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APPENDIX A Calculation

Standard solution of phosphorus for the calibration curve

A stock of 1,000 mg mL" standard phosphorus solution was prepared by
dissolving 0.4390 g of KH,POy4 in 50 mL of de-ionized water (DI water). Then, a final
volume was adjusted to 100 mL with DI water. The stock of standard phosphorus
solutions (1,000 mg L) were used for preparation of a 100 mg L' stock solution in
DI water. Various concentration solutions, 0.10, 0.20, 0.30, 0.40, 0.50, 0.60, 0.70,
0.80, 0.90 and 1.00 mg L™, of the stock solution were adjusted the volume to 10 mL.
The accurate concentrations of each solution were analyzed by UV-Vis spectro-
photometry.

The solution is based on the following useful relationship:
Vconcd S Cconcd i Vdil %S Cdil [23]

where the two terms on the left are the volume and molar concentration of a
concentrated solution that is being used to preparc a diluted solution having the
volume and concentration given by the corresponding terms on the right. This
equation is based on the fact that the number of moles of solute in the diluted solution
must equal the number of moles in the concentrated reagent. Note that the volumes

can be in milliliters or liters as long as the same units are used for both solutions.

Represented in the formula; (100 mg L") xV, = (0.10mg LY x (10 mL)
V; = 0.0l mL

% Recovery
Recovery is similar to accuracy but includes the extraction efficiency of an
analytical method. Percent recovery is used in cases where no chemical reaction is

taking place, as in purification of a sample. It is calculated as follows:

% Recovery = Amount of pure product recovered (g)

x 100 23
Amount of crude material used (g) (23]
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Mean (X)
The most widely used measure of central value is the mean, X. The mean,
also called the arithmetic mean, or the average, is obtained by dividing the sum of

replicate measurements by the number of measurements in the set:

Where X; represents the individual values of X making up the set of N replicate

measurements.

Standard deviation (SD)

The most useful measure of spread is the standard deviation, SD. This is

defined by the formula:

1 =
e ARG L [23]
=1
Where X; = each value of data set
X = the arithmetic mean of the n results considered
n = the total number of data points

Relative standard deviation (RSD)
Scientists frequently quote standard deviation in relative rather than absolute
terms. It calculate the relative standard deviation by dividing the standard deviation by

the mean value of the data set.

100SD [23]

Where SD = standard deviation

X = the arithmetic mean of the n results considered
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Mean squared error (MSE) [23]
The MSE is the arithmetic mean of the sum of the squares of the prediction
errors; this error measure is popular and corrects the 'canceling out' effects of the

previous two €Iror measures:
al =
MSE = 3 (v — ) [72]

Where y; = the value predicted
y, = the target value for fitness case

n = the total number of data points

Limit of detection (LOD)

The limit of detection (LOD) is the smallest concentration that can be
reported with a certain level of confidence. Every analytical technique has a LOD.
LOD reported by researchers or instrument companies may not apply to real samples.
The values reported are usually obtained on ideal standards with optimized

instruments. These limits are useful, however, in comparing method or instruments.

_ 35D
~ Slope

LOD [73]

Limit of quantitation (LOQ)

Limit of quantitation (LOQ) of an individual analytical procedure as the
lowest amount of analyte in a sample which can be quantitatively determined with
suitable precision and accuracy. The calculation method is again based on the standard

deviation of the response (SD) and the slope of the calibration curve (S) according to

the formula:

10SD
LOQ = —— [73]



APPENDIX B UV digestion unit

Figure 38 Outside view of UV digestion unit

Figure 39 Inside view of UV digestion unit



APPENDIX C Phosphorus determination in rubber by Kjeldahl method [4]

A weight of sample (0.1-0.5 g) such that the phosphorus content is less than
100 pg is placed in a micro Kjeldahl flask (10 cm’ capacity), 2 cm’ of concentrated
sulphuric acid is added, and the solution is warmed until charring just begins. Portions
of concentrated nitric acid (0.2 cm’) are added, the solution being heated after each
addition until reaction has ceased and then cooled, until a total of 10 cm’ has been
used. A final addition of concentrated nitric acid (0.25 c¢m’) is made after which
heating is continued until there is no further reaction. After cooling, distilled water (10
cm’) is added carefully and the solution is heated gently to boiling. It is boiled until
acid fumes are observed at the mouth of the flask. This is repeated after the addition of
a further 5 cm’ of distilled water. The solution should now be colourless; if not 60%
perchloric acid (0.5 cm’) is added and the solution gently heated further, taking
partical care and using a safety screen. The final clear solution is diluted to 50 cm’
with distilled water in a volumetric flask.

