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1 SCOPE 

 

With this work we want to study the influence of incorporate not only the nanoparticles 

of Cloisite 15A but also the glass fiber, to the polymer matrix Arnite D04300. 

 

In previous work, 2300_I100011 ñNanocomposites of PET Glass Fiber reinforced and 

nanoparticles of Cloisite. Process conditions and characterization.ò it was found that the 

addition of Cloisite in the matrix with glass fiber did not improve the mechanical properties. 

However, if the polymer matrix did not contain glass fiber the mechanical properties 

improved. The aim of this report is to analyze the influence in the mechanical properties of 

the addition of glass fiber and Cloisite 15A in the polymer matrix Arnite D04 300 (0% GF), 

and to evaluate the results obtained for the polymer Arnite AV2 340 (20% GF) which 

contains glass fiber in its matrix.   

 

To obtain the glass fiber, Arnite AV2 390 (50% GF) was burned in a furnace at 700ºC. 

The isolated glass fiber was used in two different conditions: dried and at room humidity. 

  

Extrusion conditions were modified from those used at previous work in order to avoid 

polymer degradation (100 rpm and 5 minutes of mixing). This influence is also analyzed in 

this report. 

 

Samples were characterized mechanical, morphological and thermally by tensile tests, 

SEM, and DSC.  

2 CHARACTERIZATION  

  

2.1 TENSILE TESTS 

The tensile test conditions were: 

Speed test:  1 mm/min  

Preload:  5 N 

Test temperature:  Ambient (20 ± 1ºC) 

Load Cell: 5 KN 

Test equipment:  Zwick (code 2PG43052-100-01)  

 Videoextensometer (code 2PG43052-100-05) 
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2.2 SEM 

 

Scanning Electron Microscopy was necessary to analyze the interaction between the 

polymer matrix and the glass fiber in the sample.  

 

Microscope SEM EDX Hitachi S-3400 N with a variable pressure until 270 Pa with 

analyzer EDX Röntec XFlash of Si(Li) was used by the ñInstituto de Carboqu²micaò to 

perform the study. 

 

2.3 DSC 

 

Differential Scanning Calorymetry (code: 2PG30052-710) was used to determine the 

glass transition temperature (Tg) and crystallinity percentage.  

 

Test conditions were the following: 

1. Hold for 1 min at 30ºC 

2. Heat from 30ºC to 285ºC at 30ºC/min (First heating) 

3. Cool from 285ºC to 30ºC at 30ºC/min (Cooling) 

4. Heat from 30ºC to 285ºC at 30ºC/min (Second heating) 

 

3 SAMPLES DESCRIPTION 

 

Arnite D04 300, Arnite AV2 340, Cloisite 15A and were dried at 100ºC at least during 7 

hours, before melt extrusion. 

 

To extract the glass fiber that is going to be used in the different samples, Arnite AV2 

390, which contains a 50% of glass fiber was burned in oxygen atmosphere during one hour 

at 500ºC and two hours at 700ºC. Next figures show the final aspect and the length of the 

fiber obtained. 

 

Glass fiber extract from Arnite AV2 390 were mixed dry and in room conditions to 

analyze the effect of the ïOH molecules with the glass fiber in the mechanical properties. 
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Figure 1.  Glass fiber extract from Arnite AV2 390 (50% GF). 

 

Fiber lengths were measured in the optical microscope and the average obtained was   

262 m: 

 

Figure 2.  Fiber length measurements.  

 

Next table describes the different specimens and the melt processing conditions to 

perform all the activities 

Table 1. Samples  identification.  

ITA code 
% of nanoparticle in 

the total polymer 
Extruder conditions 

Injection molding 

machine conditions 

GF20_0C15A_ITA_29 0 

Tmelt: 275ºC; Motor: 100 

rpm; Time: 5min; Screw 1; 

Atmosphere N2 

Tmold: 130ºC 

Tinjection: 280ºC 

 

GF20_2C15A_ITA_30 2,5 

GF0_20GFd_0C15A_ITA_32 0 

GF0_20GFd_2C15A_ITA_33 2,5 

GF0_ITA_34 0 

GF0_20GF_0C15A_ITA_35 (*) 0 

GF0_20GF_2C15A_ITA_36 (*) 2,5 

GF0_2C15A_ITA_42 2 

 (*) NOTE 1: Glass fiber was not dried before mix the polymer and the additives.  
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4 RESULTS 

 

4.1  Variation of process conditions in the Arnite AV2 340 

 

With the objective to reduce possible polymer degradation during the process in the 

DSM extruder, several parameters were modified from the report 2300_I100011 ñAnalysis of 

extruder conditions and reinforcement effect in the Arnite AV2 340ò. Next table shows the 

actual and previous conditions:  

Table 2. Extrusion conditions during the mix.  

