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INTRODUCTION

Much rescarch has been done on the conversion of cellulose to fermentable sugars.
Since biomass typically contain 30 to 40 percent cellulose, other uses must be found for the
remaining components. Hemicellulose and lignin have some value as feedstocks for fuels and
other chemicals. The utilization of a wide varicty of biomass depends on several schemes being
developed for the conversion of cellulosic and lignocellulosic matcrials. The basic problem is the
disruption of lignin and the breaking down to smaller or simple sugars before fermentation or
any suitable utilization. Biomass hydrolysis offers solution to the above problem. The method of
hydrolysis could be by acid hydrolysis or by enzymatic processes. Normally, pretreatment of the
biomass is necessary before the hydrolysis proper. This presentation deals with the
fundamentals and does not attempt to give a comprchensive review, which could be found in

the literature. Thc acid hydrolysis, the enzymatic process, and the pretreatment methods ar¢
discussed.
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THE STRUCTURE OF BIOMASS
Cellulose, hemicellulose, and lignin in roughly 4:3:3 ratios comprise most lignocellulosic
materials. Some biomass contain protein that could be recovered and most are structurally

Strong. Therefore biomass can be used as sources of chemicals, energy, food and feeds, and
building materials.

Cellulose is a polymer of glucose linked at the 1,4 positions, similar to starch in
Percentage composition and in yielding glucose only on complete hydrolysis. The cellulose
molecule consists of long chains of beta glucosidic residues. Starch molecule on the other hand
Consists of alpha glucosidic residues linked on the same positions. The linkages are similar but
the difference in configuration causes a higher crystallinity in cellulose. Thus cellulose is less
accessible to enzymes or acid catalysts. In contrast, starch is readily hydrolyzable. Cellulose
Provides the structural rigidity to plants which is maintained until death.

‘ Hemicellulose consists of straight chain xylose units joined at 1,4 linkages with side
chains consisting of arabinose, mannose, glucuronic acid, and other pentoses and hexoses. In the
plant structure, hemicellulose is intimately associated with the cellulose. The molecular weight
of hemicellulose is much lower than cellulose (100 to 200 monomers per molecule) and the
crystallinity is much lower than that of cellulose. Cellulose is in the order of a hundred times
more difficult to hydrolyze than starch. The rate of hydrolysis of hemicellulose is in between that
of starch and cellulose. Hemicellulose is insoluble in water, soluble in dilute alkali, and easily
hydrolyzed by dilute acid.

Lignin is a three dimensional polymer consisting of several phenolic compounds,
interspersed and acts as a cementing material in the fibrous constituents. The ether linkages
between the monomers are possible at several positions, thus the three dimensionality of the
structure. The ether bond can be broken by catalytic hydrogenation to give aromatic products.
Microbial process to produce is unlikely as the phenolic products are toxic. A limited number of

microorganisms are able to degrade lignin.

CONSTRAINTS TO CELLULOSE HYDROLYSIS

The effectivity of hydrolysis depends on the susceptibility of cellulose to the cellulolytic
agents. There must be direct physical contact between these agents and the cellulose molecules
for hydrolysis to proceed. [1] However, several structural complexities can hinder this process.
Some of these are: water content, capillary structure of the cellulose fiber, crystallinity of the
cellulose, and the presence of other substances associated with the cellulose in the fiber such as
lignin and hemicelluloses. [2] The primary problem is the combination of the lignin and

cellulose.

1. Moisture plays a major role in the hydrolysis of cellulose. It swells the fiber and opens
up the finc structure making the cellulose more accessible to the hydrolytic agent.
Water is-edded to the cellulose during the hydrolytic cleavage of the glycosidic links.
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2. The capillary structure of the cellulose fiber defincs the accessible surface area of the
cellulose. The dimensions of the capillary are in the same order of dimension as the

enzymes. The access to these regions will determine the success of the reaction. (3]

3. The more crystalline the ccllulose molecule is, the less accessible it is to the hydrolytic
agents. One reason is that the molccular arrangement and steric rigidity of the

anhydrous units within the crystalline regions can also be a constraint to ccllulose
hydrolysis. [1, 3].

