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A History of Organotin Stabilizers in PVC

Why they were developed, how they work, where they are used, and why regulation

differs among organotin compounds’

In brief

Organotin heat stabilizers made the high-temperature processing of rigid PVC practical while preserving
early colour, clarity, surface quality and production rate. Their commercial history began with late-1930s
patent work and developed through dibutyltin, dioctyltin and methyltin chemistries. Modern regulation
must distinguish the mono- and dialkyltins used as PVC stabilizers from tri-substituted organotins formerly

used as biocides, because structure, function, exposure and hazard are not interchangeable.

1. Why PVC needs stabilization

Polyvinyl chloride (PVC) is made by polymerising vinyl chloride monomer. The polymer is normally
supplied as a white resin powder and then converted into a usable formulation by compounding it
with the additives needed for the intended product. Unlike many other thermoplastics, PVC has a
relatively narrow processing window: the heat and shear needed to fuse and shape the resin
approach the conditions at which the polymer begins to degrade. ©i®

At typical melt-processing temperatures - commonly around 170-200 °C, depending on formulation
and equipment - thermally labile sites in the PVC chain can eliminate hydrogen chloride (HCl). The
firsteliminations create unsaturation; continued dehydrochlorination produces progressively longer
conjugated polyene sequences. These sequences cause the familiar progression from yellow to
orange, red, brown and eventually black. Released HCl can accelerate further degradation, while

chain scission and crosslinking impair mechanical and processing properties. ©1

A heat stabilizer must therefore protect the compound during the short but severe thermal history of
mixing, fusion, extrusion, calendering or moulding. It may also contribute to resistance during
fabrication, reprocessing and long-term heat or weather exposure. Without an effective stabilizer
system, many commercial PVC processes - particularly those used for rigid articles - would have an
inadequate processing window, poor colour and unacceptable scrap rates. This stabilization

supports familiar products used in everyday life, including drinking-water and drainage pipe, window

1 This article is intended as technical and historical background. It is not a substitute for current product- and jurisdiction-

specific regulatory review.
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profiles and siding, clear food trays and bottles, payment and identification cards, and
pharmaceutical blister packs; representative applications are described in Section 6. =1

2. Why organotins became important

Organotin stabilizers are organometallic compounds containing at least one carbon-tin bond.
Commercial PVC stabilizers are principally mono- and dialkyltin compounds based on methyl, butyl
or octyl groups, with sulphur-containing or oxygen-containing ligands. Products are frequently
formulated as controlled mixtures of mono- and dialkyltin species because the ratio can be adjusted
to balance initial colour, dynamic heat stability, lubrication, odour, weatherability and the needs of

a particular processing line. @

Their industrial value arose from a combination that was difficult to obtain with earlier stabilizer
systems: high efficiency at relatively low addition levels, excellent early colour, sustained colour
hold, high transparency, fast fusion and high throughput, with little plate-out when the formulation
is properly designed. These properties made organotins especially important for demanding rigid
PVC processes and for clear articles in which haze or discoloration would be immediately visible. @

Organotin stabilizers do not perform through one reaction alone. The accepted picture includes
replacement or passivation of labile chlorine sites, reaction with evolved HCI, and interruption of
reactions that extend conjugated polyene sequences. The relative importance of these pathways
depends on ligand chemistry, stabilizer composition, PVC defect structure and processing
conditions. Recent real-time Raman work on organotin maleates directly observed delayed chlorine
loss and delayed carbon-carbon double-bond formation in stabilized PVC. =«

3. Historical development

The history is best understood as a sequence of performance improvements, followed by increasing
specialization by alkyl group, ligand and end use. The earliest patent did not describe the
commercial methyl-, butyl- and octyltin mercaptides familiar today, but it established the core
concept that organotin compounds could protect vinyl resins against heat deterioration. 1

Development Why it mattered

1936-1940 Victor Yngve filed a US patent in 1936, granted as US Established that organotin chemistry could
2,219,463 in 1940, covering aryl and mixed aryl-alkyl tin suppress heat discoloration and blackening
compounds in heat-stabilized vinyl resins. A triphenyltin during processing.

hydroxide example was milled into a vinyl chloride/vinyl
acetate resin.

