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ABSTRACT 

This research work presents the optimization of the reaction parameters for the 

productions of HMF from Tanzanian sugarcane bagasse under pressurized conditions 

using high pressure reactor.  The sugarcane bagasse (25 g) was hydrolyzed at 

different temperatures, different concentrations of the hydrolyzing acid, and different 

reaction time. A total of 27 hydrolysis experiments were carried out in a non-stirred 

SS-304 pressure reactor. The sugarcane bagasse was hydrolyzed using sulphuric acid 

(0.5-1.5 M) at temperature ranging from 180 – 200℃ with reaction time ranging 

from 10-20 min. The absorbance of the HMF produced at different reaction 

conditions was measured using UV-spectrophotometer and the concentration was 

calculated using calibration graph. The results show that the yield of HMF produced 

depends on the interactive effect of all the parameters (i.e., concentrations of 

hydrolyzing acid, reaction time and reaction temperature). A maximum yield of 

4.519mg/mL of HMF was obtained when sugarcane bagasse was hydrolyzed using 

1M sulphuric acid at 190℃ for 15 min. 
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CHAPTER ONE 

1.0 INTRODUCTION 

 

1.1 General introduction 

The production of waste is an irrefutable part of human society. Nowadays, the 

growing industrialization has drastically increased the production of waste which has 

tremendous negative effect on environment as well as on the human health. This has 

led the scientific community to think on development of methods to convert the 

wastes, particularly produced by the industries, to industrially viable compounds. 

Moreover, the decline in fossil reserves and increasing environmental pollution has 

also led to the search for alternative methods of producing chemicals from renewable 

feedstocks. In recent years lignocellulosic waste has gained importance, among the 

different research groups for the production of different chemicals. The use of 

lignocellulosic waste to production of  chemicals has not only helped to reduce the 

environmental pollution due to accumulation of waste, but also provided an 

alternative source of oil-based chemicals which are cost effective and environmental 

friendly   ( Hayes et al., 1999). 

Lignocellulosic wastes produced from agro-based industries has tremendous 

potential for producing different chemicals but their potentiality has not been utilized 

completely due to lack of proper bio-refinery technologies. Sugar industry is one 

among the agro-based industries which produces an agro-waste known as bagasse 

which is simply burnt to dispose the waste and produce very little amount of 

electricity, which is completely a underutilization of nature’s precious material, due 

to lack of proper bio-refinery technology. 

Many valuable chemicals like cellulose, hemicellulose, lignin, levulinic acid, 

hydroxymethyl furfural (HMF), citric acid can be produced from bagasse such 

compounds can be further used to produce various industrially important chemicals 

(Allen, 2017). 

 Hydroxymethyl furfural is one of the important compounds that can be produced 

from bagasse which find its application in the production of polymers, biofuel 

additives (Fachri et al., 2015) and other value-added chemicals (Wang et al., 2018). 

The US Department of Energy has recognised hydroxymethyl furfural as one of the 

most promising molecule that could potentially replace commonly used petroleum-

based molecular building blocks. Although HMF has been produced from renewable 
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resources like celluloses, starch and sugars (Mendonça et Sal., 2015), there are still 

some challenges in these processes which needs to be addressed. Moreover, sugar 

and starch are  food competitive and not cost effective for the production of HMF. 

Therefore, it would be of interest to produce HMF from low-cost, non-land 

competitive and non-food competitive agro-waste such as sugarcane bagasse. 

1.2 Statement of the research problem  

The environmental pollution emanating from the burning of solid waste has 

increased in factories that are affecting human life. Sugar industries are one of the 

leading industries that produce solid waste after extracting juice from sugarcane. All 

the sugar industries based in Tanzania burn the waste material (bagasse) which leads 

to serious environmental pollution( Hayes et al., 1999). Due to lack of technology to 

convert these wastes into valuable chemicals, sugar industries burn the bagasse to 

dispose the accumulated waste. However, these bio-wastes have tremendous 

potentiality to produce industrially viable chemicals which has not been explored 

thoroughly due to lack of technology. HMF is one of such potential chemicals which 

can be produced from sugarcane bagasse for its application in various industries. 

Although HMF has been produced for many years from crude oil, hexoses and 

cellulose the process is not cost effect and crude oil dependent. Therefore, it could be 

of interest to produce HMF from low cost agro-waste like sugarcane bagasse. Not 

much work has been done for production of HMF in Tanzania from lignocellulosic 

biomasses like bagasse. Therefore, it could be interest to have a detailed study 

relating to optimization of the different reaction conditions for the production of 

HMF from Tanzanian sugarcane bagasse. 

1.3 Justification 

HMF has more than one functional group: a primary aromatic alcohol, an aromatic 

aldehyde and has a furan ring system. Due to its nature and higher number of 

functional group HMF has been used in different aspect. It can be used as a precursor 

to diesel, fuel additives, fine chemicals and plant protective agents. It can also be 

converted to 2,5-furandicarboxylic acid (FDCA) by selective oxidation (Tahvildari & 

Taghvaei, 2011). FDCA can be used as a replacement of terephthalic acid in the 

production of polyesters such as polyethylene terephthalate (PET) and polybutylene 
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terephthalate (PBT). HMF is also currently under investigation for treatment for 

sickle cell anemia (Tahvildari & Taghvaei, 2011). 

HMF is a recognized indicator of reduced quality in numerous foods that contain 

carbohydrate. In acidic environments, HMF partly decomposes to levulinic acid (4-

oxopentanoic acid) and formic acid (Vorlová et al., 2006). 

From the estimated annual production of biomass by biosynthesis, about 75% are 

carbohydrates (mainly in the form of cellulose, starch and saccharose), 20% are 

lignin and only 5% are compounds of completely different structures such as, fats, 

oils, protein and various other substances. Therefore, attention should be focused on 

efficient access to carbohydrates and their conversion to other chemical materials. 

Carbohydrates are readily available, relatively inexpensive and renewable, and they 

are precursor chemicals for the synthesis of a large number of substances such as 

furfural and HMF, levulinic acid, etc. via established chemical methods (Tahvildari 

& Taghvaei, 2011).Due to that factor production of HMF is based on   biomass 

especially from carbohydrates content. Sugarcane bagasse is such a lignocellulosic 

biomass which contain carbohydrate in large amount and readily available. 

