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A B S T R A C T 

The purpose of this investigation is to offer enough organic substrates. For anaerobic 

fermentation to produce biogas, rice straw was investigated as a source of lignocellulosic 

material. The adsorbent SiO2 is produced through the process of acid leaching. The 

hydrolysis of rice straw using 2% v/v H2SO4 proved successful. In comparison to rice 

straw under the same conditions, the anaerobic fermentation of rice straw accelerated by 

10% v/v rumen fluid at 42 °C for 420 minutes was roughly 1.60 times greater. SiO2 and 

MCM-41 adsorbents enhanced biogas levels by around 2.07 mL over the control when 

added (13.1 mL). During anaerobic fermentation, VFA concentrations titrating with 0.01 

M NaOH were also noticeably greater than those of the non-adding adsorbent (0.29 M). 

The amount of CO2 (3.76 mL) and CH4 (2.94 mL) significantly increased when 

adsorbents were added compared to when they weren't (0.74 mL). However, there was no 

discernible difference between CO2 formation on SiO2 (3.76 mL) and MCM-41 (2.94 

mL), whereas CH4 formation was not (approximately 0.62 mL on both SiO2 and MCM-

41). SiO2 and MCM-41 have kinetic constants of kSO2
 and kMCM−41 were 3.0208 and 

0.8875 s-1 mol-3, respectively, and half-lives of 3.31 and 11.3 minutes. 

 

1. INTRODUCTION 

The current environmental, financial, and social awareness 

of sustainable energy has sparked efforts to locate a more 

ideal, renewable, and sustainable resource given the rapid 

growth of our global population [1]-[3]. As we all know, 

non-sustainable energy sources (fossil fuels) are largely 

non-renewable, can have negative impacts on the 

environment, and present new threats to humans [4, 5]. As a 

result, we will never again be able to fulfill our passion for 

diverse chemicals. However, unlike fossil fuels, 

lignocellulose, for example, is prevalent in domestic 

garbage and agricultural residuals [6, 7]. Numerous sources 

including farming (bagasse, corn stover, rice straw, etc.), 

agroforestry (bark, sawdust, pulpwood, branches, foliage, 

etc.), energy harvesting (Napier grass, French weed, etc.), 

household green (grass cutting, shrubberies, etc.), and other 

sources have combined to produce enormous amounts of 

lignocellulosic residues [8]. Considering these facts, rice 

straw stands out as one of the most prevalent grain crop 

leftovers in many nations, with an annual production of 

roughly 973.9 million metric tons [9]. During the 2015–

2016 crop season, Thailand produced about 26 million 

metric tons of rice straw [10]. Rice straw can be reused in a 

variety of ways, although the practical utilization rate has 

remained below 50% [11]. Currently, a sizable portion of 

rice straw is frequently disposed of by decomposing in 

landfills or unnecessarily burning outside, which releases 

large amounts of harmful gases like carbon monoxide, 

polycyclic aromatic hydrocarbons, volatile organic 

compounds, nitrous oxide, and suspended particulate matter 

[12]. This approach reduces the success of agricultural 

resource recovery because of nutrient loss [13, 14]. 

Numerous feedstocks (such rice straw) are available for the 

environmentally friendly generation of biofuels such as 

biogas, bioethanol, volatile fatty acids (VFAs), and 

saccharides. The anaerobic fermentation of rice straw has 

recently been proposed as one of the environmentally 

acceptable processes for degrading lignocellulose to 

produce biogas (hydrocarbons C1-C4, CO2, H2, H2S, and 

other gases). Generally speaking, rice straw has strong 

anaerobic fermentation capacity and can yield biogas with a 

high methane content. Contrarily, rice straw has a high 

degree of polymerization and branching low molecular 

weight hemicellulose, which makes it resistant to anaerobic 

bacteria's ability to degrade it [7]. Pretreatment of rice straw 

before to anaerobic fermentation has been judged essential 

to increase biodegradability and biogas production [15, 16]. 

