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AbstractAbstractAbstractAbstract    
Thermoplastic starch compounds were prepared from cassava starch, glycerol, and tartaric acid by the twin-screw extruder. Fourier-
transform infrared spectroscopy (FTIR) analysis demonstrated the formation of ester bonds during starch modification through absorption 
peaks at characteristic wavelengths of C=O bonding and C—O bonding. Biodegradable polymer  were fabricated from thermoplastic 
starch (TPS) and polybutylene adipate terephthalate (PBAT) by the twin-screw extruder and then a blown film extrusion process. Scanning 
electron microscopy (SEM) images showed that when using modified thermoplastic starch (MTPS), the material showed a more 
homogeneous structure. Besides, this study also selected the optimal content of tartaric acid as a compatibilizer, screw speed, and talc 
powder content used in the blend when determining the tensile properties and melt flow index (MFI) of the material. 
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1. 1. 1. 1. IntroductionIntroductionIntroductionIntroduction    
Recently, petroleum-based polymers have been widely used in 
various applications such as in packaging and mulching films. 
However, these materials  cause several environmental problems 
because of the non-degradable waste that they produce., Many 
efforts have been made to develop environment-friendly 
biodegradable materials to minimize the environmental impacts 
of non-degradable plastics [1].  

Starch is one of the most potential natural polymers because 
of its biodegradability and annual renewability. Besides, starch 
offers a attractive ingredient for new biodegradable polymers due 
to their low material cost and ability to be processed with 
conventional plastic processing equipment. Native starches are 
semi-crystalline materials. Before the gelatinization, the 
decomposition temperature of starch is lower than its melting 
temperature. Hence, starch-based materials cannot be process 
under heat using conventional plastic equipment, particularly 
extruders [2]. Therefore, it’s necessary to combine with 
plasticizers such as water, glycerol, ethylene glycol or sorbitol,… 
to form a meltable material called thermoplastic starch (TPS) [3].  
TPS can produce fully degradable films; however, they are 
strongly affected by moisture, poor mechanical properties, and 
limited application. 

Because of these limitations, TPSs are often blended with 
other syntheses biodegradable polymer to enhance their 
properties such as polylactic acid (PLA), polybutylene 
terephthalate (PBT), polycaprolactone (PCL), polybutylene adipate 
terephthalate (PBAT) [4-7]. Among those polymers, PBAT has 
attracted a lot of attention from researchers due to its high 
mechanical properties and similar processing conditions for low-
density polyethylene (LDPE) and fully degradable. 

The difference in the surface properties between TPS and 
PBAT (TPS is hydrophilic while PBAT is hydrophobic) leads to low 
interfacial compatibility and  phase separation, which can 
decrease the performance of materials.  Several reactive coupling 
agents have been used to improve the interfacial adhesion 
between the two phases, including maleic anhydride, citric acid, 
maleated TPS, maleatified PBAT, epoxy additive, maleic acid, and 
tartaric acid [8].  

Tartaric acid (TA), produced naturally in grapes, has been 
reported that it could enhance the compatibility of PBAT/TPS 
blends through acid hydrolysis reactions and 
esterification/transesterification reactions, leading to better 
properties [1,] [9] [10]. 

In this study, PBAT/TPS blend films were prepared using 
two-step compounding and subsequent blown film extrusion. The 
effects of tartaric acid compatibilizer on the microstructures, 
melting index of the blend, and the mechanical properties of the 
films were investigated. 
2. 2. 2. 2. Materials and methodsMaterials and methodsMaterials and methodsMaterials and methods    
2.1. 2.1. 2.1. 2.1. MaterialsMaterialsMaterialsMaterials    

TableTableTableTable    1.1.1.1. Materials used in the study. 
No.No.No.No.    MaterialsMaterialsMaterialsMaterials    PropertiesPropertiesPropertiesProperties    SourceSourceSourceSource    

1 Cassava 
starch 

Moisture content: < 14% 
Impurities content: < 0,2% 
Dynamic viscosity of 6% 
solution at 30oC: 8000 — 
14000cP 
Particle size (Through 
100μm): 96-99% 

Hung Duy 
Co., LTD, 
Vietnam 

No.No.No.No.    MaterialsMaterialsMaterialsMaterials    PropertiesPropertiesPropertiesProperties    SourceSourceSourceSource    

2 Glycerol 

Density: 1,26g/cm3 

Melting point: 18oC 
Boiling point: 290oC 
Viscosity: 1,412Pa.s 

P&G 
Chemicals, 
Malaysia 

3 PEG 4000 Density: 1,20g/cm3 
Melting point: 53 — 58oC 

China 

4 PBAT 

Melt flow index (MFI): 5g/10 
phút 
Tensile stress: 24,5MPa 
Elongation at break: 395% 

Xinfu 
Chemical, 

China 

5 
Tartaric 
acid 

Density: 1,79g/cm3 
Melting point: 171 — 174oC 

China 

6 Talc 
Density: 2,58g/cm3 
Particle size: 4,5μm China 

2.2. 2.2. 2.2. 2.2. Thermoplastic starch preparationThermoplastic starch preparationThermoplastic starch preparationThermoplastic starch preparation    
Modified thermoplastic starch (MTPS) was fabricated according to 
the scheme in Figure 1. 

