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Abstract: Oily wastewater discharged from machinery producing, mining, storage service, marine
transporting... is one of the polluting sources to receiving waterbody. Adsorption onto carbonized
material derived from agricultural by-products are proved to be the promising treatment for this
type of wastewater. Experiments implemented with the agro-wastes including: corn cob, corn stalk
and rice husk with carbonizing temperature of 300-600 °C and retention time of 1-3h. According to
the results of all carbonized materials, the decrease of oil adsorption accosiated with higher
pyrolysis temperature, as well as longer retention duration. Under the same carbonizing conditions,
the carbon derived from corn stalk have the higher adsorption capacity. The highest oil sorption
capacity of 6.4 g/g is of corn stalk derived carbon with temperature of 300 °C, retention time of 1h;
while the lowest one of 2.33 g/g is of material derived corn cob with temperature of 600 °C, 1h.
The oil adsorption capacity is closely related to the porosity and oleophilic groups on the surface
of the material. The results indicated that materials made from agricultural by-products, corn stalk

in particular, are promising for oily wastewater treatment.
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1. Introduction

In Vietnam, the redundant of agricultural
by-products is one of the most serious problem.
In present, the most common treating of these
agro-wastes is to dispose as solid waste or, in
lesser extent, to produce fuel, plant pot... The
disposal of wastes causes the surrounding
environmental pollution, discharging
greenhouse gas as result of their biodegrading.
The carbon derived biomass has advantage of
low cost, abundant, environmental friendly,
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high C content, specific porosity of cellulose
derived material, accordant with C based
material production by carbonizing. The
product is able to use for treatment wastewater,
especially oil contaminated, occurring in
industrial processing, maritime transporting
[10]... There are many researchers targeting to
remove oil by using agricultural by-products.
Kumagai et. al (2007) investigated the oil
adsorption by using carbonized rice husk. The
result indicated that the biochar produced at 600
°C is able to use for oil adsorption [4].
Nwadiogbu et. al (2014) acetylated the corn cob
to increase the hydrophobicity [6]. Suni et. al.
(2004) used the by-product of peat excavation,
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cotton grass fiber to adsorb the oil [7].
Adsorption onto carbonized agricultural by-
products are proved to be the most effective
treating methods for organic compounds in
wastewater, with the oil removal efficiency of
about 99 % [8], inexpensiveness and ease of
operation [1].

Among of agricultural wastes in Vietnam,
rice husk, corn cob and corn stalk are the most
common, significant high volume for producing
low cost adsorbents. Therefore, this research
aims to produce low cost carbon material from
the aforementioned by-products in order to
remove the oil in industrial wastewater.

2. Method
2.1. Precursor collecting and characterization

The agricultural by-products used in this
study include: corn cob; corn stalk; rice husk.
All samples are collected from waste disposal
location in Luong Son district, Hoa Binh
province and Hanoi. The sample is pretreated
by dried in room temperature. The corn cob is
grinded and sieved to achieve the particle of 3-5
mm diameter. The stalk is cut into pieces with
average length of 20-30 mm. After that, all
samples are stored in dried bottle.

2.2. Material carbonizing

The weighted samples are placed into
horizontal reactor. Then, the carbonization
implemented by using the furnace Emin SX2-5-
12 (China) is occurred in different temperature
and retention time. After the carbonization, the
char sample is cooled by air, dried in 105 °C to
remove the humidity. The carbon sample is
weighted to determine the carbonization
efficiency. The samples are denoted as X-Y-Z,
whereas X: name of raw material; Y:
carbonization temperature; Z: retention time.

2.3. Analytical method

Porous volume of carbon sample are
determined according to distilled water

pycnometer method [2]. The maximum oil
absorption capacity of char sample is
determined according to the method of
ASTMF726-99 [5] using weight difference
analyzing. Oil sample used is commercial DO
with specific density in 15 °C of 820-860
kg/m’, dynamic viscosity in 40 °C of 2 - 4,5 ¢St
(according to Saigonpetro Co. Ltd). The SEM
image of sample is obtained by using Jeol 5300
(Japan). The IR spectrum is obtained by using
Nicolet i1S10 from Thermo Scienticfic, USA.
TG-DTA of sample is collected by TGA209F1,
from NETZSCH, Germany.