Chemical pretreatment is a promising method for 
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accelerating cellulose biodegradation and getting rid of rigid 

lignin structures. Acid hydrolysis is one of the most often 

used pretreatment methods because it is economical and has 

acceptable digestibility for a range of feedstocks. The 

logical justifications for this evident accumulation are the 

displacement of amorphous hemicellulose and lignin and the 

subsequent decoration in the concentration of crystalline 

cellulose [17]. Glucose and xylose from the acid hydrolysis 

of lignocellulose (rice straw) were anaerobically fermented 

under mild conditions of the microbial metabolism process 

and with varied glucose to xylose ratios in order to increase 

methane generation for this study. 1% HCl, 7.5% rice straw 

(solid loading), 60 °C, and 48 hours were the appropriate 

acid hydrolysis conditions. The metabolic process with the 

40:60 glucose to xylose ratio showed excellent butyrate 

intermediate and a high rate of Chemical Oxygen Demand 

(COD) removal (88.9%) during anaerobic fermentation 

[18]. Rice straw was subjected to rumen fluid-based 

anaerobic fermentation for 30 days at 39 °C with biological 

pretreatment by Zhang et al. [19] and Warade et al.  [20]. 

The results demonstrated that a 24-hour fermentation period 

was appropriate, with increases of 66.5% and 82.6% over 

the control, respectively, in total biogas and pure methane. 

These findings showed that rumen fluid presented an 

exciting opportunity to enhance lignocellulose anaerobic 

fermentation. 

Unavoidably, high levels of VFAs, intermediate 

metabolites of anaerobic fermentation, could obstruct 

methanogenesis. It has been demonstrated that total VFA 

concentrations higher than 4 g/l prevent glucose 

fermentation [21]-[23]. However, propionic (3,000 mg l-1) 

acids are more inhibitory to the methanogens [22], [24] 

because the methanogens won't be able to metabolize the 

acetate produced by the acetogenic organisms until there are 

enough of them. Acetic acid is typically present in higher 

concentrations during anaerobic digestion than other fatty 

acids [25]. Effective cellulolytic bacteria require the 

removal of VFAs from fermented products. These 

intermediary products are efficiently absorbed by the rumen 

epithelium [26, 27]. The wayside grass that was fed into the 

anaerobic hydrolysis reactor almost entirely hydrolyzed in 

less than 4 days, allowing for the preservation of the 

microbial biocommunity in the rumen media [28, 29]. 

Additionally, at 750 °C during the steam reforming reaction, 

which mostly comprised the decarboxylation of acetic acid 

to CH4 and CO2, the performance of the 5% Cu and 5% Ni-

based MCM-41 was demonstrated. The results showed that 

in the presence of copper, acetic acid decarboxylation 

activities predominated and produced considerable volumes 

of methane. Active species of 5% Ni-based 25Zr-MCM-41 

were good catalysts for the production of hydrogen during 

the steam reforming of acetic acid [30]. 

The main objective of this experiment was the 96-hour 

anaerobic fermentation of rice straw at 42 °C with 10% v/v 

rumen fluid. The organic substrate (rice straw) was 

subjected to the aforementioned circumstances with both 

small grains (chopped solid rice straw that was 2 mm in 

length) and reducing sugar (2% v/v H2SO4 hydrolysis) to 

compare their efficacy in the production of biogas (mainly 

CH4 and CO2). Two different adsorbents, SiO2 (silica) and 

MCM-41 (Mobil Crystalline Materials No.41), were used to 

increase the rates of CH4 and CO2 fermentation in order to 

remove VFAs. The kinetics of anaerobic fermentation of 

rice straw were made clearer by the correlation of the 

observed data, including catalyst content, decreasing sugar 

concentration, reaction rate, and time. 

