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ABSTRACT
Polyester composites reinforced with natural lignocellulosic fibers have attracted interest in several engineering areas due to their low cost, low energy consumption during fabrication and number of possible applications. One of these applications is the replacement of traditional composites such as the fiberglass. Characterization of polyester composites incorporated with ramie fiber has recently been conducted for physical and mechanical properties. However, the effect of increasing temperature on these composites has not yet been fully investigated. Therefore, the objective of this study was to evaluate the thermogravimetric behavior of polyester composites reinforced with up to 30% by volume of ramie fibers. The analysis was conducted by TG and DTG techniques. The presence of ramie fibers induces sensible changes in the thermal stability of the polyester composites, showing a sensible effect of the ramie fibers by reducing their temperatures of degradation.
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INTRODUCTION

Over the recent years, engineering applications of natural lignocellulosic fibers obtained from cellulose-based plants is gaining attention as an environmentally correct alternative to substitute non-recyclable, energy intensive, abrasive and potentially toxic glass fiber in composite materials (1-7). The main advantages of these composites are the low density and flexible properties specially using fiber as reinforcement to suit the mechanical performance requirements (2). These are usually high strength and stiffness requirements that could be reached with synthetic fibers such as glass, carbon and aramid fibers. Nowadays, the use of synthetic fibers is being questioned in terms of problems caused to the environment. In fact, as non degradable materials, synthetic fibers, like the glass fiber, are associated with long term pollution when discarded. Moreover, the expended energy for fabrication and processing can be related to relatively large amounts of CO2 emissions and represents a positive contribution to global warming(7). Glass fiber, in addition, is toxic and cannot be incinerated as a waste in thermal power plants (5).
The ramie fiber extracted from the stem of the ramie plant (Boehmenia nivea) has, nowadays, been investigated as an effective reinforcement of polymer composites (1, 2), some of which are already applied in civil construction parts (8) and automobile components (8, 9). Despite the superior mechanical strength and stiffness contribution of the ramie fiber, its effect on the thermal stability of composites is still a matter of discussion(10). Since the application of these ramie fiber composites may involve relatively higher temperatures in use condition, their limits of thermal stability need to be specified. The literature failed to report investigations on the thermal behavior of polyester composites reinforced with ramie fibers. Thus, the objective of this work was to perform a thermogravimetric analysis of polyester matrix composites incorporated with different amounts of continuous ramie fibers. 
EXPERIMENTAL PROCEDURE
 
The ramie fibers investigated in the present work were supplied by the Brazilian firm SISALSUL, illustrated in Fig 1. The composites were prepared with commercial orthophtalic polyester resin, mixed with 0.5 wt.% of methyl-ethyl-ketone hardener. Composites with 0, 10, 20 and 30 vol % of continuous and aligned ramie fibers were fabricated. The fibers were placed in a 5.5 mm in diameter and 20 mm long cylindrical mold. The still fluid orthophtalic polyester resin was then poured inside the mold and allowed to cure at room temperature for 24 hours. After extraction from the mold, the prepared composite was sectioned in thin discs with 2 mg of weight, which corresponds to approximately 1 mm in thickness. Individual discs, for each volume fraction of ramie fiber, were used as thermogravimetric, TG/DTG, analysis sample. The analysis was carried out in a Perkin-Elmer equipment at a heating rate of 10oC/min under nitrogen atmosphere, from 25 to 800°C.     
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Fig. 1. The ramie fiber (a) and a bundle of ramie fibers (b).
RESULTS AND DISCUSSION
Thermogravimetric results of the neat polyester and the ramie fibers reinforced composites are now presented and discussed. Figure 2 shows the TG/DTG curves for the neat orthophtalic polyester resin obtained after room temperature curing for one day. In this figure, one should notice that the TG curve displays a slightly decreasing, corresponding to 5% of weight loss, first stage up to about 250°C. This is followed by a second stage up to about 450°C in association with a greater weight loss, which is above 95% of the total sample’s weight. At even higher temperatures, from 450 to 800oC, a third very slow declining weight loss corresponding to 4.3% of the sample is observed in Fig 2.
[image: image3.png]T Poliester Puro.pdf - Adobe Acrobat I

e e o — el A N b

Fie Edit View Document Comments Forms Tools Advanced Window Help

&) crome - ) Combine - &) cotorne - eee - sgn =[] romns+ (5 Comment -

=] P :

1/t k) & (@8 =% - o [ R -

PerkinElmer Thermal Analysis

1049 07823
100 4 -
1
Delta Y = 4.956 %
)
/ 2
Qnset Y -86745% /
8 Onset X - 350.43 T
-
£
52
<
H
Delta Y = 90.731 % EI
g
) H
10
E)
2 12
0 81161 C
4317% Lo
PeakX = 393.05 T
04708 1543
2043 100 200 300 400 500 500 700 8116
Temperature (<C)
=i
s NG T L
3 . = ==~ ;





Fig. 2. TG/DTG curves of the neat orthophtalic polyester resin.

The DTG curve in Fig. 2 displays only one symmetrical and uniform peak related to a maximum rate of weight loss at 393oC. Such well defined peak is typical of pure polymeric resins that are also associated with a relatively small amount of high temperature residues. In neat polymers, this unique DTG peak is related to the main thermal decomposition mechanism of macromolecular chain degradation or even depolymerization. The thermogravimetric parameters obtained from the TG/DTG curves in Fig. 2 are shown in Table 1.

