
RESULT AND DISCUSSION
CHAPTER IV

4.1 Characterization of Cellulose Fibers Derived from Banana Trunks

4.1.1 Raw Banana Fibers
The SEM image of raw banana fibers, which was prepared from inner 

core o f banana trunk, illustrates that the raw banana fiber exhibited long and slender 
microfibril structure, and the individual or aggregated fragments can be seen as 
shown in Figure 4.1. The width and length were estimated from the selected SEM 
images. The average length and diameter of the raw banana fibers were found to be
12.56 mm and 1.85 mm, respectively, corresponding to the aspect ratio (L/D) of 
about 6.79.

Figure 4.1 SEM image o f raw banana fibers obtained from inner core o f banana 
trunks.

4.1.2 Preparation of Cellulose Sheets
4.1.2.1 E ffec t o f  N a O H  concentrations f o r  p re p a re  cellu lose  sheets  

(H C l concentra tion  w as f ix e d  a t 2 A4)
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4.1.2.1.1 M orphology Analysis
T he SE M  im ages reveal that su rface  m orph o lo gy  and 

tex ture o f  cellu lo se  sheets had a lm o st no  change  w hen N aO H  co n cen tra tio n  w as 
increased as show  in  the  figure 4.2.

Figure 4.2 SEM  im ages o f  ce llu lo se  sheets at N aO H  con cen tra tion s a) 5%  w /v, 
b) 10% w/v, c) 15%  w /v  and d) 20%  w/v.

4.1.2.1.2 Chemical Analysis
T he  chem ical structures o f  th e  raw  banana  fibers and 

the treated cellu lo se  fibers w ere  investigated  w ith  using F T IR  spectro scopy . F ig ure
4.3, FTIR  spectrum  o f  the  trea ted  ce llu lo se  fibers had s im ila r pa tte rn  am ong  the  
studied the N aO H  con cen tra tion s. T he raw  banana fibers and trea ted  ce llu lo se  fibers 
show  a broad ban d  o f  th e  O H -stre tch in g  in  a w avenum ber 3600  c m '1 to 3000  c m '1. 
T he peak at 1 7 3 1 cm '1 d isapp eared  after treatm ent due to  rem o ved  o f  acety l and 
uronic ester groups o f  th e  hem ice llu lo se  o r the  ester linkage o f  ca rbox y lic  g ro u p  o f  
the  ferulic and p -co u m eric  acids o f  lign in  and/ o r h em icellu lo se  (E lan th ik kal et al.,
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2010). T he  peak  at 1621 c m '1 decreased  a fte r trea tm en t represented to e lim in a te  the 
arom atic  c = c  o f  lignin. O ther tw o peaks at 1022 and 893 cm '1 in creased  after 
treatm ent. T hese peaks represen ted  to -C -O -C - pyranose ring and B -glycosidic 
linkages o f  cellulose, respectively .

Figure 4.3 F T IR  spectra o f  banana  fibers befo re  and a fte r treatm ent.

4.1.2.1.3 Crystallinity Analysis
In F igure  4.4 , it can  be  seen  that the. a lkali- and  acid- 

treated  ce llu lo se  fibers show  the charac te ris tic  peak s w ith  higher in tensities th an  the 
raw  b an ana  fibers. X R D  d iffrac tog ram s show ed four d iffraction  peaks at 20  o f  12.5°, 
16.5°, 2 2 .6C and 34.7° w hich re fe r to the  110, 110, 002 and 004 d iffrac tion  p lanes, 
resp ective ly  (M ahesw ari et a l ., 2012). T he peak  at 12.5° in cellu lose trea ted  w ith  
N aO H  5%  w /v  cannot observed, seen o n ly  peak  at 16.5° due to the large  am ount o f  
the rem ain ing  hem icellu lose and  lign in  con ten t (V ie ira  et a l ,  2011). H o w ev er, at 
N aO H  15% w /v the peak 12.5° can  b e  c lea rly  o b serv ed  and the  sim ilar th in g  w as
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ob serv ed  at 20%  N aO H . T herefore, 15% N aO H  w as used for the  treatm ent o f  
ce llu lo se  fiber.