Therefore, this study focused on production of HMF from sugarcane bagasse.  Such 

process of producing valuable compounds from agro-waste industry could open 

doors for development of new industries which is in line with the millennium 

development goal on industrializations and waste reduction. 

1.4 Objectives of the study 

1.4.1General objective 

The main objective of the present study was to optimize the different reaction 

conditions for the production of HMF from Tanzanian sugar bagasse. 

1.4.2 Specific objectives 

To optimize different reaction conditions like temperature, acid concentration and 

reaction time to enhance the yield of HMF from Tanzanian bagasse. 

Analysis of the resulting solution by UV-spectrophotometers to determine the 

concentration of HMF. 
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1.5 Hypotheses 

1. Variation in concentration will increase the yield of HMF. 

2. Variation in temperature will increase the yield of HMF. 

3. Variation in time will increase the yield of HMF.      

1.6 Significance of the study 

In view of the large availability of sugarcane bagasse in Tanzania it would be of 

interest to have a study on optimization of reaction parameters for the production of 

HMF from Tanzanian sugarcane bagasse. This study be useful in the following ways; 

• Production of useful chemicals from low-cost, non-land competitive and non- 

food competitive agro-industrial waste. 

• Reusing of these agro-industrial wastes will help to reduce environmental 

pollution 

• Development of a proper bio-refinery technology and processes open rooms 

for the development of new industries. This will boost the socio-economic 

security for the rural Tanzanian since most of these industries are rural based. 
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CHAPTER TWO 

2.0 LITERATURE REVIEW 

2.1 Sugar industry in Tanzania 

Sugarcane is a perennial grass tillers or stems, crowd together into stools that are 

usually erect. It takes 10 to 24 months for the stems or stalks develop from buds and 

ready for harvesting. Sugarcane grow well in temperature below 15℃ and growth is 

slow or ceases above 35℃. The maximum growth of sugarcane takes place in the 

temperature range between  20 to 30℃ (Cornland et al., 2001). Sugarcane are true 

perennial grasses in the genus Saccharum, tribe Andropogoneae and belongs to grass 

family Poaceae. The certified taxonomy of sugarcane is Saccharum officinarum 

(Department of Health and Aging, 2004). Saccharum officinarum have ability for 

survival in harsh environments (Tarimo, 1998). 

Due to climate of 10℃ in the highland and 30℃ in the low land Ruembe sugarcane 

basin provides excellent sugarcane growing conditions in the flat, fertile areas at the 

base of Udzungwa Mountains in Tanzanian environment (Landesa, 2017). 

 

Figure 1: Location of Sugarcane Growing Areas in Tanzania 

Sugarcane bagasse is mainly disposed in sugar industry by burning process. The 

burning of bagasse causes environmental pollution which has adverse effect on 
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human health. Due to the compositions of sugarcane bagasse (cellulose, 

hemicelluloses and lignin) value added products are obtained under different 

conditions and processes (Area et al., 2009). Moreover, sugarcane bagasse has not be 

complete utilized, for production of variable platform chemicals. Due to its large 

availability, non-food competitiveness, non-land competitiveness different research 

groups has started exploring the ways for converting bagasse to economically viable 

chemicals compared to other biomass (Eduardo et al., 2005). 

2.2 Hydroxylmethyl furfural 

 HMF is a multifunctional molecule because it carries an aromatic aldehyde, an 

aromatic  alcohol and a furan ring system (Menegazzo 2018). Its IUPAC name is 5-

(hydroxymethyl)-2-furaldehyde (CAS Registry Number 67-47-0) (Mcaloon et al., 

2000) and its structure is shown in Figure 2. (Ghaderi et al., 2015). A little amounts 

of this compound are naturally found in fresh sugar-containing foods like milk, 

honey, fruit juices, spirits, and bread (Agustina et al., 2013). HMF is  highly soluble 

in water, is a low melting point solid and yellow in color (Shapla et al., 2018). HMF 

is a multipurpose intermediate that can be further changed into high value-added 

chemicals. For these reasons it has been called a “sleeping giant” in the field of 

chemical production from bio-based feedstocks. Furfural and its derivatives have 

been widely applied as fungicides and nematicides, transportation fuels, gasoline 

additives, lubricants, resins, decolorizing agents, jet fuel blend stocks, medicines, 

insect repellent, bio-plastics, flavor enhancers for food and beverages (Eseyin & 

Steele, 2015). It is a potential "carbon-neutral" feedstock for a number of chemical 

substances (patent landscape report HMF). It is one of the most promising chemical 

building block from bio-renewable resources (Afonso 2016). Conversion of HMF to 

other chemical like 2,5-furan dicarboxylic acid (FDCA) and PEF polymer precursor 

has marked it as an intermediate chemical with the potential value (Antonyraj et al., 

2018). However, the worst and most unpleasant thing is that HMF is not a long –

standing chemical and, therefore, it cannot be kept for a long time. Moreover, the 

presence of impurities in HMF leads to formation of undesirable oligomers and 

polymers (Antonyraj et al., 2018). 
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Figure 2: Structure of HMF (Source: Antonyraj et al., 2018). 

2.3 Chemistry of HMF 

The structure of HMF contains a furan ring, a primary hydroxyl group and a formyl 

group. The rich chemistry attributes of HMF provide possibilities of many potential 

transformations targeting these structural motifs as shown in Figure 3 (Cañas et al., 

2017). 
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Figure 3: Production of Different Chemicals from HMF (Source: (Cañas et al., 

2017). 

HMF is unique chemical structure used as the key intermediate for the synthesis of 

chemicals. Due to bi-functionality in the 5 and 2 positions it can be oxidized or 

reduced to a dicarboxylic acid or a diol, respectively both of which are precursors for 

various products. Also due to presence of aromaticity HMF can be converted into 

fuels by hydrogenation. There is also an array of significant biological molecules 

with pharmaceutical applications with a heterocyclic structure similar to that of HMF 

(Wang, 2014).  
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2.4 Physiochemical properties of HMF  

Table 1: Physiochemical Properties of HMF. 

The Physiochemical Properties of HMF it shows below in table (01). 

