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Natural rubber (NR) and natural rubber latex concentrate are biologically derived
raw materials whose composition varies with clone, tapping regime, season, coagulation
practice, and storage history. Because downstream vulcanisate performance is highly
sensitive to this variability, conformance assessment relies on a defined battery of
standardised laboratory tests rather than on a single index. This paper evaluates the
critical quality control tests applied to ammonia-preserved latex concentrate and to
technically specified dry rubber, presenting for each test its principle, procedure,
governing standard, computational basis, and interpretive significance for processing
and product performance. Tests examined for latex concentrate include total solids
content (ISO 124), dry rubber content (1ISO 126), alkalinity (1SO 125), KOH number
(ISO 127), volatile fatty acid number (ISO 506), mechanical stability time (ISO 35),
coagulum content (ISO 706), and sludge content (ISO 2005), assessed against the
specification limits of 1SO 2004 and ASTM D1076. Tests examined for dry rubber
include dirt retained on a 45 um sieve (ISO 249), ash (ISO 247), nitrogen (ISO 1656),
volatile matter (1SO 248), initial Wallace plasticity (ISO 2007), plasticity retention index
(1SO 2930), and Mooney viscosity (ISO 289), assessed against 1ISO 2000. Calculation
formulae are given explicitly with worked numerical illustrations. Sources of

measurement variability, repeatability and reproducibility considerations under 1SO
5725, and laboratory competence requirements under ISO/IEC 17025 are discussed. The
evaluation concludes that no single parameter is sufficient for conformance decisions,
that colloidal-stability indices and plasticity indices carry the greatest predictive weight
for processing outcomes, and that disciplined sampling and sample conditioning
frequently dominate the total uncertainty budget.

() © Open Access

Introduction

Natural rubber is obtained as a colloidal aqueous dispersion, field latex, tapped from Hevea
brasiliensis. Fresh field latex typically contains 30 to 40 per cent (m/m) rubber hydrocarbon, together
with proteins, lipids, phospholipids, carbohydrates, inorganic salts, and water. The rubber phase consists
of cis-1,4-polyisoprene particles stabilised by an adsorbed layer of proteins and phospholipids that
confers a net negative surface charge and thus electrostatic and steric stability. Because this stabilising
layer is biological in origin, it is susceptible to enzymatic and microbial degradation, and the colloidal
system is therefore metastable rather than indefinitely stable.

Two principal commercial forms are derived from field latex. The first is latex concentrate,
produced by centrifugation or creaming to approximately 60 per cent dry rubber content and preserved
with ammonia, alone or in combination with secondary preservatives such as tetramethylthiuram
disulfide and zinc oxide. Latex concentrate is the feedstock for dipped goods including examination and
surgical gloves, catheters, and condoms, and for foam, adhesives, and thread. The second is dry rubber,
produced by acid coagulation of field latex or by processing of field coagula, followed by comminution,
washing, drying, and baling. Dry rubber is the feedstock for tyres, technical mouldings, conveyor belting,
and engineering components.

The commercial and technical problem addressed by quality control testing is that raw material
variability propagates directly into processing behaviour and end-product performance. Latex
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concentrate with marginal colloidal stability may flocculate in pipework, pumps, or dipping tanks,
causing line stoppage and product defects. Latex with elevated non-rubber solids may exhibit altered
film-forming behaviour and modified tensile properties after vulcanisation. Dry rubber with excessive
dirt introduces stress-concentrating inclusions that reduce fatigue life. Rubber with low plasticity
retention oxidises rapidly during mixing and storage, producing inconsistent viscosity and unpredictable
processing. Because these consequences are costly and are frequently detected only after substantial
value has been added, conformance is assessed on the raw material rather than inferred from finished
product performance.

Conformance assessment is codified in international and national specification standards. For
ammonia-preserved latex concentrate, ISO 2004 and ASTM D1076 define grade classes and numerical
limits. For technically specified rubber, ISO 2000 defines the grading scheme in which the numeric
suffix corresponds principally to the maximum permissible dirt content, and national schemes including
Standard Malaysian Rubber, Standard Indonesian Rubber, Thai Standard Rubber, and Standard
Vietnamese Rubber implement broadly congruent requirements. These specification standards reference
separate test method standards that define the procedures by which each parameter is determined.

The purpose of this paper is to evaluate the critical tests in this battery on three dimensions. First,
the measurement principle and procedure of each test are described with sufficient specificity to make
the sources of variability apparent. Second, the calculation basis is given explicitly, since several
parameters in this field are expressed on unusual bases, notably per 100 grams of total solids rather than
per 100 grams of sample, and misapplication of the basis is a recurrent source of reported error. Third,
the industrial significance of each parameter is assessed, distinguishing tests that directly predict
processing behaviour from those that principally serve as contamination or adulteration indicators. The
paper is a methodological and interpretive evaluation; it does not report new experimental data.

2. Background

2.1 Colloidal structure of natural rubber latex

The stability of natural rubber latex derives from the composite interfacial layer surrounding each
rubber particle. Proteins adsorbed at the particle surface ionise at the alkaline pH maintained by ammonia
preservation, generating negative charge and electrostatic repulsion described by Derjaguin-Landau-
Verwey-Overbeek theory. Phospholipids, principally phosphatidylcholine and phosphatidy
lethanolamine species, contribute additional steric stabilisation and are chemically linked to the
polyisoprene chain ends in a proportion of particles, giving rise to the branching and gel content
characteristic of natural rubber.