 Actual conditions Previous conditions 

T Mixer (ºC) 275 280ºC 

Speed (rpm) 100 150 

Mixer time (min) 5 10 

Atmosphere N2 

 

- Arnite  AV2 340 pure  

 

Results obtained with Arnite AV2 340 processed in the actual conditions are shown in 

the next table:  

 
Table 3. Tensile test results: Arnite AV2 340+0%wt C15A.  

ITA CODE 
Tensile Modulus 

(MPa) 
Tensile Strength 

(MPa) 
Elongation at Tensile 

Strength (%) 

GF20_0C15A_ITA_29-01 6315,26 108,20 3,17 

GF20_0C15A_ITA_29-02 7461,51 110,56 3,25 

GF20_0C15A_ITA_29-03 6489,09 107,63 3,21 

AVERAGE±CI (95%) 6755,29±570,76 108,80±1,44 3,21±0,03 
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Figure 3. Stress-Strain curve: Arnite AV2 340+0%wt C15A.  

Several samples made of Arnite AV2 340 in different process conditions were studied: 

 

- GF20_0C15A_ITA_12: 200 rpm/10min/130ºCmold/Screw1 (see report 2300_I100011)  

- GF20_0C15A_ITA_21: 150 rpm/10min/130ºCmold/Screw1 (see report 2300_I100011) 

- GF20_0C15A_ITA_29: 100 rpm/5min/130ºCmold/Screw1  

 

  

Figure 4. Velocity motor modification in the samples made of Arnite AV2 340. 
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Figure 4. Continued. 

 

It can be shown that mechanical properties improve when the motor velocity decreases 

(until 100 rpm) and the mixing time is the lowest (5min). So, those conditions were selected 

to process the samples for this work. 

 

- Arnite  AV2 340 mixed with C15A 

 

Using the above conditions, 2% wt C15A was added in the matrix. Tensile tests were 

performed:  

 
Table 4. Tensile test results: Arnite AV2 340+2%wt C15A.  

ITA CODE 
Tensile Modulus 

(MPa) 
Tensile Strength  

(MPa) 
Elongation at 

Tensile Strength (%) 

GF20_2C15A_ITA_30-01 6901,32 99,52 2,32 

GF20_2C15A_ITA_30-02 6973,04 103,04 2,32 

GF20_2C15A_ITA_30-03 7124,77 97,09 2,10 

GF20_2C15A_ITA_30-04 6656,03 102,86 2,38 

GF20_2C15A_ITA_30-05 6924,69 102,39 2,28 

AVERAGE±CI (95%) 6915,97±132,77 100,98±2,04 2,28±0,08 

 

3,05

3,1

3,15

3,2

3,25

3,3

3,35

3,4

3,45

3,5

3,55

100 150 200

SPEED (rpm)

E
lo

n
g

a
ti

o
n

 a
t 

b
re

a
k

 (
%

)



2300_I100213 

Analysis of glass fiber and Cloisite 15A addition in the polymer Arnite D04 300. 

Comparison with the matrix Arnite AV2 340.  

 
   - 9  

 

  

 

Figure 5. Stress-Strain curve: Arnite AV2 340+0%wt C15A.  

 

In the following table, mechanical properties average are compared between this 

samples and samples analyzed in the report 2300_I100011, to study the modification of the 

extrusion conditions (see 4.2. Influence of the nanoclay loading): 

 

Table 5. Comparative between samples made of Arnite AV2 340.  

ITA  CODE 
Extruder 

conditions 
Tensile Modulus (MPa) 

AVERAGE 
Tensile Strength (MPa) 

AVERAGE 

Elongation at Tensile 
Strength (%) 
AVERAGE 

GF20_0C15A_ITA_29 100 rpm 
5min 

6755,29 108,79 3,21 

GF20_2C15A_ITA_30 6915,97 100,98 2,28 

GF20_0C15A_ITA_21 150 rpm 
10min 

6510,34 105,43 3,44 

GF20_2C15A_ITA_22 6823,06 97,04 1,98 

 

 In the next figure was observed the mechanical properties in the Arnite AV2 340, 

depending on the extruder conditions and the nanoclay percentage added: 

- 275ºC, 100 rpm and 5 minutes mixing 

- 280ºC, 150 rpm and 10 minutes mixing 
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Figure 6. Comparison between the samples made of Arnite AV2 340. 

