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Abstract: Maize corn is agro-waste biomass with the component of pentosan, a five-carbon polymer that applies for the production
of furfural, a precursor to the synthesis of tetrahydrofuran as a synthetic polymer subunit. Inorganic(H,SO,) and
organic(CH;COOH) acidic hydrolysis at 1M concentration, 100°C refluxing temperature with 50gram of the cobs powder in the
presence of NaCl catalyst under distillation at 162°C were developed. The entire process activated the conversion of the pentosan
from the maize cob into furfural which economically can be hydrogenated with a palladium catalyst at 220°C in achieving
tetrahydrofuran. Classical aniline-acetic anhydride test confirmed the presence of furfural with the two distillates (H,SO, and
CH3COOH) at the yields of 42 and 35% respectively. Selected physicochemical properties such as densities, refractive indices,
water solubilities, viscosities, boiling points, dielectric constants, and surface tensions were conducted according to standard
methods. GCMS and FTIR of the distillates were also analyzed under the same analytical conditions.
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1.0 INTRODUCTION

Corn cobs are wastes with the exclusion of the grains around
the husks. The production and processing of corn in the early
twentieth century brought about a surge in this by-product’s
volumes [1]. Practically, nearly 180 kg of cobs is generated
from an average ton of shelled corn with Nigeria as the
second-biggest corn consumer in Africa sub-region,
following South Africa, with approximately 10.79 million
Metric tonnes in 2014[1][2]. In Nigeria, the significant
amounts of corn are grown in the Northern region of
Kaduna, Borno, Niger, and Taraba and with the South-
Western areas like Ogun, Ondo, and Oyo [2]. Corn cobs are
a heavily fibrous agro-based commaodity, with several uses
industrially. Technically, with their low nutritional benefits,
they are applied as fuel, litter for chickens and other animals,
mulch, and soil conditioner and as a feed for ruminants [1].
Their absorbency and abrasiveness qualify them for a range
of industrial purposes as a sorbent for fluids, water in
industrial applications, and oil clean up with both industrial
and environmental oil spills [1]. In animal feed, they are
amazing media for vitamins and antibiotics, and in lawn care
products like herbicides and pesticides [1]. They are used in
the manufacture of chemicals such as furfural, or xylitol
sugar substitution and as a blast polishing agent with
jewelry, nuts, and a very cheap viable route of renewable
energy generation [1]. The cobs would be of significant
economic advantage when processed into furfural as it is
commonly used as petro based solvent, lubricants, and