Ammonia serves three distinct preservative functions that are frequently conflated. It raises pH,
increasing protein ionisation and hence electrostatic stabilisation. It acts as a bacteriostat, suppressing
the microbial population that would otherwise metabolise carbohydrates and non-rubber constituents to
volatile fatty acids. It hydrolyses phospholipids over time, liberating higher fatty acids that form
ammonium soaps; these soaps are themselves surfactants and contribute to long-term stabilisation, but
their accumulation is measurable as an increase in KOH number. The maturation behaviour of latex
concentrate during storage is largely the resultant of these competing processes.

2.2 Degradation pathways and their measurable signatures

Two degradation pathways dominate and are separately detectable. Microbial degradation
produces volatile fatty acids, principally acetic, propionic, formic, and butyric acids, from carbohydrate
and non-rubber substrates. These acids consume ammonia as ammonium salts, lowering effective
alkalinity and destabilising the system. Their concentration is quantified by the volatile fatty acid number
determined under ISO 506, which is regarded as the most direct indicator of bacterial spoilage and of
the adequacy of preservation practice from tapping through to receipt.

Chemical hydrolysis of phospholipids liberates higher fatty acids that are non-volatile under the
conditions of the VFA determination. These acids, together with any volatile acids present, are quantified
collectively by the KOH number determined under 1SO 127. A high KOH number is therefore
ambiguous in isolation: it may reflect benign maturation through phospholipid hydrolysis, or it may
reflect bacterial spoilage. Interpretation requires the VFA number in parallel, and the pairing of the two
determinations is diagnostically more informative than either alone.

2.3 Structure-property relationships in dry natural rubber
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Natural rubber exhibits a broad molecular mass distribution, typically with weight-average
molecular mass in the range of 1 x 10°to 2.5 x 10° g/mol, together with a gel fraction arising from chain-
end branching and from crosslinking through abnormal groups. Storage hardening, the spontaneous
increase in viscosity during storage, proceeds through reaction of aldehyde groups on the polyisoprene
chain with proteins and amino acids, and is suppressed in constant-viscosity grades by treatment with
hydroxylamine salts that block the aldehyde functionality.

Oxidative degradation proceeds through hydroperoxide formation at the a-methylenic positions
adjacent to the double bond, followed by chain scission. Natural rubber contains endogenous
antioxidants including tocotrienols and certain amino acids, whose concentration varies with clone and
processing history. The plasticity retention index provides an empirical measure of resistance to this
oxidative chain scission and correlates in practice with mixing behaviour, viscosity stability, and
processing consistency.

2.4 Specification frameworks

ISO 2004 classifies centrifuged and creamed ammonia-preserved latex concentrate into types
distinguished principally by preservative system and alkalinity. Type HA is preserved with ammonia
alone and requires alkalinity of at least 0.60 per cent (m/m) calculated on the latex. Type LA is preserved
with ammonia together with secondary preservatives and requires alkalinity not exceeding 0.29 per cent
(m/m). Type XA, preserved with ammonia together with other preservatives, requires alkalinity of at
least 0.30 per cent (m/m). ASTM D1076 defines broadly comparable categories with some differences
in limit values and in the specific tests required.

ISO 2000 specifies technically specified rubber in grades whose numeric designation corresponds
principally to the dirt limit. Grade TSR 10 permits dirt retained on a 45 um sieve of at most 0.10 per
cent (m/m); TSR 20 permits at most 0.20 per cent. Ash limits are 0.75 per cent for TSR 10 and 1.00 per
cent for TSR 20. Nitrogen is limited to 0.60 per cent and volatile matter to 0.80 per cent across the
common grades. Plasticity retention index minima decrease with grade number, reflecting the poorer
field material used for higher-numbered grades. Constant-viscosity and light-colour grades carry
additional requirements on Mooney viscosity and on Lovibond colour index respectively.

3. Test Methods, Procedures and Calculations

3.1 Sampling and sample preparation

Sampling is the most frequently underestimated contributor to total measurement uncertainty in
this field. Latex concentrate stratifies during storage, with a cream layer of higher rubber content forming
at the upper surface and a sludge layer of higher density material settling at the base. Sampling from a
single depth therefore yields an unrepresentative specimen. ISO 123 specifies sampling procedures
requiring either thorough homogenisation of the container before sampling or the use of a sampling tube
that draws a full-depth core. For bulk tanks and road tankers, composite sampling from multiple depths
and positions is required.

Dry rubber presents an analogous problem at a different scale. A bale is heterogeneous because it
is formed from many individual crumb particles of differing origin and because the drying process
produces a moisture and oxidation gradient from surface to core. ISO 1795 specifies sampling of bales,
requiring that test portions be taken from a defined depth below the bale surface to avoid the oxidised
and moisture-depleted surface layer. Test portions are homogenised by passing through a laboratory
two-roll mill under specified conditions before those tests, such as plasticity determination, that are
sensitive to prior mechanical and thermal history.

