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Abstract: The experiments prepared bio-fillers using corn cobs as raw materials. Heat
modification was identified as the optimal method by comparing the physical and
chemical properties (roughness, porosity, water immersion stability, and compressive
strength) of unmodified, acid modified, alkali modified, and heat modified corn cobs.
Subsequently, the heat modification conditions were optimized, and the heat-treated
corn cob (HCC) was utilized in a laboratory-scale A/O bio-contact oxidation device to
observe the removal efficiency of pollutants while also assessing the lifespan of HCC.
The results demonstrated that the roughness, water immersion stability, and porosity of
HCC were superior to those of corn cobs treated with the other three methods. The
compressive strength of HCC prepared under optimal heat modification conditions (260
+ 5°C for 50 minutes) ranged from 0.92 to 0.99 MPa, with porosity reaching up to

52.03%. Under the conditions of an influent flow rate of 200 L/d, a reflux ratio of 1, an
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aeration volume of 0.2 m*h, and a sludge retention time of 15 days, the average removal
rates of COD, TN, NH;*-N, and TP from domestic sewage were 90.1%, 72.76%,
89.57%, and 55.50%, respectively. The effluent could be used for agricultural irrigation.
The lifespan assessment indicated that HCC fillers could be used for up to 12 months.

In summary, corn cobs served as effective fillers for the treatment of rural sewage.

Keywords: Heat-treated corn cob fillers, Heat modification, Sewage treatment,
Pollutants removal efficiency
Introduction

As global water scarcity becomes increasingly severe, research and application of
sewage treatment and reuse technologies are becoming more critical. The biofilm
technology is a common technology used in sewage treatment and reuse, where the
filler acts as a carrier for the biofilm, playing a key role[ 1]. Fillers can be classified into
inorganic and organic fillers based on their source and properties [2, 3]. Inorganic fillers
primarily include ceramsite and zeolites [4-6]. Ceramsite fillers have good
hydrophilicity and large specific surface area, which is conducive to the attachment and
growth of microorganisms. However, their production cost is high, and the
manufacturing process is complex. Moreover, the regulations of China limit the
exploitation and use of clay resources. Similarly, the use of zeolite as a filler is
constrained by the limited mineral reserves.

Organic fillers include plastic-based fillers such as Pall rings, polyethylene balls,

woodor coal-based activated biochar filler, and biofillers made from agricultural waste
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(such as straw and fruit shells) [7-9]. However, plastic fillers have poor hydrophilicity,
which is not conducive to microbial attachment. The production of activated biochar
filler consumes resources, whereas biofillers made from agricultural waste not only
have good biodegradability and adsorption properties, but they also effectively remove
organic pollutants from sewage. They offer advantages such as resource conservation
and the use of solid waste to treat wastewater. Previous studies have shown that corncob
has strong mechanical strength and a porous structure[ 10], making it a potential biofiller.
However, most research in water treatment has focused on using corncob as an
adsorbent or as a carbon source, with few studies directly using corncob as a biofiller
after simple treatment[11-16]. Additionally, in rural areas, most domestic sewage is
treated using the biofilm method, but the fillers used are often commercial products like
polyurethane sponges or polyethylene balls, which are not economically feasible for
rural sewage treatment. At the same time, most corn cobs in rural areas are either burned
or directly discarded[17, 18], which not only wastes resources but also pollutes the
environment[19]. To address this situation, the experiment considered using corn cobs
as a filler in domestic sewage treatment devices, aiming to solve the difficulty of
underutilization of corn cobs while providing a method to improve the low treatment
rate of rural domestic sewage.

However, corn cobs are not sufficiently biostable and chemically stable due to the
presence of soluble organic matter. Therefore, corn cobs were placed in tap water for
soaking prior to modification. The corn cobs after drying were treated with modification

to further improve these properties. By comparing the physical and chemical properties



http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a Creative Commons Attribution 4.0 International
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.

of four corn cobs treated with heat, acid, alkali, and pure water, it was experimentally
found that heat modification is the most effective modification method. Subsequent
experiments were conducted to optimize the heat modification conditions. Finally, the
pollutants removal effect was observed, and the life of the fillers was evaluated in the
application of HCC in the biological contact oxidation reactor, providing reference for
promotion and application.

