers, or hydrocarbons onto mineral surfaces (Greathouse et 

al., 2017; Zou et al., 2020). Simultaneously, salinity influences viscosity 

through ion hydration and water structure modification; multivalent ions (e.g., 

Ca2+, Mg2+) can form hydration shells and ionic bridges that restrict molecular 

mobility, thereby increasing viscosity (Dastjerdi et al., 2024). On the other 

hand, larger surface area enhances adsorption by providing more active sites 

and increasing contact between the solute and surface, which can lead to 

multilayer or cooperative adsorption (Cheraghian et al., 2014). Additionally, 

high surface area materials slow down molecular motion near the interface 

due to confined layering and surface friction, leading to an effective increase 

in system viscosity. Furthermore, the salt content can also result in a decrease 

in the hydrodynamic volume and electrostatic repulsion of the particles which 

decreases the viscosity (Huljannah et al., 2020; Agi et al., 2020).  

 

As shown in Figures 9 and 10, the average decrease in viscosity due to an 

increase in salinity from 10,000 ppm to 20,000 ppm was 8.88%. Previous 

studies showed that the decrease in viscosity due to an increase in salinity for 
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shrimp chitosan and crab chitosan was 38.01% and 15.36%, respectively 

(Ulfah, 2023; Fathaddin, 2024; Fathaddin et al., 2024; Ulfah et al., 2023; 

Ulfah et al., 2024). This shows that the effect of salinity on the viscosity of 

the P. palustre (Blume) A.J. Paton solution is much smaller than that of 

chitosan. Therefore, the application of the P. palustre (Blume) A.J. Paton 

solution to reservoirs with high salinity can have a more stable sweep 

efficiency than the application of the chitosan solution. However, because the 

viscosity of P. palustre (Blume) A.J. Paton is relatively small, it is more 

suitable for application in reservoirs with low oil viscosity. 

 

 

 

4. Conclusion and Recommendation 

 

This study examined the influence of sand grain size and salinity on the 

adsorption behavior and viscosity reduction of Platostoma palustre (Blume) 

A.J. Paton solutions. The results confirm that both larger grain sizes and higher 

salinity reduce adsorption levels, primarily due to decreased surface area and 

altered electrostatic interactions. The observed decrease in viscosity was 

directly correlated with polymer adsorption and intensified by increased 

salinity, which modifies molecular conformation and hydrodynamic volume. 

 

Among the adsorption isotherm models applied, the Harkins-Jura model 

provided the best overall fit for Groups 2 and 4, as indicated by the lowest 

AARE values and highest determination coefficients (up to r² = 1.00). 

Meanwhile, the Freundlich model offered the most accurate predictions for 

Groups 1 and 3. These results highlight the importance of considering pore 

structure heterogeneity and surface energy distribution when modeling 

biopolymer adsorption on mineral surfaces. 

 

These findings suggest that optimizing the polymer concentration applied to 

specific fluid salinities and reservoir rocks can minimize polymer retention 

and provide the best rheological behavior in practical applications, such as 

polymer flooding in enhanced oil recovery (EOR) processes. Future research 

should explore the dynamic adsorption behavior under reservoir conditions 

and extend the study to other biopolymers with varying ionic sensitivities and 

conformational characteristics.  
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