4. The presence of other compounds such lignin, hemicellulose, minerals, and ash in the
cellulose structure can inhibit cellulose hydrolysis to some cxtent. The combination of
lignin with cellulose has been proven to be a primary problem in celtulose degradation.

PRETREATMENT METHODS

From the above discussion, it is clear that cellulose hydrolysis should be preceeded by a
pretreatment process to render the cellulosc more accessible to the hydrolytic agents. These
methods may be physical, chemical or microbial trecatments. They involve some manipulation
and transformation of the cellulose structure and its existence with other associated materials.
The objective of the pretreatment step is to disrupt the lignin structurc and overcome the
crystalline structure of the cellulosc. For commercial viability, the pretreatment steps should 1)

require cheap chemicals and simple equipment, 2) solubilize the lignin and the hemicellulose,

3) reduce the crystallinity of the cellulose, and 4) be applicable to a wide variety of
ligno-cellulosics.

/

1. Physical methods

Some of the physical methods are particle size reduction, irradiation, variation in
temperature and pressure, and steam processes. The major objective is to enhance susceptibility
of cellulose to hydrolysis by increasing the surface area & deccreasing crystallinity. [4]

1.1 Particle Size Reduction.

Comminution is accomplished by using vibratory ball milling, pot milling,
attrition grinding, or shredding. The bacterial or enzymatic hydrolysis of wood was
found to be 50 to 75% complete if it was in the form of sander dust [5].

1.2 Irradiation.

Gamma radiation disrupts lignocellulose complex to make the cellulose
available to hydrolytic attack [6]. The use has been tested for rice hull and straw and

sawdust and other agricultural by-products. Results show that dilute acid hydrolysiS is
enhanced and the digestibility is improved. [7, 8, 5]
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13 Variation in Temperature and Pressure.

Subjecting of cellulosic materials to extremes of temperatures and pressures
such as heating in kerosene or dry air, or freezing and thawing enhance chemical

reactivity of the cellulosic materials. [5]

1.4 Steam Processes.
Several methods employ steam or water plus heat. Some are: Autohydrolysis,

wet oxidation, steam explosion, rapid steam hydrolysis/continuous extraction.

1.4.1 Autohydrolysis.
The process of heating the material with water at temperature up to 185°C can

be termed as autohydrolysis or prehydrolysis or steaming. The organic acids are formed
as the reactive ester groups in the hemicellulose component of the substrate cleave.
These organic acids act as catalysts for the subsequent hydrolysis of the hemicellulcse to
soluble oligosaccharides. Small amounts of inorganic acids like sulfuric can be added to
improve the rate and effectiveness of the reaction. However, at higher temperatures or
longer periods, furfural and 5-hydroxymethyl furfurals are produced which later leads to
self-condensation to form a copolymer. Considerable degradation and modification are.

observed to occur in lignin.

1.42 Wet Oxidation. '
It is autohydrolysis in the prcsence of high pressure oxygen or air. [9] The

initial reaction produces acetic and formic acids as major organic acids, methanol and
small amount of neutral organic compounds brought about by the solubilization of the
acidic hemicellulose components, deesterification of acetate groups, and by oxidation.
[10] Consequently, a greater number of the hemicelluloses are broken down into lower
molecular weight fragments that are water soluble and the hydrolytic reactions become
more favorable. [11] This has been tested on some carbohydrate compounds like

xylose, glucose, glucitol, cellulose and dextran at high temperature.

1.43 Steam Explosion.
The commercial process consists of a vertical cylinder filled with wood chips

and sealed and pressurized with saturated steam at pressures up to 1000 psig. High
internal pressures arise as the chips are permeated by the saturated steam. When the
bottom of the cylinder is opened, the wood chips are defibrated by the sudden
decompression. Several changes have been effected by the process. For one, the lignin
is broken down into products with a molecular weight range from 150 to 7000 and which
retains the basic lignin structure and are moderately reactive. Hemicelluloses are
partially broken down and are soluble in hot water. The lignin content is also increased
with the degraded products condensing with lignin. Furthermore, the cellulose is more
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accessible to enzymatic hydrolysis which may have been caused by the disruption of the

lignin ‘polymer. Eighty percent (80%) of the theoretical amount of glucose can be
converted. [13, 14]

1.4.4 Rapid Steam Hydrolysis/Continuous Extraction.
The process is more commonly called RASH process and is similar to steam
explosion. The difference lics on the continuous removal of the soluble or gascous
products from the reaction zone and cooled to minimize further degradation.

