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 Blending two thermodynamically immiscible biodegradable polymers is very challenging 

and can extend their use and applications for replacing the products derived from 

petroleum-based polymers. Excellent candidates for such system are poly(lactic acid) (PLA) and 

thermoplastic starch (TPS) as both are at present commercially available and offer 

cost-performance benefits[1] together with the case of pollution. Attempts to blending PLA with 

TPS or other biodegradable polyesters with TPS have been extensively carried out by many 

routes. They are mostly involved with reactive blending or chemical modifications [2-4] through 

grafting reaction unto PLA or TPS and the copolymerization reaction to improve the interface 

between PLA and TPS. The effects of the reactive agents and blending routes of PLA and 

modified starch phase still need to be explored. Therefore, this work aimed to evaluate the effect 

of the amount of maleic anhydride drive (MA), and peroxide, as well as the process of adding 

reactive agent on morphology, mechanical, and thermal properties on the reactive blend of 

PLA/acetylated TPS. An addition of a small quantity of MA and peroxide was sufficient to 

improve the interfacial adhesion of PLA and acetylated TPS. The system is optimized with the 

use of both MA and peroxide were reactive agents ,that procedures offered reduce particle size 

and improved distribution of TPS phase, when investigated ratio between the PLA and TPS are 

different, it was found that with the process used of MA and peroxide for the same ratio 

demonstrated more uniform and dispersed TPS phase  with smaller particle size when compared 

to the physical mixing. And mechanical properties were improved. % Crystallinity was highest 

for the ratio of 50/50 of all blends. 
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TPS-MP TPS * *

MTPS-P maTPS - *

MTPS maTPS - -

TPS-M TPS * -

PTPS-P perTPS - *

PTPS perTPS - - 

TPS-P TPS - *

Phy TPS - -

*  3.3.1 

 

 3.3.2.3   

compression molding 

160 oC  25cm.x25 cm. 0.5 mm. 

3.3.2.4   
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3.3.2.4.1   

HCl 1 N 3  

70 % 50%  

3 

(Scanning Electron Microscope, SEM)

Cam Scan  MX 2000  

3.3.2.4.2  

die cut ASTM D638  type IV 5 kN 

 5 mm/min  Universal testing machine 

 

 
 

3.12 dumbell Die cut ASTM D638 

   3.3.2.4.3  (modau test) 

1cm. X 1 cm. 0.5 

50 cm3 24  

 

3.3.3

-  

3.3.3.1   

30%wt 

80 oC 24 60 oC 24 

 3.1 twin-screw extruder 

feed zone  die 80-135 oC 100 rpm  

3.3.3.2  
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3.3 

10:90,30:70,50:50,70:30 90:10 .  twin-screw extruder 

feed zone  die 100 160 oC 100 rpm  

3. 3  

 

Material

MS

Glycerol

(%) (phr) (phr) (phr) (phr)

Phy 30 - - - - 

TPS-MP 30 - - * * 

MTPS-P 30 * - - * 

PTPS-P 30 - * - * 

*  3.3.1 

 

3.3.3.3   

compression molding 

160 oC  25cm.x25 cm. 0.5 mm. 

3.3.3.4   

3.3.3.4.1    

twin-screw extruder 

HCl 1 N 3 
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70 % 50% 

3 

(Scanning Electron 

Microscope, SEM) Cam Scan  MX 2000  

3.3.3.4.2  

die cut ASTM D638 

5 kN 5 mm/min  Universal testing machine 

3.3.3.4.3  

24 . Fourier 

Transform Infrared Spectrophotometer (FTIR) 

4000-400 cm-1 

Resolution) 4 cm-1 16 

 

3.3.3.4.4 Differential 

scanning calorimeter(DSC) (thermal transition) 

25oC 200oC 

5oC heat-cool-heat  
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4

 

  

 

 

 3 1 

maleic anhydride (MA) peroxide  

(torque)  (internal mixer) (PLA)

(TPS) 2 

 

 (rheology) 

3

 

 twin-screw extruder

1 

 2  10-90% 

 