F ig u re  4.4 X R D  cu rves o f  banana fibers befo re  and after-treatm ent.

4.1.2.2 E ffect o f  HCl Concentrations fo r  Prepare Cellulose Sheets 
(NaOH  concentration was fix e d  at 15 % w/v)
4.1.2.2.1 Morphology Analysis

From  figure 4.5, th e  SE M  im ages reveal that the 
m ore  H C l con cen tra tion s increase, the m ore ce llu lo se  fibers len g th  decrease . Due to 
a loss o f  fibrous ch arac te r identity  occurs, in d ica tin g  the  su rface  e tch in g  and erosion 
by  hydro lysis p rocess (E lanthikkal et a i ,  2010).

O
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F ig u re  4.5 SEM  im ages o f  ce llu lo se  sheets at HC1 concentra tions a) 1.5 M, 
b) 2 M, c) 2.5 M  and d) 3 M.

4.1.2.2.2 Chem ical Analysis
T he  F T IR  spectra  as show n in  F ig ure  4 .6  at every  HC1 

concentrations had sim ila r resu lt as previously  describ ed  in vary  N aO H  
concentrations.
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W ave  ทนกา b e r

F ig u re  4 .6  F T IR  spectra o f  banana  fibers befo re  and  after treatm ent.

4.1.2.2.3 Crystallinity Analysis
In F ig u re  4.7 , in d ica ted  th a t after treating the raw  

banana  fibers can  prov ided m ore c lea rly  peak  th an  the raw  banana fibers. T he  peak  
appeared  at 20  o f  12.5°, 16.5°, 22 .6° and 34.7° w h ich  re fe r to the 110, 110, 002 and 
004 d iffraction  planes, resp ective ly  (M ahesw ari et al., 2012) in w hich sim ila r to  
using  vary  N aO H  concen tra tions. T he c lea rly  peak  is due to e lim ination  o f  
hem icellu lo ses and lignin from  chem ical treatm ent. T he  X R D  pattern o f  raw  b an ana  
fibers th a t treated  w ith 2.5 M HC1 p rov id ed  m ore  c lea rly  peak  than treated  w ith  1.5 
and 2 M  HC1. A fter treated w ith  2.5 M  HC1 th e  X R D  pa tte rn  nothing change.
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F ig u re  4.7 X R D  cu rves o f  banana fibers befo re  and  after treatm ent.

T herefo re , 15%  w /v  N aO H  and 2.5 M  HC1 w as used for p rep are  cellulose 
sheets from  raw  b an ana  fibers in th is study. T he  b an ana  fibers a fte r treated  has 
sm oo ther surface th an  raw  banana fibers as show  in F igure  4.8 b ecause  rem oval o f  
hem icellu lo se  and lignm  by chem ical trea tm en t (M ahesw ari et a l ., 2012). It w as 
found that they have average length and d iam eter 0.42 m m  and 3.28 pm , 
respectively , co rresp o n d in g  to the aspect ra tio  (L /D ) about 128. T h e  trea ted  cellu lose 
fibers have  h igher asp ec t ratio  than the raw  b an ana  fibers, it m eans th a t the treated 
ce llu lo se  fibers have  h ig h e r strength and g rea te r flex ib ility  th an  th e  raw  banana 
fibers. T he  p rod uc tion  y ield  o f  treated  ce llu lo se  fibers is 13.12 %  as sho w n  in table
4.1.

o
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Figure 4.8 SEM  im age o f  trea ted  ban an a  fibers.

Table 4.1 The p roduction  yield o f  trea ted  ce llu lo se  fibers.