production of nylon [3]. Moreover, it functions as an
intermediate product for the preparation of tetrahydrofuran,
furfuryl alcohol, pharmaceutical products, fragrance, and
herbicides [3]. Corn Cobs produces 30-32 percent pentosan,
a form of polysaccharide that is a feedstock in furfural
production [3]. The use of maize cobs as the raw materials
for furfural production is very advantageous as maize cobs
retain the highest level of pentosan amongst other recognized
agro-based biomass for furfural production [3]. In general,
forestry and agricultural waste has overtime been identified
as feedstocks for the synthesis of valuable chemicals, as
biomass conversion processes are particularly suitable for
the generation of valuable products. The integrated
processing plants which can handle various feedstocks and
make efficient use of process residues are required for the
efficiency and economy of product recovery [4]. The
processing of furfural through agro-wastes biomass has been
established from 1830 when furfural was invented by
Dobereiner and widely documented in the literature [5].1t is
developed by the hydrolysis of pentosans in wastes like
corncobs to xylose as furfural. Tetrahydrofuran (THF), or
oxolane, is a natural compound with the chemical formula
(CHy)40. It is a liquid heterocyclic ether with colorless,
water-mixable, with low viscosity [6]. The commonly
applied industrial procedure requires the acid-catalyzed
dehydration of 1, 4-butanediol, a process equivalent to
ethanol-based diethyl ether [6]. DuPont introduced a strategy
for the development of Tetrahydrofuran with the oxidization
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of n-butane to yield crude maleic anhydride, supported by
catalytic hydrogenation. THF can as well be processed to
furan via catalyzed hydrogenation, as it encourages some
carbohydrates to be processed to THF through acid-
catalyzed hydrolysis into furfural and decarboxylation
towards furan. Sensitive applications via the polymerization
reaction transform THF into a linear dimensional polymer as
poly tetramethylene ether glycol (PFTMEG) in the presence
of strong acids. This is a polymer that is used mainly to
produce elastomeric polyurethane fibers. It is also an aprotic
solvent for the industrial preparation of poly-vinyl chloride
and lacquers. It possesses the dielectric value of 7.6 with a
mild polarity that dissolves a broad variety of polar and non -
polar chemicals. THF is water soluble with the formation of
solid hydrated clathrate complexes at low temperatures [6].
THF was investigated as a miscible co-solvent in an aqueous
system in the delignification and liquefaction of plant
lignocellulosic materials to generate sustainable substrate
chemicals and carbohydrates as an alternative to biofuels.
Diluted THF facilitates the chemical conversion of biomass
glycans and disintegrates the bulk of lignocellulosic
materials rendering it an excellent agent for pretreatment of
the biomass. It is typically adopted in polymer science as it
dissolves PVC with gel permeation chromatography, liquefy
old PVC plastic, and to degrease metal parts industrially. It
is as well a component of the mobile phase with the
reversed-phase liquid chromatography [6]. It possesses a
greater tolerance with elution than acetonitrile or methanol
but used less frequently. Through the use of PLA plastics,
THF is used extensively as a solvent in 3D Printing
technology, cleaning the clogged 3D printer parts, removal
of extruder lines, and shines finished prints. Additionally,
THF is often used as a mixed solvent with lithium metal

CsHgO, CsH 004
Pentosans Hydrolysis Pentoses

2.3 Furfural Classical Identification
The obtained furfural was analyzed qualitatively using
aniline-acetic anhydride Analysis was done qualitatively by
adding reagent to the obtained furfural sample. The reagent
used to analyze furfural was mixed of acetic acid and aniline
at 1:1. If the sample contains furfural, the colour changed to
red [7].

2.4 GCMS Analysis of furfurals
GC-MS was done to identify the sample component in each
cases [8].

batteries lately, enhancing the stability of the metal anode.
THF is a common solution solvent in the laboratory as the
miscibility with water is neutral with most reactions with
organometallic compounds like Grignard reagents and
organolithium. In the meantime, industrial THF contains
significant water to be extracted for critical operations like
organometallic compounds [6]. In this context, furfural was
recovered from discarded corncobs salvaging environmental
nuisance under organic and inorganic acidic catalyzed
hydrolysis as a starting feedstock for the synthesis of
tetrahydrofuran.

2.0 MATERIALS AND METHODS

Corncabs, mortar and pestle, blender, sieve shaker, distilled
water, concentrated sulphuric acid, acetic acid, round
bottomed flask, sodium chloride, quick fit distillation set,
heating mantle,

2.1 Feedstock Preparation
locally obtained corncobs were dried, pulverized and sieved
to uniform particle size of 150 mesh [7]

2.2 Mineral and organic hydrolysis of Corn cobs
(pentosan) and distillation of furfural
50 grams of corncobs powder were hydrolyzed and
simultaneous dehydrated with 1.5L of 1M H,SO, in the
presence of NaCl as a catalyst and with CH;COOH at the
same conditions separately. The reactions were conducted in
a stirred refluxed reactor equipped with thermometer and
condenser at a temperature of 100°C for some hours at
atmospheric pressure and steam distilled at 162°C obtaining
some colorless distillates in each case [7].

CH,0, ]
Dehydration Furfural C 7
and cyclation N
by heat (H”} H

2.5 Physicochemical properties of furfural.

Boiling point [9], density [10], refractive index [11], water
solubility [12], dielectric constant [13], viscosity [14] and
surface tension [15] were determined accordingly.

2.6 Yield determination of furfural

The recovered solid cake was thoroughly drained with de-
ionized water to a constant pH with the filtrate, then dried at
50°C for 12h. The weight losses of this residue was
determined [7].