The RASH process starts with the addition of saturated stcam to a biomass
filled reactor resulting in the hydrolytic depolymerization of the hemicelluloses and
lignin. As part of the stcam cook, it condenses to the reactor bottom. The
depolymerized carbohydrate and lignin fragments are carricd down at the bottom where
a transfer line removes and cooks the products. No catalyst is nceded provided it can
yield better results. The RASH method fractionated out the greatest number of
hemicelluloscs and lignin with minimal degradation leaving a solid residue with greatly
enhanced cellulose residue as compared to the other processes discussed. (14, 15]

2. Chemical Pretreatment.

Pretreatment methods using chemicals are fastly gaining recognition in modifying the
rigid crystalline cellulose structure prior to hydrolysis.

2.1 Use of Swelling Agents.

There are two basic modes of swelling for cellulose namely intercrystalline and
intracrystalline. The former involves the entry of the swelling agent between crystalline
units with a volume change approximately equal to the volume of the adsorbed agent
and a maximum adsorption of about 30%. Removal of the swelling agent leads to the
original network dimensions and structure [16] Intracrystalline, on the other hand,
results in new crystalline modifications or unlimited swelling of the cellulose with the
swelling agent penetrating the crystalline as well as the amorphous regions. Some
examples are sodium hydroxide, amines and anhydrous ammonia which causes definite
alterations in the original structure. Thus, intracrystalline swelling agents provide on

pathway towards alteration of cellulose crystalline structure with enhanced hydr01)’ﬁ°
activity.

2.1.1 NaOH Swelling.

. Extensive swelling and separation of structural elements to produce fibers of
different crystalhmty are observed upon using NaOH solution of 17% or higher. The
alkali-treated cellulose is hydrolyzed by the acid 40% faster than the untreated
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cellulose. This is also done to remove or alter silica and other components to improved
digestability. Digestability coefficient of dry matter hulls increased. NaOH treatment of
straw is known as Beckman process and involves scaking the straw in a 1.5% NaOH
solution at atmosphcric temperature and pressure. Digestability of the straw can be
doubled at higher temperature and pressure. [17]

2.12 Ammonia Treatment.
Anhydrous ammonia can cffect a phase change in the crystalline structure of
cellulose. Ammonia is believed to hydrolyze the glucoronic acid ester cross-links,
providing ready access to structural carbohydrate by rumen microorganisms.

2.1.3 Other Swelling Agents.
Other swelling agents proposed are calcium oxide, calcium hydroxide,

cuproammonium hydroxide, and cadoxen. However these chemicals are expensive and

some are toxic.

22 Extraction and Degradation of Lignin.
Delignification procedure is used in the sulfate and sulfite pulps and Kraft

pulp. This is based on the removal of lignin through the selective action of chemical
pulping and bleaching agents. Other chemicals that can disrupt the lignin are alkaline
peroxides and sodium hypochlorite. [18]

3. Microbial or Enzymatic Pretreatment Method
In nature, lignin is degraded continuously by microbial enzymes. Wood-rot fungi

ponsible for lignin degradation are laccase and

attacks lignin and some of the enzymes res
to be awaited to utilize this processes with whole

polyphenoloxidase. Further developments have
Microorganisms rather than isolated enzymes. [19, 20]

ACID HYDROLYSIS OF CELLULOSE
The oldest method to produce glucose or sugars from cellulose is acid hydrolysis. Acid

hydrolysis starts a sequence of reactions. The rate of reaction for hemicellulose is about 1,000
times that for cellulose. ~As the sugar products are formed, some are degraded to resins,
polymers, and furfural derivatives. The conditions of the reaction should be set so that there is a
favorable balance of unreacted materials, sugar product, and undesired products. Considerable
degradation products leads to major losses. The maximum yield of sugars is 55% of the initial
cellulose. Hemicellulose can be removed by treatment with dilute acid without any effect on
cellulose. Dilute acid hydrolysis at high temperature can be equivalent to strong acid hydrolysis
at low temperature. Any savings on vessel requirement is offset by the cost of neutralization

when using strong acids at low temperature. Sulfur dioxide can be used and results in less water

requirement.
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1. Kinetics of Dilute Acid Hydrolysis [21]
Cellulose hydrolysis closcly proceeds according to the following:

