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A History of Organotin Compounds Used as 
Catalysts 

Why they became important, how they work, where they are added, and why regulation 
differs among organotin compounds1 

In brief 

Organotin catalysts became important because very small additions can sharply accelerate difficult 
condensation, cross-linking and polyaddition reactions while providing useful selectivity and predictable cure. 
Their best-established industrial roles include cathodic electrodeposition (e-coat), polyurethane manufacture, 
coatings, adhesives, sealants and elastomers (CASE), room-temperature-vulcanized (RTV) silicones, and 
moisture-curing hybrid polymers such as MS and SPUR systems. The catalyst is generally added during resin 
manufacture or final formulation, before the heat-, moisture- or reactant-triggered cure step. Modern regulation 
must distinguish among specific dibutyltin and dioctyltin substances and among industrial, professional and 
consumer uses; the word “organotin” does not identify a single hazard or regulatory status. [1-7] 

1. Why catalysts are needed in polymer and coating systems 
Many important polymer-forming and cross-linking reactions are thermodynamically favourable but too 
slow, too temperature-dependent or insufficiently selective to be practical without catalysis. In 
polyurethane chemistry, for example, the key reaction is addition of an alcohol or polyol to an isocyanate to 
form a urethane linkage. In moisture-curing silicones and silane-terminated hybrid polymers, alkoxysilane 
or related groups must hydrolyse and condense fast enough to develop a useful skin time and through-cure. 
In polyester, alkyd and specialty-resin manufacture, esterification and transesterification must reach high 
conversion without excessive side reactions, colour formation or equipment corrosion. [1][2][4] 

Organotin compounds became valuable because the tin centre can function as a Lewis acid and, 
depending on the ligand and reaction medium, can also form reactive tin-alkoxide or stannoxane species. 
This dual ability allows them to activate electrophilic centres such as isocyanates or carbonyl groups while 
organizing the reacting alcohol or silanol near the reaction site. The practical result can be a large increase 
in reaction rate at low catalyst loading, often with good control of gelation, cure and final properties. [1][2][3] 

For industrial users, catalyst choice is not simply a question of maximum speed. Pot life, latency, hydrolytic 
stability, compatibility, bake schedule, moisture sensitivity, substrate, solvent polarity and the balance 
between desired and competing reactions all matter. Dibutyltin mercaptoacetate, for example, can provide 
delayed urethane reactivity, while carboxylates such as dibutyltin dilaurate are benchmark high-activity 
catalysts and oxides such as dibutyltin oxide and dioctyltin oxide are especially important in high-
temperature condensation and e-coat applications. [3][5-9] 

 
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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2. Why organotin catalysts became important 
Industrial organotin chemistry expanded rapidly in the mid-twentieth century as the chemistry of mono- and 
dialkyltin compounds became better understood and commercial polymer technologies developed. Their 
importance has historically been much greater than the small tonnage of tin involved because the catalyst 
can determine whether a process cures in minutes or hours, whether a coating survives an automotive 
bake, and whether a two-component material has a usable working time. [1][2] 

The development of polyurethane chemistry created one of the largest uses. Organotin compounds 
became the traditional metal-catalyst benchmark for the alcohol-isocyanate reaction because they are 
highly active Lewis-acid catalysts. Modern mechanistic work shows that organotin dicarboxylates interact 
with alcohol to form an alkoxide-containing complex; the active complex then reacts with isocyanate, 
preferentially through nitrogen coordination in the modeled systems, forms an organotin carbamate and 
regenerates an active tin species as urethane is produced. [3][4] 

Automotive e-coat provided a second strategically important role. Cathodic electrodeposition, 
commercialized in the 1970s as a major corrosion-protection technology, applies a waterborne primer 
uniformly to the electrically conductive vehicle body and then bakes the deposited film. Modern e-coat 
binders commonly use blocked-isocyanate cross-linking chemistry, and dialkyltin oxides have long been 
used to catalyse the bake cure. Dibutyltin oxide and dioctyltin oxide remain commercial important catalysts 
for aqueous cathodic electrodeposition of urethane coatings. [6][10][11] 

3. Historical development 
The history of organotin catalysts is best understood as the intersection of three developments: the growth 
of industrial organotin chemistry, the rise of polyurethane and silicone materials after the Second World 
War, and the move toward faster, more reproducible coating and adhesive production. The timeline below 
focuses on some of the more commercially important catalyst substances. 