3. Results and discussion
3.1. Effect of carbonizing conditions

Effect of carbonizing temperature:

Figure 1 showed the TGA result of
precursor samples, there is dramatically change
in precursor mass within temperature of 300-
600 °C, with value of about 50%. This could be
explained by the thermal degradation of
hemicellulose and cellulose [9]. In concluded, the
carbonizing temperature used in this research is
about 300 - 600 °C, which could cause significant
change in structure of samples.

Figure 2 illustrated the effect of carbonizing
temperature to the quality of chars. In general,
compared at similar carbonizing conditions, the
oil adsorption and pore volume of char derived
from corn stalk is the largest, then followed by
rice husk and corn cobs. At temperature of 300
°C, retention time of 1h, the oil adsorption
capacity and pore volume of char derived from
corn stalk, rice husk and corn cob are 6.4 g/g,
6.9 mL/g; 5.7 g/g, 6.7 mL/g and 2.3 g/g, 2.6
mL/g, respectively.

The result indicated that, for 3 precursors,
the increase of carbonizing temparature leads to
the decrease of oil adsorption capacity as well
as pore volume of each chars, but with different
trends. At same retention time (lh), the oil
adsorption capacity corn stalk derived char
reaches the maximum of 6.4 g/g at 300 °C,
decreased constantly to the minimum of 3.9 g/g
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reached at 600 °C. The trend of pore volume
change of corn stalk chars is fluctuated. It
reaches the highest of 6.9 g/L at 300 °C, then
dramatically decreased to the lowest of 4.1 g/L
at 500 °C, followed by the increase to 4.6 g/L at
600 °C. There are similar variability trends
between oil adsorption and pore volume of corn
cob as well as rice husk carbon samples. The
highest value of oil adsorption capacity and
pore volume of rice husk derived chars are 5.7

g/g and 6.7 g/L at 300 °C, followed by the
constant decrease and reached the lowest of 3.4
g/g and 3.6 g/L at 600 °C, respectively. There is
slightly decrease of oil adsorption capacity and
pore volume of corn cob chars with the upturn
of carbonizing temperature. The highest of
them are 2.3 g/g and 2.6 g/L at 300 °C, while
the lowest of 1.7 g/g and 2.2 g/L. are reached at

600 °C.
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Figure 1. The TGA result of precursor samples.
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Figure 2. Effect of carbonizing temperature.
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Figure 3. Effect of retention time.

Effect of retention time

Figure 3 showed the effect of carbonizing
retention time. Similar to temperature, the
retention time of carbonization effects
significantly to the character of biochars derived
from corn stalk and rice husk; negligible with
ones from corn cob. In general, the longer
retention time is, the lower value of oil adsorption
capacity and pore volume of chars. For all chars,
the highest value of them are reached at 1h of
retention time, while the lowest achieved at 3h of
retention time. The oil adsorption capacity of corn
stalk chars at 1h and 3h of retention time are 6.4
and 2.4 g/g, while the value the pore volume are
6.9 and 3.1 mL/g, respectively.

According to the result, the effect of
carbonizing conditions (temperature, retention
time) to oil adsorbing characters of chars (oil
adsorption  capacity; pore volume) is
significant. To better understand the structure of
pore system and functional groups on surface,
which contribute to oil adsorbing characters, the
SEM and FT-IR experiments are implemented.

3.2. Discussion

As indicated from the aforementioned
result, the samples produced at carbonizing
condition of 300 °C and 1h have the best
character for oil adsorption. Therefore. these
samples of all precursors are chosen for further
research in order to investigate the appearance
structure of pore, functional group.
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Figure 4. The SEM image of chars produced at 300
°C, 1h. (Corn cob (a, d), Corn stalk (b, €),
rice husk (c, f)).

The result of SEM indicated that, with all of
the char samples, the diameter of pore are about
1 - 4 um. The pore diameter of corn cob, corn
stalk and rice husk derived char are about 1 - 2,
2 - 4 and 2 pm, respectively. The oil droplet in
water has the diameter of about 0.5 - 5 um.
Therefore, the pore of char samples are favorable
for oil adsorption. The diameter of pore of char
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samples is classified as macro-pore originated
from the precursor. Gray et. al. (2014) suggested
the shrinkage of pore structure increase with the
upturn of temperature [3], resulting the destructive
of macro-pore. This could explain the reason of
decrease of oil adsorbing character of char sample
with elevation of carbonizing temperature.