2. 2. EXPERIMENTAL 

2.1  Materials and Methods 

Around the sufficiency economics demonstration farm at 

Roi Et Rajabhat University in northern Thailand, rice straw 

was gathered. A second fresh sample (0.5 kg) was dried in a 

hot air oven for 72 hours at 65 °C before being weighed. For 

use in anaerobic fermentation, the material was then divided 

into smaller bits and spread out on a 2 mm long. The dried 

materials were split into two groups before anaerobic 

fermentation in the presence of rumen fluid: 1) half of them 

were employed immediately in the solid state, and 2) the 

other group underwent acid hydrolysis to create reducing 

sugars before reaction. Prior research indicates that MCM-

41 was created using rice husk silica [31]. 

2.2  Preparation of SiO2 and MCM-41 

According to Artkla et al. [31], SiO2 (rice husk silica) was 

created by acid hydrolysis and employed as a silica source 

for the synthesis of MCM-41. First, a solution of 

cetyltrimethylammonium bromide (CTAB) was mixed with 

the sodium silicate produced from rice husk silica in 3.33 

mol/L NaOH solution to make a sol-gel matrix with the 

molar ratios of 1.0SiO2: 3.0NaOH: 0.25CTAB: 180H2O. 

Before the sol-gel matrix was crystallized at 100 °C for 24 

hours, filtered, dried, and calcined at 540 °C for 6 hours, the 

pH solution in the blender was changed to a pH solution of 

11.5 before the process. 

2.3  Catalyst characterization 

Using a Bruker Axs D5005 diffractometer and CuKα 

radiation, powder X-ray diffraction (XRD) was used to 

examine the crystalline phases of bare SiO2 and RH-MCM-

41. A sample holder was used to press the catalyst powder 

(0.20 g), which was then scanned from 1.5 to 15 degrees (2) 

in steps of 0.05 degree per minute. To compare the 

diffraction intensities of multiple samples, the diffraction 

patterns of distinct powder samples were recorded with the 

same sample mass. 

Using a Micromeritics ASAP 2010 (ASAP 2010 V4.00 

H) N2 adsorption-desorption isotherm at -196 °C and 

relative pressures ranging from 0.01 to 0.99, the surface area 

and pore structure of the samples were calculated. Each 
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sample was degassed at 250 °C for three hours before to the 

measurement. The N2 adsorption data in the relative pressure 

range of 0.02 to 0.2 were used to calculate the BET surface 

area. The desorption branches were used to compute the 

pore diameter using the Barrett-Joyner-Halenda (BJH) 

method. 

2.4  Acid hydrolysis of rice straw by H2SO4 to reducing 

sugar 

Rice straw was acid hydrolyzed at reflux temperatures for 

30 minutes using a concentration range of 2-4% v/v H2SO4 

(1:20 g/mg of substrates: acids). At first, H2SO4 (almost 

100.00 g) was heated to its reflux temperature while organic 

matter (about 5.0 g) was divided into pieces about 2 mm 

long. To ensure full breakdown, the chopped rice straw was 

progressively added to the refluxed acid and stirred 

continuously for 5 to 60 minutes. The dissolved substrate 

was neutralized by 10 M NaOH in order to get the pH of the 

dissolved solution and naturally occurring salt. The fluid 

was filtered to remove the salt before being washed three 

times in acetone. The reducing sugar-containing solution 

was then analyzed using the DNS method to identify the 

presence of multiple reducing sugars in the dry substrate 

after being gently dried at 60 °C for three hours. The 

quantitative analysis of particular reducing sugars was 

tracked and measured at the wave length of maximum 

absorption using a UV/VIS spectrophotometer. 