Sample conditioning is specified for tests whose result is temperature or humidity dependent.
Plasticity determinations under 1SO 2007 require conditioning at the standard laboratory temperature of
23 £+ 2 °C, and the plastimeter platens are controlled at 100 = 1 °C. Failure to condition adequately
produces systematic bias in the initial plasticity value and hence in the derived plasticity retention index.

3.2 Total solids content (ISO 124)

Total solids content quantifies all non-volatile material in the latex, comprising rubber
hydrocarbon together with non-rubber solids. A test portion of approximately 2.5 g is weighed to 0.1 mg
into a flat-bottomed dish, spread evenly, and dried in an oven at 70 + 2 °C until constant mass is attained,
with constant mass defined as successive weighings after further drying periods differing by not more

INTERNATIONAL JOURNAL OF DIGITAL ENGINEERING, ARCHITECTURE AND TECHNICAL SCIENCES

VOLUME. 01 | NUMBER. 03 (2026) AUGUST



A\

ACADEMIC SCIENCE PRESS

than 1 mg. Drying at higher temperatures is not permitted because it causes surface skin formation that
traps water and produces a falsely low result.

The calculation is: TSC (%) = (m2 / m1) x 100, where m: is the mass of the test portion and m: is
the mass of the dried residue. As a worked illustration, a test portion of 2.4128 g yielding a dried residue
of 1.4863 g gives TSC = (1.4863 / 2.4128) x 100 = 61.60 per cent. ISO 2004 requires a minimum of
61.5 per cent for centrifuged concentrate of the principal types, so this result conforms with minimal
margin.

3.3 Dry rubber content (ISO 126)

Dry rubber content quantifies the rubber hydrocarbon fraction specifically and is the parameter on
which latex concentrate is normally traded, since it determines the yield of rubber available for product
formation. A test portion of approximately 10 g is diluted, coagulated by controlled addition of dilute
acetic acid, and the coagulum is formed into a thin sheet, washed thoroughly in running water to remove
serum constituents, and dried at 70 £+ 2 °C to constant mass.

The calculation is: DRC (%) = (ms / mi1) % 100, where m: is the mass of the test portion and ms is
the mass of the washed, dried coagulum. Continuing the worked example, a test portion of 10.0214 g
yielding washed dried coagulum of 6.0329 g gives DRC = (6.0329 / 10.0214) x 100 = 60.20 per cent,
which conforms to the ISO 2004 minimum of 60.0 per cent.

The critical procedural variables are the completeness of coagulation, which depends on acid
addition rate and final pH, and the thoroughness of washing, which determines how much serum solid
remains occluded in the coagulum. Incomplete washing biases DRC upward and correspondingly biases
the derived non-rubber solids downward. Sheet thickness must be controlled because thick sheets cannot
be washed effectively and dry unevenly.

3.4 Non-rubber solids

Non-rubber solids are not determined directly but are obtained by difference: NRS (%) = TSC (%)
— DRC (%). From the worked values above, NRS = 61.60 — 60.20 = 1.40 per cent, conforming to the
ISO 2004 limit of 2.0 per cent maximum. Because NRS is a difference of two independently determined
quantities of similar magnitude, its relative uncertainty is substantially larger than that of either
component. If TSC and DRC each carry a standard uncertainty of 0.05 per cent, the combined standard
uncertainty on NRS is approximately 0.07 per cent, which represents 5 per cent of a nominal 1.40 per
cent value. This error propagation is frequently overlooked when NRS results near the specification limit
are disputed.

Elevated non-rubber solids indicate either inefficient centrifugation, leaving serum constituents in
the concentrate, or the presence of added non-rubber material. The parameter is therefore both a process-
efficiency indicator and an adulteration indicator, and it has direct technical significance because serum
proteins and carbohydrates affect film formation, water absorption of the vulcanisate, and, in the case of
extractable proteins, the allergenic potential of dipped products.

3.5 Alkalinity (1SO 125)

Alkalinity is determined by titration of a diluted test portion with standard hydrochloric acid to a
defined end point, using either an indicator or potentiometric detection. It is conventionally expressed
as ammonia, whether or not all alkalinity is attributable to ammonia. The calculation on a latex basis is:
Alkalinity (% m/m as NHs) = (V x ¢ x 0.01703 x 100) / m, where V is the volume of hydrochloric acid
in millilitres, c is its concentration in mol/L, 0.01703 is the molar mass of ammonia in kg/mol expressed
for consistency of units, and m is the mass of the test portion in grams.

As an illustration, a test portion of 5.0132 g requiring 18.42 mL of 0.1000 mol/L hydrochloric acid
gives alkalinity = (18.42 x 0.1000 x 0.01703 x 100) / 5.0132 = 0.626 per cent, conforming to the type
HA minimum of 0.60 per cent. Alkalinity may alternatively be expressed on the aqueous phase, in which
case the latex-basis value is divided by the water fraction; the basis must be stated explicitly because the
two values differ by a factor of approximately 2.5 at typical concentrate solids.