The large pore of corn stalk could be one of
the reasons explaining for the highest value of
pore volume, as well as oil adsorption capacity.
However, the diameter of pore of rice husk char
is relatively small although the oil adsorbing
character of this char is comparable with one of
corn stalk char. It can be explained by the
structure of pore. As illustrated in SEM results,
the pore structure is complicated, crisscrossed
by the system of hollow shaped pore. This
could increase the pore volume of char, create
more adsorption site of oil.
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Figure 5. The IR spectrum of precursor and char
samples (A: Corn cob; B: corn stalk; C: rice husk).

The result of FTIR spectra are performed in
Figure 5 and 6. In general, the spectra graph of
all precursors are relatively similar, which
peaks include: 3330-3350 cm™ (-OH stretching
of hydroxyl group, phenol, acid carboxylic),
2850-2950 cm™ (-C-H stretching of aliphatic),
1450-1650 cm™ (-C=C- stretching of aromatic),
1650 - 1750 cm' (-C=0 group of ester
(ascribed to hemicellulose, acid carboxylic,
aldehyde), 1036 - 1075 cm™ (-C-O stretching in
cellulose, hemicellulose and primary alcohol),
750 - 800 cm™ (-C=C- bending of aromatic),
550 - 650 cm’ (C is out of plane -C-H band,
alkanes, -Si-O-Si- especially for rice husk

sample), 480 - 590 cm’ (-OH out of plane
bending) [3, 6].

Compared to the result of precursors, one of
char samples produced at 300 °C, lh indicate
the significant difference, especially for corn
cob and corn stalk derived chars. Beside the
peaks of —OH stretching of hydroxyl group, -
CH stretching of aliphatic similar with ones of
precursor sample, the peaks of —CH
deformation in —O-C=0-CHj; appear intensity at
about 1359 — 1440 cm™ [6]. This could be the
result of hemicellulose and cellulose
degradation in temperature of about 200 — 350
°C [8].

The result indicate that, the increase of
carbonizing temperature leads to the
diminishing of functional group abundance and
diversity [3]. Except for rice husk derived
samples, there is a significant increase of —-CH
aliphatic peak, which is of interest as positively
correlating with hydrophobicity in biochars.
However, the peaks representing for
hydrophilicity of biochars such as —C=C- of
aromatic, -C=0 and —OH of ionisable hydroxyl
group, show negligible change.

From all of the result reported, it could be
concluded that:

i. The higher carbonizing temperature is, the
longer retention time is, then the lower value of
oil adsorbing character of chars (oil adsorption
capacity, pore volume).

ii. The pore structure and chars are
favorable the adsorption of oil.

iii. Except for rice husk chars, the
carbonization results into the increase of
hydrophobicity of biochar, while there is
slightly change in hydrophilicity.

For further investigation, the oleophilic
fluid produced in carbonization should be
investigated. According to Kumagai et al
(2007) [4], there is evident that this fluid
contributes to the oil adsorption. Furthermore,
the water uptake capacity of biochar causes
negative effect to apply the biochar for oil
adsorbing. The result of maximum water uptake
capacity of chars derived from corn stalk, corn
cob and rice husk (which is not showed in this
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article) are relatively high. The future
investigation would include the research of
lower water uptake capacity.

4. Conclusion

The experiments indicated the oil
adsorption capacity of biochars derived from
agricultural by-products such as corn stalk, corn
cob and rice husk. The highest oil adsorption
capacity of char samples are obtained at
temperature of 300 °C, retention time of 1h. The
increase of carbonizing conditions result in the
downturn of oil adsorption of chars. The oil
adsorption character of corn cob and rice husk
chars are much better than one corn cob,
showing the promise material for oil adsorbent.
Further research is needed to investigate the
oleophilic fluid as well as the method to
decrease the water uptake capacity.

Acknowledgement

The authors thank to the Institute of
Chemistry, Vietnam Academy of Science and
Technology for funding, facilitating the
condition and equipment to implement the
research VHH.2016.2.17.

References

[1] Al I, Asim M, Khan T. A. (2012), “Low cost
adsorbents for the removal of organic pollutants

(2]

(3]

(4]

(51

(6]

[71

(8]

(91

(10]

from wastewater”, J. Environ. Manage. 113,
170-183.

Cat L.V (2002), Adsorption and ion exchange
in water and wastewater treating technology,
Statistical Publisher, Hanoi.