Cclla‘l{))sc L > Gltlﬁswsc Lk > chmd&i}yn products

The differential equation are :
dCa/dt = k1CA
dCp/dt =-kiCA -k2CB

dCc/dt = k2CB

where
CA = cellulosc concentration
CB = glucose concentration
Cc = degraded glucosc concentration

k1, k2 = rate constants

t = time

By the Arrhenius equation, the temperature dependency of the rate constant is
obtained. Also, additional coefficients on substrate dependency have been determined. The
plot of the expected yield of sugars from cellulose as a function of time and tempcrature shows
that the best yields are at high temperatures and very short times. [22] The predicted yicld does

not increase above 55%. By increasing the value of ki, the yield can be increased to 85% by
pretreating the biomass and reducing the time for the degradation reaction.

2. Some Dilute Acid Saccharification Processes

2.1 Single Stage Saccharification.

The earliest plants involved the cooking of pine wood with 1% sulfuric acid for

thirty minutes at 170°C. The maximum yield based on the kinetic analysis above is
20%.[23, 24]

22 Continuous Single Stage Hydrolysis.

An extension of the single stage process was using a plug flow reactor and
employing higher temperatures. Higher yields were achieved. [25]

23 Two Stage Hydrolysis. [26]

This two stage batch hydrolysis separated the acetyl and hemicellulose in the
first stagc and the glucose in the second stage. The yield was 48 49%. The first stage
was at 190°C and required 3 minutes while the second stage 215°C and 3 minutes.
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2.4 The Percolation Process. [27]
This process had dilute acid washing sugar as it was formed from wood chips.

The sugar yield was doubled but the sugar concentration was less than half of the
original single stage operation.

2.5 Other Acid Processes.
Several technologies that have been developed are the Hokkaido process,

Bergius-Rhenau process, and several hydrogen chloride gas processes, among others.

ENZYMATIC HYDROLYSIS OF CELLULOSE
To offset the high cost of chemicals and the disadvantages associated with acid

h)’drolysis, enzymatic hydrolysis of cellulose is an alternative solution. Cellulases are enzymes
capable of degrading cellulose because of their specific affinity for the beta-1,4-glucosidic bonds.

Soine microorganisms with cellulase activity are Trichoderma viride, Cellumonas sp. and

Chetomiym globosum. The enzymes from these microorganism are produced by growing the
microorganism on the same cellulosic material to be used later as the substrate for sugar

Production, and separating the mycelium and the residual cellulose by centrifugation or
filtration, with the filtrate being the enzyme isolate. The cellulase enzymes consists of endo- and
exo-splitting hydrolases, together with enzymes that transform cellobiose to sugar product. The

cellulase complex of Trichoderma which is the representative of fungal cellulases contains the
following components: 1) endoglucanase, 2) cellobiohydrolase 3) beta-glucosidase. [28, 29,

30] Synergistically, the three enzymes act on the cellulose substrate. The endoglucanase starts
the attack at the internal sites of the crystalline cellulose, followed by the action of the
cellobiohydrolase. The beta-gludosidase transforms the cellobiose to glucose, preventing the
ilﬂlibitory effect of the cellobiose on the endo-glucanase, and cellobiohydrolase. [31, 32]

The cellulase system may be complex, but current technologies have resulted in greater
Productivity and it is expected that enzymatic hydrolysis will be able to compete favorably with

chemical processes.

CONCLUSION . .
It is difficult to compress such a wide subject of biomass hydrolysis into a short

Presentation such as this. The point is that there are several technologies available which could
be suitable to particular types of biomass. Some biomass may require combinations of treatment
schemes. the acid hydrolysis is the simplest method of hydrolyzing biomass but it also offer
several disadvantages. On the other end is enzymatic hydrolysis which may be efficient but is
expensive. By using pretreatment processes, more efficient acid or enzyme processes can be

attained.
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