Alkalinity is the primary control parameter for colloidal stability and for bacteriostasis. It declines
during storage as ammonia volatilises and as it is consumed by neutralisation of accumulating acids.
Consignments received with alkalinity near the lower limit warrant either prompt use or ammonia
adjustment, and a downward trend across successive deliveries from one supplier indicates a
preservation practice problem upstream.
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3.6 KOH number (1SO 127)

The KOH number is defined as the number of grams of potassium hydroxide equivalent to the acid
radicals combined with ammonia in a sample of latex containing 100 g of total solids. The determination
involves potentiometric titration of a test portion, previously adjusted for free ammonia, with standard
potassium hydroxide solution to a defined end point in the region of pH 10.5, the inflection
corresponding to neutralisation of the ammonium salts of the combined acids.

The calculation is: KOH number = (V x ¢ x 56.11 x 100) / (m x TSC), where V is the volume of
potassium hydroxide solution in millilitres, c is its concentration in mol/L, 56.11 g/mol is the molar mass
of potassium hydroxide, m is the mass of the test portion in grams, and TSC is the total solids content in
per cent. As an illustration, a test portion of 50.24 g of latex of TSC 61.60 per cent requiring 5.86 mL of
0.500 mol/L potassium hydroxide gives KOH number = (5.86 x 0.500 x 56.11 x 100) / (50.24 x 61.60)
=0.531. ISO 2004 specifies a maximum of 0.80 for the principal types.

The KOH number rises during storage through both phospholipid hydrolysis and bacterial acid
production. Because it aggregates both contributions, a rising KOH number requires interpretation
alongside the volatile fatty acid number. A high KOH number with a low VFA number indicates
advanced but benign chemical maturation, and such latex is typically well stabilised though it may
exhibit altered thickening response to compounding. A high KOH number accompanied by a high VFA
number indicates spoilage and predicts poor mechanical stability and increased flocculation risk in
processing.

3.7 Volatile fatty acid number (1SO 506)

The volatile fatty acid number is defined as the number of grams of potassium hydroxide required
to neutralise the volatile fatty acids in a sample of latex containing 100 g of total solids. The
determination proceeds by coagulating a diluted test portion with ammonium sulfate solution, filtering
to obtain a clear serum, acidifying the serum with sulfuric acid, and steam-distilling the liberated volatile
acids into a receiver. The distillate is titrated with standard barium hydroxide or sodium hydroxide
solution.

The calculation follows the same structural form as the KOH number: VFA number = (V x ¢ x
56.11 x 100 x f) / (m x TSC), where f'is the distillation recovery factor determined by calibration of the
apparatus with a standard acid, and the remaining symbols are as previously defined. The recovery factor
is essential because steam distillation of volatile acids is incomplete under practical conditions and the
recovery is apparatus-dependent. Failure to determine and apply a current recovery factor is a common
source of systematic error between laboratories.

The VFA number is the most direct available indicator of bacterial activity in the latex. Values
below approximately 0.05 indicate well-preserved material; values approaching or exceeding 0.20
indicate substantial spoilage and are associated with reduced mechanical stability and with odour that
may be objectionable in the manufacturing environment. Because volatile acids can form rapidly under
warm conditions with inadequate preservation, the VFA number is particularly informative for material
subject to extended transit or to interruption of the cold chain where one is maintained.

3.8 Mechanical stability time (SO 35)

Mechanical stability time is a direct empirical measure of resistance to shear-induced flocculation
and is the single test most predictive of behaviour in pumps, pipework, agitated tanks, and dipping lines.
A test portion is adjusted to 55.0 + 0.2 per cent total solids, brought to 35 + 1 °C, and subjected to high-
speed agitation at 14 000 + 200 rev/min using a specified disc in a specified vessel geometry. The elapsed
time to the first appearance of flocculation, detected by drawing a drop across a glass surface at intervals,
is recorded in seconds.

No calculation is required beyond reporting the elapsed time, but the adjustment to standard solids
is essential and is itself a source of error, since mechanical stability is strongly dependent on solids
content. 1ISO 2004 specifies a minimum of 650 s for the principal types. Values substantially above the
minimum, in the range of 900 to 1400 s, are typical of well-matured concentrate and are generally
preferred by dipped-goods manufacturers. Very high values, above approximately 1800 s, may indicate
over-stabilisation that can impede the controlled destabilisation required in coagulant dipping.

Mechanical stability time increases during the first weeks of storage as ammonium soaps
accumulate, then plateaus, and declines if spoilage proceeds. The characteristic maturation curve means
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that freshly produced concentrate may fail the specification while the same material passes after two to
three weeks of storage; specification testing timing must therefore be defined contractually.

3.9 Coagulum and sludge content (ISO 706, 1SO 2005)

Coagulum content quantifies pre-formed coagulated rubber that would foul filters, blind screens,
and produce inclusion defects in thin-walled dipped products. A weighed test portion is diluted and
passed through a 180 um sieve; the retained material is washed, dried, and weighed. The calculation is:
Coagulum (%) = (m_c / mi1) x 100. ISO 2004 specifies a maximum of 0.05 per cent for the principal
types, a demanding limit reflecting the acute sensitivity of thin-film products to particulate inclusions.

Sludge content quantifies dense non-rubber material, principally magnesium ammonium
phosphate together with soil-derived mineral matter, which settles during storage. A test portion is
centrifuged under specified conditions and the deposit is washed, dried, and weighed. The calculation
follows the same form. ISO 2004 specifies a maximum of 0.10 per cent. Elevated sludge indicates either
inadequate field latex sieving and settling before centrifugation, or high magnesium content in the field
latex, which is clone- and soil-dependent and which may be managed by addition of diammonium
hydrogen phosphate before concentration.