Properties  Value  Unit 

Molecular formula  C6H6O3 - 

Molecular weight  126.11  g/mol 

Boiling point  
110 (at 2.67Pa); 

114–116 (at 133.32 Pa) 
℃ 

Melting point  31.5  ℃ 

Density  1.2062  g/cm3 

Refractive Index  1.5627 (at 18°C)  - 

Flash point  79  ℃ 

CAS Registry Number: 67-47-0 - 

logP (o/w)  -0.09  - 

 

2.5 Production of hydroxymethyl furfural 

   

HMF can be obtained through dehydration of glucose and  isomerization of fructose  

(Ferraz et al., 2020). At present the manufacturing of HMF is mainly derived from 

edible glucose and fructose (Iryani et al., 2013). However, the cost of production of 

HMF from  glucose and fructose is not desirable as they are food competitive source 

(Vargas Betancur & Pereira, 2010).Cellulose is  considered as one  of the cheap raw 

material which is used for the production of HMF to replace fructose and glucose 

shown in Figure 4 (Iryani et al., 2013). 
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Figure 4: Schemes of the Reaction Steps from Glucan to HMF (Source: Iryani et 

al., 2013). 
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Chitin biomasses have also been used as the raw material for the production of HMF. 

The cellulose contents of Chitin is utilized to produce HMF as shown in Figure 5 

(Zhou et al., 2020). However, the presence of N-acetyl group in chitin increases the 

cost of production of HMF from chitin as N-acetyl group needs to be removed before 

the pretreatment steps.  
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Lignocellulosic biomass are gaining interest to produce bio-based platform chemicals 

due to their large availability and low cost raw material. HMF can be produced from 

lignocellulosic biomass by hydrolysis to obtained glucose and fructose which 

undergoes isomerization and dehydration to form HMF as shown in Figure 6 ( Zhou 

et al., 2020). 

 

 

Figure 5 : Chitin Biomass Conversion into Various Chemicals. Hac, Acetic 

Acid; HMF-,Hydroxymethyl Furfural; La, Levulinic Acid; 

HADP, Hydroxyethyl-2-Amino-2-Deoxyhexopyranoside;3a5af,3 

Acetamido-5-Acetylfuran; NMEA, N-Acetylmonoethanolamine; 

Mea, Monoethanolamin (Source: Zhou et al., 2020) 
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Figure 6: Production of HMF from Lignocellulosic Biomass (Source: (D. Zhou 

et al., 2020). 

HMF has also been produced from glucose by using metal catalyst (Zhou et al., 

2017). Metal catalyst such as Crcl3.6H2O, AlCl3, and Fecl3.6H2O] have been used to 

facilitate the conversion of glucose to HMF in H2O, DMSO and [Bmim]Cl. Metal 

Chloride together with DMSO create a better condition for converting glucose to 

HMF. The yield of HMF from glucose is strongly affected by solvent, catalyst, 

temperature and time. By using DMSO/ Crcl3.6H2O at temperature of 403K and 480 

min yield of HMF was 54.43% and by using   DMSO/ AlCl3 at temperature of 393K 

and 240 min yield of HMF was 52.86% ( Zhou et al., 2017). Although this method 

provides a very clean reaction the process is associated with the use of expensive 

metal chlorides which increases the cost of production. Moreover, the yield is also 

not so high. 

O

OH
OH

OH

HO

HO

Catalysts: FeCl3,AlCl3,CrCl3
Solvents: H2O,DMSO,[Bmim]Cl

Glass ampoule saturated with N2 and sealed sealed

heat in oil bath
Glucose

O

HO
O

5-Hydroxylmethylfurfural

 

Figure 7: Conversion of Glucose to Hydroxymethyl furfural In H2O, DMSO 

And ([BMIM] Cl with Metal Chloride (Source:  Zhou et al., 2017). 

Sea water as a natural metal catalyst has also been tried by some research groups for 

converting lignocellulosic biomass to HMF as shown in Figure 8. Sea water without 

externally added acids for the conversions of cellulose to HMF bring high HMF yield 

(Li et al., 2018). Sea water has two function; firstly driving the phase separation and 

more importantly promoting the hydrolysis of cellulose, isomerization of glucose and 

dehydration of fructose  in a highly selective manner (Li et al., 2018).  
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Figure 8: Conversion of Cellulose to HMF by Using Sea Water as Catalyst 

(Source: Li et al., 2018). 

However the method requires lots of equipment which increases the cost of 

production ( Zhou et al., 2020). Optimization of parameters to produced different 

chemical by using agro-industrially waste or the lignocellulosic are better method 

since the method can increase the process efficiency, improve the product yield and 

reduce the capital or operating cost (Ramli & Amin, 2015). Hence chemistry-based 

approach for finding the optimum conditions is still a challenge in HMF production. 

Therefore, it was deemed of interest to have a details study relating to optimization 

of different reaction conditions for producing of HMF from lignocellulosic biomass 

like Tanzanian Sugarcane bagasse. 

2.6 Challenge in the production of hydroxymethyl furfural from sugarcane 

bagasse 

 Lignocellulose is the major component found in plant and algae biomass, with the 

estimated annual production of ~2×1011 metric tons. Lignocellulose consists of three 

major fragments: cellulose, hemicellulose and lignin as shown in Figure 9 below. 
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Figure 9: Major Component of Lignocellulose 

Depending on plant type, the relative portion of cellulose, hemicellulose and lignin 

found in the biomass is different. For example, in dried hardwoods, cellulose 

accounts for 44.5% by weight, hemicellulose is typically 33%, and lignin is 22.5%  

(Yang et al., 2010). Sugarcane bagasse is a lignocellulosic biomass and therefore its 

cell wall is composed of three elements: cellulose, hemicellulose and lignin. Sugar 

cane bagasse is mainly composed of two polysaccharidic fractions (cellulose 43.8% 

and hemicelluloses 28.6%) and a polyphenolic macromolecule (lignin 23.5%) ash 

1.3% and other components 2.8% (Saska & Gray, 2006). 

 The content of cellulose varies from 45% in wood and over 90% in structure like 

cotton fiber. Cellulose is mainly located in the primary and secondary wall in plant 

cell that give both support and defense to the plant cell. Cellulose is a linear polymer 

that consists of cellobiose repeating unit (figure 10), a disaccharide sub-unit that is 

formed by two D-glucose linked by β-(1,4)-glycosidic bonds (Cañas et al., 2017).  
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Figure 10:Structure of Cellulose (Source: Cañas et al., 2017). 

