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INTRODUCTION 
 
Interest in biodegradable polymers has increase in the recent 
years, due to environmental awareness. A few of these 
biodegradable polymers are commercially available, but their 
use is still uncommon due to high cost of these materials. 
Many researchers are still looking, for new low cost 
biodegradable polymers. Biodegradable polymers, based on 
natural material are preferred, because of two major 
advantages, first they are widely available in nature, so their 
cost is comparatively less and second due to known 
biodegradable properties, it is likely that the resultant material 
would also be biodegradable. Cellulose is a biopolymer, it is 
synthesized by plants, trees and also synthesized by the 
bacteria. In these forms, cellulose is highly crystalline due to 
extensive hydrogen bonding. Because of this behavior, 
cellulose is infusible and insoluble in most of the organic 
solvents. Many attempts were made to derivatised cellulose 
and as a result, many derivatives of cellulose had been 
developed, which had high impact strength, good solubility 
and better to process able (Kennedy et al., 1985)
control derivatization of cellulose is required. It 
suggested that, if at least one hydroxyl group in each repeating 
units in cellulose is substituted, the modified cellulose will not 
be degraded by microorganism (Lenz, 1993). Cellulose is
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Interest in biodegradable polymers has increase in the recent 
years, due to environmental awareness. A few of these 

commercially available, but their 
use is still uncommon due to high cost of these materials. 
Many researchers are still looking, for new low cost 

Biodegradable polymers, based on 
natural material are preferred, because of two major 
advantages, first they are widely available in nature, so their 
cost is comparatively less and second due to known 
biodegradable properties, it is likely that the resultant material 
would also be biodegradable. Cellulose is a biopolymer, it is 
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Composed of numerous D-glucopyranside repeating units. 
These units are linked together, by acetal bonds formed 
between the hemiacetal carbon atom, C1 of the cyclic glucose 
structure in one unit and a hydroxyl group at C3 
The hydroxyl groups on the glucopyronside ring are vulnerable 
to the chemical reaction. The non
hydroxyl group makes it reactive towards electron deficient 
reagents. Cellulose has three hydroxyl gro
unit. They are in position 2, 3 and 6. The hydroxyl groups at 
position 2 and 3 are secondary hydroxyl groups,
position 6 is a primary hydroxyl groups. The hydroxyl groups 
at position 2 and 3 are more acidic compared to 6. Therefor
are more reactive towards elecetophilic reagents (
Rowell, 1986). A verity of reagents had been used, to react 
with these hydroxyl groups and to synthesize the new cellulose 
derivatives. The first derivative of cellulose was known when 
in 1846 Schonbein discovered the cellulose nitrate 
al., 1997), and then in 1869 Schutzenburger made cellulose 
acetate (Simon et al., 1998), further in 1892 Cross & Bevan, 
discovered that cellulose can be converted into xanthate, which 
could be regenerated to cellulose in fiber form. In 1908 
Dreyfus & Lilienfield, discovered the cellulose ether 
derivatives and then in 1930 Hill and Jackson 
1985) reacted urea with cellulose to form cellulose carbamate, 
and afterward enormous work had begu
cellulose and to developed new materials for industrial use. 
Still there is need, to investigated new cellulose derivatives. 
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glucopyranside repeating units. 
These units are linked together, by acetal bonds formed 
between the hemiacetal carbon atom, C1 of the cyclic glucose 

ydroxyl group at C3 (Lenz, 1993). 
The hydroxyl groups on the glucopyronside ring are vulnerable 
to the chemical reaction. The non-bonding electron on the 
hydroxyl group makes it reactive towards electron deficient 
reagents. Cellulose has three hydroxyl groups per repeating 
unit. They are in position 2, 3 and 6. The hydroxyl groups at 
position 2 and 3 are secondary hydroxyl groups, whereas 
position 6 is a primary hydroxyl groups. The hydroxyl groups 
at position 2 and 3 are more acidic compared to 6. Therefore, 

cetophilic reagents (Young and 
. A verity of reagents had been used, to react 

with these hydroxyl groups and to synthesize the new cellulose 
derivatives. The first derivative of cellulose was known when 

Schonbein discovered the cellulose nitrate (Warthet 
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Dreyfus & Lilienfield, discovered the cellulose ether 
derivatives and then in 1930 Hill and Jackson (Kennedy et al., 

reacted urea with cellulose to form cellulose carbamate, 
afterward enormous work had begun to derivatized 

cellulose and to developed new materials for industrial use. 
Still there is need, to investigated new cellulose derivatives.  
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Fig.1. Structure of Cellulose 