 
FigureFigureFigureFigure    1.1.1.1. Preparation scheme of the thermoplastic starch. 

Cassava starch, plasticizers (including glycerol, polyethylene 
glycol at the ratio of 80:20), and tartaric acid were mixed for 15 
minutes at room temperature. The mixtures were packaged in 
polyethylene bags and stored for at least 24%h at room 
temperature to equilibrate all the components. 
After that, the mixture was fed into a two-screw extruder with the 
barrel temperatures from the feed zone to the die zone were 120-
140-160-170-170-170-170-160-150-140˚C. The screw speed was 
at 150%rpm. 
The extruded thermoplastic starch was water-cooled, cut into 
pellets, and dry at 85oC in 3-4 hours. 
2.3. 2.3. 2.3. 2.3. Preparation of thePreparation of thePreparation of thePreparation of the    PBAT/PBAT/PBAT/PBAT/MMMMTPSTPSTPSTPS    filmsfilmsfilmsfilms    
PBAT, MTPS (with PBAT/MTPS weight proportions of 60/40), and 
the additive were pre-mix in a mixer and fed into a two-screw 
extruder with the barrel temperatures from the feed zone to the 
die zone were 120-140-160-180-180-180-180-170-160-160˚C. 
The screw speed was 150%rpm.  
The extruded blend was water-cooled, cut into pellets, and dry at 
80oC in 4 hours. 

 
FigureFigureFigureFigure    2.2.2.2. Preparation of the PBAT/MTPS blend.  

The film samples were prepared using the Labtech blown film 
extrusion system. The barrels temperatures from the feed zone to 
the die zone 170-170-170-170-170-170-170˚C. The screw speed 
was 25%rpm. 

  
FigureFigureFigureFigure    3.3.3.3. Labtech blown film extrusion. 

2.4. 2.4. 2.4. 2.4. Characterization of theCharacterization of theCharacterization of theCharacterization of the    PBAT/PBAT/PBAT/PBAT/MMMMTPSTPSTPSTPS    filmsfilmsfilmsfilms    
2.4.1. 2.4.1. 2.4.1. 2.4.1. Determination of tensile propertiesDetermination of tensile propertiesDetermination of tensile propertiesDetermination of tensile properties    of of of of PBATPBATPBATPBAT/MTPS/MTPS/MTPS/MTPS    filmsfilmsfilmsfilms    
Tensile tests were performed using Lloyd LRX Plus (5kN) testing 
machine. Tensile strength and elongation at break were measured  
according to ISO 527-3:2012. 
Tensile stress:   

 

 

 where: 
σ: is the tensile stress value, expressed in megapascals (MPa); 
F: is the measured force concerned, in newtons (N); 
A: is the initial cross-sectional area of the specimen, mm2. 
Elongation at break: 

 
 where: 
ɛ: is elongation at break, in percentage (%); 
L0: is the gauge length of the test specimen, mm; 
ΔL0: increase of the distance between grips, mm. 
2222.4.2. .4.2. .4.2. .4.2. Determination of the meltDetermination of the meltDetermination of the meltDetermination of the melt    flow index (MFI) of PBAT/MTPS flow index (MFI) of PBAT/MTPS flow index (MFI) of PBAT/MTPS flow index (MFI) of PBAT/MTPS 
blendblendblendblend    
Melt flow index (MFI) of PBAT/MTPS blend was tested by MP993 
Melt flow tester (Tinius Olsen, USA) according to the test method 
specified in ISO 1133-1: 2011 standard. 
2.4.3. 2.4.3. 2.4.3. 2.4.3. Scanning electron microscopy (SEM)Scanning electron microscopy (SEM)Scanning electron microscopy (SEM)Scanning electron microscopy (SEM)    
The samples were frozen in liquid nitrogen and then cryofractured 
to obtain the cross-sectional samples. The film samples were 
mounted on a bronze stub and sputter-coated with platinum 
before observation.  

The surface and cross-sectional morphology of the films 
were observed using a JEOL JSM-6360LV scanning electron 
microscope. 
2.4.4. 2.4.4. 2.4.4. 2.4.4. FFFFourier transform infrared spectroscopy (FTourier transform infrared spectroscopy (FTourier transform infrared spectroscopy (FTourier transform infrared spectroscopy (FT----IR)IR)IR)IR)    
The FT-IR spectra of the films were obtained using an IRAffinity-
1S spectrometer (Shimadzu, Japan) to evaluate the molecular 
interactions in the film matrix. The wavenumber was over the 
range of 4000-400cm-1. 
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 where: 
σ: is the tensile stress value, expressed in megapascals (MPa); 
F: is the measured force concerned, in newtons (N); 
A: is the initial cross-sectional area of the specimen, mm2. 
Elongation at break: 

 
 where: 
ɛ: is elongation at break, in percentage (%); 
L0: is the gauge length of the test specimen, mm; 
ΔL0: increase of the distance between grips, mm. 
2222.4.2. .4.2. .4.2. .4.2. Determination of the meltDetermination of the meltDetermination of the meltDetermination of the melt    flow index (MFI) of PBAT/MTPS flow index (MFI) of PBAT/MTPS flow index (MFI) of PBAT/MTPS flow index (MFI) of PBAT/MTPS 
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to obtain the cross-sectional samples. The film samples were 
mounted on a bronze stub and sputter-coated with platinum 
before observation.  
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1S spectrometer (Shimadzu, Japan) to evaluate the molecular 
interactions in the film matrix. The wavenumber was over the 
range of 4000-400cm-1. 
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3. 3. 3. 3. Results and discussionResults and discussionResults and discussionResults and discussion    
3.1. 3.1. 3.1. 3.1. FTFTFTFT----IR analysisIR analysisIR analysisIR analysis    
To increase the compatibility between TPS and PBAT, while 
reducing the inherent hydrophilic properties of TPS, this study 
using tartaric acid as a modifier for TPS. 