Material/ Process Dry Weight (g)

Inner core o f  banana  trunk 100

Im m ersed in 15% (w /v) N aO H 30.25

B leached fiber 20.85

HC1 2.5 M hydro lyzed  ce llu lo se  fiber 13.12

The therm al deg rad a tion  b eh av io r o f  the raw banana fibers, and  th e  treated  
cellu lo se  fibers w ere  analyst by therm og rav im etric  analysis in N 2 at heating  ra te  o f  
10 c /m in . The T G A  o f  raw  b an ana  fibers show ed in figure 4 .9  th e  w eigh t loss in 
four stages. The first s tage  ranged be tw een  7 0 ° c  and 140°c th a t m ig h t co rrespond  to 
the rem ove o f  adsorbed  w ater. T he  secon d  stage o f  the w eight loss sta rted  at 2 0 0 ° c

o
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to 308°c is due to the degradation of hemicellulose. Thermal decomposition of 
cellulose started at about 308°c followed by two major losses of weight during the 
decomposition of lignin. In comparison with treated banana fibers, the cellulose 
fibers which derived from banana trunks, the graph showed the weight loss in three 
stages. The first region in the temperature regime of 50-150°C is due to the 
evaporation of water. The second transition region at around 200-308°C is due to 
degradation of residual hemicellulose. The third stage of weight loss is occurred 
about 308°c, is due to the decomposition of cellulose. The results indicated that 
hemicellulose and lignin were removed from raw banana fibers after the treatment of 
alkali and acid.

Figure 4.9 The thermogravimetric analysis of raw banana fibers and cellulose fibers.

4.2 Characterization of Cellulose Fibers Treated with Solution Plasma by Study 
the Effect of Plasma Treatment Time

4.2.1 Effect of Solution Plasma Treatment on Appearance
Figure 4.10 shows the appearance of cellulose treated with solution 

plasma by vary plasma treatment time and then make them into the sheet forms. The

o
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average thickness is 0.089 ± 0.011 millimeter. When the plasma treatment time 
increased, the surface of cellulose sheet appeared black spots. It may be due to the 
degradation of cellulose when plasma treatment time increased, some parts of 
cellulose burned with plasma. Therefore, the cellulose sheets treated with solution 
plasma at 180 and 240 minutes were not considered in the next part because they 
have a lot of black spots on the surface.

Figure 4.10 Appearance of cellulose sheets at plasma treatment time (a) 0, (b) 30,
(c) 60, (d) 90, (e) 120, (f) 180 and (g) 240 minutes.
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4.2.2 Effect of Solution Plasma Treatment on Morphology Analysis
The solution plasma treat on cellulose at any different plasma 

treatment time was not effect to surface of cellulose sheets. Some fibers form 
continuous surface with some large fibers has been observed on the surface.

TM3000_6221 N Da e x3.0k 30 um

Figure 4.11 SEM image of cellulose sheets at plasma treatment time (a) 0, (b) 30,
(c) 60, (d) 90, (e) 120 minutes.

4.2.3 Effect of Solution Plasma Treatment on Water Contact Angle Analysis 
The hydrophilic properties of cellulose treated with solution plasma by 

using the different plasma treatment time were characterized by water contact angle 
measurement. Figure 4.12 shows the effect of solution plasma treatment on the water
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60, 90 and 120 minutes, respectively. After plasma treatment time 60 minutes the 
Water contact angle value slowly decreased as seen from the figure 4.13.
The result indicated that solution plasma leading to an increase in the hydrophilic 
property of cellulose sheet. This should be due to the solution plasma can generate a 
new functional group to the cellulose.

c o n ta c t a n g le  o n  th e  su rfa c e  o f  c e l lu lo s e  sh e e t. T h e  w a te r  c o n ta c t a n g le  s lo w ly

d e c re a s e d  f ro m  6 5 .9 ° , 60 .2 ° , 5 7 .5 ° , 5 5 .4 °  to  5 3 .2 °  w ith  p la s m a  tre a tm e n t t im e  0 , 30 ,

Figure 4.12 Interfacial water contact angle of cellulose sheets treated with solution 
plasma (a) 0, (b) 30, (c) 60, (d) 90 and (e) 120 minutes.
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P la s m a  tre a tm e n t tim e  (m ins)

Figure 4.13 Effect of plasma treatment time on water contact angle on cellulose 
sheets.