 
In the recent years when mankind had faced the environmental 
constrains, once again researchers are focusing on the 
synthesis of biodegradable polymers based on cellulose and its 
derivatives. A common approach to synthesized biodegradable 
polymer based on cellulose is to generate biodegradable 
branches on to it by grafting reactions. Polycaprolactone has 
been grafted onto cellulose and its derivatives to develop such 
biodegradable material. Polycaprolactone (PCL) is a linear 
aliphatic semicrytalline ester. It is recognized as one of the few 
synthetic polymer which is biodegradable. The polymer is 
hydrolyzed by microorganism at the ester linkage (Goldberg, 
1995). Its biodegradability has been confirmed in aerobic soil 
burial, compost and respirometry studies (Goldberg, 1995). 
Despite being biodegradable PCL has the ability to be 
fabricated into useful articles by using conventional processing 
equipment such as injection molding and extrusion. PCL is 
soluble in a variety of solvents, such as benzene, toluene, 
methylene chloride, carbon tetracholide THF and cyclohexane 
and has ability to blend with a variety of other polymers over 
wide compositional range (Paul and Newman, 1978). High 
molecular PCL with Tg of 60 0C is a strong ductile polymer 
with good mechanical strength (Biodegradable 
polycaprolactone resin, 1994). These properties make it easily 
processable. 
 
Having such properties attempts were made to blend PCL with 
cellulose and its derivatives to utilized cellulose and its 
derivatives as industrial biodegradable polymer. Since 
cellulose and its derivatives are hydrophilic in nature and PCL 
is hydrophobic in nature, when they were blended it forms 
incompatible blends (Olabisiet al., 1979). The chemical 
modification of cellulose and its derivatives by the use of graft 
copolymerization is one possible way to have biodegradable 
material with a diverse range of physical properties. The ring 
opening polymerization of caprolactone in presence of 
hydroxyl groups provides an easy method to synthesized 
polyester. Cellulose and its derivatives contain readily 
available hydroxyl groups and a small amount of suitable 
catalyst will copolymerized it onto them. The resultant 
modified cellulose will have utility as biodegradable polymer 
for industrial use. In order to synthesize new cellulose 
biodegradable polymer cellulose derivatives are used, due to 
their solubility in the common organic solvent because of that 
a homogenous reaction on to cellulose is not possible. In some 
cases cellulose fiber is used in solid state and grafted with 
caprolactone.  In most case cellulose derivatives, such as 
cellulose acetate, cellulose hydroxyl ethyl cellulose, and ethyl 
cellulose are use. One of the common approach is to react the 
hydroxyl groups on the cellulose and its derivatives and to 
synthesize the new material having the biodegradable 
properties.  
 
These hydroxyl groups on the cellulose and its derivatives have 
been use to regenerate the polymer chain either by the free 
radical or ionic mechanism. Having, a lot reported work 

(Ishikura and Matsumoto, 1986; Daicel, 1982; Onishi et al., 
1985; Ohga and Namikoshi, 1985; Bayer and Dutch Pat, 1980; 
Asami and Matsumoto, 1985; Yoshioka and Mariko, 2006; 
Wang et al., 2006; Shiraishi et al., 1999; Hatakeyama et al., 
1999) the interest has been directed to prepared cellulose based 
biodegradable polymers. The purpose this paper is to review 
the work done for the synthesis of cellulose biodegradable 
polymers by the grafting of polycaprolactone. Below are the 
details of biodegradable polymer prepared from the cellulose 
and caprolactone by such grafting reactions are discussed. 
 