Materials and methods

Sewage and corn cobs

The Sewage was campus sewage from Lanzhou Jiaotong University, with the
following water quality characteristics: COD: 176.3-423.1 mg/L, NH,*-N: 29.3-89.9
mg/L, TN: 37.2-80.8 mg/L, TP: 2.0-10.9 mg/L, SS: 127-248.9 mg/L. The influent has
the characteristics of large fluctuations in water quality similar to that of rural sewage.

The corn cobs, from which the kernels have been removed, were obtained from a
farmer's household in Wuwei, Gansu Province.

Setup description

The domestic sewage treatment system utilized an integrated A/O biological
contact oxidation device (as shown in Fig 1a). The reactor was constructed from rigid
PVC plastic boards, measuring 1.5 m in length, 1.4 m in width, and 1.5 m in height.
Sewage passed sequentially through a primary sedimentation zone (0.3 m in length, 0.3
m in width, and an effective height of 0.65 m), an anoxic zone (0.2 m in length, 0.3 m
in width, and an effective height of 1 m), an aerobic zone (0.4 m in length, 0.5 m in

width, and an effective height of 1 m), and a secondary sedimentation zone (0.52 m in
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length, 0.52 m in width, and an effective height of 0.55 m). A packing rack (dimensions
0.47 m x 0.38 m % 0.9 m) made of PVC suspended with strings of HCC were placed in
the aerobic zone, where the spacing between each string of HCC was 6 cm. Additionally,
a string of movable HCC packing was placed to facilitate sampling and observation of

the filler and biofilm during the experiment (see Fig 1b).

Fig 1. Apparatus and fillers

Modification methods of corn cobs

Pretreatment methods: corn cobs with a radius of 1.6-1.8 cm were sliced into half-
cylinders measuring 2-2.5 cm in length. Subsequently, the corn cobs were perforated,
cleaned with tap water, soaked for 24 hours, and finally dried at 80°C.

Modification methods: Acid modification, where they were soaked in a 1.5%
H,SO, solution for 24 hours; Alkali modification, where they were soaked in a 1.5%
NaOH solution for 24 hours; and Heat modification, where they were heated in a muffle
furnace at a set temperature for 50 minutes. All three of the above modification
treatments used pretreated corn cobs. The modified corn cobs were rinsed with
deionized water to remove residual H,SO,, NaOH, or ash, and then dried in an 80°C
oven.

Physiochemical analysis
Porosity (p) was measured using the gravimetric method, calculated by dividing

the pore volume by the total volume of the corncob[20, 21]. The formula for p was as
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follows:

MM 1000
p—p.—VX %

where m, is the mass of the corn cobs in the fully wetted state, m is the mass of
the corn cobs after water had been removed from the pores post-leaching, p is the
density of water, V is the total volume of the corn cobs in the fully wetted state.

The stability of the corn cobs in water leaching was analyzed by determining the
CODc; concentration in the leachate[22, 23]. The compressive strength tester was
utilized to measure the compressive strength of the filler. The surface characterization
of corn cobs was observed by scanning electron microscopy (SEM). The darkness depth
of modification in heat modified corn cobs was measured using a scale-measurement
method.

Sample analyses

Influent and effluent samples were collected every two days for water quality
analysis. COD was determined using the potassium dichromate colorimetric method;
TN was determined via the persulfate oxidation-UV spectrophotometric method; NH,*-
N was measured using the Nessler reagent method; TP was analyzed using the
molybdenum-antimony method; pH and DO were measured with a direct-reading
instrument (HACH HQ30d). COD and TN concentrations and absorbances were
measured using the HACH DR5000 water quality analyzer, while NH,*-N and TP

absorbances were determined using an INESA 721G visible spectrophotometer.
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Results and discussion
Comparison of the physical properties

In the actual operation of biological fillers, compressive strength is crucial for
assessing the durability of the filler, while microbial attachment is influenced by
porosity. Consequently, both compressive strength and porosity serve as indirect
indicators of the effectiveness of the modification method. Table 1 illustrates the
measurement results of the compressive strength and porosity of corn cobs modified
by pure water, acid and alkali modified for 24 h and modified at 260+5 °C for 50 min.