Period Development Why it mattered 

1950s-1960s 

Diorganotin carboxylates and oxides became established catalysts as 
polyurethane, silicone and polyester chemistry expanded. Dibutyltin 
diacetate (1067-33-0), dibutyltin dilaurate (77-58-7) and dibutyltin oxide 
(818-08-6) became representative high-activity materials. 

Created practical cure rates for 
urethane, silicone and esterification 
chemistry and established organotin as a 
benchmark catalyst family. 

1970s-1980s 

Cathodic automotive e-coat became a major corrosion-protection 
technology. Dialkyltin oxides were incorporated into catalyst or pigment 
pastes to promote bake cure of blocked-isocyanate/active-hydrogen 
resin systems. 

Linked organotin catalysts to one of the 
automotive industry’s most durable 
primer technologies. 

1980s-2000s 
Catalyst families diversified: ketonate, mercapto and dioctyltin 
analogues were selected to tune latency, hydrolytic stability, cure 
profile and regulatory suitability. 

Allowed formulators to match catalyst 
behaviour to pot life, one- or two-
component packaging, bake temperature 
and end use. 

2000s-present 

CASE, RTV silicone and silane-terminated hybrid polymers expanded, 
while regulatory scrutiny of reproductive toxicity, mutagenicity and 
repeated-dose effects increased in Europe. Dioctyltin alternatives 
gained importance in some applications. 

Modern catalyst selection now combines 
reaction engineering with substance-
specific regulatory and stewardship 
requirements. 

Table sources: Davies [1] ; Ghazi et al. [2]; WHO/IPCS [5]  ; ACA [10] ; commercial catalyst literature [6-9] 
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4. The catalyst substances used as catalysts 
The substances below are all mono- or, predominantly, dialkyltin catalyst chemistries or reaction 
products/formulations based on them. They should not be treated as interchangeable merely because they 
contain tin. Alkyl substitution, ligand chemistry, physical form and formulation strongly affect activity, 
latency, hydrolytic stability, dispersibility and hazard classification. 

CAS No. Substance Common shorthand Principal catalyst roles 

1067-33-0 Dibutyltin diacetate DBTA / DBTDA 
PU and CASE cure; RTV silicone and silane 
condensation; esterification/transesterification. 

10584-98-2 
Dibutyltin bis(2-ethylhexyl 
mercaptoacetate) 

DBT 
mercaptoacetate 

Delayed/controlled PU catalysis, especially 
adhesives, elastomers and foams; bake-cure 
coatings. 

22673-19-4 Dibutylbis(pentane-2,4-dionato-O,O')tin DBT acetylacetonate 
Highly reactive PU catalyst; silicone/silane 
polycondensation. 

77-58-7 Dibutyltin dilaurate DBTL / DBTDL 
Benchmark catalyst for PU, coatings, adhesives, 
sealants, elastomers; RTV silicone; silane cross-
linking. 

818-08-6 Dibutyltin oxide DBTO 
Cathodic e-coat cure; 
esterification/transesterification; alkyd/polyester 
resin manufacture. 

93925-42-9 
Tetraethyl silicate reaction products with 
dibutyltin diacetate 

Dibutyltin siloxane 
Alkoxy-RTV silicone cure; silane-terminated 
systems. 

17586-94-6 Dioctyltin diacetate DOTA / DOTAc 
PU synthesis; RTV silicone and silane condensation; 
esterification/transesterification. 

3648-18-8 Dioctyltin dilaurate DOTL / DOTDL 
Urethane cross-linking; silanol condensation; CASE 
applications. 

870-08-6 Dioctyltin oxide DOTO 
Cathodic e-coat; high-temperature 
transesterification; coating-resin and specialty ester 
manufacture. 

Sources: supplier technical literature and substance information. [6-9][12-14 Application descriptions are representative, not approvals for 
every formulation or jurisdiction. 

5. How organotin catalysts work 

5.1 Urethane formation 

In polyurethane chemistry, organotin catalysts accelerate reaction between isocyanate groups and 
alcohol/polyol groups. Two descriptions have historically been used: direct insertion of isocyanate into a 
tin-oxygen bond, and Lewis-acid activation of the isocyanate or reacting complex. Current computational 
and experimental work on organotin dicarboxylates supports formation of an alcohol-derived alkoxide-
containing complex as a dominant catalytic species, followed by coordination of isocyanate, carbamate 
formation and regeneration of the catalyst. The ligand matters: aliphatic isocyanates can be more sensitive 
than aromatic isocyanates to carboxylate ligand content and solvent environment. [1][3][4] 
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5.2 Silicone and silane condensation 

