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ARTICLE HISTORY ABSTRACT

Received Natural rubber latex based paints are water basettich are devoid of
22 May 2017 Solvents which emits harmful volatile organic compads (VOCs) upon
prolonged exposure. These types of water based tpaire generally

Received in revised forn regarded to pose less detrimental effect to theltreand environment due to
9June2017 minimal emission of VOCs during application. In theontext of offensive
smell, olfactory disturbances are rarely describiedthe use and application
Accepted of latex based paints. Nonetheless, odour is dithitted due to the addition
23June 2017 of various paint additives which are generally ustmlenhance the properties
and working quality of paints, for instances visdtysenhancer, pigments, UV

absorber and so forth. This paper describes the mipas in odour

concentration in an in-house developed latex bageaint before and after

incorporation of various paint additives. Using gace emission sampling
technique via flux hood of stationary source of ession with subsequent

dynamic olfactometry analysis, it is shown that threour concentration
increased with the presence of additives comparegristine latex by at least

40%. The odour concentration of latex paints weraiahm lower once applied

onto substrates and further reduced by at least 33ffier 14 days of

application. Consequently the finding obtained fronthe olfactometry

analysis is useful to give an additional perspeetiof characterisation for

further development of minimum olfactory disturbaecin natural rubber

latex paint formulation.

Keywords: Natural rubber; latex based paints; additive; odour emission;
olfactometry.

1. INTRODUCTION

Odour can be defined as the perception of smellltireg from the olfactory organ upon
inhaling certain volatile matter. In order to assesevaluate odour there are various available
techniques of analysis such as electric nose, bemmatography or olfactometry. In the
analysis using olfactometer, a sample of odorowsigaliluted with neutral gas in defined
ratio and presented to human assessors. Olfactpnsetgenerally regarded as the most
practical method among the others to assess odoacentrations because it uses the human
nose as sensor. This technique has been widelytasassess odour impact from industrial
and agricultural activities as described by Naddeoet al. (Naddeo, Zarr, Giuliani &
Belgiorno, 2012) and Nor-Hidayaty K. et al. (Norddyaty, Nur-Fadhilah & Zairossani,
2012). Other techniques of odour measurements rffay loetter precision as an analytical
technique but these methods may be inadequatddodee an individual’'s odour annoyance
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or the perception of offensive smell. However, than disadvantage of olfactometry test is
the variability of the test results and time neaeg$o perform the tests.

In the context latex based paint, a certain degfaspleasant odours is associated to latex
paints due to the volatile organic compounds (VO@s)lhe paint. Using olfactometer
techniques, a study was conducted to compare theurodoncentrations in paints
manufacturing factories. It is shown that the fagemploying water based process exhibited
a much lower odour concentration in the range df &11,700 ou/rhcompared to another
factory employing solvent based process with odmuncentrations in the range of 1,400 to
11,000 ou/m (Giivener, 2004).

Latex based paints when applied onto substratets edour. The odour of these paints over
an extended period after the application is atteétiuto the decomposition of binder to form
chemical by-products in the form of short chainehlgdes, ketones and fatty acid (Uchiyama,
Jensen, Duval, Cetti, Woo & Archambault, 2002). Sehedours may also be emanating from
paint additives or components for instances buffatsckening agents, biocides or
crosslinking agent (Hanzlicek, Fox, Dukles, MartuciAndrews & Bedford, 2007). It is
generally accepted that latex based paint is lagardous than solvent based paints, the long
term occupational exposure to the VOCs of latextgaare still inevitable. Although olfactory
disturbances are less common in latex based paiotsmparison to solvent based paints, eye
and skin irritation are prevalent in exposed wask@Vieslander, Norback & Edling, 1994).

In the present study, the odour concentration oindmouse developed natural rubber (NR)
latex based paint using an adopted surface emissiorpling technique via flux hood of
stationary source emission which normally condudtedollect surface emission odour like
landfill and waste treatment pond. Subsequentyarsalwas later carried out by dynamic
olfactometry technique. The analysis before anelr aficorporation of various paint additives
was investigated with subsequent analysis on tleirodmission during the drying of the
paints after the application onto concrete substrafThe findings obtained from the
olfactometry analysis are useful to give an addéloperspective of characterisation for
further development of natural rubber latex paortrfulation with less odour emission thus
provides better indoor air quality upon applicatadrihe paint.