Table 1. Physical properties of four corn cobs

Modification  Unmodifi- acid alkali heat
method ed modification modification modification
Compressive
strength >1.88 0.50 ~0.53 0.25~0.35 0.92~0.99
(MPa)
Porosity 45.74% 47.31% 49.38% 52.03%

Table 1 indicates that the compressive strength of unmodified corn cob exceeds
1.88 MPa, with a porosity of 45.74%. The high compressive strength of unmodified
corn cob can be attributed to its high content of lignin, cellulose, and hemicellulose
[24], which are crosslinked, contributing to the material’s impressive compressive
capacity. In contrast, the compressive strength of acid modified, alkali modified, and
heat modified corn cobs ranges from 0.50 to 0.53 MPa, 0.25 to 0.35 MPa, and 0.92 to
0.99 MPa, respectively, while their respective porosities are 47.31%, 49.38%, and

52.03%.1t is evident that the compressive strengths of all three modified corn cobs are
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lower than that of the unmodified variety, but their porosities are higher. This
observation demonstrates that three modification treatments disrupts the structural
integrity of the corn cob to some degree, leading to reduced compressive strength
simultaneously increased porosity. This phenomenon can be explained by the fact that
the various treatments partially decompose cellulose, hemicellulose, and lignin, thereby
impairing the cross-linking structure of cellulose-based molecules[25].

Additionally, these changes may be influenced by the dissolution and
decomposition of chemical constituents. For instance, Acids and bases hydrolyze some
of the hemicellulose and lignin in the corn cob into soluble organic matter. These
organics dissolve in solution thereby exposing more cellulose surfaces in the corn cob
and increasing porosity. In addition, alkali modification breaks the hydrogen bonds
between cellulose molecules and causes the cellulose molecules to rearrange
themselves, thus forming a porous material and thus increasing porosity. At
temperatures ranging from 200 to 300 °C, cellulose begins to pyrolyze, leading to the
production of bio-oil and dehydrated sugars. Simultaneously, the pyrolysis of cellulose
generates carbonization intermediates, which further enhance porosity[26, 27]. In
conclusion, the order of the compressive strength of corn cob after different
modification treatments was as follows: unmodified > heat modified > acid modified >
alkali modified. The order of porosity was heat modification > alkali modification >
acid modification > unmodified. In terms of compressive strength and porosity, it seems

that heat-modified corn cobs are more suitable for use as biological fillers.
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Comparison of water immersion stability

The immersion stability of the filler is to judge the chemical stability after it is put
into the water. The higher immersion stability, the more stable the performance of
chemical stability in water. The immersion stability of biofilters is usually examined by
the release of COD under static conditions[22, 23]. The release of COD from corn cobs

treated with different modification methods under static conditions is shown in Fig 2.

Fig 2. Water immersion stability of corn cobs under different conditions

The results presented in Fig 2 indicate that all four types of corn cobs released
COD into the water at the outset of the experiment. Alkali modified corn cobs exhibited
the highest rate of carbon release, which began to slow after 48 hours, ultimately
reaching 227.69 mg/L after 120 hours; however, there was no indication of stabilization.
The carbon release rates for unmodified and acid modified corn cobs were comparable,
with carbon concentrations measured at 74.83 mg/L and 74.90 mg/L, respectively, after
120 hours. In contrast, heat modified corn cobs displayed the slowest carbon release
rate, achieving a COD concentration that began to stabilize after 72 hours, with a final
carbon release of only 50.12 mg/L at 120 hours.