FT-IR analysis can be used to effectively study the molecular 
interactions between tartaric acid and starch that occur during 
reactive extrusion. FT-IR spectra of the TPS and modified TPS 
(tartaric acid content of 3,5% by weight) was shown in Figure 4.  
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FigureFigureFigureFigure    4444.... FT-IR spectra of the thermoplastic starch (TPS) 

and modified thermoplastic starch (MTPS). 
Both TPS and MTPS, characteristic absorption peaks of 

starch molecules appeared: the absorption peaks around wave 
number 3310cm-1 occurred because of the presence of hydroxyl 
groups (—OH), the absorption peaks at wavenumber 2930%cm−1 
are assigned to —CH bonds, and the absorption peaks at 
wavenumber 1152cm-1 assigned to the stretching vibration in the 
C—O—C bonds. 
TableTableTableTable    2222.... The absorption peaks in FT-IR spectra of TPS and MTPS. 

Wave Wave Wave Wave 
numbersnumbersnumbersnumbers    

TPTPTPTP
SSSS    

MTPMTPMTPMTP
SSSS    

Bonds/GroupsBonds/GroupsBonds/GroupsBonds/Groups    

3310cm-1   
—OH groups(stretching 
vibration) 

2930cm-1   —CH bonds 

1720cm-1 -  C=O groups 

1640cm-1   
—OH groups (bending 
vibration) 

1152cm-1   C—O—C bonds 

1270cm-1 -     C—O bonds 

We noticed that absorption peaks at wavenumber 1720cm-1 

(assigned to C=O groups) and 1270cm-1 (assigned to C-O bonds) 
appeared on the spectra of MTPS but can not be found on those 
of the TPS. 

Since the MTPS samples were rinsed by acetone, the excess 
tartaric acid was removed, so the peaks at wavenumber 1720cm-1 

and 1270cm-1 were confirmed not to be tartaric acid. These peaks 
were evidence of the esterification between —OH groups of TPS 
and tartaric acid. 

Similar results were reported by Olivato [11] when 
analyzing the FT-IR spectra of PBAT/TPS blend using tartaric acid 
as compatibilizer. Olivato believes that esterification reactions 
promoted by TA were demonstrating that TA reacts with starch, 
increasing its compatibility with the PBAT phase and improving 
the properties of the blends. 
3.2. 3.2. 3.2. 3.2. Effect of Effect of Effect of Effect of tartaric acidtartaric acidtartaric acidtartaric acid    on properties of PBAT/MTPSon properties of PBAT/MTPSon properties of PBAT/MTPSon properties of PBAT/MTPS    blendblendblendblend    
3.2.1.  Tensile properties and melt flow index3.2.1.  Tensile properties and melt flow index3.2.1.  Tensile properties and melt flow index3.2.1.  Tensile properties and melt flow index        
In this section, PBAT/TPS blends were prepared using 15% by 
weight of the plasticizer, and the tartaric acid content changes 
from 2.5 to 3.8% by weight. Figure 5 was shown the effect of 
tartaric acid contents on melt flow index of PBAT/MTPS blend and 
tensile properties of PBAT/MTPS films. 

The graph shows that the properties of the PBAT/MTPS blend 
change according to the acid content. The melt flow index and 
elongation tended to increase with the increasing tartaric acid 
content. However, these values tended to grow slowly as the acid 
content increased from 2.5 to 3.5%. When tartaric acid exceeding 
the threshold of 3.5%, these two values tend to increase 
significantly. When the modifier content increased from 3.5 to 
3.8%, MFI increased from 5.93 to 7.71g/10min (increased by 
about 30%), the elongation at break increased sharply from 452% 
to 673%. 

The tensile strength value of this material increased sharply 
from 10.1MPa to 18.9MPa (an increase of about 87%) when the 
tartaric acid content increased from 2.5% to 3.5%. However, 
when it exceeds 3.5%, the tensile strength value drops back to 
10.9MPa. 

From the data, 3.5% of tartaric acid content was selected for 
the subsequent studies. 
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FigureFigureFigureFigure    5555.... Effect of tartaric acid content on properties of 

PBAT/MTPS blend. 
3.2.2. Morphology3.2.2. Morphology3.2.2. Morphology3.2.2. Morphology    
In polymer blends, morphology is a key factor affecting the 
mechanical and rheological properties. To understand some of the 
properties of polymer blends, analyzing how the minor phase is 
dispersed within the continuous matrix is very important.  
Cryfractured cross-section of TPS / PBAT blends with and without 
tartaric acid is shown in Figure 6. 

