CHAPTER Il

LITERATURE REVIEW

In this chapter, the literature reviews are summarized into 2 parts as follows:

1. Miscibility and mechanic
blending. ’

2. Brittleness m 2
1. Miscibility and mec/ : ‘\amklmerladdltlves blending.

s and degradability of the
systems of PHB, PHB bi { includin: lyethylene glycol (PEG) and

oxypropylated glycerine orla ork is to study the possibility
to use PHB biomass insteadof pure £ ducts which lower purity of PHB
was requested such as agrochir%ﬁ ’ ;.H'_ atrices and seed immobilization film
for agriculture. The ’13-18 biomass co ains 70-C gight of PHB and the rest

PHB/plasticizer were pgaared Dy oroform ana:asted into film shape. The

thin films with the thickness 0.03-0.04 mm werq_put into dumbbell shape specimens. The
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the %elongatlon‘Ut break of PHB blorgass/LAP syste is better than Q}B biomass/PEG
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biomassMAP was changed from 4 to 25% when the LAP content was increased from 5
to 50%. The presence of cell residue causes structural defects. Maximum tensile
strength of PHB biomass/plasticizer that is practically constant around 3 MPa over the
entire range confirms this conclusion. From the results of mechanical properties, they
suggested that PHB biomass/plasticizer system with 30% plasticizer content was
suitable for some applications, i.e., biodegradable matrices for agrochemical and seeds

incrustation. From the biodegradability study, pure PHB biomass and PHB containing
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10% by weight of PEG exhibit the fastest rate of degradability. The degradation
completes in 22 days. They ex}Sléined that the hydrophilicity of PEG and high
biodegradability of biomass made the microvoids formed in the polymer matrix. These
microvoids increase the specific surface area for degradation activity of enzyme
excreted by microorganisms. The system of PHB with 33% by weight of LAP showed the

slowest of degradability. The calculated average lifetime of this system is around 6-8

th$ me roperties of the composites of

_mHBV) and hydroxyapatite

copolymer poly(B-hy
(HA). The aim of this

fracture fixation. PHB i s four di oht of valerate monomer was
used in this experime ing 0 - 2-and 24%. é"ﬁbmposites of PHBV and HA
are prepared by melt pr this work is 70% by weight
From the mechanical study'th (9] . o of HV monomer had highest
modulus of elasticity at abouf 2. : f:".““ A operties of the composites were
strongly effected by HV monomer'%;ni > J =% elongation at break of the composites
varied around 5% o:elr the raﬁ‘gexo'f';';-l\;(mo ‘ udied. Maximum tensile

From the data of ma@ufﬁ“ nsile s se bﬁe (about 137.8 MPa) and

sponge bone (41.4 MPa), é«h suggested that'Lp composite containing 8% by weight of
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blodegrapabmty of the PHB/chitin and chitosan blend. The decrease of the degree of
crystallization of PHB in the blends was observed. The suppression of the PHB/chitosan
blends was observed in a wider range of compositions than that in PHB/chitin blends.
The suppression of PHB crystallization might be caused by two factors. One is the
formation of the intermolecular hydrogen bond between the PHB carbonyl groups and
the chitin/chitosan hydroxyl and/or amine groups. Another is the rigid environment that

arises from inflexible polysaccharide molecules. The biodegradability of PHB/chitin and
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PHB/chitosan was improved with an increasing of PHB content. The PHB/chitin blends
which cont;ins 25% of PHB showed faster rate of biodegradability than that of pure PHB
and pure chitosan. They concluded that the acceleration of the biodegradation is
attributed to the suppression of crystallinity of PHB. The biodegradability of the
PHB/chitosan system was found to be significantly improved, inspite of the low

biodegradability of the pure chitosan.

Zhang et al. [2000] studii B;\%\x\ ltlng and crystallization behavior of

the blends of PHB/pon(epndﬂM’m-cs—ethmz (PECH-EO) and PHBV/PECH-
EO. From the DSC measiu | ‘Iassmw(peramre (T;) was observed
‘ ion n and intermediate between

1-EO and PHBV/PECH-EO

for each blend. Tgs of

those of the compon
are miscible. The app i _' P ‘ f I-TE ‘iecreases slightly with an
increasing of PECH-EO N alizati B and PHBV was affected by
PECH-EO content. The ph )

The radial growth rate of PH : h 'tes are delayed by PECH-EO at higher

crystallization temperature.

