CHAPTER IV

RESULTS AND DISCUSSION

The major objective of this r 7ch is to characterize and to reduce mal-

odor from natural rubber. Thr /@s ples based on the process of

production were used. T@ld ‘ rial such as fresh latex, cup
lumps and scrap. The seM fmoke ; Smoke rubber grade 1 to 5.

And the last is block ru

STR20 and deproteinized
natural rubber (DPNR) 101T0f | ients that may cause mal-
odor from natural rubber #ver. ied ¢ ng the he ace technique. The volatile

samples were then subjected ) ysis by omatography (GC) and Gas

4.1 Characterization oﬂlal-odor rom Natural Rubbem

‘o Q/ | |
The mosﬂiu%’ai@tim E} w:gt%&’c} ﬁl%or by GC were first
identified. The I-II;II-S capill columfl, which is capable of separfiting low polarity
compouna H ’1;1>§$ ﬁ:j igyeyom;:la 1]0& ;In@uﬂs, were used.
The condition that was first attempted for HP-20M column was, initial temperature as
60°C (5mins) and increased to 200°C at the rate of 10°C/min for all runs. The injector
and detector temperature were 200°C. Helium and nitrogen were used as the carrier

gas and make-up gas, respectively at the flow rate of 2.00 mL/min. The GC
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chromatogram showed two groups of peak in every sample. The conditions were
varied in order to find the best way to separate the peaks in each group. The oven
temperature was reduced from 60 °C to 35°C. The lowest oven temperature was 35°C.
which is the optimum oven temperature in this study. The maximum column

temperature was reduced from 200°C to 150°C. Using this optimum condition, the

retention time of peaks in the first grou‘@ about 0-5 min. While ones of peaks in

ﬁbtaln an optimized condition for

HP-5 column was not suc e cﬂom@ained from HP-5 capillary

column showed less nu M/ /than e\ﬂw;apillary column implying

that some peaks were no

the second group was up from 6 \A

The optimum c

capillary column by GC

used as the carrier gas and make~.1pfgz§; respectivel
e el (’ e

lumps which give the %on'g 3 oVi@s that the peaks having

retention time higher than’ Ga.min were well’ separated. Each peak was labeled

alphabetically ﬁ@l J»«LEJ ’3 ?ﬂﬂfﬂ jl ﬂe:]eﬂT e peaks were later
L RRIREN ‘m‘w TN G T g ocns

(Figure 4.2)!indicated that these components are the low molecular weight volatile
fatty acids (VFA) such as acetic acid, propionic acid, butyric acid, isobutyric acid,
valeric acid and isovaleric acid. The standard sample of VFA were also injected to
GC and GC/MS (Figure 4.3 and 4.4) , each peak was identified as illustrated in Table

4.1.
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Figure 4.1 The GC chrogiatogral V é\\ & \ somponents of cup lumps: (h)
; i aia( \\- tyric acid, (k) butyric acid, (1)

1) he 1\\ acid, (o) heptanoic acid
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Figure 4.2 The GC/MS chromatogram of the volatile mal-odor components of cup

lumps



Table 4.1 The components of mal-odor from cup lumps as identified by

GC-MS (Figure 4.2)

Retention p— o
Symbol Hhinie -t Compound Description
(mins)
a 1.10 45 Ethylamine
b 4.1 48 Methanethiol
e 2.16 \ Pentanal
d 237 Pentanone
e 4.1 hydrazine
f L ~ phene
g 1 | ethylbenzene
h 7 o < tic acid
i 1 Ja 1 % acid
] 18 : 8§.m,_. ic acid
k 18.5 - ic acid
1 1932 & -._-3* Isovaleric acid
m 20.28 | 7 ,_: Valeric acid
n .acid
0 i cid
P 2433 p-Cﬁol
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Figure 4.4 The GC/MS chromatogram of mixed standard volatile fatty acids:
(h) acetic acid, (i) propionic acid, (j) isobutyric acid, (k) butyric acid,

(1) isovaleric acid, (m) valeric acid.
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As a result of higher sensitivity of GC/MS as compared with GC, a better
resolved peaks obtained from GC/MS chromatogram were evidenced. The other 10
samples gave similar results as cup lumps. Their GC chromatograms also consist of
two groups of peaks. However, the intensity of peaks in the second group which are
VFA was varied in each sample depending on the intensity of odor. The GC and