4.1 )

 reactive gent TPS PLA 

 reactive agent reactive agent

52 
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mixer

15 

maleic anhydride (MA) 

 0,0.1 0.5 1.0 phr 

0,0.1,0.5,1,2 3 phr 

 
 

(a) 
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(b) 

 

4. 1 Torque a) 

b) MA  

 

 4.1a 900 MA 

MA 0.1 phr MA 

MA 0.5 phr  50% 

MA  MA 0.1 phr MA 1.0 phr

internal mixer 

 MA 

Raquez J.M. [10]  MA graft reaction 4.2

 hydrolysis[10]  4.3 TPS 

 

MA 

MA 
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 1.0 phr MA 1.0 phr 

 MA (  4.1b) MA 

 MA 

1.0 graft reaction [34]  4.4 

 

[ , ] 

MA 

TPS  4.5 

MA  0.1 phr 0.1phr

 

 

 
 

4. 2 esterification TPS MA 

 

 
(a) 
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( )  

 

4. 3 TPS hydrolysis (a) 

glucosidation[10] 

 

 

 
 

4. 4 graft MA PLA[34] 
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4. 5 Torque  

peroxide  

 

mixer)

 1.  2. 

 4.1 

sec 
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4. 1 70:30(PLA :TPS)

 

 

TPS

(%) (phr) (phr) (phr)
(phr)

TPS-MP 30 - - 0.1 0.1

MTPS-P 30 0.1 - - 0.1

MTPS 30 0.1 - - -

TPS-M 30 - - 0.1 -

PTPS-P 30 - 0.1 - 0.1

PTPS 30 - 0.1 -
 

TPS-P 30 - - - 0.1

Phy 30 - - - -
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)

4. 2 SEM  PLA  TPS 70:30) 

 reactive agent  

500  20 μm) 

 

Reactive
1 

(add in Prepared TPS step) 

2 

(add in blending step) 

 
Phy 

  
PTPS TPS-P 

 
MTPS TPS-M 

20μm

20μm

20μm

20μm

20μm
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4. 3 SEM PLA TPS ( 70:30) 

reactive agent 

500  20 μm) 

 

TPS

PTPS-P peroxide peroxide 

MTPS-P MA peroxide 

TPS-MP - MA+peroxide 

 SEM 

4.2 

 MA  (MTPS) 

20μm

20μm

20μm
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 1-5 μm  (Phy) 

 (PTPS) 5-40 μm MA 

1 

(TPS-M,TPS-P) 

(MTPS)  MA 

MA 

(MTPS-P)  

(TPS-MP)  4.3 

MTPS

MTPS MA 

MA free radical 

 

compression molding 

 Phy  

PTPS TPS-P peroxide  TPS 

 PLA 

 

4.4 MA (MTPS TPS-M TPS 

  

TPS MTPS 

MA 4.5 TPS-MP MTPS-P 

MA 

internal 

mixer 
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4. 4 SEM PLA TPS ( 70:30) 

compression molding reactive agent 

100 100 μm) 

 

Step1 

(add in Prepared TPS step) 

Step2 

(add in blending step) 

 
Phy

  
PTPS TPS-P 

 
MTPS TPS-M 

100 μm

100 μm 100 μm

100 μm 100 μm
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4. 5 SEM PLA TPS ( 70:30) 

compression molding reactive agent 

100 100 μm) 

 

Step1 Step2

step)

PTPS-P peroxide peroxide 

 

MTPS-P MA peroxide 

 

TPS-MP - MA+peroxide 

 

 

 

 

 

100 μm

100 μm

100 μm
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(a)

 
 

4. 6 

Tensile strengths (a) Elongation at break (b)
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4.6a 

 (Phy, PTPS MTPS )  MA (MTPS) 

tensile strength  Phy 

 

peroxide 

elongation at break 4.6b) MTPS PTPS 

MTPS  MA 

free radical 

PTPS

TPS-M  tensile strength  

elongation at break Phy TPS-P MA 

 

MA (TPS-MP MTPS-P)