 

It can be shown that the extrusion parameters modification have increased the tensile 

modulus (0%wt C15A: +3.6%; 2%wt C15A: +1.3%) and tensile strength (0%wt C15A: 

+3.5%; 2%wt C15A: +3.9%), the same effect cannot be observed in the elongation analysis, 

that it could be said that the values are equivalent.    

 

4.2  Glass fiber and C15A addition in the Arnite D04 300 

 

Glass fiber obtained from Arnite AV2 390 was added in the Arnite D04 300 during the 

extrusion process in a 20%, before dried it and in the room conditions.  

 

Addition of glass fiber and C15A in the polymer matrix the procedure was the 

following: first, to feed the polymer and the Cloiste percentage in the DSM extruder to mix 
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both materials during 1 minute. The second step was feed the glass fiber content and to mix 

all during 4 minutes.  

The objective in this section was analyze the Cloiste 15A addition in the polymer 

Arnite D04 300 with or without Glass fiber (dried or in room conditions) in the matrix:  

 

- Arnite D04 300 without C15A  

 

Table 6. Tensile test results:Arnite D04 300.  

ITA CODE 
Tensile Modulus 

(MPa) 
Tensile Strength 

(MPa) 
Elongation at 

Tensile Strength (%) 

GF0_ITA_34-01 2339,08 45,98 3,54 

GF0_ITA_34-02 2856,36 48,44 3,39 

GF0_ITA_34-03 3701,16 48,35 3,15 

AVERGAGE±CI (95%) 2965,53±635,27 47,59±1,29 3,36±0,18 

 

 
Figure 7. Stress-Strain curve: Arnite D04 300. 

 

Table 7. Tensile test results: Arnite D04300+20%wt GF dried. 

ITA CODE 
Tensile Modulus 

(MPa) 
Tensile 

Strength (MPa) 
Elongation at Tensile 

Strength (%) 

GF0_20GFd_0C15A_ITA_32-01 4430,97 62,44 2,99 

GF0_20GFd_0C15A_ITA_32-02 4051,74 64,53 3,87 

GF0_20GFd_0C15A_ITA_32-03 (*) 3670,70 60,46 3,06 

AVERGAGE±CI (95%) 4241,35±262,79 63,48±1,45 3,43±0,60 

(*) NOTE: The repetition -03 has not considered to calculate the average becouse the signal obtained with the 

videoextensometer is not proper.  
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Figure 8. Stress-Strain curve: Arnite D04300+20%wt GF dried. 

 

Table 8. Tensile test results: Arnite D04300+20%wt GF in room conditions. 

ITA CODE 
Tensile Modulus 

(MPa) 
Tensile Strength 

(MPa) 
Elongation at Tensile 

Strength (%) 

GF0_20GF_0C15A_ITA_35-01 4009,25 56,72 2,88 

GF0_20GF_0C15A_ITA_35-02 4443,35 55,82 2,99 

GF0_20GF_0C15A_ITA_35-03 3152,31 53,84 2,58 

AVERGAGE±CI (95%) 3868,30±606,99 55,46±1,36 2,82±0,19 

 

 

Figure 9. Stress-Strain curve: Arnite D04300+20%wt GF in room conditions. 
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- Arnite D04 300 with Cloisite 15   

 
Table 9. Tensile test results: Arnite D04300+2%wt C15A. 

ITA CODE 
Tensile Modulus 

(MPa) 
Tensile 

Strength (MPa) 
Elongation at Tensile 

Strength (%) 

GF0_2C15A_ITA_42-01 2942,37 56,65 4,22 

GF0_2C15A_ITA_42-02 2922,72 59,14 4,34 

GF0_2C15A_ITA_42-03 3212,22 61,15 4,21 

GF0_2C15A_ITA_42-04 3014,30 61,02 4,25 

GF0_2C15A_ITA_42-05 3024,76 62,21 4,25 

AVERGAGE±CI (95%) 3023,27±89,76 60,03±1,72 4,26±0,04 

 

 
Figure 10. Stress-Strain curve: Arnite D04300+2%wt C15A. 

 
Table 10. Tensile test results: Arnite D04300+20%wt GF dried+2.5%wt C15A. 

ITA CODE 
Tensile 

Modulus (MPa) 
Tensile 

Strength (MPa) 
 Elongation at Tensile 

Strength (%) 

GF0_20GFd_2C15A_ITA_33-01 3426,96 68,46  3,64 

GF0_20GFd_2C15A_ITA_33-02 3950,12 67,96  3,59 

GF0_20GFd_2C15A_ITA_33-03 4971,83 73,61  3,31 

GF0_20GFd_2C15A_ITA_33-04 5126,93 73,64  3,09 

AVERGAGE±CI (95%) 4368,96±619,91 70,92±2,38  3,41±0,19 
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Figure 11. Stress-Strain curve: Arnite D04300+20%wt GF dried+2.5%wt C15A. 