GC/MS chromatogram of samples having strong mal-odor: cup lumps (see Figure 4.1-

4.2 and Table 4.1) and STR20 (sqe‘}(\!////6 and Table 4.2) have high intensity

of propionic acid (h) , buhmd 9) c1d (j), isovaleric acid (k) and

e,l\is%amples such as DPNR (see

(see Figure 4:10-4.11 and Table A-2) have

valeric acid (l) than oth
Figure 4.8-4.9 and Table
low peak intensity of i ‘ 6 'oni%acid were found in every
sample. Furthermore, hexan
mal-odor samples such a ' J __ 0 and IS ke5. This result agreed well

with Isa’s work reported earlier 48 components of exhaust gases from

= ',:,,T' S
SMR factories in M;a_i_gysm were 1Jent1ﬁed as m?‘ular weight volatile fatty

acids (Cz-Cs). [27] - ‘

I : f
The first group gpeaks (retention tlme 0-6 min. g"ch:ould not be resolved using

HP-20M colunﬂ usgj '31% Bl %‘j{w(ﬁ Gl Jwas suitable for the

separation of hlgh polarity compounds but not for the components inthis group which
are lessa)lml;l anﬂoﬂxﬁlmeuml(gpmnm é@dﬂns were also
adjusted by reducing the oven temperature from 60°C to 35°C and holding the time at
this temperature for 2 mins. The separation was not improved because the oven
temperature could not be adjusted to lower than 35°C from the result of the warm

weather in Thailand and the limitation of instrument.
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All odorous rubber samples then were subjected to GC/MS analysis equipped
with a ZB-Wax column which is more suitable for components having low polarity.
From the comparison of the mass spectra of each peak in the first group indicated
roughly that these compounds have molecular weight about 40-150 amu and
consisting of nitrogen, sulfur, aliphatic compounds and aromatic compounds as

illustrated in Table 4.3. However, the confirmation using GC analysis of standard

compounds cannot be done since the pe ’/ ill not well resolved.

)
Another experimen &ing the liquid that condensed
' S ————
inside the sample bottle aft : _t-.-..mnple. The liquid sample was

injected into GC/MS equi 3-Wax co ing the optimum condition.

peaks (retention time O- / ero. On the contrary significantly
intense peaks were foun he secor | f peak. The odors from liquid

sample and cup lumps samples

A LY
. . “‘;":“"“I'Ejé"" v of = o ;
sample was similar E?_ufup' lumps s: p]ﬁ

This observation impfied that the sec

may be the major cause';)f mal-odor in rubber.
AUYINYNINYINT
RIAINTUNRINYIAY
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Figure 4.5 The GC chr \\- ponents of STR20

(g) acetic aci acid, (j) butyric acid,

(k) isovaleric
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Figure 4.6 The GC/MS chromatogram of the volatile mal-odor components of STR20



Table 4.2 The components of mal-odor from STR20 as identified by

GC/MS
Synibol | Betenfien MW Compound Description
time (mins) (amu)
a 1.07 45 Ethylamine
b 2.16 86 Pentanal
c 232 | : ‘ :\:\\\ j” wethylamine / 2-Pentanone
— | == 5
d 3.05 et m Wanone
e 4. 160 Lo f /‘ \\\\ \ydrazine
TN
W77/ E DN
h 17.38 l'l sy ‘\\\: onic acid
i 8.07 " % n\\"* tyric acid
] 18.59 ‘\ Butyric acid
k 1932 | ‘:" Isovaleric aicd
1 oR7<. eric.acid
)
m ;Y.._ '—:;'*: acid
n 24, -ﬁesol

ﬂumwﬂmwmm
QW’]Mﬂim AN Y
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Figure 4.8 The GC chromatogram of volatile mal-odor components of DPNR
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Figure 4.10 The GC chromatogram of volatile mal-odor components of STR5L
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DG 350t
25: 02 30z02