RTV silicones and silane-terminated polymers cure through hydrolysis and condensation reactions that 
build Si-O-Si cross-links. A widely accepted mechanism for organotin dicarboxylates involves hydrolysis to 
a hydroxyl-carboxylate species, reaction with an alkoxysilane to form a stannasiloxane intermediate, and 
transfer of the silane functionality to terminal silanol groups. Repetition of the cycle forms a cross-linked 
network. This chemistry underlies classic condensation-cure RTV silicone and also supports moisture-
curing hybrid sealants based on silane-terminated polyethers or polyurethanes. [1][2] 

5.3 Esterification, transesterification and resin synthesis 

Organotin oxides and carboxylates also catalyse reactions at carboxyl centres. Depending on the catalyst 
and medium, the tin compound may generate a tin alkoxide that increases alcohol nucleophilicity or act as 
a Lewis acid that increases carbonyl electrophilicity. Dibutyltin oxide can react with carboxyl-containing 
reactants to generate soluble distannoxane-like species; dioctyltin oxide provides analogous high-
temperature catalytic functionality. These reactions are used in polyester and alkyd resin manufacture and 
in specialty ester and methacrylate chemistry. [1][2][6] 

6. Where the catalyst is added in manufacturing 

The essential point 

Organotin catalysts are added before the reaction or cure step they are intended to accelerate. Depending on 
the process, they may be charged to a resin reactor, blended into the polyol or binder component, dispersed 
in an e-coat pigment/catalyst paste, or added during final formulation of a one- or two-component sealant or 
coating. They normally remain with the cured polymer or coating rather than being recovered as a separate 
process catalyst. [5][11] 

6.1 Cathodic electrodeposition (e-coat) 

In automotive and industrial cathodic e-coat, the catalyst is incorporated into the coating before the bath is 
used. Solid dialkyltin oxides such as dibutyltin oxide have historically been ground with a pigment-
dispersing resin and water to make a catalyst-containing pigment paste.  Dioctyltin oxide can be 
incorporated similarly. The pigment/catalyst paste is then blended with the main cationic binder, blocked-
polyisocyanate cross-linker and deionized water to make the electrodeposition bath. The metal article (for 
example, an assembled vehicle body) is immersed, electrically coated, rinsed and then baked. The 
organotin catalyst becomes active during the oven bake and accelerates cross-linking of the deposited film. 
[10][11][15] 

6.2 Polyurethane manufacture and CASE 

For two-component polyurethane coatings, adhesives, sealants and elastomers, the catalyst is commonly 
added to the hydroxyl-functional or polyol side during formulation, so that the isocyanate side can be added 
later to start the final cure. In one-component isocyanate-terminated prepolymers, catalyst may be used 
during prepolymer synthesis and/or included in the final moisture-curing formulation. In foam manufacture, 
catalyst is metered with the polyol/additive stream before it meets the isocyanate; the catalyst package is 
chosen to balance urethane “gelling” against any water-isocyanate blowing reaction. [1][5][7] 

For CASE products, the selected catalyst controls pot life, tack-free time, through-cure, hardness 
development and final network density. DBTL is a widely used benchmark. DBTA and the acetylacetonate 
catalyst provide high activity; the mercaptoacetate derivative can provide greater upfront delay and more 
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controlled back-end cure in PU adhesives, elastomers and foams. Dioctyltin carboxylates can serve similar 
functions where an octyltin chemistry is preferred. [7-9][12][13] 

6.3 RTV silicone sealants 

In two-component condensation-cure RTV silicone, one package can contain the hydroxyl-terminated 
polysiloxane while the second contains cross-linker and catalyst; cure begins after mixing. In one-
component systems, the organotin catalyst is incorporated during dry formulation with the polymer and 
cross-linker, then protected from moisture in the sealed package. On exposure to atmospheric moisture, 
hydrolysis and condensation begin and the catalyst accelerates cross-link formation. Dibutyltin diacetate, 
dibutyltin dilaurate, dioctyltin diacetate and the dibutyltin-silicate reaction product are examples used in 
such silane/silicone chemistry. [1][2][8][12][14] 