  
(a) (a) (a) (a) PBATPBATPBATPBAT/TPS/TPS/TPS/TPS    (b) (b) (b) (b) PBATPBATPBATPBAT/MTPS/MTPS/MTPS/MTPS    

FigureFigureFigureFigure    6666.... SEM micrographs of PBAT/TPS and PBAT/MTPS blends. 
For PBAT/TPS without tartaric acid, the blend showed a 

dispersed morphology in which TPS appears as dispersed particles 
in the PBAT matrix with a size between 5-10µm. The presence of 
holes in Fig. 6a after cryofracture breaking is indicative of a weak 
interfacial adhesion between TPS particles and the PBAT matrix, 
which is attributed to the different polarity between the two 
components. This phenomenon was also reported by Mohamed 
Dammak [8] when analyzing SEM images of PBAT/TPS blend 
without the presence of the compatibilizer. 

In the presence of tartaric acid as the compatibilizer, the TPS 
phase was dispersed in the form of droplets with a size of about 
1-5µm, and lesser particles of TPS were pulled out during the 
cryogenic breaking (Fig. 6b). Compared with that of PBAT/TPS, 
PBAT/MTPS blend presents that MTPS particles are smaller and 
disperse in the PBAT matrix with indistinct  boundaries. 

The use of tartaric acid to improve the compatibility between 
PBAT and TPS can be explained by the esterification reaction 
between tartaric acid and the hydroxyl group of TPS, reducing the 
hydrophilicity of TPS. On the other hand, tartaric acid acts as an 
acid catalyst. It reduces the viscosity of the thermoplastic starch, 
thus causing the denatured TPS to disperse in the PBAT in a more 
uniform structure. However, the excessive TA can generate higher 
[H+] concentration and induce the molecular weight of starch and 
PBAT to decline drastically and decreases the interface interaction 
between TPS and PBAT. This phenomenon was also reported by 
Shuidong Zhang when he studied to improve the compatibility 
between PBAT and TPS with tartaric acid [12]. 
3.3.3.3.3333. . . . EEEEffect of screw speed on properties of PBAT/MTPS blendffect of screw speed on properties of PBAT/MTPS blendffect of screw speed on properties of PBAT/MTPS blendffect of screw speed on properties of PBAT/MTPS blend    
The effect of screw speed on properties of PBAT/MTPS blend was 
shown in Table 3. 

TableTableTableTable    3333....  Effect of screw speed on properties of PBAT/MTPS 
blend. 

Screw Screw Screw Screw 
speedspeedspeedspeed    
((((rpmrpmrpmrpm))))    

Melt flow Melt flow Melt flow Melt flow 
indexindexindexindex    

(g/10 (g/10 (g/10 (g/10 minminminmin))))    

Tensile Tensile Tensile Tensile 
strengthstrengthstrengthstrength    
(MPa)(MPa)(MPa)(MPa)    

Elongation at Elongation at Elongation at Elongation at 
breakbreakbreakbreak    
(%)(%)(%)(%)    

200 5.09 17.2 380 
250 5.93 18.9 452 
300 6.01 18.0 495 
350 8.20 The film The film The film The film cannot be blowncannot be blowncannot be blowncannot be blown    

The results in Table 3 show that: when the screw speed increases, 
the MFI of the materials tends to increase. When the screw 
speed increased from 200rpm to 300rpm, the MFI slightly 
increased from 5.09g/10min to 6.01g/10min. When increasing the 

screw speed from 300 to 350rpm, the MFI increased sharply from 
6.01 to 8.20g/10min. 

For blends made with a screw speed of 350rpm, the film 
cannot be blown. For blend prepared at lower speeds, the 
influence of the screw on the film tensile strength is insignificant. 
Meanwhile, elongation increases as the screw speed increases and 
reaches a peak of 495% at screw speed of 300rpm. 
The screw speed of 300 rpm was selected in the subsequent 
studies.  
3.3.3.3.4444. . . . Effect Effect Effect Effect of talc of talc of talc of talc content on properties ofcontent on properties ofcontent on properties ofcontent on properties of    PBAT/MTPSPBAT/MTPSPBAT/MTPSPBAT/MTPS    
In this part, PBAT/MTPS blends were prepared with talc powder 
content changes from 0 to 6% by weight. The effect of talc content 
on the blend properties was shown in Figure 7. 
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FigureFigureFigureFigure    7777.... Effect of talc content on properties of PBAT/MTPS 

blends. 
From the results in Figure 7, it was noticed that when the talc 

content in the blend increased, the MFI of the material tended to 
decrease. When talc powder content increased from 0 to 4%, the 
MFI slightly reduced from 6.01g/10min to 5.67g/10 min. 
Meanwhile, when the talc content increased from 4 to 6%, the 
MFI dropped sharply from 5.67 to 4.50g/10min. This 
phenomenon can be explained because talc powder interacted 
with the polymer matrix in the molten state and obstructed the 
material flow, leading to the decrease of MFI. Meanwhile, the 
increase in talc content from 0 to 4% did not significantly change 
the tensile strength and elongation of materials. When the talc 
content value was changed in this range, the average tensile 
strength ranged from 18MPa, while the elongation decreased 
slightly from 495% to 465%. 

When the talc content value increased from 4 to 6%, the 
tensile properties changed drastically: tensile strength decreased 
from 17.8MPa to 15.6MPa, and elongation decreased from 465% 
to 401%. 