Cellulose are one of the greatest natural polymers exist in the world. Cellulose is a 

homopolymer formed by β-cellobiose repeating units, a disaccharide composed by 

two D-glucose molecules, linked by β-1,4glycosidic bonds. Glucose units in β-
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cellobiose are inverted in relation to its neighbor molecules, leading to the formation 

of a linear glycan chain. Chains linearity enables the proximity of molecules, 

facilitating formation of intra- and intermolecular hydrogen bonds, and consequently 

forming micro -fibrils, which are long and compact semi-crystalline structures. Since 

micro-fibrils present high length, some regions become unordered and amorphous. 

The characteristics which grant a crystalline structure to cellulose provide high 

resistance to tension, making cellulose insoluble in water and in a large group of 

other solvents (Machado et al., 2016).  

 

According to Hashmi (2016) the cellulose is present in greater amount than lignin 

and hemicelluloses and exists in the linear form monomers are linked by β-(1→4) 

glycosidic bonds. The chemical properties depend on its degree of polymerization. 

The inter and intra-molecular hydrogen bonding form parallel chains which result 

formation of micro-fibrils and fiber. Due to such arrangement of cellulose surface 

cellulose became hydrophobic and tensile which make resistant to organic solvent 

and enzymatic hydrolysis, the hydrophobicity of cellulose make thick layer which 

cause diffusion of enzymes and acid catalyst more difficult. Cellulose in plant cell 

walls exist in two forms: crystalline regions with highly ordered cellulose fibers and 

amorphous regions with less ordered fibers Figure 11). The high DP value of 

  

Figure 11: Structure of cellulose show Arrangement of Bond (SOURCE: 

(Machado et al., 2016) 
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cellulose chain and high crystallinity of cellulose structure are the main reason to 

increase the recalcitrance of the cellulose that makes it difficult to be digested by 

enzyme in the bio-refinery process to breakdown the cellulose structure into small 

molecular (Cañas et al., 2017). The degree of polymerization (DP) is used to evaluate 

the chain length of cellulose and related to the mechanical strength of the plant. Long 

cellulose chains are linked together by cross-chain hydrogen bonds (H-bond). This 

H-bond linkage causes multiple long crystalline cellulose (Figure 12) chains to form 

micro fibrils, which then bundle together to form cellulose fibers. 

 

Figure 12 : Cellulose Structure Crystalline (Red); Para-Crystalline (Green) and 

Amorphous (Blue) Chains ( Source: (Cañas et al., 2017). 

More  than 70% of the entire biomass which contain lignocellulose  are cellulose and 

hemicelluloses  which bounded tightly  with lignin by both covalent and hydrogen 

bonds which make the structure more robust and resist to number of treatment  

(Eduardo et al., 2005).                  

Hemicellulose, compared to cellulose, has amorphous structures and it is a 

heteropolymer that may consist of different types of monomers, including xylan, 

galactomannan, glucuronoxylan, arabinoxylan, glucomannan and xyloglucan.  

 The primary component of hemicellulose varies from different plant that xylan is 

mainly existed in hardwood and non-woody biomass, while in softwood is 

glucomannan. 

Hemicellulose in plant cell is mainly existed in the secondary wall and linked to 

structure of both lignin and cellulose. The DP of hemicellulose is only around 200 

which is much lower compared to that of cellulose. The decomposition of 

hemicellulose is relatively easy compared to cellulose and lignin, that they are 

sensitive to thermal or chemical treatment in the bio-refinery process. Hemicellulose 
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is only about 20-30% in most of the plant but still an important source for the 

provident of several kinds of sugars (Cañas et al., 2017) . 
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Figure 13: Structure of Hemicellulose (Source: Cañas et al., 2017). 

Hemicellulose is the second-largest component of sugarcane bagasse (25-30%), and 

is mainly composed of heteropolysaccharidic. Sugar cane bagasse hemicellulose is 

composed of hetero-xylans, with a predominance of xylose, which is configured in a 

chain that can be chemically hydrolyzed more easily than cellulose (Saska & Gray, 

2006).  

Lignin is the second most abundant polymer on Earth, after cellulose, and consists of 

highly branched, substituted aromatic complexes linked to hemicellulose and 

cellulose through hydrogen bonds, ionic interactions, ester and ether linkages, and 

van der Waals interactions. Lignin is a highly cross-linked phenolic polymer and the 

robust aromatic C-O-C ether bonds present throughout make it very difficult to 

decompose into monomeric creäte (Wang, 2014). Lignin imparts structural support, 

impermeability, high heating value, and resistance to microbial attack, and can be 

thought of as being comprised of the three primary monomers coniferyl alcohol 

(guaiacyl propanol), coumaryl alcohol (p-hydroxyphenyl propanol) and sinapyl 

alcohol (syringyl alcohol), with alkyl−aryl, alkyl−alkyl, and aryl−aryl ether bonds 

linking the phenolic monomers.  Lignin is much more complex as it consists of a 

three-dimensional biopolymer of phenyl-propane units, and has relatively greater 

hydrophobicity and aromaticity than cellulose or hemicelluloses (Howard & Hons, 

2017). 
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Figure 14: Lignin monomer structure (Source: Howard & Hons, 2017). 

The sugarcane bagasse is the material available in bulk, cheap and readily available. 

Sugarcane bagasse can therefore, be used as raw material for the production of 

biofuels, and platform chemical. This in turn will increase the value of this waste 

from sugar industry (Howard & Hons, 2017).HMF can be produced from edible 

biomass and non-edible lignocellulosic biomasses like sugarcane bagasse. But much 

effort should focus on production of HMF from non-lignocellulosic biomass rather 

than from edible biomass product as they are cheap raw material, non-food 

competitive and non-land competitive. Lignocellulosic biomass has three major 

components- cellulose (38–50%), hemicellulose (23–32%) and lignin (15–25%). The 

challenge in the production of HMF from lignocellulosic biomass is due to the 

presence of recalcitrant lignin (Hashmi, 2016) and hence was not explored much. 