These observations demonstrate that the soluble organic substances in the four
types of corn cobs dissolve in water, leading to an increase in COD levels. As these
soluble organic materials gradually dissolve, resulting in a stabilization of COD

concentration in the water. The reasons for the different water immersion stability of
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the three corncobs may be as follows: during the alkali modification process, the OH-
of NaOH break the ether bonds of the lignin in the corncobs, and at the same time
dissolve the ester bonds between the lignin and hemicellulose[28, 29]. In addition to
this Kathirselvam et al. found that the carboxyl group of hemicellulose disappeared
after alkali modification[30]. The above shows that alkali modification hydrolyzes
cellulose through various reactions, which in turn produces a large amount of soluble
organic matter. These soluble organic matters are partially dissolved in the alkali
solution, and the undissolved organic matter could dissolve in water when the corn cob
is placed in deionized water. Acid modification mainly destroys the connection between
lignin and cellulose, dissolves part of hemicellulose and the hydroxyl part of
cellulose[31], and the degree of hydrolysis of biomass is weaker than that of alkali
modification, so its water immersion stability is higher than that of alkali
modification[32, 33].In the case of thermal modification, some biomass within the corn
cob is either carbonized or converted into gaseous products like carbon dioxide,
resulting in the lowest carbon release and the highest stability during immersion in
water[27, 34].

In summary, among the four types of corn cobs, thermally modified corn cobs
demonstrated the slowest carbon release rate and the least carbon release overall. This
finding indicates that thermally modified corn cobs possess the highest stability during
water immersion among the four variants. Therefore, thermally modified corn cob
appears to be the most suitable candidate for use as a biofiller with respect to water

immersion stability.
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SEM analysis

The roughness of the biofiller is an important factor influencing the attachment
of microorganisms. SEM images of corn cobs modified under different conditions are

presented in Fig 3.

Fig 3. SEM images of different modified corn cobs

Fig 3 shows that the roughness of the four types of corn cobs ranks as follows:
heat-modified > alkali modified > acid modified > unmodified. SEM images at 50x
magnification reveal that unmodified corn cobs exhibit numerous whisker-like
substances on the surface, characterized by relatively low roughness and the absence of
obvious pores. Acid modified corn cobs display fewer whisker-like substances, with a
significant increase in roughness, although no noticeable pores are present. Alkali
modified corn cobs also contain fewer whisker-like substances compared to unmodified
corn cobs, but their roughness is lower and does not feature large pores. In contrast,
heat-modified corn cobs lack whisker-like substances on the surface and exhibit
significantly increased roughness along with numerous visible pores.

Further examination of SEM images at 5000x magnification reveals that heat-
modified corn cobs have a much rougher surface structure and more regular pores than
the other types of corn cobs. This enhances the surface area and the number of
adsorption sites, providing favorable conditions for microbial attachment, thus making

heat-modified corn cobs more suitable as biofilters[35].
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Fig 3i and 3j depicts the roughness of HCC fillers after 12 months of use in a bio-
logical reactor. It is evident that the surface of the HCC fillers is covered with dried
microbial bodies after this duration, indicating that HCC fillers offer an excellent
habitat for microbial growth.

Initial selection of heat treatment conditions

Previous studies have demonstrated that corn cobs undergo pyrolysis at
temperatures ranging from 130 to 260°C, leading to change in the biomass of it. The
pyrolysis process becomes more intense when the temperature rises to between 260 and
400°C[36, 37]. Consequently, the initial range of heat modification temperatures was
established between 120 and 300°C, with the modification duration varying from 20 to
60 minutes. The results are presented in Table 2.

Table 2. Apparent properties of HCC fillers under different heat modification

condi-tions

Duration Temperature (°C)

(min) 120 140 160 180 200 220 240 260 280 300
20 N N N N N N N N N M
25 N N N N N N N N B C
30 N N N N N N N N B C
35 N N N N N N N B B C
40 N N N N N N N B M C
45 N N N N N N B B M C
50 N N N N N N B M C C
55 N N N N B B M M C C
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60 N N N B B B M M C C

Note: N in the Table 2 is the abbreviation of none, which represents that there is
basically no change in the HCC filler. B is the abbreviation of begin, which represents
that the HCC filler starts to carbonize. M is the abbreviation of middle, which represents
that the HCC filler has a moderate degree of carbonization. and C is the abbreviation
of complete, which represents that the HCC filler is completely carbonized or in the
form of ash.