3.10 Dirt content of dry rubber (1SO 249)

Dirt content is the defining parameter of the technically specified rubber grading scheme. A test
portion of approximately 10 g is dissolved in a specified solvent, typically a high-boiling mineral oil or
a solvent blend, under controlled heating with a peptising agent to break down gel. The resulting solution
is filtered through a 45 pm aperture sieve, and the retained residue is washed with solvent, dried, and
weighed.

The calculation is: Dirt (%) = (m_d / mi) x 100, where m_d is the mass of dried residue on the
sieve. As an illustration, a test portion of 10.0087 g leaving 0.0071 g of retained residue gives Dirt =
(0.0071/10.0087) x 100 =0.071 per cent, which conforms to the TSR 10 limit of 0.10 per cent but not
to the TSR 5 limit of 0.05 per cent. Because the retained masses are small, weighing precision and the
completeness of solvent removal before weighing are critical, and blank determinations are required.

Dirt consists principally of soil, sand, and bark fragments introduced during tapping, collection,
and field coagulation. Its technical significance lies in the role of hard inclusions as stress concentrators
that initiate fatigue cracks, which is why dirt limits are most stringent for grades intended for
dynamically loaded applications. Dirt content is essentially a measure of field hygiene and cannot be
corrected by later processing except through more aggressive washing, which carries its own cost and
effluent penalty.

3.11 Ash content (1SO 247)

Ash content quantifies the inorganic residue remaining after complete combustion of the organic
fraction. A test portion of approximately 5 g is charred and then ignited in a muffle furnace at 550 + 25
°C to constant mass. The calculation is: Ash (%)= (m_a/mi) x 100. ISO 2000 specifies maxima of 0.75
per cent for TSR 10 and 1.00 per cent for TSR 20.

Ash arises from three sources that the test does not distinguish: endogenous mineral constituents
of the latex, principally potassium, magnesium, phosphorus, and calcium; soil contamination, which also
contributes to dirt; and residues of processing chemicals. Elevated ash with normal dirt suggests either
high endogenous mineral content or soluble chemical residue, whereas elevated ash accompanied by
elevated dirt indicates soil contamination. The parameter is therefore most informative when read jointly
with dirt.

3.12 Nitrogen content (1SO 1656)

Nitrogen content serves as a proxy for protein content, applying the conventional assumption that
rubber-associated protein contains approximately 16 per cent nitrogen. Determination is by the Kjeldahl
method: the test portion is digested in concentrated sulfuric acid with a catalyst to convert organic
nitrogen to ammonium sulfate, the digest is made alkaline, and the liberated ammonia is distilled into
boric acid and titrated with standard acid.

The calculation is: Nitrogen (%) = (V X ¢ x 14.007 x 100) / (m x 1000), where V is the titre volume
in millilitres, c is the acid concentration in mol/L, 14.007 g/mol is the atomic mass of nitrogen, and m is
the test portion mass in grams. As an illustration, a test portion of 1.0043 g requiring 3.24 mL of 0.0100
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mol/L acid gives Nitrogen = (3.24 x 0.0100 x 14.007 x 100) / (1.0043 x 1000) = 0.452 per cent,
conforming to the 1SO 2000 limit of 0.60 per cent.

Protein content influences several properties of practical significance. It accelerates cure, since
amino compounds act as accelerator activators, so variation in nitrogen content produces variation in
cure rate that is troublesome in continuous processes. It increases water absorption of the vulcanisate. In
latex products it is associated with extractable protein and hence with Type I allergenic potential, though
the relationship between total nitrogen and extractable allergenic protein is indirect and the latter is
assessed by dedicated immunoassay methods rather than by Kjeldahl nitrogen.

3.13 Volatile matter (ISO 248)

Volatile matter is principally residual moisture together with any volatile organic residues. It is
determined either by oven drying at 100 £+ 5 °C to constant mass or by hot-mill drying, in which the test
portion is passed through a two-roll mill at defined temperature and nip. The calculation is: Volatile
matter (%) = ((m1 — mz2) / m1) x 100. ISO 2000 specifies a maximum of 0.80 per cent.

Excessive volatile matter causes porosity in extrudates and mouldings, promotes mould fouling,
and, in bales, permits microbial growth and mould development during storage. It also biases all other
results reported on a mass basis, since it dilutes the material; where volatile matter is near the limit, some
purchasers require other parameters to be reported on a dry basis for comparability.

3.14 Wallace plasticity and plasticity retention index (ISO 2007, 1SO 2930)

The Wallace rapid plastimeter compresses a cylindrical test piece of defined volume between
parallel platens at 100 £ 1 °C, first to a preheat thickness for 15 s and then under a standard load of 100
N for 15 s, reporting the final thickness in units of 0.01 mm as the plasticity number. The initial plasticity,
designated Po, is determined on the conditioned test piece. ISO 2000 specifies a minimum Po of 30 for
several grades.