(A

Hay and SRE na [2000] studied the effects

an

crystallization behavior mglﬁ'};lass transition, which was

varied between those of two &olymers was o%_gwed in the blends. They found that two

polymers wereﬁ uﬂé'gh%lﬁ Fﬁ;‘%wﬁcjs@rﬂ@y found a conflict of

evidence in that'the presence of PVAc both inhibits the crystalllzatlon rate of the blends
at Iowan q&ﬂﬁtm d'tllréI ﬁ ﬂomt of PHB.
The crysta Etlon rate acceleration wagsj:ﬁuted to an mcrease in the nucleation
density that was produced in blending with PVAc. They claimed that impurities in PHB
homopolymer which was low in quantity act as nuclei crystallization, such that few
spherulites are observed. They concluded that blending PHB with PVAc was considered
to add impurities with a resulting increase in nucleation density of the blends. The
texture and shape of the spherulites was rharkedly affected by blend composition, since

on increasing PVAc content the surface of the spherulites become rougher, i.e., granular
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in appearance with a distortion from the spherical shape and the development of less

well-defined spherulite boundaries.

Yoshie et al. [2000] studied the degradability of the plasticized systerm of PHB
and low molecular weight additives such as dodecanol, lauric acid, tributyrin and

trilaurin. The degradablity of polymer was measured by weight loss of specimens

immersed in the enzyme extracted f teria. The mixtures of PHB and additives
were prepared by solution ca ncluded that for a small amount of
additives, the degradatxon g: rﬁﬁﬂe the large amount of plasticizer

retarded the degrada .

‘was used to describe the

itive system. The retardation

phthalimide on crystallization onﬁa \d=cop
J .r"i‘:.:r" 4 "?‘Fﬂ

hydroxyvalerate). Th?\jffect of these addlt(ves

-l —
PHB at relatively Iovgtemﬁ to tlﬁ formation of secondary

crystallization. This Ieadséghe embrittlemeqbof PHB. If PHB can be crystallized at

higher temperﬂeuoﬂpé}%rﬂa%@ W H ’q ﬂ;%ﬂ The embritlement

of PHB will beihhibited. They foung that the effectlveness as ne&jatmg agent of
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Bibers et al. [1999] studied the effects of plasticizers,i.e., dioctyl sebacate,
dibutyl sebacate, polyethylene glycol, Laprol 503, Laprol 5003 on the mechaniéal
properties of PHB. The blend films were prepared by solution casting. The films of
PHB/additives system were cut into dumbbell shape. The crosshead speed was set at 2
mm/min. The results showed that the maximum tensile strength values of all

PHB/plasticizers systems were linearly reduced with an increasing in plasticizer content.
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For all PHB/plasticizer systems, the %elongation at break was increased gradually with
an increasing in the plasticizer content up to 10% by weight. The %elongation at break
was sharply increased when the plasticizer content was around 15-30%. They
suggested that the maximum acceptable content of plasticizer is 20-30%. This value
was based on the minimum value of maximum tensile strength which used in major field
of applications (about 10 MPa). From DSC measurement, the results showed that the

ratio of amorphous to crystalline m’ practically constant. The changes of

were due to the considerably

mechanical properties in PH

weakened intermolecular i |n n thsamq@egions of PHB.