1940s-1950s Development moved toward alkyltin derivatives better Improved compatibility and allowed
suited to commercial PVC. Dibutyltin products, formulators to tune heat stability, color and
including dilaurates and maleates, became important processing.

early families.
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Period

Development

Why it mattered

Mid-1950s- Thioglycolate and other mercapto derivatives delivered a Enabled demanding rigid, clear and
1960s major increase in stabilizing power. Dioctyltin stabilizers regulated-contact applications with strong
were proposed in 1957 and expanded particularly in colour control and low migration when
food-packaging PVC. appropriate substances and formulations
were used.
Late 1960s- Methyltin stabilizers entered the market. Monoalkyltins Supported higher processing temperatures
1970s were blended with dialkyltins to improve early colour and speeds, notably in pipes, bottles, films

and overall efficiency. and profiles.

1980s-2000s Regional patterns consolidated: methyltins became
prominent in North American rigid PVC, while butyl- and
octyltins were used in Europe. Product stewardship and
migration specifications developed alongside food-

contact and drinking-water uses.

Organotin systems became application-
specific rather than a single generic
stabilizer class.

2000s-present Regulatory scrutiny increased. Triorganotin biocides
were globally controlled; Europe restricted selected DBT
and DOT uses and placed DOTE and the reaction mass
of DOTE/MOTE under REACH authorisation. Canada
used verified release-prevention stewardship for mono-

and dialkyltin PVC stabilizers.

Modern use depends on substance identity,
exposure scenario, end use and jurisdiction
- not simply the word “organotin.”

Table sources: Yngve [1]; van der Kerk [2]; ESPA [5]; EU, IMO and Canadian regulatory sources [7-13].

4. The chemistry families used in PVC

The name of an organotin stabilizer contains two distinct design elements. The alkyl group attached
directly to tin - usually methyl, butyl or octyl - influences efficiency, compatibility, migration and
toxicological profile. The remaining ligands - for example mercaptoacetate, mercaptopropionate,
maleate or carboxylate groups - strongly influence processing behavior, heat stability, odour, light
stability and weatherability. Mono- and dialkyltin components are often used together as a
formulated system. s

Typical features Historic/typical Formulation

considerations

applications

Tin mercaptides /
thiotins

Very strong dynamic heat
stability, early colour and colour
retention; commonly based on
thioglycolate or related sulphur
ligands.

Drinking-water, pressure and
drainage pipe and fittings;
window and technical profiles;
clear sheet and film; cards;
bottles; injection-moulded
articles and packaging.

Odor and light stability must be
managed; mono/dialkyl ratio
and lubricant package are
important.

Tin maleates and
other carboxylates

Good colour plus improved light
and weathering performance;
generally lower odour than
mercaptides.

Outdoor transparent sheet,
panels, profiles and selected
films.

May be selected where
weatherability or organoleptic
properties outweigh maximum
short-term heat stability.
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Typical features

Historic/typical

applications

Formulation
considerations

Methyltin systems

High stabilizing efficiency and
suitability for fast rigid-PVC
processing.

Especially important in North
American pipe, fittings, window
profiles, siding, bottles and other
clear rigid articles.

Use is controlled by national
approvals, formulation and
end-use specifications.

Butyltin systems

Historically broad balance of heat
stability, compatibility and
processing.

Formerly important across rigid
PVC globally. Maintains dominant
position across rigid PVC in North
and South America with
continued usage globally for
building and construction
materials outside of the EU.

Use is controlled by national
approvals, formulation, and
end-use specifications. EU
restrictions apply.

Octyltin systems

Good heat stability and colour;
selected chemistries have a long
history in clear, food-contact and
pharmaceutical-packaging PVC.

Clear rigid food packaging and
thermoformed trays,
pharmaceutical blister films and
other demanding calendered
specialty applications.

EU restrictions apply to
specified DOT-containing
consumer articles, and DOTE
has separate REACH
authorisation obligations. In
response, industry has
increasingly used MOTE-rich
systems in calendering
applications; MOTE does not
carry DOTE's harmonised Repr.
1B classification.

This table describes families, not regulatory approvals for any particular substance or article. Sources: van der Kerk [2]; ESPA [5];

ECVM [6]; GOSC [20].