No. Odor descriptor
s liquid or gas with a pungent,
1 gt
ammonia-like odor.
5 Ethylamine ¢a 4508 Colorle§s li.qid or gas with a strong
Trimethw ) nmonia | ik dor when vapor
3 q 11 concentration are heavy. Generated in
p the deégradation of ics in plants
a g ‘
ARIRINTYU Y Bl
5 Butanone Clear colorless liquid with a fragrant
72.10 3 o A
mint-like, moderately sharp odor.
6 2-Pentanone 26.13 Water-white liquid with a
' characteristic ketone odor.
7 Heptanone 114.18
8 1-Amino-2-propanol 75.11 Colorless liquid, Hygroscopic.
9 2-Pentanol 88.14
10 | n-Valeraldehyde 86.13 Colorless liquid.
11 | Hexaldehyde 100.16 | Flammable liquid.
12 Propionaldehyde 58.07 Colorless liquid with a suffocating
) fruity odor. Air sensitive.
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Table 4.3 (cont.)
Compound Molecular Odor descriptor
No. mass
(m/z)
13 | NN- 73.09 Colorless liquid with a faint, ammonia-
dimethylformamide ‘ like odor.
14 N,N- 87 12 Colorless liquid with a faint, ammonia-
dimethylacetamide ’ like odor.
15 Thiophene . | Clear,h colorless liquid. lachrymator;
nch.
16 Thiazole : ‘ ss or pale yellow liquid. Foul
17 | Ethylbenzene : 06. : liquid with an aromatic odor.
18 p-Xylene . ; colorless plates or prisms
rature.
19 | o-Xylene £ s liquid with aromatic odors.
20 _ | 1-Phenyl prop e \
51 |Isopropylbenzene 9 - Color Nquid with a sharp,
Sl : ing, aromatic odor.
1,2,3- | 1
& Trimethylbenze 2 1%{: ‘
1.2.4 =T
& Trimethylbenzene ‘bﬁl@.
24 | Isobutylbenzene 13427
25 Isopropyl L
methylbenzenew I &
26 | Trans-hexenet = -

y i
AUEINENTNYINT
PRI TUUMINYAE
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Figure 4.13 The GC/MS chromatogram of the volatile mal-odor components of

STR5(See appendix A, TableA-3)
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Figure 4.14 The GC ¢ ' components of STR10

100% _

- ﬂuﬂqwﬂwﬁh»

k13
Mmm
rrrrrrr 1
IO
2o =02 25 02 3002

Figure 4.15 The GC/MS chromatogram of volatile mal-odor components of STR10
(see Appendix A, Table A-4)
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The smoke rubber samples were analyzed using the optimum condition by
both GC and GC/MS. The results were shown in Figure 4.16-4.25 and Table 4.7, the
mal-odor components in the second group were VFA which appeared in other smoke
samples. Aromatic compounds were found among the first group of peaks that were

different from cup lumps and STR samples. They were the major components that

cause mal-odor in smoke rubber, ‘ ' ybably originated during smoking

process.

A @
iz,

A

JLifugangninens
TR 0 IR NG

Figure 4.16 The GC chromatogram of volatile mal-odor components of Smoke1l
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Table 4.4 (cont.)
Symbol Retention MW.
time (mins) (amu) | Compound Description
n 20.00 128 Naphthalene
0 20.25 102 Valeric acid
P 22.66 94 Phenol
q 24.30 108 p-Cresol
&
r 24.79 AN , Tryamine
S
Three types of r?& used il hi eriment are cup lumps, block
rubber and ribbed smo ; E\ - es were processed from natural

rubber of “Hevea br t types of sample were the raw

material used in processing JRi sméke d!éiby coagulation field latex

made from coagulation field Jatexu controlled conditions. The product
e

——

must have light color:;md clea.n_;:@iﬂ_lé?»‘mzo were made from field grade

materials based on UnSmeke=Sheet-(&SS)—lump=and=se tap. These materials gave

i
strong smell of mal—odola From the abov the s@e odorous components of

mal-odor from ﬁ eﬁ? E eri lﬂi ), benzylhydrazine
(C7H10NO), 2-penﬂige, vola il?lt }; acids( ?})1 ijr(nﬁlnents of mal-odor from
o Y AT M TGy i

cup lumpsiand STR20, the quantity is higher than one of STR5L and RSS that were
processed from the fresh field latex. This fresh field latex is cleaner and less
contaminated. Hence, there is little amount of non-rubber components in the latex,
which can usually be fermented in air by bacteria and produce the compounds that
cause mal-odor. Cup lumps and scrap were actually the waste rubber obtained from

trapping, coagulating, or cutting process. They contain larger amount of contaminants
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and have been through extensive fermentation. The methods, place and storage time

were also affected the mal-odor from cup lumps and scrap. The smoke rubber samples

showed that the major odorous components were the aromatic compounds, which

were different from cup lumps and block rubber.