2. EXPERIMENTAL
2.1.Preparation of NR Latex Based Paint

The NR latex used in the present study is epoxidisgural rubber (ENR) under trade name
Ekoprena. It was obtained in latex form which ifobe the latex is further processed into dry
rubber bale. The ENR latex has 25% epoxidationllamd designated as ENR 25 with the
value of total solids content at 30%. One litrerabber latex paint was prepared using in-
house proprietary formulation as shown in Tabldgcept for the pigment used, all other
ingredients are bio-based and renewable materials.
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Table 1: Ingredients to prepare NR latex paint

Part per hundred

I ngr edients/Composition rubber (phr)

ENR 25 latex (30% TSC) 100
Viscosity modifier 10
UV absorber 10
Pigment 1

2.2.0dour Sampling — Flux Hood Technique

Flux hood sampling is a technique for sampling analysis of stationary source emission for
the determination of contaminant emission ratesnfran area source, in particular the
determination of odour and hazardous air pollutaAtdlux hood is an enclosure device
comprising an open cylindrical base, a sweep applsuline and perforated sweep air
distribution system through the chamber’s inlet¢fkalian/New Zealand Standard, 2009).

The use of flux hood chamber for odour samplingnfrthe rubber latex paint samples or
substrates after the application of paint is iHlatgd in Figure 1. The odour samples were
collected from the chamber’s outlet into nalophag lising a built-in vacuum system in a
sampling drum. Both analysis and sampling methagloloan be referred to ‘MS 1963: Air
Quality - Determination of odour concentration byndmic olfactometry’ (Malaysian
Standard, 2007) which corresponds to similar EeaopStandard, EN 13725:2003.

Outlet
(Port 2)

Inlet
(Port 1) \/“{
5 Latex'in Peqi dish
:/ (14 cm inner diameter)
T

| |
I |
40 cm

wo g1

Figure 1: Odour sampling of NR latex paint usingcfhood

The odour sampling parameter is shown in the flascFigure 2) where it is presumed that
the odour emanating from NR latex paint placed ipetri dish and latex paint after being
applied on substrate with similar dimension woulkdegsimilar rate of odour emission and the
differences of odour concentration reflects thenges in the volatile organic compounds
(VOCSs) in the latex paint.
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NR Latex Paint

Odour Sampling

(NR latex paint placed in petri dish)

Apply paint on substrate
(Concrete slab 14 cm x 25 cm)

——————> Odour Sampling at Day 1

> Odour Sampling at Day 14

‘ Dry at room temperature I

Figure 2: Flowchart indicating points of odour sdingp
2.3.Olfactometer Analysis

The odour concentration in this study measured Hgctmmetry method where the
concentration of a gaseous sample of odorantstesrdmed by presenting a panel of selected
and screened human subjects with the samplesngacgincentration by dilution with neutral
gas in order to determine the dilution factor at%O0detection threshold. At that dilution
factor, the odour concentration is 1 of/toy definition. The result of the analysis is
subsequently expressed as a multiple (equal tdithigon factor at 50 % detection threshold)
of one Malaysian odour unit per cubic meter (cl)/at standard conditions for olfactometry.
The accuracy and instability of instrument are $mnathan 20 % and 5 %, respectively
(Malaysian Standard, 2007). This inferred thatitfsrument is working at the optimum level
of performance conforming to the MS 1963:2007 stathd The analyses were carried out
using DynaScent Digital Dynamic Olfactometer maotiieed in Australia, in a confined
odour control laboratory where 60 ppm n-butanol waed as a calibration standard and
control sample.

3. RESULTSAND DISCUSSION

The result of latex paint odour in its original iobefore being applied to substrate is shown
in Table 2. It is shown that in its pristine comalit devoid of additives to make paint, ENR 25
latex exhibited the lowest odour concentration gakilative to the rest of the samples tested.
Subsequent incorporation of additives such as Ubdder and viscosity enhancer increased
the odour concentration by more than two-fold. Thusan be suggested that the sources of
odour are more likely to be influenced by the auddg in the latex paints rather than the latex
itself. In comparison to commercial paints, thenpaieveloped fronENR 25 latex indicated
less odour emission with lower odour concentratialues.