To fabricate PBAT / MTPS film with the highest talc content 
without much change in properties, 4% talc powder content was 
chosen. 
4. 4. 4. 4. ConclusionsConclusionsConclusionsConclusions    
In this work, the effect of tartaric acid as a compatibilizer on the 
mechanical properties, morphology, and melt index of 
PBAT/MTPS blend has been investigated. The results of the FT-IR 
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3. 3. 3. 3. Results and discussionResults and discussionResults and discussionResults and discussion    
3.1. 3.1. 3.1. 3.1. FTFTFTFT----IR analysisIR analysisIR analysisIR analysis    
To increase the compatibility between TPS and PBAT, while 
reducing the inherent hydrophilic properties of TPS, this study 
using tartaric acid as a modifier for TPS. 

FT-IR analysis can be used to effectively study the molecular 
interactions between tartaric acid and starch that occur during 
reactive extrusion. FT-IR spectra of the TPS and modified TPS 
(tartaric acid content of 3,5% by weight) was shown in Figure 4.  
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FigureFigureFigureFigure    4444.... FT-IR spectra of the thermoplastic starch (TPS) 

and modified thermoplastic starch (MTPS). 
Both TPS and MTPS, characteristic absorption peaks of 

starch molecules appeared: the absorption peaks around wave 
number 3310cm-1 occurred because of the presence of hydroxyl 
groups (—OH), the absorption peaks at wavenumber 2930%cm−1 
are assigned to —CH bonds, and the absorption peaks at 
wavenumber 1152cm-1 assigned to the stretching vibration in the 
C—O—C bonds. 
TableTableTableTable    2222.... The absorption peaks in FT-IR spectra of TPS and MTPS. 

Wave Wave Wave Wave 
numbersnumbersnumbersnumbers    

TPTPTPTP
SSSS    

MTPMTPMTPMTP
SSSS    

Bonds/GroupsBonds/GroupsBonds/GroupsBonds/Groups    

3310cm-1   
—OH groups(stretching 
vibration) 

2930cm-1   —CH bonds 

1720cm-1 -  C=O groups 

1640cm-1   
—OH groups (bending 
vibration) 

1152cm-1   C—O—C bonds 

1270cm-1 -     C—O bonds 

We noticed that absorption peaks at wavenumber 1720cm-1 

(assigned to C=O groups) and 1270cm-1 (assigned to C-O bonds) 
appeared on the spectra of MTPS but can not be found on those 
of the TPS. 

Since the MTPS samples were rinsed by acetone, the excess 
tartaric acid was removed, so the peaks at wavenumber 1720cm-1 

and 1270cm-1 were confirmed not to be tartaric acid. These peaks 
were evidence of the esterification between —OH groups of TPS 
and tartaric acid. 

Similar results were reported by Olivato [11] when 
analyzing the FT-IR spectra of PBAT/TPS blend using tartaric acid 
as compatibilizer. Olivato believes that esterification reactions 
promoted by TA were demonstrating that TA reacts with starch, 
increasing its compatibility with the PBAT phase and improving 
the properties of the blends. 
3.2. 3.2. 3.2. 3.2. Effect of Effect of Effect of Effect of tartaric acidtartaric acidtartaric acidtartaric acid    on properties of PBAT/MTPSon properties of PBAT/MTPSon properties of PBAT/MTPSon properties of PBAT/MTPS    blendblendblendblend    
3.2.1.  Tensile properties and melt flow index3.2.1.  Tensile properties and melt flow index3.2.1.  Tensile properties and melt flow index3.2.1.  Tensile properties and melt flow index        
In this section, PBAT/TPS blends were prepared using 15% by 
weight of the plasticizer, and the tartaric acid content changes 
from 2.5 to 3.8% by weight. Figure 5 was shown the effect of 
tartaric acid contents on melt flow index of PBAT/MTPS blend and 
tensile properties of PBAT/MTPS films. 

The graph shows that the properties of the PBAT/MTPS blend 
change according to the acid content. The melt flow index and 
elongation tended to increase with the increasing tartaric acid 
content. However, these values tended to grow slowly as the acid 
content increased from 2.5 to 3.5%. When tartaric acid exceeding 
the threshold of 3.5%, these two values tend to increase 
significantly. When the modifier content increased from 3.5 to 
3.8%, MFI increased from 5.93 to 7.71g/10min (increased by 
about 30%), the elongation at break increased sharply from 452% 
to 673%. 

The tensile strength value of this material increased sharply 
from 10.1MPa to 18.9MPa (an increase of about 87%) when the 
tartaric acid content increased from 2.5% to 3.5%. However, 
when it exceeds 3.5%, the tensile strength value drops back to 
10.9MPa. 

From the data, 3.5% of tartaric acid content was selected for 
the subsequent studies. 
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FigureFigureFigureFigure    5555.... Effect of tartaric acid content on properties of 

PBAT/MTPS blend. 
3.2.2. Morphology3.2.2. Morphology3.2.2. Morphology3.2.2. Morphology    
In polymer blends, morphology is a key factor affecting the 
mechanical and rheological properties. To understand some of the 
properties of polymer blends, analyzing how the minor phase is 
dispersed within the continuous matrix is very important.  
Cryfractured cross-section of TPS / PBAT blends with and without 
tartaric acid is shown in Figure 6. 