Only in the last ten years, much attention has  been seen  for direct transformation of 

lignocellulosic biomass into HMF (Menegazzo et al., 2018).The use of lignocellulose 

biomass for the production of  HMF is considered to reduce the capital cost as the 

raw materials are very cheap (Mcaloon et al., 2000). However, the production of 

HMF from sugarcane bagasse is very complex process as it involves a series of side-

reactions, formation of Levulinic acid and the polymerization of humic acids which 

reduces the yield of HMF (Lewkowski, 2001). According to (Wang, 2014) Different 

various approaches method was used in production HMF from lignocellulosic 

biomass based on temperature range but the method is more energy intensive which 

increases the cost of production. Due to recalcitrant of nature of the lignin and 

accessibility of cellulose towards acid hydrolysis leads to low yield of HMF from 

lignocellulosic biomass like sugarcane bagasse (Junior 2012).  Therefore, in order to 

improve the yield very harsh conditions like higher temperature, higher 

concentrations of reagents and higher reaction time are required which leads to 
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increased cost of production and formation of impurity. Use of solvents like dimethyl 

sulfoxide (DMSO) and dimethylformamide (DMF), methyl isobutyl ketone (MIBK) 

and ionic liquids (ILs)  for the extraction of HMF from hydrolysate are expensive 

and  separation of HMF from these solvents has process challenges which increases 

the cost of production (Scapin & Viana, 2018). The production of HMF from 

sugarcane bagasse is a very complex process, due to the formation of side-products. 

The possible side –product formed by decomposition of cellulose in water at higher 

temperature being product of isomerization, dehydration, fragmentation and 

condensation (Wang, 2014). Production of material from lignocellulosic based 

feedstock require intensive labor and high capital cost for production. Procedures 

currently are not economically feasible. When considering enzymatic or acidic 

decomposition of lignocellulosic structure, it must be taken into account that D-

xylose is the second important sugar forming the hemicelluloses portion of the plant 

cell wall and constituting one-third of the sugars in the lignocellulosic feedstock 

(Limayem & Ricke, 2012). The use of HMF has increased significantly and its 

production has doubled in recent years (Limayem & Ricke, 2012).  However, the 

high cost of production from sugarcane bagasse has led to the failure to use bagasse 

as alternative to petroleum based HMF production. Although lignocellulosic biomass 

like sugarcane bagasse is a potential feedstock for bio-refineries, its recalcitrant 

structure and complexity remain a major economic and technical obstacle to 

lignocellulosic-based HMF production (Limayem & Ricke, 2012). 

2.7 Uses of hydroxymethyl furfural 

 HMF is used as a forebear to diesel fuel, fuel additives, fine chemicals and plant 

protective agents. The 2, 5-furandicarboxylic acid (FDCA) , which is produced from 

the oxidation of HMF, can be used as a substitute of terephthalic acid in the 

manufacture of polyesters such as polyethylene terephthalate(PET) and polybutylene 

terephthalate (PBT) (Tahvildari & Taghvaei, 2011). The HMF is used to treat 

hyperuricemia, which is the main cause of gout. Many other complication like 

metabolic syndrome, heart failure, pulmonary disorder and type 2 diabetes mellitus is 

caused due  to hyperuricemia (Shapla et al., 2018). HMF has also been  reported in 

treating people suffering of sickle cell anemia, since it binds proficiently to sickle 

hemoglobin, inhibiting sickling of red blood cells (Simeonov et al., 2016). HMF  is  

used as fuel additives, and can be used as the synthesis of other chemical derivatives 
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(Björnerbäck et al., 2018). HMF is an important organic compound for production of 

renewable plastics, fine chemicals and fuel. 

2.8 Different method of analysis of HMF 

At present two well established methods are used for the determination of HMF in 

the hydrolysate:  

• Spectrophotometric methods by White and Winkler. 

•  Reversed-phase high-performance liquid chromatography (HPLC) method 

(Kukurová et al., 2006). 

HMF level can be determine by high-performance liquid chromatography 

coupled with a diode array detector (HPLC-DAD) at 284 nm (Türköz Acar et al., 

2018). The present study the concentration of HMF in the hydrolyzed material 

was analyzed by UV- spectrophotometric method at GST Dodoma Tanzania at 

286nm. 
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CHAPTER THREE 

3.0 MATERIALS AND METHOD 

This section entails method of sample collection, sample preparation, optimization of 

the reaction parameters for the production of HMF and analysis of HMF. 

3.1 Sample collection 

The sugarcane bagasse (15 kg) was collected from Kilombero in Morogoro region, 

packed in plastic bags and then transported to the University of Dodoma. 

3.2 Sample preparation 

The sugarcane bagasse was put in a plastic bucket full of water and allowed to settle 

for 8 hours to remove mud, sand and other waste. The process was repeated thrice. 

After washing the bagasse was air dried for 16 hours in the sun followed by oven 

drying at 50℃ for 48 hours until constant weight was attained. After drying the 

sample were grounded and sieved to 0.75ℳm granule size. The grounded bagasse 

was then hydrolysed using different concentration of sulphuric acid at different 

temperature and for different reaction time.  The following procedures were used to 

hydrolyze the grounded sugarcane bagasse to HMF. 

(i) The grounded sugarcane bagasse (25 g) for each experiment was mixed 

with different concentrations of sulphuric acid (375 mL). The solid to 

liquid ratio was 1:15. 

(ii) The reaction mass was then heated in the range of 180-200℃. The 

concentration of the hydrolyzing acid was varied from 0.5 to 1.5 M 

sulphuric acid and the reaction time was varied from 10 to 20min. 

(iii) The reaction mass was cooled and then filtered by using muslin cloth. 

(iv) The filtrate (25 mL) was taken in a 10 mL test tube and 1g of activated 

charcoal was added to the filtrate (to remove spectral interference caused 

by humins and soluble char (Wu et al., 2019). 

(v)  The mixture was then boiled for 1 min, cooled, filtered and then 

resulting filtrate was analyzed by UV-spectrophotometer at 286 nm 

(Zhang et al., 2013). 

(vi) The whole process is summarized in the Figure15 and Figure16 below: 
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Figure 15: Scheme of Sample Preparation and Analysis 
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Figure 16: Experimental set up for HMF production 

3.3 Optimization of the reaction conditions for the production of HMF 

This section deals with the optimization of the reaction parameters for the production 

hydroxyl methyl furfural. The parameters which were investigated were the effect of 

the reaction temperature (T), effect of the concentration of sulphuric acid(C), and the 

effect of the reaction time (t). 