Table 4.5 The components of mal-odor from natural rubber

:'I:‘Qolecu ad//

No. Compound < Odor descriptor
1128 S
' /z"' :
%ﬁ‘i—“‘?
: . 7 | Colorless liquid or gas with a pungent,
L | Duefhylaniine / ‘ / \ -ﬁ%onia-like odor.
% | Ethylaming / C__olorle.é‘s\hquld or gas with a strong
onia -like odor.
Imonia ‘like odor when vapor
3 Tiiriietlylanine 11 j*’l ‘iconcentration are heavy. Generated in
o adation of organic in plants
A7) Is, hygroscopic.
N lear eolorless liquid, amine-like odor,
4 | Piperidine L
oo tstrongly basic
5 | Benzylhydrazine 2 — i?
6 Tyramine L3318 - A
TR L - \:_}' 7 10 Cleax ﬂlgsﬁs liquid with a fragrant
[ rately sharp odor.
L
- ite liquid with a
5 | Z-Pedtanone Y, 8613 aracteristi¢ ketone odor.
g | Oydopentznone € .am | 84:11 Liquid, a}greeable odor somewhat like
olel A bhnolon Wfﬁ
10 | Piperidi 99,
11 11418 = v
E ARTIE JE 1N E
13 337 112617
14 | Acetothiophene 126.17 Stench, white crystal.
15 | 1-Amino-2-propanol 75.11 Colorless liquid, hygroscopic.
16 | 2-Pentanol 88.14
Colorless to pink solid or thick liquid
with sweet tarry odor detectable at
LY - | el ALl 0.06 ppm., hygroscopic and light
sensitive.
18 | P-Cresol 108.13 Colc-)r.less to p1n1-< crystals,‘ light
sensitive, hygroscopic, combustible.
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Table 4.5 (cont.)
Compound Molecular Odor descriptor
No. mass
(m/z)
19 | 2-Methoxy phenol 12412 | Colorless to amber crystals or liquid,
air sensitive and light sensitive.
20 | p-Phenolsulfonic acid | 174.17
21 | 1-Dodecanol 186.33 Colorless white solid.
22 | n-Valeraldehyde 86.13 Colorless liquid.
23 | Hexaldehyde 100,16 | | ;| Flammable liquid.
\'-A T = T = .
24 | Propionaldehyde 158 0}‘ ,' lorless 11qulq w1th‘ 2 suffocating
S dor and air sensitive.
25 | Piperinal 0. 00  [—
N,N- =N ss liquid with a faint, ammonia-
AR dimethylformamide . 9 , hkﬂ
07 | NN- | | Colorless“liquid with a faint and
dimethylacetami ‘| ammonia-like odor.
28 | Acetic acid 05— 248)C lorles§ iquid or solid with a strong
s | vinegar-like odor.
e : N 130 :
5 | Proplamicasd £or d‘ HC‘ ess liquid with a slightly
J3.- 4 | sweetish odor
30 | Isobutyric acid 88.10 | Stench and colorless liquid.
T: LF|
31 | Butyric acid ’ §;§£_‘i_ : ﬁ ss liquid with a pungent, putrid
I andnni s
49 | Tsovaledloacid P! I—/QT’TJ?’ = ench and colorless liquid.
s = Wit
33 | Valeric acid & l-}, 7 4 Coloﬂﬂlﬁ%d with unpleasant odor.
34 | Caproic acid -* 116 S ]ﬁ slightly yellow oily liquid
and stenc
35 | Heptanoic acid ¢ 130.18 %L,
36 | n-Decanoiciacidy | /™ J %&%}nﬁm@line solid.
37 Thiophe!;.! i) d 1 colarléss) liquid, lachrymator
s and stench.
AL ‘ liquid and
NCT AFRUE IO ot Nl
RN IR )
39 Ealylbenzene 106.167 Colorless liquid with an aromatic odor.
1 | pasieme 106.67 Clear liquid; colorless plates or prisms
at low temperature.
41 | o-Xylene 106.67 Colorless liquid with aromatic odors.
42 | 1-Phynyl propadiene 116.00
Colorless liquid with a sharp,
43 | Tsapmpylbsnzene 120.18 penetrating and aromatic odor.
I35 .
44 Trimethylbenzene 120.19 Liquid.
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Table 4.5 (cont.)
Compound Molecular Odor descriptor
No. mass
(m/z)
1,2,4-
45 Trimethylbenzene B
46 | Maphihsiens 128.17 Colorless to brown solid with an odor
of mothballs.
47 | Isobutylbenzene 134.22
43 Isopropyl
methylbenzene
49 | Trans-hexene
50 | Camphene s crystals.
51 | 1-Dodecyne