4.2.4 Effect of Solution Plasma Treatment on Bending Testing
The stiffness of cellulose sheets treated with solution plasma from 

increased with increasing plasma treatment time. But after plasma treatment time 
longer than 60 minutes, the stiffness slightly increased as showed in Figure 4.14. It 
may be caused by the interaction between the cellulose in plasma process but after 
plasma treatment time longer than 60 minutes some cellulose fibers degraded by 
plasma treatment, so the stiffness slightly increased. That agreed with the appearance 
of cellulose sheet when increase plasma treatment time.

o
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Figure 4.14 Effect of plasma treatment time on bending testing o f cellulose sheets.

4.2.5 Effect of Solution Plasma Treatment on Chemical Composition
The chemical composition of solution plasma-treated cellulose sheet 

was investigated by using the FTIR technique. The FTIR spectra of the cellulose 
sheets before and after the solution plasma treatment was determined as showed in 
Figure 4.15. After the solution plasma treatment, the peak at 1708 cm '1 increased in 
intensity corresponding to c = 0  stretching vibration (Ragojanu e t a l., 2010). The 
intensity of the peaks was increase with increasing the solution plasma treatment 
time, implying a higher amount of the new oxygen-containing functional groups 
(C-O, c = 0  and 0-C =0) at a longer plasma treatment time.

๐
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Wavenumber

Figure 4.15 FTIR spectra of cellulose sheets at different solution plasma treatment 
time.

Moreover, the chemical composition of treated-cellulose sheets was further 
examined by using the XPS technique. Figures 4.16 (a), (b), (c), (d) and (e) showed 
the c  (Is) spectra of untreated cellulose sheets and plasma-treated cellulose sheets at 
0, 30, 60, 90 and 120 minutes, respectively. The result showed that the chemical 
composition of untreated cellulose sheets is altered after the plasma treatment which 
can be observed from three main peaks. The peak at 285.0, 286.5 and 288.0 eV was 
attributed to C-C/C-H, C-OH and C-0-C/C=0 bond (Rjeb e t a l ,  2004). The last 
peak at 288.8 eV was attributed to 0 -C = 0  bond (Morent e t a l ., 20107). As showed 
in table 4.2, the percentage of oxygen-containing polar group which are C-OH, C-O- 
c /c = 0  and 0 -C = 0 are increased as increasing the plasma treatment time whereas 
the percentage of C-C/C-H was decreased. It might be implied that the solution 
plasma changed the chemistry of cellulose sheets by decomposition of polymer 
chains and oxidation reactions forming aldehyde and carboxylic acid/carboxylate 
groups lead to the formation of the oxygen-containing polar functional groups, 
relating to an increase in the C-0-C/C=0 and 0 -C = 0  bond (Calvimontes et a l., 
2011). These results were in agreement with the FTIR results.

๐
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B in d in g  E n e r g y  (e V ) B in d in g  E n e r g y  (E v )

Figure 4.16 XPS spectra of (a) untreated- cellulose sheet, (b) 30, (c) 60, (d) 90 and 
(e) 120 minutes plasma-treated cellulose sheets, respectively.
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Table 4.2 Effect of plasma treatment time on the percentage of chemical 
compositions.