The plasticity retention index is the central oxidative-stability parameter for dry natural rubber.
Duplicate test pieces are aged in a circulating-air oven at 140 = 0.2 °C for exactly 30 min, then cooled
and tested to obtain the aged plasticity Pso. The index is calculated as: PRI = (P30 / Po) x 100. As an
illustration, Po = 38 and Ps0 = 26 give PRI = (26 / 38) x 100 = 68, conforming to the TSR 10 minimum
of 50 and to the TSR 5 minimum of 60.

The determination is unusually sensitive to procedural detail. Oven temperature uniformity is
critical because the ageing reaction rate is strongly temperature dependent; the tolerance of £ 0.2 °C is
among the tightest in rubber testing and requires a mapped and regularly verified oven. Ageing time
must be controlled to a few seconds. Test pieces must be positioned to receive uniform air flow, and
oven loading affects recovery time after door opening. Interlaboratory disagreement on PRI is common
and is most often traced to oven performance rather than to the plastimeter.

Low PRI indicates rubber that will degrade rapidly under the thermal and shear conditions of
mixing, producing lower and less predictable compound viscosity, altered filler dispersion, and reduced
vulcanisate fatigue performance. High PRI is associated with consistent processing. Because PRI is
sensitive to both endogenous antioxidant content and to prior oxidative history, it captures information
about both raw material quality and processing and storage conditions that no single compositional
parameter provides.

3.15 Mooney viscosity (ISO 289)

Mooney viscosity is measured in a shearing-disc viscometer in which a serrated rotor embedded
in the test piece is rotated at 2 rev/min within a closed, heated die cavity. The standard determination for
natural rubber is ML(1+4) at 100 °C, denoting a large rotor, one minute preheat, and reading taken four
minutes after rotor start. The value is reported in arbitrary Mooney units without further calculation.

Mooney viscosity is the principal specification parameter for constant-viscosity grades, which are
produced with hydroxylamine treatment to arrest storage hardening and are typically specified at
nominal 50 or 60 Mooney units with a defined tolerance. For non-constant-viscosity grades, Mooney
viscosity is informative but drifts upward during storage, so the value must be interpreted together with
the age of the material. Viscosity governs mixing energy, mill and extruder behaviour, and die swell,
and is therefore the parameter most directly relevant to factory throughput.

4. Comparative Evaluation

4.1 Diagnostic value and redundancy among latex tests
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The latex test battery contains both complementary and partially redundant elements. Total solids
content and dry rubber content are individually necessary because the first governs drying and film-
forming behaviour while the second determines rubber yield, and their difference yields the non-rubber
solids that neither provides alone. Alkalinity, KOH number, and volatile fatty acid number together
describe the preservation state, but they are not interchangeable: alkalinity measures current buffering
capacity, the KOH number measures accumulated combined acid from all sources, and the VFA number
isolates the bacterial contribution. Mechanical stability time integrates the effects of all of these into a
single functional response and is the closest available laboratory analogue of processing behaviour.

Where testing capacity is constrained, the diagnostic yield per test is highest for mechanical
stability time, volatile fatty acid number, and dry rubber content. Mechanical stability time predicts the
failure mode of greatest operational cost; the VFA number identifies the degradation pathway that is
both most damaging and most amenable to upstream correction; and dry rubber content determines the
commercial basis of the transaction. Coagulum and sludge content are essential for thin-film applications
but carry less information for bulk applications such as adhesives and foam.

4.2 Diagnostic value and redundancy among dry rubber tests

Among dry rubber tests, plasticity retention index carries the greatest predictive weight for
processing consistency, and initial plasticity or Mooney viscosity carries the greatest weight for mixing
and forming behaviour. Dirt content is the defining grading parameter and directly predicts fatigue-
critical defect density. Ash, nitrogen, and volatile matter are individually less predictive of processing
outcomes but serve important roles as contamination and process-control indicators, and their joint
pattern is informative in ways that individual values are not, as noted for the ash-dirt relationship.

A recurrent practical question is whether Mooney viscosity can substitute for Wallace plasticity.
The two correlate but imperfectly, because they probe different deformation regimes and are differently
sensitive to gel content. Specifications that permit either measurement without a defined conversion
invite dispute. Where both are available, the pair is more informative than either, since divergence
between them frequently indicates unusual gel content or molecular mass distribution.

4.3 Measurement uncertainty and interlaboratory agreement

Repeatability and reproducibility for these methods, expressed in the framework of 1ISO 5725,
differ substantially across the battery. Gravimetric determinations conducted with adequate balance
performance and thorough drying, notably total solids content and dry rubber content, typically achieve
repeatability standard deviations below 0.1 per cent absolute. Titrimetric determinations are similarly
well controlled provided that titrant standardisation is current and end-point detection is potentiometric
rather than visual.

By contrast, the plasticity retention index and the mechanical stability time exhibit substantially
poorer reproducibility. For PRI, the dominant contributor is ageing oven performance, including
temperature uniformity across the working volume, recovery after door opening, and air circulation rate.
For mechanical stability time, the dominant contributors are the accuracy of solids adjustment, the
condition and dimensional conformity of the stirrer disc, and the subjectivity of flocculation end-point
detection. Laboratories reporting these parameters should participate in proficiency testing schemes and
should treat marginal results near specification limits with explicit acknowledgement of uncertainty
rather than as sharp pass or fail determinations.