  
(a) (a) (a) (a) PBATPBATPBATPBAT/TPS/TPS/TPS/TPS    (b) (b) (b) (b) PBATPBATPBATPBAT/MTPS/MTPS/MTPS/MTPS    

FigureFigureFigureFigure    6666.... SEM micrographs of PBAT/TPS and PBAT/MTPS blends. 
For PBAT/TPS without tartaric acid, the blend showed a 

dispersed morphology in which TPS appears as dispersed particles 
in the PBAT matrix with a size between 5-10µm. The presence of 
holes in Fig. 6a after cryofracture breaking is indicative of a weak 
interfacial adhesion between TPS particles and the PBAT matrix, 
which is attributed to the different polarity between the two 
components. This phenomenon was also reported by Mohamed 
Dammak [8] when analyzing SEM images of PBAT/TPS blend 
without the presence of the compatibilizer. 

In the presence of tartaric acid as the compatibilizer, the TPS 
phase was dispersed in the form of droplets with a size of about 
1-5µm, and lesser particles of TPS were pulled out during the 
cryogenic breaking (Fig. 6b). Compared with that of PBAT/TPS, 
PBAT/MTPS blend presents that MTPS particles are smaller and 
disperse in the PBAT matrix with indistinct  boundaries. 

The use of tartaric acid to improve the compatibility between 
PBAT and TPS can be explained by the esterification reaction 
between tartaric acid and the hydroxyl group of TPS, reducing the 
hydrophilicity of TPS. On the other hand, tartaric acid acts as an 
acid catalyst. It reduces the viscosity of the thermoplastic starch, 
thus causing the denatured TPS to disperse in the PBAT in a more 
uniform structure. However, the excessive TA can generate higher 
[H+] concentration and induce the molecular weight of starch and 
PBAT to decline drastically and decreases the interface interaction 
between TPS and PBAT. This phenomenon was also reported by 
Shuidong Zhang when he studied to improve the compatibility 
between PBAT and TPS with tartaric acid [12]. 
3.3.3.3.3333. . . . EEEEffect of screw speed on properties of PBAT/MTPS blendffect of screw speed on properties of PBAT/MTPS blendffect of screw speed on properties of PBAT/MTPS blendffect of screw speed on properties of PBAT/MTPS blend    
The effect of screw speed on properties of PBAT/MTPS blend was 
shown in Table 3. 

TableTableTableTable    3333....  Effect of screw speed on properties of PBAT/MTPS 
blend. 

Screw Screw Screw Screw 
speedspeedspeedspeed    
((((rpmrpmrpmrpm))))    

Melt flow Melt flow Melt flow Melt flow 
indexindexindexindex    

(g/10 (g/10 (g/10 (g/10 minminminmin))))    

Tensile Tensile Tensile Tensile 
strengthstrengthstrengthstrength    
(MPa)(MPa)(MPa)(MPa)    

Elongation at Elongation at Elongation at Elongation at 
breakbreakbreakbreak    
(%)(%)(%)(%)    

200 5.09 17.2 380 
250 5.93 18.9 452 
300 6.01 18.0 495 
350 8.20 The film The film The film The film cannot be blowncannot be blowncannot be blowncannot be blown    

The results in Table 3 show that: when the screw speed increases, 
the MFI of the materials tends to increase. When the screw 
speed increased from 200rpm to 300rpm, the MFI slightly 
increased from 5.09g/10min to 6.01g/10min. When increasing the 

screw speed from 300 to 350rpm, the MFI increased sharply from 
6.01 to 8.20g/10min. 

For blends made with a screw speed of 350rpm, the film 
cannot be blown. For blend prepared at lower speeds, the 
influence of the screw on the film tensile strength is insignificant. 
Meanwhile, elongation increases as the screw speed increases and 
reaches a peak of 495% at screw speed of 300rpm. 
The screw speed of 300 rpm was selected in the subsequent 
studies.  
3.3.3.3.4444. . . . Effect Effect Effect Effect of talc of talc of talc of talc content on properties ofcontent on properties ofcontent on properties ofcontent on properties of    PBAT/MTPSPBAT/MTPSPBAT/MTPSPBAT/MTPS    
In this part, PBAT/MTPS blends were prepared with talc powder 
content changes from 0 to 6% by weight. The effect of talc content 
on the blend properties was shown in Figure 7. 
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FigureFigureFigureFigure    7777.... Effect of talc content on properties of PBAT/MTPS 

blends. 
From the results in Figure 7, it was noticed that when the talc 

content in the blend increased, the MFI of the material tended to 
decrease. When talc powder content increased from 0 to 4%, the 
MFI slightly reduced from 6.01g/10min to 5.67g/10 min. 
Meanwhile, when the talc content increased from 4 to 6%, the 
MFI dropped sharply from 5.67 to 4.50g/10min. This 
phenomenon can be explained because talc powder interacted 
with the polymer matrix in the molten state and obstructed the 
material flow, leading to the decrease of MFI. Meanwhile, the 
increase in talc content from 0 to 4% did not significantly change 
the tensile strength and elongation of materials. When the talc 
content value was changed in this range, the average tensile 
strength ranged from 18MPa, while the elongation decreased 
slightly from 495% to 465%. 