2.5   In vitro gas production and fermentation technique 

A ruminant cow's central rumen was sampled for 1,000 mL 

of rumen fluid (rumen liquor) before the morning feeding 

(Native x Brahman). Rumen fluid was shipped to the lab as 

inoculable bacteria as soon as possible. The mixture was 

next progressively filtered through four layers of 

cheesecloth before being put into a heat-retaining bottle that 

had been N2-gassed. For the production of the synthetic 

medium supplied to the rumen fermentation batch trials, the 

methods of Suassuna et al.  [32] and Jin et al. [33] were 

adapted. An improved ingredient consisted of NaHCO3 

(5.88), Na2HPO4 (2.22), NaCl (0.282), KCl (0.342), MgCl 

(2.6 H2O) (0.0768), and Ca (2.2 H2O) (0.0318). 100-mL 

bottles of nitrogen gas were filled with 5 mL of reducing 

sugar, 6 mL of rumen fluids, and 50 mL of medium (10% 

v/v) for the rumen fermentation of organic materials. The 

anaerobic fermentation was kept at 39 °C for 96 hours. The 

biogas products were observed and noted at 0, 5, 15, 30, 60, 

90, 120, 180, 360, 420, 600, 720, 1,080, 1,440, 2,160, 2,880, 

3,600, 4,320, and 5,760 minutes. Each 100 mL bottle of 

nitrogen gas was coupled with 50 mL of media (10% v/v), 5 

mL of distillation water, 6 mL of rumen liquid, and around 

0.2 g of chopped organic matter (roughly 0.2 g of dry 

matter). The conversion of chopped organic matter to biogas 

products and the anaerobic fermentation of reducing sugars 

were assessed under the same conditions and at the same 

intervals. Under comparable conditions as in the prior work, 

the adsorbents SiO2 and MCM-41 (0.01-2.00 g) were used 

to extract the intermediate products of VFAs. VFA 

concentrations were measured using KOH titration, and total 

quantities and quantitatively distinct species of biogas 

products were introduced using gas chromatography. 

 2.6 Analysis of biogas compositions 

The entire volume of biogas was calculated using a 100-mL 

syringe linked to an anaerobic fermentation bottle. A gas 

chromatograph (Agilent Technologies 6890 N) outfitted 

with two columns (Porapak; molecular sieve), flame 

ionization detection (FID), and thermal conductivity 

detection was used to perform a quantitative determination 

of biogas (TCD). Helium served as the carrier gas for the 

quantitative calibration using standard gas combinations. 

The gas chromatography equipment, which ran at a 

detection temperature of 300 °C and an oven temperature of 

270 °C, received the injection of the 10-μL biogas through 

the sample port. Helium was supplied at a flow rate of 26 

mL/min and 80 psi, hydrogen at a flow rate of 30 mL/min 

and 40 psi, and air at a flow rate of 300 mL/min and 60 psi 

[34]. 

3. 3.  RESULTS AND DISCUSSION 

3.1 XRD of SiO2 and MCM-41  

The XRD pattern of SiO2 is depicted in Figure 1, and the 

board peak, which is typical of amorphous silica [35], was 

revealed at 2 of 22.5-30°. Figure 1 displays the MCM-41 

XRD patterns. At 2.32, 4.05, and 4.69°, respectively, there 

were three MCM-41 characteristic peaks, confirming the 

presence of an organized structure with a hexagonal pore 

array comparable to that of MCM-41 [36]. 

 

 
Fig.1. XRD patterns of characteristic peaks of SiO2 and MCM-

41. 

 

The nitrogen adsorption-desorption isotherms of SiO2 

and MCM-41 are shown in Figure 3.2. According to Wang 

et al. [37], the BET surface area and BJH pore volume of 

SiO2 were 167.9 ± 12 m2/g and 1.05 ± 0.02 cm3/g, 

respectively. The BET surface area of MCM-41's 

adsorption-desorption isotherm matched type IV, which is 

typical of mesoporous material isotherms [38]. The 
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adsorption at low relative pressure (P/P = 0.2) significantly 

enhanced as a result of the adsorption on monolayers of an 

external surface. N2 adsorption volume increased once more 

before approaching constant levels. Nitrogen was adsorbed 

in the mesopores at relative pressures of 0.2 to 0.4 [39]. The 

specific surface areas and BJH pore volumes of MCM-41 

were 973 ± 25 m2/g and 4.57 ± 0.03 cm3/g, respectively, 

whereas the BJH equation's estimate of its pore diameter 

was in the range of 25–50 Å. This meant that the textural 

properties of MCM-41 had all been improved to be better 

than those of the precursor (SiO2), which promoted the 

adsorption of VFAs molecules in the ensuing anaerobic 

fermentation. 
 