Where sampling is included in the uncertainty budget, it frequently dominates. For a stratified
latex tank sampled from a single depth, the sampling contribution to dry rubber content uncertainty can
exceed the analytical contribution by an order of magnitude. Investment in sampling discipline therefore
yields greater improvement in total measurement quality than investment in analytical refinement, a
conclusion that runs counter to the usual allocation of laboratory improvement effort.

4.4 Laboratory competence and conformity assessment

Testing laboratories operating in a conformity assessment role are commonly accredited to
ISO/IEC 17025, which requires demonstrated technical competence, method validation or verification,
metrological traceability of measurement results, participation in proficiency testing, and a defined
approach to reporting conformity statements in the presence of measurement uncertainty. The last
requirement is directly relevant to the marginal-result problem identified above: a decision rule must be
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defined and stated, specifying whether a result falling within the uncertainty interval around a
specification limit is reported as conforming, non-conforming, or indeterminate.

Traceability requirements bear on several tests. Balances require calibration with weights traceable
to national standards. Titrant solutions require standardisation against certified primary standards.
Temperature-controlled equipment, in particular the PRI ageing oven and the plastimeter platens,
requires calibration with traceable temperature standards and, for the oven, spatial mapping of the
working volume. Sieves used for dirt and coagulum determination require verification of aperture
conformity, since sieve wear increases effective aperture and biases results low.

4.5 Instrumental and rapid alternatives

Several instrumental techniques have been evaluated as rapid alternatives or supplements to the
classical battery. Near-infrared spectroscopy has been applied to simultaneous estimation of total solids
and dry rubber content in latex, offering results in seconds without sample destruction, at the cost of
requiring calibration against reference methods on a matrix-matched sample set and periodic
recalibration as material sources change. Microwave and radiofrequency moisture analysers offer rapid
volatile matter determination for dry rubber. Rubber process analysers and moving-die rheometers
characterise cure behaviour more informatively than any of the specification parameters, though they
are not part of the 1ISO 2000 grading scheme.

These techniques are best positioned as process control tools operating alongside, rather than
replacing, the reference methods. Their calibration depends on the reference methods, their performance
degrades when material composition drifts outside the calibration space, and specification conformity is
defined contractually in terms of the reference procedures. The appropriate deployment is therefore rapid
instrumental screening for process control with reference-method confirmation for conformity decisions
and for disputes.

5. Discussion

The evaluation supports several conclusions about the design and use of the test battery. The first
is that no single parameter is adequate for conformance assessment, and that the frequently encountered
practice of trading on dry rubber content alone, with other parameters assessed only on dispute, exposes
both parties to avoidable risk. The colloidal-stability parameters in particular have no proxy in the
composition data, since two latices of identical total solids, dry rubber content, and alkalinity may differ
substantially in mechanical stability depending on their maturation and spoilage history.

The second is that several parameters are informative principally in combination. The KOH
number requires the VFA number for interpretation; ash requires dirt; Mooney viscosity requires
knowledge of material age for non-constant-viscosity grades; and plasticity retention index requires
initial plasticity, since the index is a ratio and a high ratio computed from a low initial value has different
processing implications from the same ratio computed from a high initial value. Specification schemes
that report parameters as independent pass or fail determinations discard this joint information.

The third is that the uncertainty structure of the battery is markedly uneven, and that quality
management effort is frequently misallocated in consequence. The gravimetric and titrimetric
determinations are well controlled and rarely the source of genuine disagreement. The functional tests,
principally plasticity retention index and mechanical stability time, carry the largest uncertainty and
simultaneously the greatest predictive value, which is an uncomfortable but unavoidable combination.
Improvement effort directed at ageing oven qualification, stirrer maintenance, and end-point
standardisation yields disproportionate return.

The fourth concerns the position of sampling within the measurement system. Because both latex
concentrate and baled dry rubber are heterogeneous on the scale from which test portions are drawn,
sampling error is often the dominant uncertainty component and is rarely quantified. Laboratories that
report analytical repeatability without addressing sampling variance materially overstate the reliability
of their conformity statements. Estimation of sampling variance through replicate independent sampling
of the same consignment is straightforward and is recommended where conformity decisions have
significant commercial consequence.

Finally, the industrial significance of the battery extends beyond acceptance decisions on
individual consignments. Trend analysis across consignments from a given origin provides early
warning of upstream changes: a downward alkalinity trend indicates deteriorating preservation practice;
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rising VFA numbers indicate hygiene or transit problems; rising dirt indicates field collection practice
changes; falling PRI may indicate changed drying conditions or clone composition. Used in this way,
the test battery functions as a supplier development instrument rather than solely as a gatekeeping
mechanism, and the value realised from the same testing expenditure is substantially greater.

A practical consideration in applying the latex battery concerns the sequence and timing of
determinations after receipt. VVolatile fatty acid number and mechanical stability time change measurably
within days under warm ambient conditions, whereas total solids content, dry rubber content, and ash
are effectively stable. Determinations of the labile parameters should therefore be scheduled
immediately on receipt, with the stable parameters deferred if laboratory loading requires. Where
disputes are anticipated, retained samples should be stored under defined conditions, preferably
refrigerated in filled, sealed containers with minimal headspace, and the storage conditions should be
recorded, since ammonia loss from partially filled containers alters alkalinity and secondary parameters
within weeks.