Treatment 
time (mins)

Percentage of chemical composition
285.0 eV 
C-C/C-H

286.5 eV
c - o

288.0 eV
c - o - c /c = o

288.8 eV
o - c = o

0 68.9 23.3 7.8 -
30 60.1 28.2 9.2 2.5
60 52.5 31.5 12.8 3.2
90 45.8 37.8 13.1 3.3
120 44.2 38.2 14.0 3.6

4.2.6 Effect of Solution Plasma Treatment on Crystallinity
Wide-angle x-ray diffraction (WAXD) patterns were used to study 

the crystalline structure of cellulose sheet that treated with solution plasma. The 
characteristic diffractions of untreated, 30, 60, 90 and 120 minutes solution plasma- 
treated cellulose sheets were showed in Figure 4.17. All of the samples appeared the 
peak at 26  of 12.5°, 16.5°, 22.6° and 34.7° which refer to the 110, 110, 002 and 004 
diffraction planes, respectively (Maheswari et al., 2012). The result indicated that the

0 . treatment with solution plasma does not change the crystallinity of cellulose sheet 
(Calvimontes et a l., 2011).
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Figure 4.17 XRD pattern of untreated and solution plasma treated cellulose sheets.

The results from the water contact angle analysis, bending testing, fourier 
transform infrared spectroscopy (FTIR) and x-ray photoelectron spectroscopy (XPS) 
indicated that cellulose sheet treated with solution plasma treatment time 60 minutes 
was enough for treated the cellulose fibers.

4.3 Characterization of Polyaniline Coated on Plasma Treated Cellulose Sheets 
by Using Different Cellulose to Aniline Monomer Ratios

4.3.1 Finding Percent Yield of Polyaniline
The amount of polyaniline that coated on the surface of cellulose 

sheet can separately determine by did everything the same as prepared polyaniline 
coated on cellulose sheet by solution plasma except added cellulose fibers. The 
reactions time was 20 minutes. The %yield can calculated from

%Yield = Weight of polyaniline X  100 
Weight of aniline monomer

o
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From the result in the table 4.3 showed that %yield of polyaniline increased with 
increasing the aniline monomer. However, when used aniline monomer 6g, %yield 
decreased may be due to amount of hydrochloric acid and ammonium persulfate w as 
not enough for occurring polyaniline.

T a b le  4 .3  %Yield of polyaniline obtained from different aniline monomer.

Aniline monomer (g) Polyanilinc (g) %yield

0.5 0.0186 3.7

1 0.0441 4.4

5 0.5007 1 0 . 0

6 0.5138 8 . 6

F ig u re  4 .1 8  Amount of polyaniline obtained from different amount of aniline 
monomer.

o
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4.3.2 Compare %Yield of Polyaniline from Conventional Method and 
Solution Plasma Method
At reaction time 20 minutes, temperature 45 ๐c  solution plasma can 

provided %yield 10.0 and conventional method can provided %yield 0.072. 
Therefore, amount of polyaniline from solution plasma had higher %yield than 
conventional method.

Table 4.4 %Yield of polyaniline obtained from conventional method and solution 
plasma method.

Synthesis method Aniline monomer (g) Polyaniline (g) %Yield
Solution plasma 5 0.5007 10.0

Conventional method 5 0.0036 0.072

4.3.3 Compare %Yield of Polyaniline by Using Difference Plasma 
Treatment Time
The results from table 4.5 showed that the increasing of plasma 

treatment time from 20, 40 to 60 minutes can provided polyaniline 0.5007, 0.5268 
and 0.5311 g, respectively. Therefore, it can conclude that the plasma treatment time 
longer than 20 minutes less effect on amount of polyaniline.

Table 4.5 % Yield of polyaniline by using difference plasma treatment time.

Time (minutes) Aniline monomer (g) Polyaniline (g) %Yield
20 5 0.5007 10.0
40 5 0.5268 10.5
60 5 0.5311 10.6

๐
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F ig u r e  4 .1 9  Amount of polyaniline obtained from different plasma treatment time.

Thus, the condition for coating polyaniline on cellulose sheets was used 
cellulose fibers to aniline monomer ratio 1:5 and solution plasma treatment time 20 
minutes.