 

Fig.2. N2 adsorption-desorption isotherm and pore diameter 

of  MCM-41. 

3.2 Biogas fermentation from rice straw (solid vs reducing 

sugar)  

The maximum yield of 28.9 mg/mL reducing sugar was 

obtained for this investigation when 0.5 g of rice straw was 

digested with 2% v/v H2SO4 at refluxed temperature for 30 

minutes [40]. In order to increase the biogas production, 

anaerobic fermentation of rice straw (solid) vs. reducing 

sugars (from acid hydrolysis of rice straw) was done at 0.2 

g substrates and 10% v/v rumen fluid at 42 °C for a duration 

of 5,670 minutes. It was discovered that within 5 minutes, 

reducing sugars and solid rice straw produced 0.2 and 1.25 

mL of biogas, respectively (Figure 3). Both biogas volumes 

did not have substantially different variances in the F-Test 

two-sample at the p value of 0.01. This outcome was in line 

with Teghammar et al. 's research [41], who changed rice 

straw by treating it with N-methylmorpholine-N-oxide 

(NMMO or NMO) prior to anaerobic fermentation and 

discovered that the fraction of methane increased by 400–

1200%. The cellulose, lignin, and hemicellulose fibers' 

porosity was able to be increased by rice straw that had been 

digested with weak acid. As a result, fermentation times 

were shortened, response rates were greatly increased, and 

bacterial performance was improved [42]. 

 

 
Fig. 3. Comparison on the effectiveness of anaerobic 

fermentation of 0.2 g rice straw (solid) vs reducing sugar.  

3.3 Adsorption of VFAs from anaerobic fermentation 

with and without SiO2 

With 0.2 g of reducing sugars, 10% rumen fluid, and 0.01-

2.00 g of SiO2 at 42 °C for 420 minutes, biogas can be 

produced under anaerobic circumstances. 16.9, 17.1, 18.5, 

27.5, 27.1, 22.2, and 21.2 mL of biogas were created 

cumulatively by adding 0.01 to 2.0 g SiO2, respectively (as 

shown in Figure 4). The cumulative volumes of biogas 

produced under these circumstances were equivalent to 

those of SiO2 additions of higher concentrations, making the 

addition of 0.1 g SiO2 the best choice for further testing. As 

a result, 0.1 g of SiO2 will be used in this study's experiment 

to completely remove VFAs. However, when the maximum 

cumulative volume (27.1 mL) with SiO2 was compared to 

the experimental fermentation of methane in anaerobic 

fermentation under the same conditions as without SiO2 

(13.1 mL) [43], adding SiO2 to fermentation resulted in a 

greater cumulative volume that was 2.1 times higher. The 

possibility existed that adding 0.1 g more SiO2 might help 

the adsorbent [35] have enough surface area to effectively 

bind to the VFAs that were generated. SiO2 was added in 

amounts greater than 0.1 g, which resulted in an increase in 

both the adsorptive area and the adsorptive efficiency. VFAs 

were added in amounts that remained constant. 

 

 
Fig. 4. Cumulative volumes of biogas under the anaerobic 

fermentation of 0.2 g reducing sugar (from acid hydrolysis of 

rice straw). 
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For Figure 5, the maximum cumulative biogas quantities 

at 5 minutes were, respectively, 1.25 and 4.0 mL for both 

tests (with and without 0.1 SiO2). When compared to 

anaerobic fermentation without the adsorbent, the 

adsorption of VFAs from an anaerobic fermentation system 

with 0.1 SiO2 was outstandingly increased to 68.75%. 

According to this theory, removing VFAs helped extend the 

life cycles of methanogens and other vital microbes [26]. 