A suitable aliquot (initially 5 cm’) is neutralized to Congo Red paper with
concentrated ammonia solution and transferred to a 50 cm’ flask, distilled water being
used to dilute the solution to about 25 cm’. Ammonium molybdate solution (5 cm’) is
added, the solution is shaken and the reducing solution (5 cm’) is added. The flask is
then placed in a boiling water bath for 30 minutes, ensuring that the solution is below
the water line. It is then cooled to ambient temperature and the final dilution to 50 cm’
made in the volumetric flask.

The absorbance of this solution is then measured at 700 nm against a blank
solution prepared by taking all the reagents (with the exception of the rubber) through
the complete procedure. The phosphorus content is calculated by reading from a
calibration graph, prepared by measurement of the absorbencies of a series of standard
phosphate solutions which have had their colours developed concurrently.

e Ammonium molybdate solution: a solution of 10 g ammonium
molybdate in 100 cm’ distilled water is poured slowly into a cooled solution of
300 cm’ 50% aqueous sulphuric acid. This solution is stored in the dark.

» Reducing solution: sodium metabisulphite (40 g), sodium sulphite (1 g)
and Metol (0.2 g) are dissolved in 100 cm’ distilled water. This solution has a shelf life



88

of no more than one week and ideally should be freshly prepared for each analysis. It
i1s emphasized that many other procedures are published for developing the
molybdenum blue color and these are equally valid but could well give an absorbance
maximum at a wavelength different from the 700 nm found for this one.

A very convenient and substantially less time consuming procedure uses
pressure bomb digestion of the rubber sample (0.2-0.25 g) with concentrated nitric
acid (2 cm’ ) overnight at 100°C. The resulting solution is diluted with DI water to a
convenient volume and the phosphorus measured by inductively coupled plasma-
atomic emission spectroscopy (ICP-AES). This has the dynamic range capability (and
linearity) to measure phosphorus concentrations from 1 mg kg' to at least
1,000 mg kg'. As with other techniques which are capable of measuring several
components within a single analytical run, the use of ICP-AES is particularly

advantageous when other elements need to be determined for other purposes.



APPENDIX D Thai industrial standard for natural rubber latex concentrate
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V7S TINEIE (natural rubber latex concentrate) WINBEN Messsmiimm MEadulaans
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lagnstdmsdoniliiisannduasinaasuendipaninng iy
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2 wila LA dhanmdunnmsvaumls Gannanvdisues ludisghuduansinunanvngedy

oo waziaanutud i linudagas 0.29 Tasnutininenaau

3 zie MA duneagunnmsnanami Zasnwmanumausxludlasiunuasinyamn

g1 UETIa Y uazidiatueisouar 0.30 feasar 0.59 lesnwiining1gu

4 e HA a5 dhnngnauannbuenads sesnmnaniwasus s ndisuaiiasagadon wasia
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(19 4.4)
WA UA
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HA LA Ma D | Ha@edu | Laedy
1 |mowd@ e Javarlamimin hivesnd | 61.0 wlaliduldandanna 65.0 65.0 [SO 124
s:ﬂinzﬁi'aﬁu{mﬂ

2 |ulasnwh JavasTamindn 60.0 60.0 60.0 64.0 64.0 IS0 126
Lo

3 powdiihilsma Tavarlemimia Livu| 17 1.7 1.7 1.7 L7 ]

1 |endudn (dnnondu NH) livoanin| lidiu 0.30 - | biviauain| Lidiu | 150125
Sanaddamhmiinthansdu 0.60 0.29 0.59 0.55 0.35

5 mﬁa'.‘mm»iann{']u:; (mechanical stability ) 650 650 650 650 650 IS0 35
G Litdasan