 TPS-MP MTPS-P Phy PTPS-P 

MA

free radical 

2 MA 

 4.2 

MA peroxide 
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4.2.2 (Mol

 

 

4. 6 Molau test PLA TPS ( 70:30) 

compression molding reactive agent 

 

 

 
Phy

  
PTPS TPS-P 

 
MTPS TPS-M 
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4. 7 Molau test PLA TPS ( 70:30) 

compression molding reactive agent 

 

 

PTPS-P 

 

MTPS-P 

 

TPS-MP 

 

 Molau test interation  2 

 good solvent  

 solvent  

interaction  
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interaction  

good solvent PLA TPS 4.6 4.7 

PHY reactive agent  

 PTPS, TPS-P,MTPS TPS-M peroxide 

(PTPS-P) MA 

peroxide (TPS-MP MTPS-P)

MA peroxide reactive agent 

PLA TPS reactive agent  

 

90 - er

10:90 90:10   4.8 

MA peroxide 

4.2 

 MA peroxide 0.1 phr 0.1 phr 

4.1  4.8 Phy 

 TPS-MP 

  MTPS-P MA 

peroxide PTPS-P peroxide    
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4. 8 

 (PLA:TPS) 10:90 90:10 %wt  twin-scruew 

extruder 

 

material

MS

Glycerol

(%) (phr) (phr) (phr) (phr)

Phy 30 - - - - 

TPS-MP 30 - - 0.1 0.1 

MTPS-P 30 0.1 - - 0.1 

PTPS-P 30 - 0.1 - 0.1 

 

4.3.1

-

SEM  4.7 MA 

peroxide (TPS-MP MTPS-P) 
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 (Phy) 4.2  MA 

1 50% MA 

  

(PTPS) Phy 

5-40μm 

  

 

 
(a) 

 

 
(b) 

 

100 μm 

100 μm 

10 μm 

10 μm 
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(c) 

 
(d) 

 

4. 7 SEM Extrudate 

 70:30) twin-screws extruder (a)Phy, (b)PTPS-

P,(c)MTPS-P d)TPS-MP 

 

)

-

 (Melt flow index

 4.8)  

 ASTM D1238  190 oC  2.16 . 

TPS 

reactive agent TPS  PLA PLA 90 

%  MFI MA peroxide

 PLA 4.1 

10 μm 

10 μm 

100 μm 

100 μm 
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 PLA

  (Crosslinking) MA 

(tranesterificatio

TPS 30% Phy

 MFI  

 Chain scission  

 

 Phy reactive agent TPS-MP

MTPS-P MA  TPS 

  PLA  MA  TPS  PLA 

 MFI 

Chain scission  PTPS-P 

 PLA  PLA  

 TPS  PLA

 

reactive agent (TPS-MP MTPS-P)  
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4. 8 

PLA:TPS) 10:90 90:10 %wt twin-

scruew extruder 

 

4.3.3

-

 4.9  

tensile strength 

 tensile strength

%elongation at break 

TPS-MP MTPS-P)  tensile strength  MTPS-P 

50 %wt MA 

 

4.1 

%elongation at break MTPS-P  
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(a) 

 

 
 

(b) 

 

4. 9 

PLA:TPS) wt twin-scruew 

extruder (a)tensile strength b)%elongation at break 
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-  

 PLA TPS physical blend 

reactive blend melt temperature (Tm) ,glass transition temperature (Tg)  

crystallization temperature (Tc) PLA 

( ) 4.9 

TPS % crytallinity  TPS nucleating 

agent PLA   glycerol 

 PLA

physical blend reactive 

blend 50%

PLA 

 PLA  
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4. 9 

PLA:TPS) 10:90 90:10 %wt twin-scruew extruder 

(1 STheat) 