3.3.1  The effect of reaction temperature on the yield of HMF 

The best operational temperature for the production of HMF was investigated 

through variation of temperature from 180 to 200℃. The bagasse was treated at the 

specified temperature was used to produce the HMF when all other parameters were 

kept constant. The concentration of the hydrolyzing acid was varied from 0.5 to 1.5 

M. The possible combinations of parameters are presented in the Table 2. 
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Table 2:  Combination of different parameters to determine the effect of 

temperature on the yield of HMF 

S.NO TEMP (℃) CONCENTRATI

ON OF 

HYDROLYZING 

ACID (M) 

TIME (Min) CONCENTRATI

ON OF HMF 

(mg/mL) 

1 180/190/200 0.5/1.0/1.5 10/15/20  

2 180/190/200 0.5/1.0/1.5 10/15/20  

3 180/190/200 0.5/1.0/1.5 10/15/20  

 

3.3.2 The effect of concentration of hydrolysing acid on the yield of HMF 

Sulphuric acid was used as hydrolyzing acid in this investigation. The concentration 

of sulphuric acid used was 0.5, 1.0 and 1.5M. The temperature for the reaction was 

180, 190 and 200℃ with the reaction time varied from 10 to 15 and finally 20 min. 

The possible combination is summarized in the Table 3. 

Table 3:  Combination of different parameters determine the concentration on 

yield of   HMF 

S.NO

. 

TEMP (℃) CONC OF HYDROLYZING 

ACID (M) 

TIME 

(Min) 

CONCENTRATION 

OF HMF (mg/mL) 

1 180/190/200 0.5/1.0/1.5 10/15/20  

2 180/190/200 0.5/1.0/1.5 10/15/20  

3 180/190/200 0.5/1.0/1.5 10/15/20  

3.3.3 The effect of reaction time on the yield of HMF 

The effect of reaction time on the hydrolysis of bagasse was investigated by varying 

the reaction time from 10 to 20 min by taking the other two parameters constant at a 

time. The hydrolysis was carried out for 10 min, 15 min and 20 min. The possible 

combination of parameters summarized in Table 4. 
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Table 4:  Combination of parameters to determine the effect of reaction time on 

the yield of HMF 

S.NO

. 

TEMP (℃) CONC OF HYDROLYZING 

ACID (M) 

TIME 

(Min) 

CONCENTRATION 

OF HMF (mg/mL) 

1 180/190/200 0.5/1.0/1.5 10/15/20  

2 180/190/200 0.5/1.0/1.5 10/15/20  

3 180/190/200 0.5/1.0/1.5 10/15/20  

3.4 Analysis of HMF in the hydrolyzate 

 UV-Spectrophotometer (Utrospec 2000) (Figure 17) was used for the analysis of 

HMF in the hydrolysate obtained from the hydrolysis of Tanzanian sugarcane 

bagasse under different reaction parameters. A total of 27 samples were analysed for 

this optimization studies. The absorbance of the hydrolysed filtrate was measured at 

the wavelength of 286 nm and the concentration of HMF in the hydrolysate was 

calculated by using the standard calibration graph of standard HMF. 

 

Figure 17: UV- Spectrophotometer (Utrospec 2000) 
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Figure 18: Laboratory work at GST 

         

   

Figure 19 : 1: Bagasse soaked in water,2: Bagasse (sun dried) 3: SS-Reactor, 4: 

Filtration 
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CHAPTER FOUR 

4.0 RESULTS AND DISCUSSION 

This chapter deals with the finding obtained from the experimental data from UDOM 

and GST together with their discussion. The optimum condition for the highest yield 

of HMF (mg/mL) from the hydrolysis of Tanzanian sugarcane bagasse using 

different concentrations of sulphuric acid, reaction time, and temperature is also 

discussed in this chapter. 

4.1 Optimization of the reactions conditions on the yield of HMF 

To determine the concentration of HMF in the hydrolysate a standard calibration 

graph is plotted using known concentration of standard HMF shown in figure 19 

below: 

 

Figure 20: Calibration graph for standard HMF at 286nm 

From the standard calibration graph the linear fit equation was used to calculate the 

yield at the HMF at a given Absorbance. 

EQUATION 

Y=0.202X +0.034                             Equation 1  

But X=Y-0.034/0.202                       Equation 2 
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Where  

Y=A (absorbance) 

X=concentration of HMF produced in (mg/mL). 

4.1.1   The effect of the reaction temperature on the yield of HMF  

This section describes the effect of the reaction temperature on the yield of HMF 

from sugarcane bagasse. Generally, the reaction temperature is an important factor 

alongside the concentration of sulphuric acid and reaction time that affects the yield 

of HMF from sugarcane bagasse. Temperature is vital to the efficiency of converting 

cellulose in biomass waste into HMF during the process of the reaction. In the 

present study the sugarcane bagasse was hydrolyzes between 180 to 200℃ at 

different concentrations of sulphuric acid and reaction time. It can be seen (Table 5 

and Fig 21-23) that the optimum temperature on the yield of HMF was found to be 

1900C when the bagasse was hydrolyzed with 1M sulphuric acid for 15 min.  

Table 5: Effect of temperature on the yield of HMF 

S.NO.  
 

SAMPLE 

No. 

 

 

 

 

TEMP 

(℃) 

 

 

  

 

ABS   

10 

min  

YIELD 

OF 

HMF 

(mg/mL) 

10MIN 

 

ABS   

15 

min  

YIELD  

OF 

HMF 

(mg/ 

mL) 

15MIN 

ABS  

20 

min 

YIELD  

OF HMF 

(mg/ 

mL) 

20MIN 

                                                                  H2SO4     [0.5] 

1       01 180 0.531 2.460 0.538 2.495 0.243 1.035 

2 02 190 0.653 3.089 0.672 3.158 0.553 2.529 

3 03 200 0.432 1.970 0.602 2.812 0.113 0.391 

                                                                 H2SO4     [1.0] 

4 02 180 0.558 2.594 0.680 3.198 0.300 1.317 

5 02 190 0.781 3.698 0.947 4.519 0.692 3.257 

6 02 200 0.481 2.213 0.938 4.475 0.330 1.465 
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                                                                 H2SO4     [1.5] 