—"

Maekawa et al chanical properties of the

polymer blends of PH lends were prepared by

solution casting and me em&pertles were measured by
cutting the polymer films dimension of specimens is
25 x 3 mm. The initial ‘gua g speed were set at 15 mm and 0.15
mm/s, respectively. They Luthat. nds are miscible over the entire
range of composition. For the ’-sé}i_éles ------ d by solution casting method, the
%elongation at break of the *S'ém"plé's was around 1%. The

3%. The %elongation y irr the samples prepared by

melt-quenched methodaj he %elongatlon at break of the samples containing 50% CP

which prepare concluded that the
increase of d ﬂ wﬂ ?r?njsm?d to tﬂdecrease of crystallinity of the
blends ir ﬁ f the PHB
sphem)awllﬁﬁﬁzi msi[ﬁﬂl m ’JI VH Since the

crystalllnlty of melt-quenched sample is suppressed rapidly, the tensile behavior of the

blend is influenced by amorphous phase of polymer only.

Yoon et al. [1998] studied the miscibility of PHB with ethylene-vinyl acetate
(EVA) copolymer containing 70% (EVA70) or 85% (EVA85) of vinyl acetate. They found

that the blend of PHB/EVA70 was immiscible because the glass transition temperature
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(Ty), melting temperature (T,), and the spherulite growth rate under the isothermal
crystallization were independent of the blend composition. They found that T, the
spherulite growth rate and the equilibrium melting temperature of the PHB/EVAS5
system decreased with an increasing of the EVA85 content. They concluded that PHB is

miscible with EVA85.

Lee et al. [1997] studied th

iscibility of polymer blend of PHB and
poly(vinylidene chloride-co-ac m ]. Each blend showed a single
glass transition temperatur ing"; ession of PHB. All the blends

containing more than 40% ¢ spherulitic growth behavior

and the growth rate dgef t. They concluded that

PHB/P(VDC-AN) blends ag

Xing et al. [199 judi ' ibili ‘ llization behavior of polymer
blend of PHB and polyvi F i merphous polymer which has the
Loy ikl

glass transition temperat mposition-dependent glass

transition temperature of th bl ey concluded that the blend

P T .
system is miscible. The presenﬁéi»“"h df’ 5*PVPh component resulted in a
reduction in the rate of sphe LPHE. The equilibtsm'melting point of PHB in
elting enthalpy of PHB in

the blends decreased v e@
ero at about 40% of PVPh

the blend was substa ally lowered and approached 74
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brabender and then cooled in liquid nitrogen. By using DSC, optical microscopy, SEM
and dynamic mechanical thermal analysis (DMTA), it was reported that the polymer
blends are immiscible over the entire range of composition. Sheets of polymer blend
were prepared by hot-compression-moulding method. The specimens used in tensile
testing were cut into dumbbell shape. The crosshead speed was set to 1 mm/min. The

results showed that blending PHB with POM did not improve the mechanical properties
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of PHB. %Elongation at break was decreased from 2.6% for pure PHB, to 1.1% for the
blend containing 60% by weight of POM. The %elongation at break of the blend
containing 80% by weight of POM and pure POM is 4.4% and 10.7%, respectively.

Pizzoli et al. [1994] studied the isothermal crystallization behavior and
morphology of PHB/cellulose ester (CE) blend. Two different CEs were used to blend

with PHB. At low PHB content, a stron ndence of the glass transition temperature

(Tg) on the blend composition seemed to change slightly in the

zation rate was decreased by

blends containing high cont
T ————

the appearance of CE. 0 accounts to explain the
depression of PHB crys

1. A dilution e _ : iS % i f crystallizable elements at

component

-P,.r:

3. A reduction of the ,-—;"_'; tallization due to melting point

depression
From optical’} miciescopy:—ihie—oiysiaiiizalion—of-iic 'PHB/CE system was
observed. At the same‘ 0 phology difference in the

system containing dlfferent og/pe of CE. Type of CE does not play the fundamental role in
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the blends of PHB and poly(€-caprolactone) (PCL). The blends were mixed and
compression-moulded. The polymer blends showed immiscibility. From DSC and
dynamic mechanical thermal analysis (DMTA) study, they concluded that PCL formed a
continuous matrix and PHB spherulites were encapsulated as islands in the PCL matrix.
For the blends containing PCL content less than 60% by weight, PHB become the

continuous matrix. The inclusion of PCL has a little effect on reducing the brittleness of
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the blends. The tensile testing speed was set at 10% of the specimen length per minute.
The results showed that the modulus of elasticity was decreased systematically from
2.10 GPa, for samples containing pure PHB, to 0.36 GPa, for samples containing pure
PCL. The %elongation at maximum stress showed an improvement in ductility. The
%elongation at maximum stress can be divided into two groups, for the blends
coﬁtaining PCL content more than 60% and less than 60%. For the blends containing
more than 60% of PCL, the %elongatien at maximum stress was varied from 4.4% to
7.4% when the PCL conten %\' ﬂ 60% to 100%. For the blends
containing PCL content Iess&%, trs %éat’maximum strain was varied in
the narrow range from 1.0%