When the talc content value increased from 4 to 6%, the 
tensile properties changed drastically: tensile strength decreased 
from 17.8MPa to 15.6MPa, and elongation decreased from 465% 
to 401%. 

To fabricate PBAT / MTPS film with the highest talc content 
without much change in properties, 4% talc powder content was 
chosen. 
4. 4. 4. 4. ConclusionsConclusionsConclusionsConclusions    
In this work, the effect of tartaric acid as a compatibilizer on the 
mechanical properties, morphology, and melt index of 
PBAT/MTPS blend has been investigated. The results of the FT-IR 
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spectra analysis showed the formation of esterification reaction 
when modifying thermoplastic starch with tartaric acid with the 
appearance of characteristic absorption peaks of ester bonds at the 
wavenumber 1720cm-1 and 1270cm-1. 

The use of tartaric acid with a content of 3.5% by weight 
produces PBAT/MTPS blend films (60/40) with the best properties. 
Observing morphology through SEM images of the materials 
showed that the presence of tartaric acid improved the 
compatibility of PBAT and TPS as well as enhanced the dispersion 
of TPS in the blend.  

The increase in screw speed and addition of talcum powder 
reduces the overall properties of the blend material. The research 
has selected the highest talc content without much change in the 
properties of the material at 4% by weight and 300rpm screw 
speed. 
    
ReferencesReferencesReferencesReferences    
[1] X. Zhai, W. Wang, H. Zhang, Y. Dai, H. Dong, and H. Hou, “Effects of high 

starch content on the physicochemical properties of starch/PBAT 

nanocomposite films prepared by extrusion blowing,” Carbohydr. 

Polym., vol. 239, p. 116231, Jul. 2020. 

[2] T. Jiang, Q. Duan, J. Zhu, H. Liu, and L. Yu, “Starch-based biodegradable 

materials: Challenges and opportunities,” Adv. Ind. Eng. Polym. Res., vol. 

3, no. 1, pp. 8–18, Jan. 2020. 

[3] W. Liu et al., “Preparation, reinforcement and properties of thermoplastic 

starch film by film blowing,” Food Hydrocoll., vol. 108, p. 106006, Nov. 

2020. 

[4] R. P. H. Brandelero, M. V. Grossmann, and F. Yamashita, “Films of starch 

and poly(butylene adipate co-terephthalate) added of soybean oil (SO) 

and Tween 80,” Carbohydr. Polym., vol. 90, no. 4, pp. 1452–1460, Nov. 

2012. 

[5] J. B. Olivato, M. V. E. Grossmann, A. P. Bilck, and F. Yamashita, “Effect of 

organic acids as additives on the performance of thermoplastic 

starch/polyester blown films,” Carbohydr. Polym., vol. 90, no. 1, pp. 159–

164, Sep. 2012. 

[6] P. S. Garcia, M. V. Eiras Grossmann, F. Yamashita, S. Mali, L. H. Dall’Antonia, 

and W. J. Barreto, “Citric acid as multifunctional agent in blowing films of 

starch/PBAT,” Quim. Nova, vol. 34, no. 9, pp. 1507–1510, Sep. 2011. 

[7] J. M. Raquez, Y. Nabar, M. Srinivasan, B. Y. Shin, R. Narayan, and P. Dubois, 

“Maleated thermoplastic starch by reactive extrusion,” Carbohydr. 

Polym., vol. 74, no. 2, pp. 159–169, Oct. 2008. 

[8] M. Dammak, Y. Fourati, Q. Tarrés, M. Delgado-Aguilar, P. Mutjé, and S. 

Boufi, “Blends of PBAT with plasticized starch for packaging applications: 

Mechanical properties, rheological behaviour and biodegradability,” Ind. 

Crops Prod., vol. 144, Feb. 2020. 

[9] S. Zhang, Y. He, Y. Yin, and G. Jiang, “Fabrication of innovative 

thermoplastic starch bio-elastomer to achieve high toughness 

poly(butylene succinate) composites,” Carbohydr. Polym., vol. 206, pp. 

827–836, Feb. 2019. 

[10] S. Zhang, Z. Lin, J. Li, G. Jiang, and C. Hu, “Elevated ductility, optical, and 

air barrier properties of poly (butylene adipate-co-terephthalate) bio-

based films via novel thermoplastic starch feature,” Polym. Adv. Technol., 

vol. 30, no. 4, pp. 852–862, Apr. 2019. 

[11] J. B. Olivato, C. M. O. Müller, G. M. Carvalho, F. Yamashita, and M. V. E. 

Grossmann, “Physical and structural characterisation of starch/polyester 

blends with tartaric acid,” Mater. Sci. Eng. C, vol. 39, no. 1, pp. 35–39, Jun. 

2014. 

[12] S. Zhang, Y. He, Z. Lin, J. Li, and G. Jiang, “Effects of tartaric acid contents 

on phase homogeneity, morphology and properties of poly 

(butyleneadipate-co-terephthalate)/thermoplastic starch bio-

composities,” Polym. Test., vol. 76, pp. 385–395, Jul. 2019. 