7 03 180 0.176 0.703 0.342 1.525 0.162 0.634 

8 03 190 0.211 0.905 0.362 1.624 0.210 0.871 

9 03 200 0.164 0.644 0.172 0.683 0.069 0.173 

 

 

Figure 21: Effect of temperature on the yield of HMF using 0.5M H2SO4   at 

different reaction time 

From the graph, it can be seen that the concentration of HMF increases as the 

temperature of the reaction increase from 180 to 190℃, but the concentration of 

HMF decreased above 190℃ The decrease in the concentration of HMF between 

190- 200℃ may be probably be due to formations of char and humins (Hayes et al., 

2017). The yield of HMF was 2.460 mg/mL, 3.089 mg/mL and 1.970 mg/mL when 

the hydrolysis was carried out at 180, 190 and 200℃ respectively using 0.5M 

sulphuric acid for 10 min. The yield of the HMF increases to 2.495 mg/mL, 3.158 
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mg/mL and 2.812 mg/mL when the reaction was carried out at 180, 190 and 200℃ 

respectively using 0.5 M sulphuric acid for 15 min. However, the yield decreased 

when the reaction was carried out for 20 min. I t can be further seen that the yield of 

HMF decreased when the reaction was carried out at 200℃ for all combination of 

parameters. This may be due to formation of chars, humins levulinic acid and formic 

acid. 

 

Figure 22:  Effect of temperature on the yield of HMF using 1.0M H2SO4   at 

different reaction time 

From the Figure 22, it can be seen that the concentration of HMF increases as the 

temperature of the reaction was changed from 180 to 1900C, but decreases at 1900C. 

The decrease in the concentration of HMF 2000C may be probably be due to 

formations of char and humins (Hayes et al., 2017). The yield of HMF is 2.594 

mg/mL, 3.698 mg/mL and 2.213 mg/mL when the hydrolysis was carried out at 180, 

190 and 200℃ respectively using 1M sulphuric acid for 10 min. The yield of the 

HMF increased from 3.198 mg/mL, 4.519 mg/mL and 4.475 mg/mL when the 

reaction was carried out at 180, 190 and 200℃ respectively using 1M sulphuric acid 

for 15 min. But the yield decreases when the reaction was carried out for 20 min. It 

can be further seen that the yield of HMF decreases when the reaction was carried 
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out at 200℃ for all combination of parameters. This may be due to formation of 

chars, humins levulinic acid and formic acid (Hayes et al., 2017). 

 

 

Figure 23: Effect of temperature on the yield of HMF using 1.5M H2SO4   at 

different reaction time 

From the Figure 23 it can be seen that the concentration of HMF increases as the 

temperature of the reaction increase from 180 to 190℃ but the concentration of HMF 

decreases above 190℃. The decrease in the concentration of HMF between 190- 

200℃ may be probably be due to formations of char and humins (Hayes et al., 2017). 

The yield of HMF is 0.703 mg/mL, 0.905 mg/mL and 0.644 mg/mL when the 

hydrolysis was carried out at 180, 190 and 200℃ respectively using 1.5 M sulphuric 

acid for 10 min. The yield of the HMF increases to 1.525mg/mL, 1.624mg/mL and 

0.683 mg/mL when the reaction was carried out at 180, 190 and 200℃ respectively 

using 1 M sulphuric acid for 15 min. However, the yield decreases when the reaction 

was carried out for 20 min. It can be further seen that the yield of HMF decreases 

when the reaction was carried out at 2000C for all combination of parameters. This 
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may be due to formation of chars, humins levulinic acid and formic acid (Hayes et 

al., 2017). 

 

4.1.2  The effect of concentration of hydrolyzing acid on the yield of HMF 

 To see the effect of concentration of the acid on the yield of HMF, the bagasse was 

hydrolyzed with different concentration of acid from 0.5 M to 1.5 M at 180, 190 and 

200℃ for 10, 15 and 20 min respectively. The results of these investigations are 

shown in (Table 6 and Fig 24-26 below) 

Table 6: Effect of concentration of hydrolysis acid on the yield of HMF 

S.NO 
SAMP

LE 

No. 

CONC.(M) 

ABS 

FOR 

10MI

N 

YIELD  

OF 

HMF 

(mg/mL

) 

10 min 

ABS 

FOR 

15MI

N 

YIELD   

OF 

HMF 

(mg/mL

) 

15 min 

ABS 

FOR 

20 min 

YIELD 

OF 

HMF 

(mg/mL

) 

20MIN 

                                                            Temperature       180℃ 

1 01 0.5 0.531 2.460 0.538 2.495 0.243 1.035 

2 02 1 0.558 
 

2.594  

0.680 3.198 0.30 1.317 

3 03 1.5 0.176 0.703 0.342 1.525 0.162 0.634 

            Temperature        190℃ 

4 04 0.5 0.658 3.089 0.672 3.158 0.553 2.529 

5 05 1 0.781 3.689 0.947 4.519 0.692 3.257 

6 06 1.5 0.211 0.905 0.362 1.624 0.210 0.871 

        Temperature     200℃ 

7 07 0.5 0.432 1.970 0.602 2.812 0.113 0.391 

8 08 1 0.481 2.213 0.938 4.475 0.330 1.465 
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It can be seen from the Table 6 that the yield of HMF increased as the concentrations 

increased from 0.5 M to 1 M, at 180,190 and 200℃ for 10 min,15 min and 20 min 

respectively. But as the concentrations increased to 1.5M yield of HMF decreased. 

The decrease of HMF yield may be due to formations of humins and char  at higher 

concentrations (Shi et al., 2019).  

 

Figure 24: Effect of concentration on the yield of HMF at 180℃ for different   

reaction time 

As can be seen from the Figure 24 that the yield of HMF increases as the 

concentration of hydrolyzing acid increase from 0.5 to 1M but eventually decreased 

when the hydrolysis was carried out using 1.5 M sulphuric acid when the other two 

parameters are kept constant.  The increase in the yield with concentrations can be 

explained in terms of increase in the kinetics of the reactions. At optimum 

concentrations of H2SO4 the collision frequency increase that favors the forward 

reactions but higher concentration than that of the optimum results in the conversion 

of HMF to  levulinic acid, formic acid, chars and humins (Tizazu & Moholkar, 

2018). 