Biodegradable graft copolymers of cellulose acetate and 
caprolactone 
 
Cellulose acetate is widely used for the synthesis of such, 
biodegradable polymers because, cellulose acetate has good 
mechanical strength and solubility in common organic solvents. 
However, cellulose acetate is difficult to process due to high 
viscosity and high glass transition temperature which effect its 
industrial application (Zugenmaier, 2004). To utilize cellulose 
acetate it is usually plasticize with aliphatic and aromatic esters 
(Lee and Shiraishishi, 2001; Guruprasad and Shashidharar, 
2004; Warth et al., 1997), this external plasticizer can easily 
displaced from cellulose acetate causing environmental and 
health hazard. Cellulose acetate can be utilized as a processable 
biodegradable polymer after grafted with long chain 
polycaprolactone. The resultant material has the desire 
properties and no health hazard as compared to the low 
molecular weight plasticized cellulose acetate(Lee and 
Shiraishishi, 2001; Warth et al., 1997). The common approach 
to generated PCL branches from free hydroxyl groups on the 
cellulose acetate is by the use of Ring Opening Polymerization 
(ROP). This polymerization method gives well defined grafted 
structure, with minimum contamination of homopolymer and 
products with high molecular with products (Albertsson and 
Verma, 2001). Organometallic catalyst such as Sn(Oct)2 is 
widely used because of following advantages: a) It is easily 
reactive in the ROP of CL with hydroxyl substrate. b) it has 
minimum transesterification reaction. c) it generates high 
molecular weight product. d) it gives high yield. e) it has 
minimum toxicity (Dech-Cabaret et al., 2004; Deng et al., 
2005; Rieger et al., 2005; Kowalski et al., 2005). The 
mechanism of Sn II (Oct)2 catalyzed reaction has been studied 
exclusively by kricheldrof (Kricheldorf and Eggerstedt, 1998; 
Kricheldorf et al., 1995). The Sn II(Oct)2  works efficiently at 
high temperature and in the absence of solvent.  Termato and 
coworker (Teramoto et al., 2005) had prepared well define 
graft product of CA-g-PCL using Sn II octeate. The molecular 
structure of grafted product was controlled by the reaction time. 
They observed that the solvent depressed the activity of the CL 
monomer. The resultant modified CA product obtained with 
improved mechanical strength and better processability. Videki 
et al. (2005) grafted CA with CL in an internal mixer at 
temperature between 2200C and reaction time between 5 and 
45 minutes in the presence of Sn II octanoate as catalyst. Their 
results showed that significant modification did not occur at 
low temperature, below 1800C. The grafting efficiency 
increased with increasing temperature and time. The grafted 
product obtained had plasticized the CA which results in a 
considerable decrease of its glass transition temperature.  
 
Another way to generated grafted branches from the CA 
backbone first to generated branches from the free OH of CA 
with terminal reactive group and to condensed it with prepared 
polymer with reactive  polymer via condensation reaction. 

49162                            Azam, Mohammad and StephenP. McCarthy, Biodegradable polymers of cellulose by grafting of Polycaprolactone 



Huang and et al. (2003) used this approach of non-ionic 
grafting onto method. Isocyanate terminated PCL was prepared 
by the reaction of PCL with toluene-2, 4 diisocyanate (TDI), 
which was further reacted with CDA. The flow temperature of 
graft copolymers was lower than that of CDA and decreased 
with increasing, the grafting percentage. Outdoor soil burial 
test and active sludge tests indicated that the graft copolymer 
have good biodegradability in natural conditions.   
 
Cellulose Hydroxy propyl graft poly caprolactone 
 
Hydroxy propyl cellulose (HPC), is another important cellulose 
derivative, prepared by the reaction of propylene oxide onto 
cellulose. HPC has variety of applications (Cai et al., 2003; 
Sanders et al., 1986; Shinichi et al., 1999; Suzuki and Makino, 
1999). HPC is water soluble and has application as base 
excipient for topical and oral formulation, because of its low 
oral toxicity, high viscosity in aqueous dispersion 
thermoplasticity and surface activity (Wang et al., 2006). A 
graft copolymer of HPC and PCL will have improved 
properties and can have many applications as biodegradable 
polymers. HPC has poor solubility in common organic solvent 
due to that CPL grafted onto HPC either in bulk or the 
derivates of HPC are used. Shi & Burt (2003) synthesized the 
HPC-graft-PCL in bulk without using, any catalyst, in a sealed 
tube under nitrogen blanket, placed in an oil bath at 150 oC for 
24 hours. They observed that in absence of catalyst grafted 
product has shorter PCL side chains. The ratio of HPC and CL 
is very important in such reaction. A ratio of 1:4 gave 71 % 
conversion of CL and 62.8 % yield and in larger scale (30fold), 
conversion and yield decreased to 61.8% and 56.7 % 
respectively. Since HPC has poor solubility in common organic 
solvent an effort have been made to further derivitise the HPC 
to get more soluble and better chemical reactivity. Wang and 
coworkers (Wang et al., 2003) derivatized the HPC with 
trimethyl silayl (TMS). They observed that the resultant TMS-
HPC has good solubility in organic solvent and improved 
thermal stability. Another advantage of this TMS-HPC is that it 
contained easily deprotected TMS group which can have many 
synthetic applications.  A graft copolymer of TMS-HPC 
grafted PCL was prepared in xylene using Sn II (Oct)2 catalysts 
the polymerization was conducted under nitrogen at 120 0C for 
24 hours. The graft copolymer contains hydrophobic PCL side 
chains and HPC hydrophilic backbone and could be use as 
suitable carrier for hydrophobic drugs.  
 