2.7 Synthesis of THF with Furfural pathway

THF can be produced by decarboxylation of furfural to furan
under reductive conditions and then subsequently
hydrogenated to tetrahydrofuran (THF)
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Figure 1. Synthetic pathway of tetrahydrofuran from agro waste biomass derived furfural

Corn cobs

3.0 RESULTS AND DISCUSSION

Table 1. Furfural classical test

Test Sulphuric acid | Acetic acid
Aniline-acetic anhydride Analysis positive positive
9
B
7
[
5 . .
B 5ulphuric acid
4 W Aceticacid
3 M Standard
2 1.522% 4cl 5235 1477145
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Figure 2.Physicochemical parameters of the extracted furfural against standard.
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Figure 3. Physicochemical parameters of the extracted furfural against standard.
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Figure 4. GCMS of furforal from 1M sulphorie acid hydrolysis of  Figure 5. FTIR of forfural from 1M sulphoric acid hydrolysis of corn cobs
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Figure 6 GCMS of furfural from 1M Acetic acid hydrolysis Figure 7. FTIR of furfural from 1M acetic acid hydrolysis of com cobs

of corn cobs
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Table 2. FTIE spectrum analysis of sulphuric actd hydrolyzed furfural

Wavelength{cm™) Class Structure Assignment
3133.92 Alkenes RCH=CH2 =C—H stretch
1766.39 Aldehydes REHCO —C—H stretch
1580.83 Aldehydes C=CCHO —C=0 stretch
1560.68 Alkenes 4 rings C=C stretch
1457.23 Aromatics C-C ring Ar C-C stretch
1080.10 Ethers E-0O-E C—0 stretch

Table 3. FTIE spectrum analysis of acetic acid hydrolyzed furfural

".‘i'areleugth(tm'l} Class Structure Assiznment
3135.20 Alkenes ECH=CH2 =C—H stretch
2802.06 Aldehvdes RHCO —C—H stretch
1673.50 Alkenes Cizs RCH=CHE C=C stretch
1453.30 Aromatics C-C Ar C-C stretch

Table 4. The vields of furforal

Hydrolysis Initial weight of | Final volume of the | Final weight of | Yield (%)
the corncobs(g) furfural{ml) the furfural(g)
Sulphuric acid 50.00 45.00 21.00 42
Acetic acid 50.00 38.00 17.50 33

The acidic hydrolysis (H,SO4 and CH3;COOH) of pentosans
with the simultaneous conversion of pentoses into furfural as
a starting feedstock for the synthesis of tetrahydrofuran were
achieved. The products obtained were initially colorless to
final yellowish liquids. They were tested for an aldehyde
functional group by using aniline-acetic anhydride to the
formation of a red precipitate. The vyield of furfural
according to table 4 implies the better reactivity and
selectivity of sulphuric acid than to acetic acid under similar
experimental conditions. As well, the high level of boiling
point with sulphuric acid that can be due to the residual
sulfates allows and enhances complete ionization processes
compare to acetic acid with only one ionizable proton with
incomplete ionization[7]. The selected physicochemical
properties of the furfural through 1M sulphuric acid tend to
closer to standard values than to that of acetic acid [16]. The
Chromatograms as presented in Figures 4 and 6 revealed
dominant peaks that are indications of a single component
with the distilled products at 8.47 and 17.75 minutes with
sulphuric acid and acetic acid respectively. The presence of
aldehydes (furfural) was established by the IR spectrum on
Tables 2 and 3 with the existence of six peaks with sulphuric
acid hydrolyzed furfural and four with the acetic acid
hydrolyzed furfural.

4.0 CONCLUSION

Furfural, value addition from discarded corn cobs has been
synthesized comparatively with inorganic (sulphuric acid)
and organic-based acid (acetic acid) using sodium chloride

as a catalyst at the same conditions experimentally. Furfural
as a cheap feedstock to the preparation of tetrahydrofuran is
an encouraged and viable synthetic pathway that can add
value extensively in the area of waste management with corn
cobs.
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