60%.

t was increased from 0% to

m
L
%

Ilfiaﬁon and thermal behavior of
polymer blend of PHB a
The

composition-dependen influence of blend

composition on the ov the spherulite growth rate

L e

suggested that the two polymergfarmed 4 miscible blend in the amorphous phase. They

——

Ceccorulli et al ‘Qﬁ iedh t q": ility gofyt blends of PHB and
cellulose acetﬂbﬂrﬂ( Bﬁﬂmﬂvﬂﬂngght plasticizer such
as di-n-butyl phthalate (DBP) on the glass transiti reof p » pure CAB
and t&ﬁﬁ a&ﬁﬁ ﬁlﬂﬁﬁi‘rﬁﬁj ﬁrﬂe mixing and
then inje?:tion-moulding. The ternary blends of PHB/CAB and DBP were prepared by dry
blending and then melting in the DSC pan. For the polymer/DBP blends, the results
show that both PHB/DBP and CAB/DBP systems are miscible over the whole range of
composition. DBP is an effective plasticizer for PHB and CAB by lowering the glass

transition temperature of PHB and CAB. Two separated glass transition temperatures

waere observed in the intermediate range of DBP content in the blend of CAB/DBP.



32

They concluded that this phenomenon is previously observed in several systems which
glass transition temperature of polymer and diluent are considerably different. For
PHB/CAB, the glass transition temperature shifts to lower temperature when the PHB
content in the blend is increased. For the ternary blend of PHB/CAB and DBP,
increasing of DBP content further decreased the glass transition temperature of
PHB/CAB. For the fixed amount of DBP content in the ternary blend, the glass transition

of the ternary blend decreases signific

I,}/hen the PHB content is increased. The

e ternary blend.

Ceccorulli et al. iodegradable plasticizer, di-n-

butyl phthalate (DBP), PHB. From the literatures

they observed, they HB ,de% hetg nules in the cytoplasm of

1

x
microorganisms is plasti se_its_mobi ni thibsence of crystallinity are

LA

lation betweer |
phenomenon occurréa-withi=PHB=Kept-if-the grantle-becs ¢ g plasticization does not

3 stiZiT:frystallize in the PHB/DBP

concluded that therejre no re PHB with adding DBP and
Y |

imply an inability of mqf;jorﬁ' ecules to
blend. The absense on c?stallinity of PHB ke&t,in the granules is not effected by PHB
-

plasticization. ﬁeﬂﬁn?éﬂaﬁm Wﬁl ré]ﬂlﬁ the prevention of

crystallization of HB kept in the granule.
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acetate butyrate (CAB) and cellulose acetate propionate (CAP). CAB and CAP are
cellolose ester of which the glass transition temperatures are around 103°C and 145°C,
respectively. The blends of PHB/CAB and PHB/CAP were prepared by melt mixing
method. They concluded that PHB was miscible with either CAB or CAP. The blends
were completely amorphous in the PHB/CAB system with containing 50-95% of CAB
and in the PHB/CAP system which containing 40-95% of CAP, while blends containing
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lower CAB and CAP content were partially crystalline. Glass transition temperature,
which was decreased with an increasing of PHB content, was observed in the blends

that were amorphous.