 

Table 11. Tensile test results: Arnite D04300+20%wt GF +2.5%wt C15A. 

ITA CODE 
Tensile 

Modulus (MPa) 
Tensile Strength 

(MPa) 
Elongation at Tensile 

Strength (%) 

GF0_20GF_2C15A_ITA_36-01 4811,71 70,20 3,11 

GF0_20GF_2C15A_ITA_36-02 4071,65 68,96 3,35 

GF0_20GF_2C15A_ITA_36-03 4796,83 68,19 3,13 

AVERGAGE±CI (95%) 4560,06±390,87 69,11±0,94 3,19±0,12 

 

 
Figure 12. Stress-Strain curve: Arnite D04300+20%wt GF+2.5%wt C15A. 
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Polymer processed with glass fiber extracts from Arnite AV2 390 was analyzed with 

the polymer AV2 340 which contains glass fiber in its matrix, and the results are tabulated in 

the following table: 

Table 12. Tensile test results comparison. 

ITA CODE COMPOSITION 
Tensile Modulus 

(MPa) 
AVERAGE 

Tensile Strength 
(MPa) 

AVERAGE 

Elongation at 
Tensile Strength (%) 

AVERAGE 

GF20_0C15A_ITA_29 Arnite AV2 340 6755,29 108,79 3,21 

GF20_2C15A_ITA_30 
Arnite AV2 340+ 
2.5% Cloisite15A 

6915,97 100,98 2,28 

GF0_20GF_0C15A_ITA_32 
Arnite D04 300+ 

20%GF  
4241,35 63,48 3,43 

GF0_20GF_2C15A_ITA_33 
Arnite D04 300+ 

20%GF+2.5%C15A 
4368,96 70,92 3,41 

 

 

Figure 13. Stress-Strain curve comparison.  

                                                                                                                                                                                                                                                                                                                                                                                            

As it can be observed in the previous figure, the best mechanical results were obtained 

in the samples which contain glass fiber in its matrix (Arnite AV2 340). 

 

In the following table it can be shown the mechanical properties average for the 

samples analyzed:  
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Table 13. Tensile test results for the Arnite D04 300.  

ITA CODE COMPOSITION 
Tensile Modulus 

(MPa) 
AVERAGE 

Tensile Strength 
(MPa) 

AVERAGE 

Elongation at 
Tensile Strength (%) 

AVERAGE 

GF0_20GFd_0C15A_ITA_32 
Arnite D04 300 
+20%GF (dried) 

4241,35 63,48 3,43 

GF0_20GFd_2C15A_ITA_33 
Arnite D04 300 
+20%GF (dried) 

+2%C15A 
4368,96 70,92 3,41 

GF0_ITA_34 Arnite D04 300 2965,53 47,59 3,36 

GF0_20GF_0C15A_ITA_35 
 

Arnite D04 300 
+20%GF (room 

conditions) 
3868,30 55,46 2,82 

GF0_20GF_2C15A_ITA_36 
 

Arnite D04 300 
+20%GF (room 

conditions) +2% C15A 
4560,06 69,11 3,19 

 

Figure 14. Stress-Strain curve: Influence of glass fiber dried in the mechanical properties.  

 

Next figures were performed to analyze the glass fiber dried in the final mechanical 

properties: 
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Figure 15. Analysis of mechanical properties. 

As it can be shown before, the best mechanical properties were obtained when all 

particles added to the polymer matrix were dried before to do the mix.  

 

SEM analysis was performed to study the morphology and interaction of polymer 

matrix with the different reinforcement added. Samples analyzed by SEM were the following: 

- Arnite AV2 340 (code GF20_0C15A_ITA_29) 

- Arnite D04 300+20% GF (code GF0_20GFd_0C15A_ITA_32) 

Next figure reproduces the sample rupture zone to study of interaction polymer-

reinforcement were performed. 

 

Figure 16. Sample zones analyzed by SEM.  
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Analysis of glass fiber and Cloisite 15A addition in the polymer Arnite D04 300. 

Comparison with the matrix Arnite AV2 340.  
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Arnite AV2 340  
(code GF20_0C15A_ITA_29) 

 
Zone 2 (center) Zone 3 (center-upper) 

  
Zone 4 (center-lower) Zone 5 (left) 

  
Zone 6 (rigth) 

 
Figure 17. SEM images : Arnite AV2 340. 