4.3.4 Compare Elctrical Conductivity of Polyaniline Coated on Cellulose 
Sheet by Solution Plasma Process and Oxidative Polymerization 
Polyaniline coated on cellulose sheet by solotion plasma process 20 

minutes can changed the appearance of cellulose sheet from white to dark green but 
oxidative polymerization 20 minutes cannot changed the appearance of cellulose 
sheet from white to dark green as showed in figure 4.20. The less time that can 
changed cellulose sheet from white to dark green by oxidative polymerization is 60 
minutes. Therefore, the comparison electrical conductivity of polyaniline coated on 
cellulose sheet was selected at solution plasma 20 minutes and oxidative 
polymerization is 60 minutes. The electrical conductivity of polyaniline coated on 
cellulose sheet by using solution plasma 20 minutes is 7.42 X  lO^S/cm and electrical 
conductivity of polyaniline coated on cellulose sheet by using oxidative 
polymerization 60 minutes is 6.99 X  10"4 s/cm. The electrical conductivity of two 
methods was not significant different.
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F ig u r e  4 .2 0  Polyaniline coated on cellulose sheet by a)solution plasma process 20 
minutes, b) oxidative polymerization 20 minutes and c) oxidative polymerization 60 
minutes.

4.3.5 Compare the Deposition Capacity of Polvaniline Coated on Cellulose 
Sheet by Solution Plasma Process and Oxidative Polymerization 
The deposition capacity of polyaniline coated on cellulose sheet was 

determined by using ultrasonic bath 30 minutes in distilled water. It found that the 
sediment of polyaniline coated on cellulose sheet by solution plasma process 20 
minutes less sediment at the bottom of beaker than of polyaniline coated on cellulose 
sheet by oxidative polymerization 60 minutes as seen in figure 4.21. Thus, solution 
plasma process has higher deposition capacity for coating polyaniline on cellulose 
sheet than oxidative polymerization.

F ig u r e  4 .2 1  Polyaniline coated on cellulose sheet by a)solution plasma process 20 
minutes and b) oxidative polymerization 60 minutes.
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4.3.6 Compare Molecular Weight of Polvaniline by Solution Plasma
Process and Oxidative Polymerization
The molecular weight of polyaniline by solution plasma process was 

20100 Daltons and the molecular weight of polyaniline by oxidative polymerization 
was 19600 Daltons. The molecular weight of polyaniline by solution plasma process 
was higher than molecular weight of polyaniline by oxidative polymerization may be 
due to solution plasma process can help to improve the polymerization efficiency of 
polyaniline from aniline monomer.

4.3.7 Morphology Analysis
The images of polyaniline coated on plasma treated cellulose sheets 

by solution plasma were examined by scanning electron microscopy as showed in 
figure 4.22. Figure 4.22a, shows only the treated cellulose sheet without polyaniline, 
it was form continuous fibers and smooth surface. In addition, the aniline monomer 
was added in to the cellulose fibers with different ratios. The weight ratios of 
cellulose fibers to aniline monomer were 1:0.5, 1:1, 1:5 and 1:6, their surface 
morphology were showed on figure 4.22. The SEM images reveal that polyaniline on 
surface of cellulose sheet was increased with increasing the ratio of aniline monomer. 
However, cellulose to aniline monomer 1:6 the polyaniline on the surface start to 
agglomerate as seen in the figure 4.22e.
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F ig u r e  4.22 SEM images of polyaniline coated on solution plasma treated cellulose 
sheets with cellulose to aniline weight ratio a) 1:0, b) 1:0.5, c) 1:1, d) 1:5 and e) 1:6.

4.3.8 Electrical Conductivity
Room temperature DC electrical conductivity values of polyaniline 

coated on cellulose sheet were measured by two point probe. It found that cellulose 
fibers to aniline monomer 1: 0.5 provided electrical conductivity 1.02 X  10 4 ± 1. 6 8  X  

10‘5 s/cm, cellulose to aniline monomer 1:1 provided electrical conductivity 3.73 X  

10~4 ± 6.70 X  10"5 S/cm, cellulose to aniline monomer 1: 5 provided electrical 
conductivity 7.42 X  10’4 ± 7.77 X  10~5 s/cm and cellulose to aniline monomer 1: 6 
provided electrical conductivity 4.89 X  10"4 ± 7.35 X  10'5 s/cm. The electrical 
conductivity of cellulose fibers to aniline monomer 1:6 lower than electrical 
conductivity of cellulose fibers to aniline monomer 1:5. This is corresponding to the 
SEM image (figure 4.22e) that polyaniline^f cellulose fibers to aniline monomer 1:6 
aggregated and covered some areas on the surface of cellulose sheets.