Ethyl cellulose graft polycaprolactone 
 
Ethyl cellulose (EC) possess good solubility in common 
organic solvents and has good biocompatibility, high 
mechanical intensity and stability (Yuanet al., 2007). CL 
grafted onto EC in xylene using Sn (Oct) 2 catalyst at 120 oC 
for 24 hours. Various graft copolymers were synthesized by 
adjusting the molar ratios of the CL monomer to EC. The 
thermal stability of EC-g-PCL with short PCL branches was 
poorer than that of linear PCL and EC-g-PCL with long PCL 
branches. The EC-g-PCL was biodegradable in vitro (Yuan et 
al., 2007). Li and coworkers (1999) used a new approach to 
prepared hydrophobic-hydrophilic biodegradable polymer 
containing CL and Hydroxy ethyl cellulose (HEC) backbone. 
HEC an organic solvent insoluble cellulose, when deposited as 
a film grafted with caprolacone in bulk using and enzyme 
lipase derived from porcine pancreas (PPL) and from a 
thermophilic CLONENZYME ESL-001. The reaction resulted 
in CL grafted HEC with DSs between 0.10 and 0.32 in terms of 

per anhydrous glucose unit. Jiang and coworkers (Jianget al., 
2011) had grafted ε-CL on the HEC by homogenous ring-
opening graft copolymerization and deprotection procedure. In 
this procedure first hydroxyl groups of HEC was partially 
protected by hexamethyldisilzane as silylated agent before 
grafting. 
 
Cellulose or Cellulose fiber graft polycaprolactone 
 
As discussed earlier due to insolubility it difficult to modified 
cellulose by homogenous polymerization. Most of the reaction 
done to modify cellulose is either on cellulose in solid state or 
on cellulose fiber. However, Mayumi and coworkers (Mayumi 
et al., 2006) used special solvent system of LiCl/N, N-
dimethylacetamide to performed the homogenous 
polymerization of CL onto cellulose. CL was polymerized in 
Cellulose/LiCl/DMAc solution at 128 oC under N2 atmosphere 
for 12 hours. The ring opened CL moiety was selectively 
introduced at the C6-OH of Cellulose molecule. Cellulose-g-
PCL with low degree of substitution was soluble in some 
organic solvents such as DMSO. Cellulose fiber is used as 
reinforcement material in biocomposite. To improve the 
biocompatibility of cellulose fiber chemical modification 
cellulose fiber with deferent reagents has been done (Lonnberg 
et al., 2006). Hult and coworkers (Lonnberg et al., 2006; 
Lonnberg et al., 2011) grafted PCL directly onto solid cellulose 
substrate using benzyl alcohol initiator, Sn (Oct)2 catalyst and 
toluene as solvent. Reaction was carried out at 95 oC for 18-20 
hours under argon. The conversion was 98-100 %. Cellulose 
substrate was grafted with different graft length i.e DP 330 and 
DP 125. After the reaction morphology of the paper was 
changed and has become much smoother. Hafren and Cordova 
(Hafren and Cordova, 2005) were the first researchers who had 
modified the cellulose fiber with nonmetallic catalyst, an 
organic acid. They successfully modified the what man filter 
paper and cotton with CL using tartaric acid as catalyst in bulk 
at 120 oC for 6 hours. The mild reaction conditions and the 
nontoxic chemicals can leads to a new inexpensive 
biocompatible cellulose-g-PCL synthesis. Labet & Thielemans 
(2011 & 2012), had performed the surface modification of 
cellulose nanocrystals by ring opening polymerization of ε-
caprolactone without catalyst and with citric acid as catalyst. 
 
Conclusions 
 
Cellulose and its derivative can be grafted with PCL to 
synthesized cellulose based biodegradable polymers. The 
organometallic Sn II (Oct)2 is good catalyst for such grafted 
reaction. It can be used in solution and in bulk. However, the 
solution polymerizations give low molecular branches and on 
the other hand bulk polymerization gives high molecular 
branches. Polycaprolactone can be grafted onto Cellulose in 
fiber, and in paper form using Sn II (Oct)2 catalyst. The 
resultant graft material has biodegradable properties and 
improved processibility and mechanical strength of cellulose 
and its derivatives.  
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