5. Where organotin stabilizers enter the PVC manufacturing

process

The essential point

Organotin stabilizers are normally not added to the vinyl chloride polymerisation reactor. They are
added after PVC resin has been produced and dried, during formulation and compounding, before the

compound experiences the high-temperature shaping operation.

A typical rigid-PVC production chain has four stages. First, a PVC producer polymerises vinyl
chloride, strips residual monomer, separates and dries the resin. Second, a compounder or an
integrated PVC processor weighs the resin and additives to a controlled recipe. Third, the ingredients
are dispersed in a high-intensity mixer and commonly transferred through a cooling mixer to form a
free-flowing dry blend; some supply chains instead use pellets, concentrates or liquid additive
packages. Fourth, the compound is converted by extrusion, calendering, injection moulding, blow

moulding or another process. ©1'
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1 2 3 4
PVC resin manufacture Batching and Dry blend or compound High-temperature
compounding conversion

VCM is polymerised; resin is Mixing distributes the

stripped, separated and dried. Organotin stabilizer is stabilizer over and within the During fusion and shaping, the
metered with lubricants, resin particles; the compound | stabilizer protects PVC
modifiers, pigments and other | May be stored or pelletised. against dehydrochlorination
additives. and colour formation.

The addition sequence is formulation- and equipment-specific. In many dry-blend operations, the
stabilizer is introduced early enough to achieve uniform distribution before high-temperature
conversion. Accurate dosing and effective dispersion are critical: local under-stabilization can
produce yellow streaks, black specks, surface defects or shortened run length even if the batch-
average concentration is correct. Stabilizers remain part of the finished PVC matrix and continue to
provide protection during later fabrication and, depending on residual capacity and recycling history,
during mechanical recycling. =1

6. Applications and continuing technical importance

Organotin stabilizers have been used most extensively in rigid PVC, where high processing
temperatures and the absence of plasticizer make stabilization especially demanding. Important
applications have included pressure and non-pressure pipe, fittings, window and technical profiles,
siding, clear sheet, credit-card and identification-card film, bottles, thermoformed trays,
pharmaceutical blister film, food packaging and injection-moulded parts. Not every organotin is
suitable or authorised for every application. @

Their strongest continuing role is in applications where several requirements coincide: clear or lightly
pigmented appearance; a severe heat and shear history; a need for long production runs; close
control of plate-out and surface quality; and a mature regulatory or customer specification.
Alternative stabilizer systems can and do serve large portions of the PVC market, but replacement is
not a simple one-for-one chemical exchange. Fusion, lubrication, colour, odour, migration,
equipment settings, production rate, weatherability and recyclate behaviour must be rebalanced
and requalified. siewe

For food-contact, drinking-water and pharmaceutical applications, permission is substance- and
use-specific. An approval or positive-list entry for one methyltin or octyltin composition cannot be
generalized to all organotins. Compliance may depend on identity, purity, concentration, migration
limits, food type, temperature, contact time and good manufacturing practice. The same principle
applies to potable-water standards and pharmacopoeial specifications. "
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7. Why organotin compounds have been restricted

Worldwide concern about “organotins” arose from several different histories. The most visible was
the use of tributyltin (TBT) and related tri-substituted organotins as deliberately leaching biocides.
Other controls concern worker exposure, consumer contact, migration, reproductive toxicity
classifications or environmental releases from manufacturing. These rationales should not be
collapsed into a single statement that all organotin compounds have the same hazard or risk. e

7.1 Global controls on antifouling biocides

From the 1960s, TBT became highly effective in antifouling paints because it leached from ship hulls
and prevented the attachment of algae, barnacles and molluscs. The same biological activity
created widespread harm outside the target surface. Authorities documented persistence in the
aquatic environment, high toxicity to aquatic organisms, shell deformation in oysters and endocrine-
mediated reproductive effects such as imposex in gastropods. @1

The International Maritime Organization adopted the International Convention on the Control of
Harmful Anti-fouling Systems on Ships in 2001; it entered into force in 2008. The Convention
prohibits application or re-application of organotin compounds that act as biocides in antifouling
systems. This global action is a central reason the public associates organotins with bans, but TBT
antifouling biocides are tri-substituted compounds used for intentional biological activity. They are
not the mono- and dialkyltin stabilizer systems used to protect PVC during processing.™