 

sample

PLA 29.41 

PHY 10/90 37.82 

PHY 30/70 53.21 

PHY 50/50 43.53 

PHY 70/30 45.01 

PHY 90/10 42.74 

MTPS-P 10/90 27.56 

MTPS-P 30/70 35.33 

MTPS-P 50/50 42.65 

MTPS-P 70/30 42.11 

MTPS-P 90/10 43.79 

PTPS-P 10/90 14.42 

PTPS-P 30/70 34.76 

PTPS-P 50/50 43.42 

PTPS-P 70/30 12.42 

PTPS-P 90/10 37.38 

TPS-MP 10/90 37.18 

TPS-MP  30/70 29.52 

TPS-MP  50/50 45.85 

TPS-MP  70/30 42.28 

TPS-MP  90/10 41.45 
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4.3.5

FTIR 

FTIR 

70%wt OH-  ~  cm-1), CH 

( cm-1), OH   cm-1),C-O-C (1135 cm-1 ) C-H stretching   ~ 

cm-1 PLA  strong C=O cm-1  C=O 

stretching MA 40 cm-1 

MA  4.11 MA 

MA 

 4.10 FT-IR acetylate starch 

C=O (1740 cm-1) glycerol

glycerol TPS 

 acetylate starch  MA  2  

1760 cm-1 MA MA [ , ] 

 MA  

 

 

 
 

4. 10 FTIR TPS MA 

Acetylate starch 

TPS 

TPS+MA 0.1 

TPS+MA 0.5 

1740
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4. 11 FTIR 70:30%(PLA:TPS)

24  

 

 

 

Acetylate starch 

 

TPS 

PLA 

 

PHY 

 

PTPS-P 

 

MTPS-P 

TPS-MP 

  



79 

 

5

  

 MA  

0.1 phr 

MA  1 phr 

TPS  MA (MTPS-P) 

 MA (TPS-MP)

 peroxide MA 

MA peroxide 

peroxide MA  physical blend 

MA peroxide 

(TPS-MP) (MTPS-P) MA 

0.1 phr 

 physical blend reactive blend 

 physical blend 

reactive blend MA 0.1 phr  TPS 

 reactive 

blend MA 0.1 phr tensile strength 

elongration physical blend PTPS-P 

physical blend reactive blend 

 pure PLA  melt temperature (Tm) ,glass 

transition temperature (Tg) crystallization temperature (Tc) 

TPS   TPS 50%

50% 

 

79 
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 reactive agent  

TPS  

reactive agent 
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 Torque 

 

 

 
 

  Torque 

MA 0.1 phr 
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3 Torque 

MA 0.5 phr

 

4 Torque PLA 
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 Torque PLA 

MA 0.1 phr 

 

 Torque PLA 

MA 0.5 phr 
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 Torque PLA 

MA 1.0 phr 

 

 Torque PLA 

MA 2.0 phr 
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9 Torque  PLA 

MA 3.0 phr 
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90:10 

 

 
70:30 

 

 
50:50 

 SEM Extrudate PHY  HCl 1 N 3 hr 

PLA:TPS  
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10:90 

 

 SEM Extrudate PHY  PLA choloform 3 

hr PLA:TPS  
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90:10 

 

 
70:30 

 

 
50:50 

 

12 SEM Extrudate PTPS-P HCl 1 N 3 

hr PLA:TPS  
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30:70 

 
 

10:90 

 

 SEM Extrudate PTPS-P PLA 

choloform 3 hr PLA:TPS  
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90:10 

 

 
70:30 

 

 
50:50 

 

 SEM Extrudate MTPS-P HCl 1 N 3 

hr PLA:TPS  
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30:70 

 

 
10:90 

 

 SEM Extrudate MTPS-P PLA 

choloform 3 hr PLA:TPS  
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90:10 

 

 

 
 

70:30 
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50:50 

 

 SEM Extrudate TPS-MP HCl 1 N 3 

hr PLA:TPS  

 

 
 

30:70 
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10:90 

 

 SEM Extrudate TPS-MP PLA 

choloform 3 hr PLA:TPS  
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103 

 

 

 

 

 
 

18 modulus  
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 PHY 10-90%wt twin-scruew extruder 

Batch Reference 

 