๐
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F ig u r e  4 .2 3  The electrical conductivity of polyaniline coated on cellulose sheets.

4.3.9 Chemical Analysis
The chemical structure of polyaniline coated on cellulose sheet was 

determined by fourier transform infrared spectroscopy (FTIR). Figure 4.24, it 
showed both cellulose and polyaniline pattern. The peak of cellulose appeared at 
wavenumber 3410 cm '1 corresponding to OH-stretching, 2918 cm '1 corresponding to 
C-H stretching vibration in cellulose and hemicellulose, 1022 cm '1 corresponding to 
-C-O-C- pyranose ring of cellulose and 893 cm '1 representing P-glycosidic linkages 
of cellulose. The peak of polyaniline can be observed at wavenumber 3444 cm’1 
representing to N-H stretching, 1590 cm '1 representing to N=Q=N (Q is quinoid 
ring), 1480 cm'1 representing to N=B=N (B is benzene ring) (Elanthikkal ร., 2010 
and Tariq ร., 2014).
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--------------------- P A N I c o a te d  o n  c e l lu lo s e  s h e e t
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F ig u r e  4 .2 4  FTIR spectrum of polyaniline coated on cellulose sheet.

4.3.10 Thermogravimetric Analysis
Figure 4.25 showed the TGA thermogram of pure cellulose, pure 

polyaniline and polyaniline coated on cellulose sheet. For the pure cellulose, graph 
showed the weight loss in three stages. The first region in the temperature regime of 
50-150°c is due to the evaporation of water. The second transition region at around 
200-308°C is due to degradation of residual hemicellulose. The third stage of weight 
loss is occurred about 308°c, is due to the decomposition of cellulose. In 
comparison, there are three steps of weight loss occurred in TGA thermogram of 
pure polyaniline. The first steps of weight loss starting at 80-120°C was attributed to 
the removal of moisture present in the polyaniline. The second step of weight loss 
occurring in between 120-250°c was due to the evaporation of doping agent (HC1). 
And the weight loss corresponding to the final step at 450-550°C is mainly attributed 
to thermal decomposition of polyaniline. For the polyaniline coated on cellulose 
sheet, also there are three steps of weight loss appeared in TGA thermogram. The

o
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first step of weight loss starting at 80-120°C was due to removal of moisture present 
in it. The second step of weight loss occurring during 120-308°c, there are two 
reasons for supporting. The first one is due to the decomposition of residual 
hemicellulose (that cannot completely remove by treatment process) and another 
reason is due to the evaporation of doping agent (HC1). In addition, the final step of 
weight loss at 450-550°C corresponding to thermal decomposition of polyaniline 
(Wang H., 2012 and Ragupathy ร., 2012). The polyaniline coated on cellulose sheet 
displayed higher amount of residue than pure cellulose, which can be explained in 
the way that polyaniline coating acted as protective barrier on the surface of cellulose 
against thermal degradation (Wang H., 2012).

Figure 4.25 The thermogravimetric analysis of polyaniline coated on cellulose sheet.

4.3.11 The Propose Mechanism of Polyaniline Coated on Cellulose Sheets 
In solution plasma process, the water can dissociated to occurred 

hydroxyl radicals (OH‘), hydrogen radicals (H-) and high energy electrons (Takai o ., 
2008) as seen in the figure 4.26. In addition, hydroxyl radicals and hydrogen radicals 
from the dissociation of water by solution plasma can help the reaction of polyaniline
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by conventional oxidative polymerization move forward. Because the hydrogen 
radicals can help hydrochloric acid to change from aniline monomer to anilinium in 
the first step and hydroxyl radicals can help to abstract the proton (H+) when 
polymerized polyaniline as showed in the figure 4.27.