According to a different study, the initial stages of the 

operation under anaerobic conditions saw a reduction in pH 

due to the synthesis of VFAs [44, 45]. The pH range of 6.5 

to 7.5 is where most methanogens proliferate. A low pH 

spreads throughout the system as a result of VFA production 

as metabolic intermediates, which is known to inhibit 

methanogens [45]. Sequentially, the large improvement in 

fermenting efficiency (glucose digestion) strongly 

suggested that a favorable environment has been identified, 

and it is feasible to carry out the experiment further. 

 

 
Fig. 5. Cumulative volumes of biogas under anaerobic 

fermentation of 0.2 g reducing sugar (from acid hydrolysis of 

rice straw). 

 

3.4 Effect of SiO2 and MCM- 41 adsorbents on reducing 

sugar fermentation 

To assess the adsorptive effectiveness of MCM-41 and SiO2 

for the removal of VFAs, the two adsorbents were added to 

a sequential reaction in the same quantity of 0.1 g each. The 

trials used 0.2 g of precursor at 10% v/v at 42 °C for 420 

minutes in an environment suitable for anaerobic 

fermentation. The overall biogas accumulative volumes 

between the SiO2 and MCM-41 adsorbents were 

insignificantly 27.5 and 28.2 mL, respectively (Figure 6). At 

the p value of 0.01, the F-Test on two-sample data for 

variances concluded that there was no significant difference. 

Compared to SiO2 (600 m2/g), MCM-41 has a surface area 

between 800 and 1,400 m2/g [39], but it also has a higher 

absorptive capacity. The hydroxyl-functionalized groups of 

particular adsorbents are the basis for the adsorption of polar 

molecules, such as H2S and acidic compounds [46]. MCM-

41 and SiO2 are consistently crucial parts of exclusive and 

absorptive molecules [47]. This information allowed it to 

explain why VFA absorption should be successful on the 

surface of MCM-41. However, due to the limitation of VFA 

synthesis from fermentation, the adsorptive portions on 

MCM-41 and SiO2 were not considerably different. 

 

 
Fig.6. Cumulative volumes of biogas under the anaerobic 

fermentation of 0.2 g reducing sugars (from acid hydrolysis of 

rice straw).  

 

Following the equal addition of 0.1 g of adsorbents, the 

VFA concentrations computed were 1.00 M and 0.95 M, 

respectively, according to the results of the VFA 

concentration determination from the titration of biogas 

liquid with 0.1 M NaOH. This was greater than the untreated 

fermentation's level (the VFAs determined were 0.29 m). 

The outcomes suggest that VFAs absorbed during anaerobic 

fermentation can be used (see Fig. 7). This meant that while 

the acute VFAs were removed from the solution and the 

crucial microbes could function effectively, a higher level of 

fermented efficacy was attained [26,48]. 

 

 
Fig.7. Comparison of VFAs’ removal efficiencies between 

added 0.1 g adsorbents (MCM-41 and SiO2) and without the 

adsorbent of anaerobic fermentation of 0.2 g reducing sugar 

(from acid hydrolysis of rice straw). 

  

3.5  Kinetics of biogas fermentation from reducing 

sugars 

At 0.2% v/v at 42 °C for 420 minutes, the kinetics of biogas 

fermentation from reducing sugars were tested. 0.1 g of 
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reducing sugars given to the fermentation process were 

equally absorbed by SiO2 and MCM-41. The solution 

demonstrates that after 120 minutes of fermentation, the 

quantities of reducing sugars were practically constant. The 

paucity of nutrients to digest and other biogas components 

as a result of the decline in reducing sugars may help to 

explain this [49] (Figure 8). 

 

 
Fig.8. Digestion rate of reducing sugar fermentation carried 

out on the condition of   1.0g MCM-41 and SiO  2adsorbents,   2.0

g reducing sugars, 10  % v/v of rumen fluid at 42  °C for 420  

minutes. 