Max Stress 
SD 

Elong at Break 
SD 

MPa % 

PHY 10/90 0.67 0.03 139.02 4.01 

PHY 30/70 2.16 0.14 5.69 1.55 

PHY 50/50 13.83 2.58 2.06 0.59 

PHY 70/30 26.47 1.14 5.96 1.58 

PHY90/10 44.99 2.17 2.73 0.28 

 

 PTPS-P 10-90%wt twin-scruew extruder 

Batch Reference 
Max Stress 

SD 
Elong at Break 

SD 
MPa % 

PTPS-P10/90 0.86 0.07 136.00 6.24 

PTPS-P 30/70 3.54 0.74 6.85 1.07 

PTPS-P 50/50 14.20 1.93 2.50 0.40 

PTPS-P 70/30 4.04 0.30 11.39 2.36 

PTPS-P 90/10 47.02 3.65 3.36 0.72 
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4  MTPS-P 10-90%wt twin-scruew extruder 

Batch Reference 
Max Stress 

SD 
Elong at Break 

SD 
MPa % 

MTPS-P 10/90 0.49 0.02 163.75 7.42 

MTPS-P 30/70 1.63 0.11 77.07 12.84 

MTPS-P 50/50 13.40 1.34 3.77 1.19 

MTPS-P 70/30 32.02 1.78 5.75 2.83 

MTPS-P 90/10 53.03 1.80 3.13 0.31 

 

 TPS-MP 10-90%wt twin-scruew extruder 

Batch Reference 

Max Stress 

SD 

Elong at Break 

SD 

MPa % 

TPS-MP 10/90 0.72 0.18 139.03 2.33 

TPS-MP 30/70 1.66 0.19 27.26 5.16 

TPS-MP 50/50 17.61 1.60 5.40 2.07 

TPS-MP 70/30 29.61 2.00 6.38 0.87 

TPSM90/10 43.30 3.87 3.68 0.67 
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FTIR-  
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 FTIR 70:30%(PLA:TPS)

24  
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PLA:TPS) 10:90 90:10 %wt twin-scruew extruder 

 

sample Tg
(oC)

TC
(oC)

TM
%CrytallinityTM1

(oC)
TM2
(oC)

m
(J/g)

C
(J/g)

PLA 55.48 105.2 146.79 154.6 27.53 30.55 29.41
PHY 10/90 56.16 88.1 133.93 143.85 3.54 3.08 37.82
PHY 30/70 59.41 86.86 133.51 144.15 14.94 4.06 53.21
PHY 50/50 53.95 89.95 136 146.35 20.37 9.13 43.53
PHY 70/30 54.5 91.95 137.2 146.97 29.49 3.58 45.01
PHY 90/10 54.57 98.29 139.54 149.98 36 23.18 42.74

MTPS-P 10/90 - - 136.13 145.37 2.58 1.46 27.56
MTPS-P 30/70 56.25 90.87 134.95 144.11 9.92 3.06 35.33
MTPS-P 50/50 58.9 95.03 138.88 148.57 19.96 0.00 42.65
MTPS-P 70/30 59.33 95.79 139 148.16 27.59 8.24 42.11
MTPS-P 90/10 54.59 95.46 139.6 149.63 36.89 16.02 43.79
PTPS-P 10/90 - - 135.65 - 1.35 0.00 14.42
PTPS-P 30/70 55.75 90.03 134.54 145.54 9.76 2.06 34.76
PTPS-P 50/50 57 92.12 137.9 147.19 20.32 0.00 43.42
PTPS-P 70/30 57.32 94.85 136.7 146.76 8.14 3.00 12.42
PTPS-P 90/10 55.57 92.46 139.6 149.57 31.49 26.72 37.38
TPS-MP 10/90 57.32 90.25 - 144.66 3.48 0.00 37.18
TPS-MP  30/70 55 84.94 132.2 142.48 8.29 4.28 29.52
TPS-MP  50/50 58.32 92.78 137.36 147.16 21.46 1.63 45.85
TPS-MP  70/30 55.16 94.77 138.2 146.54 27.70 10.50 42.28
TPS-MP  90/10 54.79 92.71 139.3 150.56 34.92 22.17 41.45
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