The relationship between dry rubber content and the commercial basis of transactions merits
explicit treatment because it is a frequent source of dispute. Latex concentrate is normally invoiced on
dry rubber content, so a 0.2 percentage point disagreement on a 60 per cent nominal material represents
approximately a 0.33 per cent commercial difference on the consignment value. Since this is comparable
to the reproducibility of the determination between laboratories, contracts should specify the arbitration
procedure, the accredited laboratory to be used, and whether the arbitration result replaces or is averaged
with the party determinations. Contracts lacking such provisions generate disputes that the measurement
science cannot resolve.

For dry rubber, a parallel commercial consideration arises from volatile matter. Because material
is traded on gross mass, a consignment at 0.75 per cent volatile matter delivers measurably less rubber
hydrocarbon than one at 0.25 per cent, though both conform to the 0.80 per cent limit. Some purchasers
therefore apply a moisture adjustment clause. Where such clauses operate, the volatile matter
determination acquires direct commercial weight and warrants correspondingly careful control,
including verification that the oven method and hot-mill method give equivalent results on the material
in question, since they may diverge for material containing volatile organic residues in addition to water.

Regarding the interpretation of mechanical stability time in relation to product type, requirements
differ systematically across applications. Coagulant dipping for gloves requires latex that destabilises
reliably on contact with the coagulant, and excessively high mechanical stability can produce incomplete
or uneven deposition. Foam manufacture by the Dunlop process requires latex that withstands prolonged
mechanical frothing and then gels reliably on addition of the gelling agent, a demanding combination of
stability and controlled instability. Adhesive and binder applications are generally more tolerant.
Purchasers should therefore specify a mechanical stability window rather than a minimum alone where
the application is stability-sensitive.

An additional latex parameter not always included in routine batteries but of consequence for
certain applications is the content of copper and manganese, determined under 1SO 8053 and ISO 7780
respectively. Both are pro-oxidant transition metals that catalyse oxidative degradation of the
polyisoprene and reduce the ageing performance of the vulcanisate. ISO 2004 specifies maxima of 8
mg/kg on total solids for each. Contamination arises principally from processing equipment and from
certain agricultural inputs, and elevated values indicate a traceable upstream source that is usually
correctable.

Colour index determination under 1SO 4660 applies to light-colour grades and uses the Lovibond
comparator to assign an index by visual matching of a moulded disc against standard glasses. The
determination is inherently subjective, is affected by illuminant and observer, and exhibits poor
reproducibility relative to instrumental colour measurement. Where colour is commercially significant,
instrumental measurement in a defined colour space with specified illuminant and observer conditions
provides substantially better agreement, though it is not the reference method under the specification.

Ageing oven qualification for the plasticity retention index is the single most consequential item
of equipment control in the dry rubber battery. Qualification should establish the spatial temperature
distribution across the loaded working volume at operating temperature, the recovery time after door
opening, and the stability over the 30 min ageing period. Positions failing the uniformity requirement
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should be physically blocked from use. Loading patterns validated during qualification should be
documented and adhered to, since altering the number or arrangement of test pieces changes the thermal
load and hence the recovery behaviour.

Finally, the relationship between the specification battery and end-product performance testing
deserves clear statement. Conformance to 1ISO 2004 or 1SO 2000 establishes that the raw material falls
within an agreed range on the specified parameters; it does not guarantee performance in any particular
formulation or process. Manufacturers with demanding applications commonly supplement
specification testing with application-relevant evaluation, such as small-scale compounding and cure
characterisation for dry rubber, or pilot dipping trials for latex. The specification battery should be
understood as a necessary but not sufficient basis for material acceptance, and the additional evaluation
appropriate to a given application is a matter for the manufacturer's own process knowledge.

6. Conclusion

This evaluation examined the critical conformance tests applied to ammonia-preserved natural
rubber latex concentrate and to technically specified dry rubber, setting out for each test its principle,
procedure, calculation basis, and interpretive significance. Four conclusions follow.

First, conformance cannot be established from any single parameter. The battery is structured so
that compositional, contamination, and functional properties are separately assessed, and the colloidal-
stability and oxidative-stability parameters in particular have no compositional proxy.

Second, several parameters are interpretable only in combination. The KOH number requires the
volatile fatty acid number to distinguish benign maturation from bacterial spoilage; ash requires dirt to
distinguish endogenous minerals from soil contamination; and the plasticity retention index requires the
initial plasticity from which it is derived.

Third, the uncertainty structure of the battery is uneven. Gravimetric and titrimetric determinations
are well controlled, whereas the mechanical stability time and the plasticity retention index carry
substantially larger uncertainty while simultaneously offering the greatest predictive value for
processing behaviour. Quality assurance effort is best concentrated on ageing oven qualification, stirrer
condition, solids adjustment accuracy, and end-point standardisation.

Fourth, sampling frequently dominates the total uncertainty budget for these heterogeneous
materials, and analytical repeatability reported without regard to sampling variance overstates the
reliability of conformity statements.

Used beyond individual acceptance decisions, trend analysis across consignments converts the
same testing expenditure into a supplier development instrument capable of identifying upstream
changes in preservation practice, field hygiene, and processing conditions before they produce non-
conforming material.
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