 

 

 

ENERGY CONSUMPTION AND CO2 EMISSION CHANGES OF BUILDING 
MATERIAL INDUSTRIES IN 1996-2018: INPUT-OUTPUT ANALYSIS 

    
    
CaoCaoCaoCao    Thi Tu MaiThi Tu MaiThi Tu MaiThi Tu Maia,*a,*a,*a,*, Nguyen, Nguyen, Nguyen, Nguyen    Thi Anh TuyetThi Anh TuyetThi Anh TuyetThi Anh Tuyetbbbb    
a Vietnam Institute for Building Materials, The Ministry of Construction, Hanoi, Vietnam.    
b School of Environmental Science and Technology, Ha Noi University of Science and Technology, Hanoi, Vietnam.    
* Corresponding author: E-mail: caothitumai93@gmail.com 

Received 20/8/2020, Revised 25/02/2021, Accepted 06/04/2021 
    
    
    
AbstractAbstractAbstractAbstract    
In the industrial sector, burning of fossil fuels results in the emission of greenhouse gases, which is considered as one of the major 
causes of climate change and global warming. The purpose of this study is to determine trends in energy consumption and CO2 emission 
from the building materials industry (cement, glass, products from baked clay) in the period of 1996 to 2018. Input-output tables of 
Vietnam was used to calculate total energy consumption and CO2 emission for each sector. The results show that in 2018, total energy 
consumption was about 18223.612ktoe, total CO2 emission was about 73917.608ktCO2-e. The cement industry contributes 70% of both 
total energy consumption and CO2 emission in 2018. In order to decrease the CO2 emission from cement industry in the future, several 
solutions such as co-processing of wastes in cement kiln, recovery of waste heat generation, and use of alternative materials are proposed. 
Keywords:Keywords:Keywords:Keywords:    Input-output table, Building materials, Greenhouse gases, Energy consumtion, CO2 emission    
    
1.1.1.1. IntroductionIntroductionIntroductionIntroduction    
The total of greenhouse gases (GHGs) emission in Vietnam is 
increasing rapidly in recent years. GHGs are known to be a major 
contributor to global warming and climate change. Ministry of 
Natural Resources and Environment had submitted three versions 
of national communication to the United Nations Framework 
Convention on Climate Change (UNFCCC), in the year of 2003, 
2010, 2019 respectirely [1,2]. The published results show that 
from 1994 to 2014, total GHGs emission of Vietnam increased 
rapidly from 103.83 to 283.97 million tons of CO2 equivalent 
(CO2-e). The energy sector increased fastest from 25.64 to 171.62 
million tons of CO2-e (Gt CO2-e). Total GHGs emission from the 
energy sector are forecast to be 648Gt CO2-e by 2030. GHGs 
emission from the energy sector are mainly due to fuel combustion 
almost fossil fuels [2-4]. 

Since the late 1970s, many researchers have focused on 
extending the Leontief IO framework to account for inter-industry 
energy flows and GHGs emission [5-8]. A so-called Input-output 
Energy (IOE) typically determines the total energy consumed in 
delivering the product to the final demand, both as the energy 
consumed by an industry’s production process and as the energy 
embodied in that industry’s inputs. The net energy analysis in the 
energy production system is defined as the subtraction of the 
energy to create and sustain a process from the energy produced 
by the process. Junxia Peng et al. (2012) have studied the use of 
the IO table to calculate CO2 emission for ceramic tile 
manufacturing units in Foshan City, China [9]. Xueliu Xu et al. 
(2017) calculated CO2 emission from the Chinese trade industries 
[10]. Megha Shukla et al. (2007) have published studies on CO2 
emission using IOE model in India [11]. In Vietnam, energy 

consumption and air emission of 50 economic sectors have been 
evaluated for the years of renovation using IOE model [12]. 

In Vietnam, the main building material products include 
cement, glass, and products from baked clay such as tile, ceramic 
and brick. The production of these products consumes energy and 
raw materials, resulting in large emission of GHGs. The common 
approach for estimating emission from the industries is to use 
emission factors and data collected through direct surveys [3, 4]. 
In fact, The United States Agency for International Development 
(USAID) cooperated with the Vietnam Institute for Building 
Materials to estimate GHGs emission of building material 
industries from 2012 to 2015 following IPCC guidelines [3]. The 
results show that total emission in 2015 were 58.267Gt CO2-e, the 
average annual growth rate of emission is about 2.8%. From 2016 
to 2018, Hai et al. studied the GHGs’inventory of some building 
material sectors including glass, ceramic and tile [4]. 

Many studies have focused on calculating greenhouse gas 
emissions for a single year [3-4, 9-11]. Besides, the energy 
consumption shares among economic sectors of Vietnam was not 
determined, so it cannot be identified as a key energy consuming 
sector. This study focuses on analyzing and evaluating both 
energy consumption and greenhouse gas emissions over the time 
series from 1996 to 2018 to show changing trends. As results, an 
overview of energy consumption demand and potential 
greenhouse gas emissions from the building materials industry in 
the past will be given, as well as the forecasts for the future can 
also be easily make. 
2.2.2.2. Materials and Materials and Materials and Materials and MethodologyMethodologyMethodologyMethodology    
2.1. Brief of IO model2.1. Brief of IO model2.1. Brief of IO model2.1. Brief of IO model 
In IO work, a fundamental assumption which also is called as the 
inter-industry flows from i to j depend entirely on the gross output 