In order to illustrate better the effect of addetvin the rubber latex paints further, odour was
sampled at day 1 and day 14 after the paints grkedpon concrete substrates. The reason
why Day 1 or 24 hours were taken for sampling is tucommon paint drying phenomenon
where evaporation of the solvent present in thentpaiccurs during application and
immediately thereafter. These odours are more setefuring application of the paint and
subsequently decrease until total evaporation.tifine for complete evaporation is dependent
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upon the amount of solvent used and its evaporatd®& The duration period of where
intense odour is detected is approximately 24-48$1¢Shuger, 1937).

Table 2: Results of odour concentration in NR lggakts and commercial paints

Samples Odour concentration

P (ou/m®)
Natural rubber latex (ENR 1.821
25)
ENR 25 latex paint

2,557

(addition of UV absorber)
ENR 25 latex paint
(addition of UV and 5,965
viscosity enhancer)
Commercial latex paint 1 8,107
Commercial latex paint 2 9,180

Table 3 shows the results of odour concentratidiRnlatex paint at Day 1 and Day 14 after
being applied on concrete substrates. The resuisated that the odour concentration in all
the paints samples persisted after 14 days. ENRit2% paints showed the lowest level of
odour concentration and highest reduction in odwas observed after Day 14 compared to
the commercial latex paints. Between the two ENR&8&x paints, the samples devoid of
viscosity enhancer indicated higher odour reductibiie for the commercial paints, the latex
paint 2 sample exhibited better odour reductiotiasgt 14.

Table 3: Results of odour concentration after baipglied on substrates

Odour
concentration Odour
Samples (ou/m?) reduction
(%)
Day 1 Day14
ENR 25 latex paint
(addition of UV 877 439 50

absorber)
ENR 25 latex paint

(addition of UV and 737 493 33
viscosity enhancer)

Commercial latex paint1 1,752 1,486 15

Commercial latex paint2 1,486 779 a7
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Between the two commercial latex paints sampldsx|gaint 2 showed higher values of

odour concentration. The odour level was showneanarkedly decreased after Day 1 of

application and reduced further by 47% at Day Tk flesults could not be clearly associated
to type of additives which influenced the rate e@goration hence the reduced perception of
odour level, particularly for commercial latex p@in

This is owing to the nature of commercial latexnpgiwhich are more complex dispersion of
polymer colloids in water together with numerousliides such as chemicals or particles to
modify the colour or hardness of the coating, dispet, de-foamer, rheology modifiers and
so forth. When such dispersion is applied to a substrate daredl, the particles in latex
deformed during the drying process attaining a hggneous and non-porous coating
(Christine & Lorraine, 2013). The difference in thabstrates may also have a marked effect
on the adsorption and desorption of chemicals uséatex paints. It is reported that concrete
substrates have strong adsorption of VOCs and sam@pounds such as 2-(2
butoxyethoxy)ethanol, diethylphthalate and a latbiliser by the trade name Texanol, were
either irreversibly adsorbed by the concrete orode=l very slowly at undetectable levels
(Silva, Vasconcelos, Santos & Fernandes, 2003).

In general, the comparative analysis in the presergstigation indicated that the certain
additives used in NR latex paints such as viscasityancer influenced the odour level of the
latex paints. However, the high odour level of ldtex paints themselves may not reflect that
the odour level remained high after the paintsagmalied onto substrates.

4. CONCLUSIONS

Flux hood chamber sampling technique and dynamfacmmetry analysis method were
conducted to compare the odour concentration inldtéx paints and commercial latex based
paints. The results can be deduced as the follawing

1. ENR 25 latex in its pristine state devoid of addais to make paint exhibited the lowest
odour concentration as compared to the rest afulbleer latex based paints samples.

2. Incorporation of additives in ENR 25 latex painttpaularly the viscosity enhancer has
increased the odour concentration.

3. After the application of latex paints on concretédbsrates, the odour had shown a
reduction after Day 14 in different rates in ak thaint samples tested whereby in general
ENR 25 latex paints showed considerably lower |@fedour concentration compared to
commercial latex paints and ENR 25 latex paint walbditional UV absorber
demonstrated lowest reduction in odour as obseafted Day 14.