6.4 MS and SPUR hybrid polymers 

MS polymers (silyl-terminated polyethers) and SPUR polymers (silyl-terminated polyurethanes) cure 
through moisture-triggered silane hydrolysis and condensation rather than through an isocyanate cure after 
application. The catalyst is therefore normally added during final sealant or adhesive formulation under 
controlled low-moisture conditions, together with fillers, plasticizers, adhesion promoters and moisture 
scavengers as required. It remains latent in the sealed package and becomes catalytically active as 
moisture enters after application. Dibutyltin acetylacetonate and the dibutyltin/silicate reaction product are 
commercially identified for 1K MS/STP systems; the broader organotin condensation chemistry also applies 
to SPUR-type materials. [8][14] 

6.5 Polyester, alkyd and specialty-resin manufacture 

For esterification and transesterification, organotin oxide or carboxylate catalyst is charged directly to the 
resin reactor with, or shortly after, the alcohol and acid/ester raw materials. The catalyst then operates 
throughout the heated condensation stage, often under water or alcohol removal. Dibutyltin oxide and 
dioctyltin oxide are particularly useful where high-temperature stability and low colour are important. [1][6] 

7. Why these catalysts remain technically important 
Organotin catalysts continue to be used because they combine high catalytic efficiency with formulation 
versatility. In polyurethane systems they can strongly favour the desired isocyanate-polyol reaction, 
allowing formulators to achieve fast cure and high conversion at modest addition levels. In e-coat, they help 
cross-linking within the tightly controlled automotive bake schedule. In silicone and hybrid sealants, they 
provide reliable moisture-cure kinetics over a broad range of ambient conditions. In esterification and 
transesterification, they offer strong Lewis-acid catalysis without relying on strongly corrosive mineral acids 
or bases. [1][3][5-9] 

Their industrial importance is also connected to process control. Catalyst chemistry can be selected to 
provide immediate activity, controlled delay, or heat-triggered back-end cure. Mercapto-functional 
organotin catalysts use sulphur ligands to provide a blocking or delay effect that is overcome during an 
exothermic or baked cure. [7][9] 

8. Why some 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. For the listed 
dibutyltin and dioctyltin catalysts, the principal modern European drivers are reproductive toxicity, 
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mutagenicity or repeated-dose toxicity classifications, together with the potential for consumer or worker 
exposure. These hazard concerns have led to use restrictions, Candidate List identification for selected 
substances, export-notification obligations and increasingly strict workplace controls. [16-20] 

8.1 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. [23][24] 

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 substances used 
as catalysts. 

8.2 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. They do not amount to a universal ban on all industrial 
catalyst uses. [16][17] 

8.3 Harmonised classifications and SVHC identification 

Several organotin substances have EU harmonised classifications and some are included in the REACH 
Candidate List. [18-21]  Candidate List status creates supply-chain communication and article-notification 
obligations and makes a substance eligible for future prioritisation for REACH authorisation. It does not 
itself prohibit industrial use. In ECHA’s February 2026 prioritisation assessment, recommendation of both 
dioctyltin dilaurate-related substances and dibutyltin acetylacetonate for Annex XIV was postponed in that 
round. [21][22] 

8.4 Occupational exposure 

The European Commission has tasked ECHA with scoping organotin compounds for possible occupational 
exposure limit work. These developments reinforce the importance of closed handling, ventilation, personal 
protective equipment, spill prevention and substance-specific exposure assessment in catalyst 
manufacture and use. [17][22] 

9. Outlook 
Organotin catalysts helped make several modern materials and coating technologies commercially 
practical. They accelerated urethane formation, enabled reproducible RTV silicone cure, supported high-
temperature polyester and ester chemistry, and became integral to the bake cure of cathodic e-coat one of 
the automotive industry’s most important corrosion-protection technologies. Their history is therefore not a 
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single application story but a pattern of using highly efficient tin-centered Lewis-acid chemistry wherever 
cure rate, selectivity and process reliability are critical. [1][5][10] 

The future of the organotin catalysts will be shaped by the same combination of factors that now governs all 
specialty catalyst selection: performance at real manufacturing conditions, full-substance toxicology, 
worker and environmental exposure controls, compatibility with lower-VOC and waterborne formulations, 
and the regulatory status of the specific substance and end use. In some applications, dioctyltin catalysts 
are replacing traditional dibutyltin chemistry; in others, organotin catalysts remain technically difficult to 
match without reformulation or changes in cure conditions. [7-9][12-14] 

For GOSC and the downstream value chain, the central stewardship principle is therefore substance-
specific and use-specific management: preserve the technical benefits of effective catalysis where use is 
permitted, while controlling exposure and ensuring that regulatory decisions distinguish among organotin 
structures, functions and actual use scenarios. 
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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.  

  
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.  

 

 