7.2 EU restrictions on tri-substituted, dibutyltin and dioctyltin compounds

EU REACH Annex XVII entry 20 contains several layers of control. It prohibits organostannic
compounds as biocides in free-association paint and in specified antifouling and industrial-water
uses. It also restricts tri-substituted organostannic compounds in articles above the equivalent of
0.1% tin by weight. Separate provisions restrict dibutyltin (DBT) compounds in mixtures and articles
supplied to the general public above that tin-equivalent threshold, subject to the legal scope and
exemptions, and dioctyltin (DOT) compounds above the same threshold in specified consumer
articles such as skin-contact textiles, gloves, footwear, childcare articles and certain other listed
products. 7

The restrictions followed EU risk-assessment and risk-reduction work addressing unacceptable
exposure in identified consumer uses. In practical terms, they removed or curtailed historic butyltin
stabilization in many EU consumer PVC applications and limited DOT where close or repeated
consumer contact was expected. They did not create one universal prohibition on every mono- or
dialkyltin stabilizer in every industrial or professional PVC use. ™

Later substance-specific studies are relevant to how the hazard evidence is interpreted. Under
simulated gastric conditions at pH 1.2, dibutyltin bis(2-ethylhexyl thioglycolate) (DBTE) formed
dibutyltin chloro-(2-ethylhexyl thioglycolate) (DBTEC), not dibutyltin dichloride; the dichloride was
not detected. The corresponding methyltin study found that DMTE formed dimethyltin chloro-(2-
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ethylhexyl thioglycolate) (DMTEC), while dimethyltin dichloride was not detected. These coordinated
mono-chloro thioglycolate products differ chemically from the dialkyltin dichlorides previously used
as read-across substances. e

7.3 REACH authorisation for DOTE and the DOTE/MOTE reaction mass

The EU added DOTE and the reaction mass of DOTE and MOTE to REACH Annex XIV because they
met the criteria for toxicity to reproduction, category 1B. The latest application date was 1 November
2023 and the sunset date was 1 May 2025. After a sunset date, continued use or placing on the EU
market requires an applicable authorisation or exemption, while the legal conditions and supply-
chain coverage must be checked for the specific use. 2

Authorisation is hazard-based at the listing stage but use-specific in its operation: applicants must
characterize exposure, risk management, alternatives and socio-economic consequences. ECHA
separately completed an Article 69(2) screening of DOTE and the reaction mass in articles and
concluded in December 2025 that a further restriction was not needed on the basis assessed. The
two processes answer different legal questions and should not be confused. ™

For DOTE specifically, "'°Sn-NMR analysis under simulated gastric conditions showed formation of
dioctyltin chloro-(2-ethylhexyl thioglycolate) (DOTCE), with no dioctyltin dichloride detected. The
study concluded that the earlier dichloride-based oral read-across should be re-examined. On the
basis of this and other substance-specific evidence, GOSC is engaging with EU authorities to seek
review of DOTE's harmonised classification. Until any formal decision is adopted, the existing
classification and applicable REACH authorisation obligations remain in force. 7z

7.4 Release prevention and stewardship

Canada illustrates a different risk-management approach for mono- and dialkyltin PVC stabilizers.
Environment and Climate Change Canada’s 2025-2030 Environmental Performance Agreement
states that, with industry-wide stewardship, tin stabilizers are not entering the environment in
quantities or conditions meeting the relevant CEPA environmental-harm criteria. It also states that,
without effective practices, releases could harm sensitive species. The agreement therefore focuses
on verified handling, storage, use, packaging and disposal controls at vinyl compounding facilities.

[13]

This approach reflects an important general principle: intrinsic hazard, potential release, actual
exposure and technical function must all be considered. Closed transfer, spill prevention,
containment, worker protection, waste management and downstream communication are essential
parts of responsible stabilizer use even where an application remains legally permitted. rsire
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8. Interpreting the regulatory history correctly

o Different substitution levels matter. Mono-, di-, tri- and tetraorganotin compounds are not
interchangeable categories. Triorganotins developed as biocides have a different function and
hazard profile from mono- and dialkyltin PVC stabilizers.

o The ligand and full substance identity matter. A methyltin, butyltin or octyltin chloride should not
automatically be assumed to represent every mercaptide, maleate or carboxylate of the same alkyl
group; the scientific validity and domain of any read-across must be demonstrated.

e Restriction, authorisation and approval are different instruments. A restriction limits specified
substances, concentrations, products or uses; authorisation controls continued use of an Annex
XIV substance; food-contact, potable-water and pharmaceutical rules establish separate product-
specific requirements.

e “Contained in PVC” is not the complete exposure assessment. The matrix, concentration,
article type, contact scenario, migration, abrasion, service life, recycling and waste stage can all
affect exposure and regulatory conclusions.