9 09 1.5 0.164 0.644 0.172 0.683 0.069 0.173 
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Figure 25: Effect of concentration on the yield of HMF at 190℃ for different 

reaction time 

As can be seen from the Figure 25 the yield of HMF increases as the concentration of 

hydrolyzing acid increase from 0.5 to 1 M but the yield decreases when the 

hydrolysis was carried out using 1.5 M sulphuric acid when the other two parameters 

are kept constant.  The increase in the yield in concentrations can be explained in 

terms of increase in the kinetics of the reactions. At optimum concentrations of 

H2SO4 the collision frequency increase that favors the forward reactions but higher 

concentration than that of the optimum results in the conversion of HMF to  levulinic 

acid, formic acid, chars and humins (Tizazu & Moholkar, 2018). 

 



33 
 

 
Figure 26: Effect of concentration on the yield of HMF at 200℃ for different 

reaction time 

As can be seen from the figure 26 the yield of HMF increases as the concentration of 

hydrolyzing acid increase from 0.5 to 1 M but the yield decreases when the 

hydrolysis was carried out using 1.5 M sulphuric acid when the other two parameters 

are kept constant.  The increase in the yield in concentrations can be explained in 

terms of increase in the kinetics of the reactions. At optimum concentrations of 

H2SO4 the collision frequency increase that favors the forward reactions but higher 

concentration than that of the optimum results in the conversion of HMF to  levulinic 

acid, formic acid, chars and humins (Tizazu & Moholkar, 2018). 

4.1.3 The effect of reaction time on the yield of HMF 

Reaction time is another important factor that affects the yield of HMF. The bagasse 

was hydrolyzed for 10, 15 and 20 min with sulphuric acid of concentration ranging 

from 0.5 to 1.5M at 180, 190 and 200℃ respectively. Results are presented in 

Table7.  
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Table 7: Effect of reaction time on the yield of HMF 

S.NO. 
SAMPLE 

NO. 

TIME 

(Min) 

ABS  

using 

0.5 M 

H2S04 

 

YIELD 

OF 

HMF 

(mg/mL) 

H2S04 

0.5M 

ABS 

using 

1.0 M 

H2S04 

 

YIELD 

OF 

HMF 

(mg/mL) 

H2S04 

1.0M 

ABS  

using 

1.5 M 

H2S04 

YIELD 

OF  

HMF 

 (mg/mL) 

H2S04 

1.5M 

                                                                    180℃ 

1 01 10 0.531 2.460 0.538 2.495 0.176 0.703 

2 02 15 0.558 2.594 0.680 3.198 0.342 1.525 

3 03 20 0.243 1.035 0.300 1.317 0.162 0.634 

                                                                       190℃ 

4 04 10 0.658 3.089 0.781 3.698 0.211 0.905 

5 05 15 0.672 3.158 0.947 4.519 0.362 1.624 

6 06 20 0.553 2.529 0.692 3.257 0.210 0.871 

                                                                    200℃ 

7 07 10 0.432 1.970 0.481 2.213 0.164 0.644 

8 08 15 0.602 2.812 0.938 4.475 0.172 0.683 

9 09 20 0.113 0.391 0.330 1.465 0.069 0.173 
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Figure 27: Effect of reaction time on the yield of HMF at 180℃ using different 

sulphuric acid 

 

Figure 28: Effect of reaction time on the yield of HMF at 190℃ using different 

sulphuric acid 
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Figure 29: Effect of reaction time on the yield of HMF at 200℃using different 

sulphuric acid 

It can be seen from the above Figure 27, 28 and 29 the yield of HMF increases as the 

reaction time increases. But there was decrease in the HMF yield when bagasse was 

hydrolyzed for 20min when other parameters are kept constant. The lower  yield of 

HMF at longer reaction time is probably may be due to formation of byproducts (De 

Souza et al., 2012). The longer reaction time allows the formations of Levulinic acid, 

char and humins from HMF (De Souza et al., 2012; Menegazzo et al., 2018: Wang, 

2014). The presence of non-cellulosic components(hemicellulose and lignin) can 

affect the production of HMF.The decomposition products can be re-polymerized to 

form insoluble humins which also affects the yield of HMF (Rackemann, 2014; Ruiz 

et al., 2017). 
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CHAPTER FIVE 

5.0 CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusion 

The sugarcane bagasse was hydrolyzed using different concentrations of Sulphuric 

acid (0.5, 1.0 to 1.5 M) for different reaction time (10, 15 to 20 Min) and at different 

temperature (180℃, 190℃ to 200℃) in a non- stirred pressure reactor designed 

during this study. 

The optimum parameters for the production of HMF from Tanzanian sugarcane 

bagasse were found to be 1.0 M sulphuric acid at 190℃for 15 Min. The maximum 

yield of 4.519mg/mL obtained. 

This study also showed that increase in reaction time and temperature affects the 

yield of HMF. The yield of HMF increased with increase in reaction time but 

prolonged heating decreases the yield of HMF. A similar effect was observed with 

temperature, the yield of HMF increased with the increase in temperature from 180℃ 

to 190℃ but the yield consequently drops when the hydrolysis was carried out at 

200℃. 

The investigation also showed substantial effect of the concentration of the 

hydrolyzing acid on the yield of HMF. The yield of HMF increased when the 

concentration of hydrolyzing acid was raised from 0.5 to 1.0 M but declined when 

the hydrolysis of bagasse was carried out using 1.5 M sulphuric acid. 

These results show that the optimum conditions for the highest yield of HMF from 

Tanzanian sugarcane bagasse cannot be predicted by single parameter, but interactive 

effect of different parameters is essential for the prediction of optimum conditions.   

5.2 Recommendations 

In this study different reaction parameters that is concentration of hydrolyzing acid, 

temperature and   reaction time on the yield of HMF from Tanzanian sugarcane 

bagasse have been optimized in this research. The following further studies are 

recommended: 

• Development of separation technology to separate HMF, levulinic acid and 

formic acid from the hydrolysate. 
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• Development of automated pressure reactor with large volume in order to 

produce HMF in bulk quantity from Tanzanian sugarcane bagasse as well as 

another lignocellulosic biomass found in Tanzania. 
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APPENDIXES 

APPENDIX 1: REPORT OF CHEMICAL ANALYSIS  
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APPENDIX 2:  ANALYTICAL REPORT 1 

 