Table 2 demonstrates that the appearance of the corn cobs exhibited minimal
changes at temperatures below 160°C, with heating durations of 20 to 60 minutes,
indicating a limited effect of the heat treatment. However, the charring rate increased
significantly when the temperature exceeded 300°C, and the corn cobs were fully
carbonized after being heated for more than 20 minutes. No noticeable charring
occurred during heating, within the temperature range of 120 to 220°C and for a duration
of 20 to 60 minutes. Therefore, temperatures of 240 + 5°C, 260 + 5°C, 280 £ 5°C, and
300 £ 5°C were selected for further heat treatment. The degree of carbonization was

preliminarily assessed by observing the color change of the corn cobs, as shown in Fig

4.

Fig 4. Comparison of carbonization of HCC fillers under different heat

modification conditions

From Fig 4, it is evident that the corn cobs do not exhibit significant carbonization



http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a Creative Commons Attribution 4.0 International
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.

when the temperature is between 240°C and 280°C, and the modification duration
ranges from 20 to 30 minutes. However, when the temperature reaches 300°C and the
modification duration exceeds 30 minutes, the HCC fillers become fully carbonized,
transforming into fragile ash. This can also indicate that the mass (m¢) decreases due to
the partial carbonization of the corn cob surface into ash, which is also one of the
reasons for the increase of the apparent porosity of HCC. Based on these results, the
heat modification temperature was narrowed to between 240°C and 280°C, and the
modification duration was set to between 30 and 60 minutes for further optimization.
Optimization of heat treatment conditions

Based on the initial experimental results, the optimized heat treatment conditions
were established with a heating temperature between 240°C and 280°C, and a heating
duration of 30 to 60 minutes. The carbonization depth, compressive strength, porosity,
and water immersion stability of the HCC fillers were carefully examined under these
conditions.
Effect of temperature and duration

As shown in Table 3, significant differences were observed in the carbonization
depth of corn cobs treated at different temperatures when the heating duration was set
to 50 to 60 minutes. The carbonization depth reached 1.7 cm, resulting in nearly
complete carbonization when the heating duration reached 60 minutes at a temperature
of 280+5°C, which made the corn cobs fragile and reduced their compressive strength
to an unsuitable level for biofilter use.Therefore, the physical properties (compressive

strength, porosity, carbonization depth) and water immersion stability were further
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tested in subsequent experiments at temperatures of 240 = 5°C, 260 + 5°C, and 280 +

5°C, with a fixed modification duration of 50 minutes.

Table 3. Variation of carbonization thickness of HCC fillers

Duration  Temperatur Carbonization
(min) e (°C) Depth (cm)

240 0

30 260 0.3
280 0.8
240 0.3

40 260 0.5
280 1.1
240 0.4

50 260 0.7
280 1.4
240 0.6

60 260 0.8

280 1.7
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Comparison of compressive strength and porosity of HCC

The compressive strength and porosity of HCC filler modified for 50 minutes at
different thermal modification temperatures are shown in Table 4.
Table 4. Compressive strength and porosity of corncob at different modification

tem-peratures

Modification temperature 240+5°C  260+£5°C  280+5°C

ompressive strength (Mpa) 1.02~1.07 0.92~0.99 0.11~0.13

Porosity 50.34% 52.03% 55.49%

Table 4 demonstrate that the compressive strength of HCC was measured to be
1.02~1.07, 0.92~0.99, and 0.11~0.13 MPa, and the porosity was 50.34%, 52.03%, and
55.49% at the modification duration of 50 min and heat treatment temperatures of
240+5°C, 260+5°C, and 280+5°C, respectively. The results indicate that heating
temperature affects both compressive strength and porosity. As the temperature
increases, the porosity of the corn cobs rises, while the compressive strength decreases.
Specifically, the porosity rises from 50.34% to 52.03%, while the compressive strength
declines from 1.02-1.07 MPa to 0.92-0.99 MPa when the temperature increases from
240+5°C to 260+5°C, which remains acceptable. However, when the temperature is
further raised to 280+5°C, the porosity increases to 55.49%, but the compressive
strength decreases significantly to 0.11-0.13 MPa, rendering the HCC filler too weak
to function as a biological filler. The decrease in compressive strength at higher
temperatures is likely attributed to the increased heat decomposition and carbonization

of cellulose, hemicellulose, and lignin.
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Comparison of water immersion stability of HCC fillers
The water immersion stability of HCC fillers modified at different temperatures is

shown in Fig 5.

