CHAPTER IV

EXPERIMENTAL WORK

The experimental work can be divided into four parts : (i ) materials used in the
experiments, ( ii ) PHB characterizations, ( iii ) effects of the sample storage time on

mechanical properties of PHB and ( iiii f ”) modifying agents on the properties of
PHB |

4.1 Materials

4.1.1 PHB

After fermentation i”d purification proc&as f-PHB is white power and ready for

further expenmﬂ wq R,f' Wﬁ/w Ej f}ﬂ ‘chh of which comes

from the different®atch of purification noted as “f-PHB1" and “-PHB2", respecttvely
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“as-received"” Biomer was pretreated as follows. The solution of six grams of Biomer in
50 ml of chloroform was filled in the flask connected to a condenser chamber. The
condenser chamber was chilled with a cdntinuous water stream in order to condense
the chloroform. The solution was heated to 80°C for 10 minutes and cooled down to
room temperature for 10 minutes. The solution was stirred at 300 rpm along the heating-

cooling cycle. Six cycles were needed to treat the solution. After treating the solution
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was filtered with 0.5 mm mesh seive to remove the undissolved or coagulated Biomer.
The filtered solution was poured into the—"petridish and left in the fume cupboard
overnight to evaporate chloroform. After chloroform is completely evaporated, Biomer is

ready for further experiments.

4.1.2 Modifying Agents

There are three modifyin is work including: Propylene Glycaol,
Polypropylene Glycol and Propylene Glycol was kindly
- s kindly supplied by Pacific
ly supplied by Nics Chem
Co., Ltd. Fundamental cf | 'S ' provided by the supplier

company are summarize ulas of propylene glycol,
polypropylene glycol and in Figure 4.1, 4.2 and 4.3,
respectively.
Table 4.1 Funda odifying agents
7 » Epoxidized Soybean
e ‘ Glycol Qil
T
Abbreviaﬁﬁ' a I 2 I %qiq i I 1[ 1, I q fh q ESO
, Viscous esLI J |
Appearanc'u Clear oily quu'hd Yellowish oily liquid
liquie ./
ﬁ_ﬂg £ [ Qloga™mMon o™ ILEi
Molecildr Wei dbld N 1 d Vi) 16y
76.09 4000 About 1000
(g/mol)
Boiling Point (°C) 188.2 Not available 150.2
Specific gravity 1.0352-1.0364 1.005 0.982-1.002
Volatile Matter (%) Not available Not available 0.1
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,OH
i ! orm propylene glycol (PG)
N ..l.-"r. I"llll
where “n" r/ rage nun “ OXypropylene units.

, x |
Figure 4.2 Strictural la of'po gycol (PPG)
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Figure 4.3 Structural formula of epoxidized soybean oil (ESO)
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4.2 PHB Characterization

In order to assure that f-PHB which was acquired by the fermentation of the
bacterial strain Alcaligenes eutrophus is PHB and to characterize its properties and
characteristics, IR spectroscopy, molecular weight measurement, and thermal

properties measurement of f-PHB were proceeded. The detail of characterization is

presented as follows:

4.2.1 IR Spectroscopy

—

Three PHB saffipled Aré characterized by Fourier Transform Infrared

N

Spectroscopy (FT-IR) teg iglel F?ﬁ -\ f"-' Oi' B e, f-PHB1 and f-PHB2 were

J‘df.-é 'It" R

recorded with a "Perkin-Glimef 4760X" - instiumen (at Scientific and Technological
Y \

Research Equipment Center, Chulalorigkorn-University). The specimens were prepared

-f»,“‘i_ i i
by KBr pellets method. The KBrige epared by mixing about 1 to 10 mg of

sample with 100 mg_of IR.spéctro he spectra was measured and

recorded in the ran 400em. ‘

4.2.2 Molecular weight'measurement m

e ANENTN N
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were determined by gel permeation chromatography (GPC) technique. All fives f-PHB

samples were randomly selected from different batch of purification of f-PHB. The GPC

technique was carried out on a “Water 150-CV" instrument (at National Metal Materials
Technology Center) at 30°C. The instrument is composed of two columns of PL-Gel

104 MIXED-B and refractive index detector. Chloroform was used as eluent at a flow
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rate of 1.0mL/min. Sample injection volumes of 100 LLL was used in the measurement.