6 |3133udau (concutum) 0.03 0.03 0.03 0.03 0.03 IS0 706
Jauadamimin Lt

7 |waues Sadasndafilaniieawauin 8 ] 8 8 & IS0 6053
vianua L

8 |wanniia Sadniudantaniuvasuawds 5 & 8 & & IS0 7760
vanua bidi

g |unatiBun fisdndunanlaniuya 190 mda 10 sﬁah%kﬂulﬂmuﬁaunasszwﬂiwag?%aﬁ"u:}'ﬂwa 40 8.2
Wanna bitiu

10 |esnav (studge) Savastaminmin Lt 0.10 l 0.10 l 0.10 I 0.10 I 0.10 | 150 2005

11 |fmnssloiufisanald 0.06 vialimtuluamdoanavsn hgBafiugma ISO 506
( VFA number) Withy

12 e luva@nilsasaiieg 0.7 yioliuldandaanarzwiddedugoe 150 127
(KOH number) bitiu

HIYI0) D ginaRiana s s nadsnayasudveuanudsinandiagnauia
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Jomadau

mdrednszanm 20 gnuanieudmes alulinenasaing 100 gnuIAfEUALNT Wudsazas
nsAUBSEN a1 10 anunafieuices wanbitdiuleamsedinmes hdinauwenludioag
Tidnasazaonsauainaumasludnauliiinduaaladly uheahiinauyanhmiak
fuiuramanaaous nnsmiklasninneslin gampivenszne 10 ¥ funszasnsas
atludogaddoslibiwis uheundufinszaunies

8.3  wuniiGuu

8.3.1

dazmounaiomsoen

8.3.1.1 asazaauviiesuanbidio/venludionnaalse (NH,/NH,CI)

Fwanlniionaaslsd (NH,C) 67.5 niw ararlinn 250 fiadans wandumTazae

wonlitiiy (ANUMNWINENTME 0.880) 570 Hedans” (Javslidnmamamaau

1 505 Msazaranlamsimanudinse a1 10.5

WM luanbuiisfifionuinuvudining shaldnn 0.880 (arsazasuanludiy
sagar 33 lasuniin) wu wanludiy Anuvtiuaung 0.91 (a135azaw
wanluiie Jagas 25 Taenimin) dasldUsmauanludiomnnnt 570 fiadbas

e o~ & ' o . - @G e e
Usinadingu ldaranudiunsa-an 10.5 dueniva

8.3.1.2 waulutiis anumNwidduwns 0.880

§.3.1.3  avazaguiaagmaania (EDTA) 0.005 laadadas

gilﬂi‘ﬁté?ﬂﬂ wnau lowin myszuaden uoda (disodium ethylene diamine tetraacetic acid
CEDTA) 1.86 nn avanolinin voliiivsmes@u 1 000 fisddas venuduiuinive
loglnmsanuaisazarganass unniitdon 0.005 luadeans (w3gndisazary
masinwpniiGonlosld MeSO,. 7TH,0 1.2325 niwn azang ez ivsne s

1 000 fiaaans)

6.53.1.4  avazaalnunddonleolug (KON) 40 njuaes 1 000 Haaaas

8.9.1.5 aubimwas 05lelasn wudn 9 (Eriochrome Black T)

8.3.2

Haaslolasy wudn 7t 0.3 051 warlwunaFuueaslsd 100 ndu vanaulviaiu

Fnadaay

Fnheatuaghsamndsasana 10 ndu ldluiinnadnna 100 fiaddaes @uinnau 10 flaadas
Whidunsauadiinfauaz 25 lashwin 5 fiadans Li’iamﬁuéfuﬂuﬁauﬁwaanmnm‘iuﬂmmd
W9 10 daddns Tdasluiininesdnlunils @nasazmstiviaduSvanudunsa-dr
gaansazans 1vaglug19 10.0 84 10.2 udndulwnadoulzanlud 4 fiaddas Wududawad
a5lalasy wulnd 0.1 Ay udlnmsadvaisazargnesiudddite vagdnislnmse
fin geiiensazarsn)dsunndiba i
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1000 X 10 X C
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B fio anuniuresdisazaraanaspaane Wuluadedns x Yimaswes
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Benyanan Panwong

March 21, 1988

269 M.5 Tambon Janjawa Amphur Maechan
Chaingrai Province Thailand 57270

B.S. (Chemistry) Naresuan University
Phitsanulok, Thailand.
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