reducing the odor inté ::-—.-:—--~:--~-.-,—fs,;:,--, ------------- inferaction.

Benzalkonium ¢ rld-e ca chitoax cyclodextrin, zeolite13X

and sodium do u gl]a? . ng substances. They
were mixed w:ﬁe 4 rubber sam;ﬂ;ﬂRSmmokj ﬂnljzo and cup lumps by
o U 6 S E1 G 1 o
substance. The mixed samples were analyzed by GC using headspace technique to
determine the efficiency of mal-odor reduction. The results indicated that the odor-
reducing substances that have tendency to reduce mal-odor were SDS, CB,

zeolite13X and chitosan. The ratio of odor-reducing substance was also increased

from 1.5 to 5.0 phr, except SDS of which only 3.0 phr was used since the rubber that
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was mixed with 5.0 phr appeared to have lost some mechanical properties after
mixing.

To analyze the reduction of mal-odor, each sample after mixing was injected
for once a week during 5 week period, (one bottle / week). This was done in order to
study the intensity of mal-odor as a function of time. Each sample has been divided

into three bottles in order to obtain statistically reliable data (see Appendix B).

Figure 4.26 — 4.29 show the h}ﬁ\u/?l r quantity of STRS and Smoke3 by

considering fourteen compol'!& mabodo rences. It was found that the
(f‘ ljas a fun of time when the sample was
‘hat vapor pressure of volatile

\the Sanxle was kept in the closed

volatile volume continuously i

taken from the same b

system. To assess odor redliction/quantitat ar\@ive studies with controlled

rmed at the same time.
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R | ;:: B week3

g 60 4 ﬂ u EJ ’g M veeks
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Components of malodor

Figure 4.26 The quantity of odor components no.1-7 from STRS5 as characterized by
GC®
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Table 4.6 Peak areas and their percentages of the volatile component from STR20.

Methyl valerate was added as an internal standard.(see Appendix B,

Table B-3)
Retention
Peak area S. D. Area % S.D.
time
0.932 4.82 3.18 0.05
0.994 7. 1 “4.76 0.09
1.060 0 ~ 9 0.01
1,132 ' 002 0.02
1.225 001 0.00
1277 Rl 7 0.03
1331 0. P 16 0.01
1.423 0.50F g 1039 0.01
FACST TR
1.650 0. o4 27 0.01
| i
1.819" 0.12
6.350 08 0. 0.02
7335 | 25 1‘83[2‘” ‘ %‘ 0.01
— 2 g »
8312 'g) 0 2 04 0. 0.03
3 =
5 12 7r21 A 2
** retention time of methyl valerate
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Table 4.7 Peak areas and their percentages of the volatile component from Smokes5.