9. Outlook

Organotin stabilizers helped transform PVC from a heat-sensitive resin into a material capable of
fast, reliable manufacture in clear and demanding rigid applications. Their history is one of
progressive specialization: from broad aryl-tin patent concepts, through dibutyltin carboxylates, to
powerful mercaptides and carefully balanced methyl- and octyltin systems. s

Their future will be shaped by the same factors that shaped their development: performance at real
processing conditions, full-substance toxicology, control of occupational and environmental
exposure, migration and end-use compliance, and the ability to retain material value through
recycling. Sound regulation should address demonstrated hazards and exposures while recognizing
that “organotin” describes a large chemical family, not a single substance or use.

For GOSC and the PVC value chain, the enduring stewardship task is therefore twofold: maintain
rigorous control of manufacture and use, and ensure that decisions are based on the identity,
function and evidence for the specific organotin substance under review.
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About GOSC

The Global Organotin Stewardship Council, established in 2021, aims to enhance understanding of
the intrinsic health and environmental properties of organotin compounds while highlighting their
benefits. It actively communicates this information to stakeholders, ensuring scientific consistency

and clarity.

Additionally, GOSC represents the major organotin manufacturers and technology sector in order to
support Members and market organizations in their engagement globally with policy makers and
regulatory authorities. The Global Organotin Stewardship Council (GOSC) consists of manufacturers
of organotin manufacturers: Galata Chemicals, Gulbrandsen, Nitto Kasei Co., Ltd., PMC Group,
Reagens S.p.A, Songwon Industrial Group, and TIB Chemicals AG.

September 2026 9


https://www.stabilisers.eu/about-espa/tin-stabilisers/
https://pvc.org/about-pvc/pvc-additives/pvc-stabilisers/
https://eur-lex.europa.eu/eli/reg/2010/276/oj/eng
https://echa.europa.eu/substances-restricted-under-reach
https://www.imo.org/en/about/conventions/pages/international-convention-on-the-control-of-harmful-anti-fouling-systems-on-ships-(afs).aspx
https://www.epa.gov/wqc/fact-sheet-notice-ambient-water-quality-criteria-document-tributyltin-tbt-final
https://eur-lex.europa.eu/eli/reg/2022/586/oj/eng
https://euon.echa.europa.eu/documents/10162/17233/rest_axiv_entry_58_59_screening_report_en.pdf/edadd810-9eb5-9273-0d88-a32638e23b77
https://www.canada.ca/en/environment-climate-change/services/environmental-performance-agreements/list/tin-stabilizers-vinyl-industry-overview/agreement.html
https://eur-lex.europa.eu/eli/reg/2011/10/oj/eng
https://webgate.ec.europa.eu/circabc-ewpp/rest/download/0325495d-ea32-4f8b-8e19-b696f9c1ef2e
https://www.vinylplus.eu/wp-content/uploads/2025/04/iRMOA-Executive-Summary.pdf
https://doi.org/10.1016/j.yrtph.2017.03.026
https://doi.org/10.1002/jat.4162
https://doi.org/10.3389/ftox.2023.1122323

GLOBAL ORGANOTIN STEWARDSHIP COUNCIL | TECHNICAL HISTORY

GOSC monitors and responds to global Regulations on Organotins with the following objectives:

+ Develop scientific and socioeconomic data to accurately assess organotin-based
substances.

+ Demonstrate that organotin-based substances can be safely handled.

+ Assess if Organotin-based substances are easily replaced in the applications in which they
are used and where they show outstanding performance or are critical in certain applications.

« Recommend justifiable regulatory action and/or appropriate risk management measures for
organotin based substances.

* Promote the most appropriate regulatory management option for any initiative that may be
triggered on organotin-based substances and develop regulatory consensus on it.
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