5. ACKNOWLEDGEMENT

Technical assistance rendered by Shuhaily Shamswdal Siti Rohani Mohd Tahir of the
Rubber Technology Centre, Malaysia is gratefullyrmesvledged. The author is also grateful
to the Malaysian Rubber Board for permission tolighlthis research work.

p-ISSN 1675-7939; e-ISSN 2289-4934
© 2017 Universiti Teknologi MARA Cawangan Pulau &g

62



ESTEEM Academic Journal UNIVERSITI

Vol.13, Special Issue, August 2017, 57-64 > ;ljllji\?’\!\ixOLOGl

REFERENCES

Australian/New Zealand Standard. As/Nzs 4323 (2@ftionary Source Emissions - Area
Source Sampling - Flux Chamber Technique.

Christine C.R And Lorraine F.F. (2013) Drying AndaCking Of Soft Latex Coatings.
Journal Of Coatings Technology And Research, 10 (4) 441-451.

Guvener, H.M. (2004) Investigation Of Odorous Emaiss And Immisions In Ankara With
Olfactometer, Master Dissertation, Middle East Techl University, Turkey.

Hanzlicek, J.L., Fox, C.J., Dukles, J.M., MartuéhA., Andrews, A.M. And Bedford, S.F.
(2007) Low Odor Latex Paint Capable Of Reducingrior Odorslnternational Patent
Publication No. W02007/114928 A2.

Malaysian Standard. Ms 1963 (2007) Air Quality t&enination Of Odour Concentration By
Dynamic Olfactometry.

Naddeo V., Zarra T., Giuliani S. And Belgiorno \20(2) Odour Impact Assestment In
Industrial AreaChemical Engineering Transactions, 30, 85-90.

Nor-Hidayaty, K., Nur-Fadhilah, 1. And ZairossaM, Nor (2012) Characteristics Of Odour
Concentration From Rubber Processing Factories ®Wigactometry Technique.
Chemical Engineering Transactions, 30, 121-126. Doi: 10.3303/Cet1230021

Shuger, L.W. (1937) Method For Masking The OdorODying Paints, Varnishes And The
Like And Fragrant Odor-Masked Paihinited States Patent No. 2103830.

Silva, G.V., Vasconcelos, M.T.S.D., Santos, A.M.dArernandes, E.O. (2003) Comparison
Of The Substrate Effect On Voc Emissions From W&ased Varnish And Latex
Paint. Environmental Science And Pollution Research, 10(4), 209-216.

Uchiyama, H., Jensen, J.M., Duval, D.L., Cetti,.JWoo0, A-M. And Archambault, D.L.
(2002) Reduction Of Odors From Coating Materidhited Sates Patent Pub. No.
Us2002/0132861.

Wieslander, G., Norback, D. And Edling, C. (1994)cOpational Exposure To Water Based
Paint And Symptoms From The Skins And Ey@scupational And Environmental
Medicine, 51, 181-186.

Bratolli, M., De Genarro, G., De Pinto, V., LoiatalA. D., Lovascio, S. And Penza, M.
(2011) Odour Detection Methods: Olfactometry Ande@iical SensorsSensors, 11,
5290-5322. D0i:10.3390/S110505290

Frenchen F, B. (2003) State Of The Art Of Odour MeamentOdour Measurement Review.
Published By Environmental Management Bureau, NtyniOf The Environment,
Goverment Of Japan.

p-ISSN 1675-7939; e-ISSN 2289-4934
© 2017 Universiti Teknologi MARA Cawangan Pulau &g

63



ESTEEM Academic Journal g %i%ﬁgﬁ

Vol.13, Special Issue, August 2017, 57-64 5{2\}&010@

Higuchi, T., (2003) Quality Control Of Olfactomethy JapanOdour Measurement Review.
Published By Environmental Management Bureau, NtyniOf The Environment,
Goverment Of Japan.

Saiki, K., (2003) Standard Odoors For SelectionRahel MembersOdour Measurement
Review. Published By Environmental Management Bureau, idipn Of The
Environment, Goverment Of Japan.

p-ISSN 1675-7939; e-ISSN 2289-4934
© 2017 Universiti Teknologi MARA Cawangan Pulau &g

64