Azuma et al. [1992] studied the thermal behavior and miscibility of
PHB/poly(vinyl alcohol) (PVA) blend system. Glycerine was added to the blend system
as a plasticizer for PVA. The DSC the

) of each blend showes three endothermic
peaks. The peaks which represe !T '

crystall‘ine phase and the d

and 250°C, respectively, rystalline phase decreased

with an increasing of line phase remains almost
unchanged. Glycerine of PHB. They found that
these blends are partial na 2 degree of miscibility for
PHB/PVA blends is found f . ds_iaé : The miscibility of PHB and PVA

was enhanced with an incre

J.r v‘.r‘ -.:7 ," .
Avella and Martuscelli [19@3&5@1 1@ miscibility of polymer blend of PHB

= .ﬁ‘- 4 £
and poly(ethylene oi;ije) (PE(S)"' The blends  exhibi a.-single glass transition
temperature and a d w—- ------------------ iorium meiting t ature. The presence of
PEO caused a depressﬂ'm D ﬂites. They concluded that

the blend of PHB and PEO ;;vas miscible in the melt and in the amorphous state.
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d Koning and Lemstra [1993] studied the mechanism of PHB brittleness and
the effect of brittleness on mechanical properties of PHB. From the tensile testing, the
result showed that the %elongation at break of suddenly prepared PHB is around 40%.
When the samples were stored for more than 2 weeks, the %elongation at break
decreased to less than 10%. They summarized that the cause of the brittleness are the

cracks generated in large spherulites, the physical ageing and the progressive
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crystallization. This contradicted the theory about the crack in spherulite. They noted
that the brittleness is occurred in PHB in which small spherulites were generated too.
Commercial PHB which boron nitride is added as nucleating agent showed very fine
spherulites and the samples prepared from commercial PHB showed the brittleness too.
The physical ageing is a phenomenon happened in all glassy materials. The physical
ageing can be completely reversed by heating the material above the glass transition
temperature (T ) or by mechanical st %ults showed that PHB that stored for

150 days was brittle. The %elo HB stored for 150 days is around

7%. When heatlng at 70°C Mes x’as PHB, the %elongation at break
ﬁwic again when the sample
.can_not moved permanently. This

the physical ageing can

improved to 13%. This s

was stored for another.

result showed that the j _
be removed permanent! r;és'iof PHB is attributed to the
progressive crystallization
upon the storage day. Fro nversion of densi rystallinity, the crystallinity of
as- moulded PHB is 56% _"1 € '*;f;r‘ o when the sample was stored

upon 200 hours at 25°C. They cd’nétuﬁed at-ery tallization of PHB is not completed
"'.-""FH:'"I“"'; ;{ﬂ -

during moulding prociis so the progressive Crys c rred on the subsequent

storage. Progresswé‘i,' erystallization cons rainS —the ~amorp b g chains between the

crystals and the embﬁemén’& OCCUrS

>Sted ﬁat the simple annealing
treatment could be tougheQ.PHB and prevent the bnttleness to the larger magnitude.
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de Koninglet al. [1992] studied the ageing process that embnttles PHB and the

RS T

process can be partially reversed by the employment of heat or mechanical strain. The
toughness of PHB could be improved only small and temporary. They believed that the
ageing process was influenced by the adding of additives and mechanical orientation,
that affected the segmental mobility in the amorphous phase of PHB. There are two
types of PHB used in this experiment. The first type of PHB is commercial PHB which

1% by weight of boron nitride was added as nucleating agent and the second type is
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virgin PHB powder which used to be the reference. From the experiment, they
concluded that the ageing phenomenon is the intrinsic property of PHB and is not

affected by the extraneous compounds or mechanical orientation.

Barham and Keller [1986] studied the cracking mechanism in PHB spherulites.
They found that the crack usually forms in PHB spherulites a few hours after PHB

sample was cooled to room temper: There are two types of crack in PHB

he PHB sample crystallized

\\\w"b cks grow and join up. This
't !-

120°C. Both circumferenti

at 60°C. When PHB sa#

phenomenon embrittle 1l ggeste ferential crack is attributed
to the difference in ragie dF girc --fJ ﬁ ~- expansion coefficients. This
difference generates la ‘ ed cracking. They found a
relationship between the radial crack -' 0 5 nism of PHB spherulites but
further work was required {o c¢ c,.:.'..:‘?.ﬁ hi
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