Methyl valerate was added as an internal standard (see Appendix B,

Table B-4).
Retention

Peak area S. D. Area % S. D.
time
0.919 4.14 0.11 2.63 0.07
0.997 11.81 \'| _’(‘ ] 0.09
1.084 198t .07 1.23 0.04
1.134 %m . 0.22
1.228 4 ﬁ//&&\“\- 92 0.13
1815™ l/ EA\& 76 0.17
2292 “.5' r“\\\‘ 88 0.10
6.350 594 0.63 0.03
7.327 0.02
8.312 0.01
8.776 | ¥=8d0—t—00——C 0 0.01
9.495 0.27
11.897 028, 0.03g. 0.17 0.02

o Tﬁ.ﬁjﬂm
AFIALNIUNRNEDALL, « e

trend of odor quantity as a function of time was observed. After mixing, the samples

were analyzed under the same condition to characterize mal-odor components by GC.
For STR20, by comparing odorous compound having retention time of 0.994
(components in the first group) (see Figure 4.30 and Table 4.8) and one having

retention time of 6.426 (components in the second group: acetic acid) (see Figure 4.31
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and Table 4.9) were determined in 5 weeks period. This component was selected
since its high quantity in all samples. Zeolite 13X and chitosan showed the best result
in reducing volatile mal-odor by comparing both peaks (retention time = 0.994,
6.426). While carbon black, cyclodextrin and SDS had good tendency to reduce mal-
odor. Benzalkonium chloride was not efficient odor-reducing substance despite the

cationic nature, which is believed to counteractant with major odorous components

such as VFA.

2500 -

2000
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1000
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‘- = Injection times
o) ¢ IR Y R AT
N (1
BV R TV leh I
\
q S bstan\c'es as characterized by y comparing retention time of
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Table 4.8 The peak area of volatile mal-odor component from STR20 mixed with

odor-reducing substances (retention time of 0.994)

Peak area of the volatile mal-odor component

Mixing Rubber Weekl | Week2 | Week3 | Weekd | WeekS
SiBa0 47424 | 56005 | 684.14 | 83423 | 102185
SR DS 163.14 | 23502 | 781.98 | 834.60 | 786.84
STR20+Chitosan 22992\ | B4 49529 | 59415 | 78259
STR20+Cyclodextrin Q&g W7 788.08 | 83122 | 901.59
STR20+Benzalkonium Chloride

1677.64 | 1923.14

STR20+Zeolite13X

al3.J3 609.59

STR20+Carbon black 956.07 1022 .34

¢ = all GC chromatogram were

450 -

400 <

350 -

300 -

250 ~

Area

200 -
150 o

100

50
€
1

[ e

0
eek3
injection time
L] STR20 STR20+SDS STR20+cyC|0dextrin
k4 STR20+carbon black STR20+chitosan E STR29+2zeolite 13x
4 STR20+benzalkonium chloride

Figure 4.31 The quantity of mal-odor from STR20 mixed with odor-reducing
substances as characterized by GC by comparing retention time of

6.426
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Table 4.9 The peak area of volatile mal-odor component from STR20 mixed with

odor-reducing substances (retention time of 6.426).

Peak area of the volatile mal-odor component

Mixing Rubber Weekl | Week2 | Week3 | Weekd | Weeks
STR20 82.04 | 25657 | 12032 | 31254 | 250.96
IR 10229 | 69.96 | 17160 | 27421 | 427.48
STR20+Chitosan 15.45 40.88 46.63
STR20+Cyclodextrin 117.96 137.36 161.96
STR20+Benzalkonium Chloride 1161 | 19691 | 42558
STR20+Zeolite13X 1 7.13 8.14
STR20+Carbon black 120.17 117.18

For SmokeS (Figurg 4 re 433 and Table 4.11)
chitosan, zeolite13X as wel ‘r:__ red to be good odor-reducing
substances. This may be expla:iﬂ%?ﬂfe’ high surface area of non-polar

carbon black that assists adsorption of some wodoious components. Unlike
benzalkonium chloride, atosan whose chemica composmm consists of some amino

groups turns ouﬂoﬁlgﬁcﬁ Erw%"w Ela.T ﬁeejof cyclodextrin and

zeolite13X, the odor-reducing propertlg,s may be regarded as the approprlate pore size

ofvon s FRE TS ] £ 6
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300

Area

Smoke5
Smoke5+Chitosan

%

Mixing Rubber g

i

Peak area of the volatile‘mal-odor component *

Qs

ﬂ u ’]‘VT‘E‘I mmw FVETf‘ 'i Week4 Weeks
Smokes L' 13769, 7200 | 1334 | 13975 | 11041
Smoke5+SDa W"" a Q m %3 I l %% @‘5%] 124.71
Smoke5+chitdgan 54.57 50.76 60.24 85.62 74.84
Smoke5+ cyclodextrin 68.23 9205 | 103.88 | 15639 | 171.92
smokeS+Benzakonium Chloride | 545 04 [ 21774 | 15454 | 17792 | 16381
Smoke5+ Zeolite 13X 82.84 54.18 81.80 | 119.60 | 77.39
Smoke5+Carbon black 8034 | 4587 | 89.01 80.34 | 5213