H2O + e -------^  OH + H + e

Figure 4.26 The dissociation of water in solution plasma process.

Figure 4.27 The propose mechanism of polyaniline coated on cellulose sheet.

4.4 Characterization of Polyaniline/Silver Particles Co-Coated Cellulose Sheet

4.4.1 Effect of Ratio between Silver Nitrate and Sodium Borohydride
In this step reducing agent that used for change from silver nitrate to 

silver particles was sodium borohydride (NaBH4). The ratio o f silver nitrate to 
sodium borohydride was selected by used the ratio that can provided highest silver 
particles. From figure 4.26 the silver nitrate to sodium borohydride ratio 1:2 can gave 
the highest amount of silver particles, if the ratio of silver nitrate to sodium 
borohydride higher than 1:2 there is no effect on amount of silver particles.
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Figure 4.28 The silver particles weight by using different silver nitrate to reducing 
agent ratio.

4.4.2 The Morphology and Size of Silver Particles
The TEM image shows the morphology of silver particles which are 

synthesized from reducing agent and solution plasma. It can be seen from figure 
4.27, their shape are spjjerical. The size of silver particles are various between 1-10 
nm and 71-80 nm as seen from figure 4.28. Thus, the average size of silver particles 
is 23.9 ±  14.91 nm. In addition, the TEM image of silver particles which are 
synthesized from reducing agent as showed in figure 4.31. The shape is similar with 
synthesized by reducing agent and solution plasma. The average size of silver 
particles that synthesized by reducing agent is 37.4 ± 94.1 nm as showed in figure 
4.32. The silver particles from solution plasma and reducing agent have size smaller 
than silver particles from only reducing agent. It can conclude that plasma has effect 
on the size of silver particles.

o
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Figure 4.29 TEM image of silver particles by using reducing agent and solution 
plasma.

P a r t ic le s  d ia m e te r  (nm )

Figure 4.30 The particles size histrogram of silver particles by using reducing agent 
and solution plasma.

o
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Figure 4.31 TEM image of silver particles by using reducing agent.

P a r t ic le s  d i a m e t e r  (n m )

Figure 4.32 The particles size histrogram of silver particles by using reducing agent.

๐
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4.4.3 Electrical Conductivity
The polyaniline coated on cellulose sheets were improved the 

electrical conductivity values by adding silver particles. The different concentrations 
of silver nitrate were added into polyaniline coated on cellulose sheets. Normally, the 
electrical conductivity of polyaniline coated on cellulose has electrical conductivity 
7.42 X  1CT4 ± 7.77 X  10'5 s/cm. When added silver nitrate concentration 0.1 M, 
electrical conductivity can increase to 9.96 X  lO"4 ± 1.08 X  10'4 s/cm. Silver nitrate 
concentration 0.3 M, electrical conductivity can increase to 1.48 X  10"3 ± 2.96 X  10’4 
S/cm. Silver nitrate concentration 0.5 M, electrical conductivity can increase to 2.62 
X  10'3 ± 2.57 X  10'4 S/cm. Silver nitrate concentration 0.7 M, electrical conductivity 
can increase to 3.36 X  10'3 ± 2.02 X  10"4 s/cm. The silver nitrate cannot used higher 
than 0.7 M due to the plasma cannot generate. Therefore, the highest electrical 
conductivity of polyaniline/silver particles co-coated cellulose sheet is 3.36 X  10'3 
S/cm with silver nitrate concentration 0.7 M as seen in the figure 4.29. When silver 
concentration increased, the electrical conductivity also increased could be due to 
decreasing inter-particles distance between Ag-Ag particles.

Figure 4.33 The electrical conductivity of polyaniline/silver particles co-coated 
cellulose sheet.
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