Polystyrene standards with low polydispersity were used to generate a calibration curve.
4.2.3 DSC Measurement

Specimen Preparation and condition of measurement

on temperature (T,), degree of
ﬁ f-PHB2 were measured by

sientific and Technological

The melting temperatu

DSC technique, using
Research Equipment ut 15 mg of sample was

heated from room tem G t the,heating r .‘ 5F10°C/min. After holding at

from DSC endothermic peak in'the«ﬂﬁﬁja' ing. Degree of crystallinity based on a value
et e S E S

of 146 J/g as heat of fusion at 100% c

Degree of crystallinity of safhpie.= EAH, sample x 100 (4.1)
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Five blend systems of polymer and modifying agents which were studied in this

work are summarized in Table 4.2. Each blend system was prepared at various
concentration of modifying agents: 0%, 10%, 20%, 30%, 40% and 50% by weight. The
blends of PHB/modifying agent were prepared by dissolving the proper amount of PHB

(summarized in table 4.3) in 30 ml of chloroform. The PHB solution was heated at 50°C
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for 1 hour with 100 rpm stir rate. The proper amount of modifying agent was added to
the PHB solution to make a desired blend concentration and a continuous stirring at
room temperature is needed. After the homogeneous solution was formed, the solution
was further stired at 100 rpm for 4 hrs to complete the polymer chain relaxation
process. The homogeneous solution was poured into a clean glass sheet and then

swept on the glass by the film applicator to achieve the film with a uniform thickness
r covered to reduce the evaporation rate of
)ﬂ difying agent blend was obtained

chloroform and avoid contaminants. Fi
srnight fo complete ation process.

around 0.12-0.15 mm. The swept soI jo

——
t blend syste udied in this work
RN
iomec. B f-PHB2

PPG

ESO X X

Table 4.3 The ceal: ifying agent systems

&

% by Weight Concentratin’| ~ Composition (g) Gap of the
System ﬂ uényi E(JSMIs w_ﬁ—f% ifying | film applicator
U chbroform) P(;I:/mer agent./ (mm)
Pure ﬂ;ﬁ | ' . N | 1.0
1 Biomer + PG
Biomer/10PG 10 6.5 4.85 0.65 1.0
Biomer/20PG 20 6.75 5.40 1.35 1.0
Biomer/30PG 30 6.10 4.27 1.83 1.0
‘Biomer/40PG 40 6.00 3.60 2.40 1.0
Biomer/50PG 50 9.00 4.50 4.50 0.6
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Table 4.3 The concentration and composition of polymer/modifying agent system (cont.)

% by weight | Concentration Composition (g) Gap of the
System of modifying | (g/ 30 ml of Modifying | film applicator
agent chloroform) Eeguer agent (mm)
Biomer + PPG
Biomer/10PPG 5.40 0.60 1.0
Biomer/20PPG 1:£5 1.0
Biomer/30PPG 1.875 1.0
Biomer/40PPG 2.50 1.0
Biomer/50PPG 3.00 1.0
Biomer/10ESO 1.0
Biomer/20ESO 1.0
Biomer/30ESO 1.0
Biomer/40ESO 1.0
Biomer/5S0ESO 1.0
Pure f-PHB1 1.0
f-PHB1/10PPG 4 x 1.0
f-PHB1/20PPG id" o 3.75 480 | 135 1.0
f—PHB1/3OPP(F L m | [ 1&5 1.0
f-PHB1/40PPG i 40 ©.00 2:80 2400 | 10

g
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Table 4.3 The concentration and composition of polymer/modifying agent system (cont.)

% by weight | Concentration Composition (g) Gap of the

System of modifying | (g/30mlof | polymer | Modifying | film applicator

agent chloroform) agent (mm)
£PHB2 + ESO

Pure f-PHB2 0 | 600 - 1.0
-PHB2/10ESO 10 N _ 5 0.65 10
£-PHB2/20ESO 2 | 1.35 1.0
-PHB2/30ESO 2.10 10
-PHB2/40ESO 0 270 10
-PHB2/50ESO 0 3.50 10

strip=shaped specimens. The

Ot A

strip is 10 mm in width40 cm in length and 0.1

were kept for 1 froh thie chloroform evadration was completely finished to reach
ﬁmm 4 bl g ks of mbonarice properes
which varied W|th specimen storage time were summasized in AppendixyBs

ammnﬁm AN1INLIaE

X|mum tensile strength, %elongation at break, the stress-strain curve and

-0.15 mm in thickness. The specimens

modulus of elasticity of the PHB/modifying agent blending system were measured using
a “LLOYD 2000R" universal testing machine (at Polymer Engineering Laboratory,
Department of Chemical Engineering, Faculty of Engineering, Chulalongkorn University).
The test conditions follow ASTM D882. The determination of tensile properties was done
at constant crosshead speed of 2mm/min with a 1000 N load cell. At least five

specimens were used for each blend composition. The results of maximum tensile
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strength, %elongation at break and modulus of elasticity were reported with the error bar

of 95% confidence. The details of error analysis were presented in Appendix C.

4.5 Morphology

Specimen preparation and condition of measurement

Morphology of the PH | jing v em was observed by using a

scanning electron microsee O : dScientiﬁc and Technological

Research Equipment C
good samples for eleCtrog o//a/e/

ngkorn Unive ce this technique requires
/ g, it " necessa 0 provide conduction to

specimens by coating®with. 1ayer (i gold, was used in this work). The

b

coated specimens wergfkepi'in € ace before experiment. SEM was operated at 15

ce toe high energy can burn the

*

kV. This is considered tofbe

samples.
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