Fig 5. Rate of COD release from corncob at different modification temperatures

Fig 5 shows that after soaking for 120 hours, the released CODcr concentrations
of corn cobs modified at 240+5°C, 260+£5°C, and 280+5°C were 91.23 mg/L, 42.35 mg/L,
and 43.18 mg/L, respectively. This indicates that higher temperatures lead to stronger
water immersion stability. After heating the corn cobs for 50 minutes at 260+5°C and
280+5°C, the water immersion stability of the HCC filler was similar and performed
well. This is likely because the increased temperature caused most of the biomass
within the corn cobs to be charred or converted into gases such as CO,, resulting in a
reduced soluble organic carbon content. Consequently, this decreased the amount and
rate of organic matter released after soaking, thereby enhancing the immersion stability
of the corn cobs[38-40]. While the water immersion stability of corn cobs modified at
260+5°C and 280+5°C is similar, the compressive strength of those modified at 260+5°C
is significantly greater. Furthermore, the energy consumption for modification at 260+5°C
is lower than that at 280+£5°C. Based on the comparison of the physical and chemical
properties of HCC fillers under different heat modification conditions, the optimal heat

modification conditions were determined to be 260+£5°C for 50 minutes.
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Performance of reactor
COD and BODg removal

Under the conditions of an influent flow rate of 200 L/d, a reflux ratio of 1, an
aeration volume of 0.2 m*h, and a sludge retention time of 15 days, and an aeration
rate of q = 0.2 m*/h, the removal efficiencies of COD and BODjs in the reactor are

presented in Fig 6.

Fig 6. Removal effects of the HCC reactor on (a) COD, (b) BOD

Fig 6a shows that the influent COD ranged from 249.3 to 312.4 mg/L, with an
average value of 282.7 mg/L over the course of 20 days of operation. The effluent COD
remained stable, varying between 22.7 and 34.3 mg/L, with an average of 27.91 mg/L,
corresponding to an average COD removal efficiency of 90.1%. The water quality
achieved the outlined in Gansu Province’s Discharge Standard of Water Pollutants for
Rural Domestic Sewage Treatment Facilities (DB62/T 4014-2019, firstly standard).
Thus, the A/O biological contact oxidation reactor utilizing HCC fillers demonstrated
good COD removal efficiency.

Fig 6b illustrates the BODs removal efficiency of the reactor. The influent BODs
concentration ranged from 150.1 to 172.5 mg/L, with an average value of 168.65 mg/L.
Despite fluctuations in influent water quality, the effluent BODs concentration
remained stable, ranging between 4.32 and 6.19 mg/L, corresponding to an average

BODs/COD ratio of 0.20, representing a 66.1% reduction compared to the influent ratio
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of 0.59. This indicates that the reactor performs well in removing biodegradable organic
matter.
Nitrogen and phosphorus removal

Under the conditions of an influent flow rate of 200 L/d, a reflux ratio of 1, an
aeration volume of 0.2 m*h, and a sludge retention time of 15 days, and an aeration
rate of ¢ = 0.2 m*/h, the removal efficiencies of NH,"-N, TN, and TP in the reactor are

presented in Fig 7.

Fig 7. Removal effects of the HCC reactor on (a) NH;*-N, (b) TN, and (c¢) TP

The removal efficiency of NH,*-N in the reactor is illustrated in Fig 7a. The
influent NH,*-N concentration fluctuated between 42.9 and 56.38 mg/L, with an
average of 49.93 mg/L, while the effluent NH,*-N concentration ranged from 3.37 to
6.55 mg/L, with an average of 5.13 mg/L, which achieved the Level 1 standard of Gansu
Province. During stable operation, the NH,*-N removal efficiency remained consistent,
ranging from 84.73% to 94.02%, with an average of 89.57%. This demonstrates that
the A/O biological contact oxidation reactor utilizing HCC fillers effectively removes
NH,*-N. This means that the roughness and porosity of HCC fillers can provide a good
growth environment for nitrifying bacteria and ensure sufficient microbial biomass,
which promotes the efficient operation of the reactor.