Gray M, Johnson M.G, Dragila M.I, Kleber M,
(2014) “Water uptake in biochars: the roles of
porosity and hydrophobicity”, Biomass and
Bioenergy 61, 196 - 205.

Kumagai S, Noguchi Y, Kurimoto Y, Takeda
K, (2007), “Oil adsorbent produced by the
carbonization of rice husks”, Waste Manage.
27,554 - 561.

Li H, Liu L, Yang F (2012), “Hydrophobic
modification of polyurethane foam for oil
spill cleanup”, Marine Pollut. Bulletin 64,
1648 - 1653.

Nwadiogbu J.O, Okoye P.A.C, Ajiwe V.1, Nnaji
N.J.N, 2014, “Hydrophobic treatment of corn
cob by acetylation: Kinetics and
thermodynamic studies”, J. Environ. Chemical
Engineer. 2 (3), 1699 - 1704.

Suni S, Kosunen A.L, Hautala M, Pasila A,
Romantschuk M (2004), “Use of a by-product
of peat excavation, cotton grass fibre, as a
sorbent for oil-spills”, Marine Pollut. Bullet. 49,
916-921.

Pazé J.A, Granada E, Saavedra A, Eguia P,
Collazo J (2010), “Uncertainty determination
methodology, sampling maps generation and
trend studies with biomass thermogravimetric
analysis”. Int. J. Mo. Sci. 11, 3660-3674.
Parparita E, Berbu M, Uddin M.A, Yanik J,
Vasile C (2014), “Pyrolysis behaviors of
various biomasses”, Polymer Degrad. Stab. 100,
1-9.

Viraraghavan T, Mathavan G.N (1988),
“Treatment of oil-in-water emulsions using
peat”, Oil & Chemical Pollut. 4, 261 - 280.



N.T.Haetal | VNU Journal of Science: Natural Sciences and Technology,Vol. 32, No. 3 (2016) 105-111 111

Nghién ctru kha nang hap phu cua vt liéu than héa c¢6 ngudn
goc tu phé liéu ndng nghiép (161 ngod, than ngd, vo trau) nham
st dung trong xu ly nudc thai nhiém dau

Nguyén Thanh Ha, Lé Van Cét, Pham Vy Anh, Tran Thi Thidy Lién

Phong Hoa Mébi truong, Vién Hoéa hoc,
Vién Han lam Khoa hoc va Cong nghé Viét Nam

Tém tat: Nude thai nhidm dau ma dugc x4 thai tir qua trinh ché tao co khi, khai thic mo, luu gir
kho bdi, van chuyén dudng blén 1a mot trong nhirng ngudn 6 nhiém dua vao thiy vuc. Qud trinh hap
phu 1én vat liéu than héa c6 ngudn gdc tir phé liéu nong nghiép dugc coi 1a phuong phdp xur 1y ¢6 trién
vong d6i véi loai nudc thai nay. Cdc thi nghiém dugc tién hanh véi cdc phé pham nong nghiép bao
gom: 151 ngd, than ngd va vo trau v6i nhiét d6 than héa tir 300-600 °C, thoi gian luu tir 1-3 h. Dya trén
cic két qua thu duoc tir tit ca san phdm than héa, nhiét do than hoa cang cao, thoi gian luu cang lau thi
kha ning hit dau cang thap O cing diéu kién than hoa, mau than co nguon gbc tir than ngd c6 kha
nang hdt dau cao hon cdc miu than c6 ngudn goc tur 161 ngd va vo trdu. MAu than than ngd dugc ché
tao ¢ 300 oC, thoi gian luu 1h ¢6 dung lugng hap phu dau cao nhit & muc 6,4 g/g; trong khi dung
lugng hap phu dau thip nhat dat 2,3 g/g thudc v€ mau than tir 16i ngd ma ché tao & 600 oC, 1h. Dung
luong hap phu dau ¢6 mdi tuong quan chat ché voi do xop va nhém chirc wa dau trén bé mat than. Cic
két qua chi ra rang su hap phu dau Ién vét liéu duoc ché tao tir phé liéu ndng nghiép, dic biét 1a than
ngd, 12 phuong phép kha quan trong xir 1y nuc thai nhiém dau.

Twr khoa: 161 ngd, than ngo, vo trau, nuoc thai nhiém dau.