¢ =all GC chromatogram were demonstrated in Appendix C
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45 =

40 <

35 <

30 o

L. Smoke5
*] Smoke5+carbon bla
% Smoke5+benzalkonium chlogi

4

P S

B Smoke5+cyclodextnn
R20+zeolite13x

Table 4.11 The peak area of vo_lzgle*gralf@ponent from Smoke5 mixed with

odor-reducx{gésuhs:rmnes

o

Mixing Rubber j Peak area o > mal-odor component °
| 4
Week1 Week2 | Week3 | Weeks WeekS
'?’ L= v/ ;
] L

PR I EER IR
Smoke5+SDS 1156¢ | 17.45 ‘L 2241 29.02 2111
Smoke5+cl®w a ﬂ '}W ﬁﬂ V]SEI QBE] 7.84
Smoke5+ cyclodextrin 4.75 14.98 12.38 15.36 25.15
Smoke5+Benzakonium Chloride 38 64 7 16 28.47 36.75 32.52
Smoke5+ Zeolite 13X 0.00 6.64 6.09 6.69 741
Smoke5+Carbon black 202 753 8.17 7.93 131

c=all GC chromatogram were demonstrated in Appendix C
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Furthermore, we also attempted to test the efficiency of mal-odor reduction

using olfactometry. 20 peoples (10 male, 10 female; age 20-35) were convened to test

the samples that were mixed with odor-reducing substances. The result of

olfactometry test was shown in Table 4.12- 4.13.

Table 4.12 Olfactometry test of STR20 mixed with odor-reducing substances:

ST-IEZO Percentage of olfactometry test
Odor-Reducing RefBottled | RefBottleS
substances (15 g of rubber)|(20 g of rubber)
STR20 + SDS 10 0
STR20 + Chitosan 0 0
STR20 + Carbon black 0 0
STR20 + Cyclodextrin 20 20
STR20 + Benzglkomum 10 30
chloride oy I
STR20 + Zeolite13X ;4. ¢4 4 1~ )ik 10 0
izl
Table 4.13 Olfactometry test of Sthoke5 ith odor-reducing substances.
N SN
szkes ‘i_- itage ctometry test
Odor-Reducing —| RefBottlel Re RefBottle4 | RefBottleS
substances (1 g of rubber) | (5 g of rubber) | (10 glof rubber)|(15 g of rubber)|(20 g of rubber)
Smoke5 + SDS 0 2 40 20 20 20 0
0100/ OND0LONL OALOLA £ o
Smoke5 + ChitOS!;EIlI I ;J d | U I HO‘P‘ H’OI ? 0 0
, - DL =
Ssmoke5 + Ca 1 0 ' 0 . 0 0
“r.*);"“ a1k nénﬁo’q_%lq_am
Smoke5 + €yclodextrin rqoﬁb J FBIO I'd EI'0 0
Smoke35 + Benzglkomum 20 10 10 30 20
chloride
SMOKES + Zeolite13X 20 50 20 10 0
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From the tables, the percentage of mixed samples that had the odor intensity
less than the reference were reported. Carbon black and chitosan showed the best
results in reducing mal-odor in all rubber samples. Zeolites13X, cyclodextrin and
SDS could reduce some mal-odor. Benzalkonium chloride was found to be the least
efficient odor-reducing substance. The results obtained by olfactometry test were in

fact similar to GC analysis.

4.3 Mechanical Prope : 7
After the efficie eguci \ were found, the rubber
samples were compound fé -standa according to the following

ratio.