 

Figure 9 depicts the generation of CO2 and CH4 during 

the adsorption of VFAs on SiO2 and MCM-41 adsorbents as 

well as on adsorbentless surfaces. According to the solution, 

adding adsorbents significantly raised the amount of CO2 

(3.76 mL) and CH4 (2.94 mL) over 3.97 times when 

compared to not using an adsorbent (0.74 mL). SiO2 (3.76 

mL) and MCM-41 (2.94 mL) both produced small 

differences in CO2 formation, but not in CH4 formation 

(approximated 0.62 mL on both SiO2 and MCM-41). It can 

be inferred from the -OH functionalized groups on both 

adsorbents that MCM-41 has a significant amount of active 

groups that were used to adsorb polar molecules [39]. 

Additionally, Shavi et al. [50] found that montmorillonite, a 

zeolite family related to MCM-41, adsorbed CH3COO- and 

CH3COOH on the O atoms of its surface. This demonstrated 

that VFAs, as intermediate products, could indeed be 

continuously transformed to biogas on the surfaces of SiO2 

and MCM-41 [26]. 

The pseudo-second order was used to calculate the link 

between lowering sugar decreases and reaction time, as seen 

in Figures 10A and 10B. The half-lives of the reactions were 

3.31 and 11.3 minutes, respectively, while the reaction 

constants of kSO2
 and kMCM−41were 3.0208 and 0.8875 s -1 

mol-3, respectively. The reaction was well-fitted using 

quadratic regression, and these fit-well kinetic models were 

identical to anaerobic reducing sugar fermentation (banana 

peel under pretreatment conditions) [51]. 

 

 
Fig. 9.  Adsorption of VFAs on SiO2 and MCM-41 to form CH4 

and CO2 for anaerobic fermentation of reducing sugars (rice 

straw) catalyzed with 10% v/v of rumen fluid at 42  °C for 

5,460 minutes. 
 

 
Fig. 10.  Pseudo- second reaction of reduce sugar fermentation 

carried out on the condition of  1.0g SiO2 adsorbent. 

4. CONCLUSIONS 

SiO2 adsorbents made using the acid leaching approach and 

MCM-41 made using the hydrothermal method both worked 

well for VFA adsorption. At low angles of 2, XRD revealed 

the MCM-41 and SiO2 characteristic peaks (1.5-22.5 

degrees). Using BET and molecular adsorption, surface 

areas of 167.9 and 973 m2/g for SiO2 and MCM-41 (pore 

sizes of 25–50 Å) were determined. With an average yield 

of 28.9 mg/L, acid hydrolysis made rice straw easily 

accessible. The anaerobic fermentation of rice straw 

(reducing sugars) reached a level that was roughly 1.60 

times higher than that of solid rice straw in 420 minutes. The 

biogas levels were considerably increased by around 2.07 

mL over that of the non-added adsorbent (Produces 13.1 mL 
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of CH4) by adding 0.1 g SiO2 (Produces 27.1 mL of CH4) 

and 0.1 g MCM-41 (Produces 28.2 mL of CH4). During 

anaerobic fermentation, the concentrations of VFAs 

adsorbed on 0.1 g of MCM-41 (Removes the VFAs' 

concentration of 1.00 M) and SiO2 (Removes the VFAs' 

concentration of 0.95 M) were both significantly higher than 

those of the non-adding adsorbent (Removes the VFAs' 

concentration of 0.29 M). The amount of CO2 (3.76 mL) and 

CH4 (2.94 mL) significantly increased when adsorbents 

were added compared to when they weren't (0.74 mL). 

However, there was no discernible difference between CO2 

formation on SiO2 (3.76mL) and MCM-41 (2.94 mL), 

whereas CH4 formation was not (approximated 0.62 mL on 

both SiO2 and MCM-41). For kinetics, kSO2
  and 

kMCM−41 were 3.0208 and 0.8875 s-1mol-3, with the half-

life values of 3.31 and 11.3 minutes, respectively. Quadratic 

regression or pseudo-second order was used to fit the 

anaerobic fermentation of reducing sugars. 
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