Fig 7b shows the TN removal efficiency during stable reactor operation. The

influent TN concentration fluctuated between 50.28 and 59.25 mg/L, with an average
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of 55.22 mg/L, while the effluent TN concentration ranged from 13.97 to 17.31 mg/L,
with an average of 15.03 mg/L, which achieved the Level 1 standard of Gansu Province.
The TN removal efficiency varied from 69.91% to 74.92%, with an average of 72.76%,
indicating that the A/O biological contact oxidation reactor utilizing HCC fillers
achieves stable and efficient TN removal under the given conditions.

As shown in Fig 7c, the influent TP concentration ranged from 5.72 to 6.66 mg/L,
with an average of 6.05 mg/L, while the effluent TP concentration ranged from 2.43 to
2.88 mg/L, with an average of 2.69 mg/L. The TP removal efficiency ranged from 53.05%
to 60.96%, with an average of 55.50%, The water quality achieved the Level 2 standard
of Gansu Province. If the effluent TP concentration is needed to meet the Levell
standard, additional chemical phosphorus removal will be required.

Service life of HCC fillers

Fig 8 illustrates the changes in compressive strength of the HCC fillers over a 16-
month period, from the initial start-up of the biological reactor until the conclusion of
the experiment. Data collection was interrupted during months 13 and 14 due to
COVID-19.

The compressive strength of the HCC fillers gradually decreased over time. In the
first two months, the compressive strength was approximately 0.995 MPa. By the third
month, it had significantly decreased, and by the fourth month, it further declined to
0.735 MPa. The decrease in compressive strength was particularly pronounced during
the sixth and seventh months, dropping from 0.524 MPa to 0.260 MPa (a nearly 50%

reduction). After the seventh month, the rate of decline slowed; by the twelfth month,
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the compressive strength had decreased to 0.068 MPa. Even at this point, microbial
attachment on the filler surface remained intact, and the reactor continued to function
normally. However, by the sixteenth month, the compressive strength had further
declined to 0.0077 MPa, rendering the filler extremely fragile. Therefore, it is
recommended that the HCC filler be replaced every 12 months to ensure the proper
operation of the reactor. The decrease in compressive strength of the HCC may be
attributed to the gradual decomposition of cellulose and hemicellulose within the

modified corn cob by infiltrating bacteria [41].

Fig 8. Variation of compressive strength of HCC filler

Conclusion

Among the various modified corn cobs, heat modified corn cobs exhibited the best
physical and chemical properties. The optimal heat modification conditions were
determined to be a temperature of 260+5°C for 50 minutes. Under these conditions, the
HCC displays good compressive strength, high porosity, and excellent water immersion
stability, making it suitable for use as a biofilter. When the biological reactor operated
under the conditions of an influent flow rate of 200 L/d, a reflux ratio of 1, an aeration
volume of 0.2 m*h, and a sludge retention time of 15 days, and an aeration rate of q =
0.2 m3/h, the effluent quality achieved the Level2 discharge standards outlined in Gansu
Province’s for COD, TN, NH,;"-N, and TP. And the effluent was deemed suitable for

agricultural irrigation. The HCC filler was able to operate stably for 12 months;
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however, to maintain optimal performance in the reactor, it is recommended that the
filler be replaced every 12 months. In summary, corn cob filler is suitable for the
treatment of rural sewage. The use of corn cob as a biological filler for treating rural
sewage offers advantages such as easy availability of materials, simple manufacturing
processes, the use of solid waste to treat sewage, and resource utilization of treated

sewage.
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Fig 2. Water immersion stability of corn cobs under different conditions
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Fig 4, Comparison of carbonization of HCC fillers under different heat modification conditions
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Fig 5. Rate of COD release from corncob at different modification temperatu res
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Fig 8. Variation of compressive strength of HCC filler
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