Table 4.14 The standard forrn edrubber

of mix (phr)

4
e
)

s
g AnemIneing
ARHRNIUURIINYIAY

Reduction substances:

Carbon black 5.0
Chitosan 5.0
Zeolite 13X 5.0

SDS 3.0
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These studies were performed in order to test whether it is feasible to add the
mal-odor-reducing substances while mechanical properties of natural rubber are still
maintained. Benzalkonium chloride was not used because it was previously observed
that mechanical properties of mixed rubber were deteriorated as compared to original
samples. The vulcanized rubber compounds were compressed in compression
molding at 150°C for 4 min. The vulcanized compounded rubbers were tested for the

7

ific gravity and hardness. The result
ab'li 4 0 vulcanized rubber and the
: e ———

tensile stress-strain, stress at 3OOL. |
was shown in Figure 4.34-

—
Figure 4.39- 4.43 and Tab

Table 4.15 The mechanical eities of c¢ : r: STR20

. .a}_ Fy KI} 5 1 ’ '.
Stress at 7"-“.‘, 1 at ‘ Specific Stress at 300%
Sample | A Hardness
Max.load wl' Gravity Modulus
STR20 22.49+1 03 A 0.9777 40.0 1.98+0.12
- | VN
STR20+SDS 4021 09876 37.9 1.61+0.11
= ol ot
STR20+Chitosan | 2L.06+1.24 0.9939 46.1 2.7440.15
STR20+Carbon /| = g
T I
black
1 Fd
L W
STR20+Zeqlitedd%~| 22 10. 7 . 7 2.4140.15
AN | l1Y
q
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Figure 4.34 uadeduubber: STR20
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Figure 4.35 The strain at max load of the compounded rubber: STR20
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45 <

Shore A

Figure 4.3{ 5 ipounde ber: STR20

Specific gravity

ﬂU“EJ '}7] EM?WEJ’W]‘E
QW']éNﬂ‘iﬂJ wnwmaw

Figure 4.37 The specific gravity of compounded rubber: STR20
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Figure 4.38 The strgss at.300° >di  compout ded rubber: STR20

The information “aboge onstrated ‘thay :ompounded STR20 rubber
samples containing odor-redu ibstarices except the tubber mixed with SDS have

stress value close to the origi sample mixed with SDS have

the lowest stress, stress at 300% m@ d hi The ductility increased as the

. . . l' - v .
strain increased. While Qe sample mixed with chit 5 ed the highest stress at

300% modulus and hardngs indicating bber b@me stronger with lower

toughness. Carbon_blac efslﬁn stress at 300%
modulus and hardH i’ftnerease?c‘)n gtile controﬂ rubber This data suggested that
chitosan, cﬂcﬁlﬂkﬁﬁﬂﬁﬁlﬂeﬁﬁe‘a‘ Wﬁlq a E*pected the

specific gravﬁy of all rubber were higher than the original rubber.



Table 4.16 The mechanical properties of compounded rubber: Smoke5

77

Stress at %Strain at Specific Stress at 300%
Sample Hardness
Max.load (MPa) | Max.load (%) Gravity modulus
SmokeS5 23.33+1.81 713.90+55.80 0.9700 40.2 2.3310.29
Smoke5+SDS 11.3442.04 774.40+82.99 0.9700 349 1.46+0.30
Smoke5+Chitosan 21.7440.49 712.90+13.23 0.9900 44 4 2.41+0.16
Smoke5+Carbon
22.03+0. 99 \ 0.9900 40.8 2.57+0.08
black

Smoke5+Zeolite13x 23.65% 40.2 2.02+0.24

MPa

A VI?J'HEMEJ 1173
)

AR1AN SUNATING

4 Figure 4.39 The tensile stress of compounded rubber:

o)
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Figure 4.40 T \\ d rubber: Smoke5
7

Shore A

bx
@
&
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Compound

QWWWN%’W’JWBWG d

Figure 4.41 The hardness of compounded rubber: Smoke5

78



79

Specific gravity

Figure 4.42 T rubber: Smoke5

%X

*-“ u

AU E}ﬁ[]mg;dﬂmﬂ‘a'

AR TR ITTINETA 8

Flngure 4.43 The stress at 300% modulus of compounded rubber: Smoke5

In the case of the compounded SmokeS rubber, the sample mixed with SDS
showed similar results as ones of STR20. It was found that the mechanical properties
of compounded natural rubber mixed with odor-reducing substances, were varied

depending on the type of substance. Some can increase elasticity, while others can
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improve the toughness. The selection of which substance should be used really

depends on the applications.

[
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