Table 1. Thermogravimetric parameters of the neat orthophtalic polyester resin and related composites with up to 30 vol% of ramie fibers. 
	Sample
	Initial moisture peak (oC)
	Onset of the second stage (°C)
	Shoulder peak in the second stage (°C)
	Main peak in the second stage (°C)
	Final residue 

(%)

	Neat orthophtalic polyester resin
	-
	353
	-
	393
	4.3

	Polyester – 10% fiber
	123
	327
	357
	358
	10.1

	Polyester – 20% fiber
	120
	213
	353
	387
	9.1

	Polyester - 30% fiber
	100
	305
	348
	384
	12.6


Figures 3 to 5 show TG/DTG curves for the orthophtalic polyester resin matrix composites reinforced with 10, 20 and 30 vol % of ramie fibers, respectively. The main thermogravimetric parameters obtained from these curves are also listed in Table 1. The results presented in Fig 3 to 5, jointly with the values in Table 1, reveal sensible differences with respect to corresponding results in Fig. 2 for the orthophtalic polyester resin, which serves as composite matrix. Different than the pure polyester, the first stage in the composites, up to 250oC, exhibits small peaks between 100 and 123oC in association with a weight loss varying from 4.1 to 6.1% with the inclusion of ramie fiber. These initial peaks at lower temperatures are characteristics of natural fiber reinforced polymer composites and attributed to the release of water adsorbed on the surface of all lignocellulosic fibers (11-14). 
Another relevant difference between the neat polyester and the composites refers to the onset of the second TG stage associated with the greater weight loss. As presented in Table 1, this onset for the composites shows a declining temperature variation from 327 to 305°C with increasing volume fraction of ramie fibers. The reason for this reduction in the second stage onset temperature, which is technically accepted as the composite limit of stability, is ascribed to the process of ramie fiber thermal decomposition. 
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Fig. 3. TG/DTG curves for orthophtalic polyester composites reinforced with 10 vol% of ramie fibers.
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Fig. 4. TG/DTG curves for orthophtalic polyester composites reinforced with 20 vol% of ramie fibers.

[image: image6.png]T Rami_Poliester 30%pdf - Adobe Acrobat S o

Fie Edit View Document Comments Forms Tools Advanced Window Help

&) crome - ) Combine - &) cotorne - eee - sgn =[] romns+ (5 Comment -

=y = P g 1 i O Ee® s« - ] e y
PerkinElmer Thermal Analysis
1081
100  Defta¥- 4069 %, §
| ,
%0 >
Onset 92.279 %
Onset 348.52 °C
s
Py
£
&
-
5
H
53
Delta Y = 83.341 % ?
28
)
E
3 B
20 sles3c [0
PeakX - 383.65 T 12.574%
124 i1
2 100 20 00 400 500 &0 700 820

Temperature (C)

R I izl =] A B e





Fig. 5. TG/DTG curves for orthophtalic polyester composites reinforced with 30 vol% of ramie fibers.
In fact, as any lignocellulosic fiber, the ramie fiber begins its thermal decomposition by the lignin at temperatures as low as 220°C. At approximately 300-400°C, this decomposition is maximized. It is then suggested that the ramie fiber lignin degradation be the responsible for the composite thermal stability limit.

Important thermogravimetric aspect of the composites shown in Fig 3 to 5, worth discussing, is the existence of shoulder peaks in the DTG curves. The neat polyester DTG curve in Fig. 2 fails to show a shoulder before the main peak. By contrast, the composite display shoulders, Fig. 3 to 5, declining in temperature from 357 to 350°C with increasing volume fraction of ramie fiber These shoulder peaks are attributed to hemicellulose decomposition(10). A main DTG peak is observed not only for the neat polyester, at 393°C in Fig. 2, but also at others temperatures 358-386°C for the composites in Fig 3 to 5. This main peak associated with the polyester decomposition, is apparently affected by the presence of ramie fibers. For isolated ramie fibers, the main DTG peak is assigned to the degradation of cellulose (10). It is then proposed that the fiber cellulose macromolecules degradates and consequently contributes to decrease the thermal stability of the composite. This behavior has not yet been reported in the literature and deserves to be further investigated. 


As a last point to be discussed, the introduction of ramie fibers, as presented in Table 1, increased the amount of high temperature residue from 4.3%, in the neat polyester, Fig. 2, to 9.1-12.6% in the composites, Fig 3 to 5. This can be ascribed to the participation of carbonaceous matter and tar/char, predominantly formed in the pyrolysis process of the ramie fiber (10).
CONCLUSIONS
· Composites with orthophtalic polyester matrix reinforced with up to 30 vol % of ramie fibers display sensible changes in the thermal behavior evaluated by thermogravimetric, TG/DTG, analysis.
· In the composites, but not in the neat polyester, initial DTG peaks were observed around 100 to 123oC due to water release form the ramie fibers, it is interesting to note that the water release temperatures tend to decrease with increasing volume fraction of ramie fibers in the composite.
· Shoulder peaks, observed only in the composites, were attributed to the decomposition of hemicellulose contained in the ramie fibers.
· The main DTG peak around 393oC for the neat polyester, which can be assigned to the degradation of the macromolecular chain, is slightly displaced to lower temperatures, 358-387oC as a consequence of ramie fiber cellulose degradation.
· The increase in the amount of high temperature residues with ramie fiber incorporation to the polyester composite is due to carbonaceous matter and tar/char formation in the pyrolysis process of a lignocellulosic fiber.
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