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Abstract 

 

Clwyd Compounders is part of a European consortium that has developed a novel accelerator 

as a potential alternative to ethyl thiourea (ETU), a material which has been identified as toxic 

to reproduction and a possible carcinogen. This paper follows on from the SafeRubber 

project; and aims to explore the potential of the accelerator SRM102 in compounding both 

general-purpose and high-performance elastomers. We will use case studies to evaluate the 

properties of rubbers compounded using SRM102 through all stages of product development 

and discuss the suitability of SRM102 as a replacement to ETU in polychloroprene and 

epichlorohydrin rubbers. 
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Introduction 

 

Ethylene thiourea (ETU) is an accelerator which has been widely used for many years in 

polychloroprene and epichlorohydrin rubber compounding to produce fast-curing, heat-

resistant compounds that process well. However, this material is classified as CMR 

(carcinogenic, mutagenic or toxic to reproduction) which has led to its recent addition to the 

Candidate List of Substances of Very High Concern (SVHC). The designation of ETU as a 

SVHC means that its use will be soon subject to Annex XIV of REACH (Authorisation); 

which has far-reaching implications for European manufacturers and importers of rubber 

compounds and articles. 
 

SRM102 is a new potentially safer alternative to ETU accelerator, which has been developed 

by the SafeRubber consortium using Quantitative Structure-Activity Relationship (QSAR) 

mathematical modelling
1
. It can be used in compounding several types of rubber, including 

polychloroprene and epichlorohydrin. This paper will expand on from the initial evaluation of 

SRM102 in polychloroprene rubber, carried out under the SafeRubber project, using several 

case studies through all stages of product development.  

 

Procedure 

 

In all case studies, aliquots of rubber masterbatch were milled on a laboratory two-roll mill 

and various accelerator packages added. Rheology of each test compound was tested and cure 

conditions were selected on the basis of each compound’s cure curve. Test sheets and 

compression set buttons were moulded and physical testing was carried out on each 

compound.  

 

Case Study 1: Evaluation of SRM102 in commercial polychloroprene compounds 

 

This study aims to investigate the use of SRM102 in two commercial polychloroprene 

compounds: (i) a general-purpose CR compound tested against BS 2752 and (ii) a high-

quality CR designed for use in aerospace applications, tested against DTD 5514. Physical 



testing was carried out on both types of compound.  As ETU has been prohibited for use at 

Clwyd for some years we compared SRM102 against historical data on a BS 2752 compound 

containing ETU and our current non-ETU cure system. Test results for general-purpose CR 

compounds are shown in Table 1.  

 

Table 1 Properties of a general-purpose CR compound using ETU, current non-ETU 

(Hexa/|TMTD) and novel non-ETU (SRM102) cure systems tested against BS 2752  

Property 
BS 2752 

requirement 
ETU 

Hexa/ TMTD 
(current non-ETU) 

SRM102 (novel 
non-ETU) 

Hardness (IRHD) 66 – 75 76 73 72 

Tensile Strength (MPa) 13 min. 16.8 15.1 17.5 

Elongation at break (%) 200 min. 226 246 242 

Compression set 24h @ 
70°C (%) 

25 max 15 19 22 

Aging 7d @ 70°C      
Hardness change (IRHD) 

0 to +7 +1 +3 +4 

Aging 7d @ 70°C               
TS change (%) 

-12 max +2 -12 +1 

Aging 7d @ 70°C   
E @ B change (%) 

-20 max -4 -11 -19 

ASTM Fuel B 22h @ 40°C 
Volume change (%) 

0 to +70 45 46 54 

 

The high-quality CR compound was compared against the DTD 5514 specification, which 

was originally designed around ETU-containing compounds (see Table 2).  This specification 

has considerably higher demands than BS 2752, most notably a hot air aging test at 100°C.    

 

Table 2 Properties of high-quality CR against DTD 5514 specification requirements 

Property DTD 5514 requirement Tested result 

Hardness (IRHD) 66 -75 68 

Tensile Strength (MPa) 13 min. 17.8 

Elongation at break (%) 200 min. 290 

Compression set 24h @ 70°C (%) 20 max. 10 

Hot air aging 7d @ 100°C Hardness change (IRHD) -1 to +4 +4 
 

Hot air aging 7d @ 100°C TS change (%) -5 to +15 -1 
 
 

Hot air aging 7d @ 100°C E @ B change (%) -15 to +5 -13 

ASTM Fuel B 24h @ 40°C Volume change (%) +70 max. +58 

 

ETU has been used in industry for many years because of the excellent properties that it 

imparts to CR compounds, especially hot air aging resistance. Evaluation of SRM102 against 

ETU shows that the new accelerator offers comparable basic physical properties in a general-

purpose compound to ETU. While the hot air aging properties of the SRM102-containing 

compound do not match those of ETU, they are comparable to Clwyd’s current ETU 

replacement (Hexa/TMTD) and to other ETU replacements available on the market.  



DTD5514 is a challenging specification that has traditionally used an ETU-containing 

compounds to achieve the required properties. Addition of SRM102 to a high-quality 

compound base results in a compound which shows good physical properties and hot air 

aging resistance, as well as excellent compression set. 

 

Case Study 2: Extrusion trials on SRM102-containing polychloroprene compounds  

 

Compound extrusion trials were carried out at Nufox Rubber Limited using an extrusion-

grade CR masterbatch and accelerator packages based on SRM102. The three trial 

compounds are described in Table 3. 

 

Table 3 Extrusion Trial Compounds 

Raw material Parts per hundred rubber (pphr) 

 
Trial 1 Trial 2 Trial 3 

CR Ext MB 240.00 240.00 240.00 

SRM102 1.25 1.50 1.50 

TMTM 80 0.50 0 0 

Desiccant 0 0 6.00 

 

The equipment used for the trials was an Iddon 90mm extruder and a 10mm diameter round 

die. Surface temperature was set at 170°C and the machine haul off speed at 2.5m/min.  Trial 

1 and Trial 2 both extruded well using this process, giving well-consolidated cord showing 

minimal or no porosity. However, increasing machine haul-off speed to 4m/min and 

attempting to use unpressurised cure in a continuous vulcanization (CV) line caused both 

compounds to blow, resulting in porous cord.  Desiccant was added to Trial 2 to produce Trial 

3 compound, which was then run through the same process. Trial 3 could extrude well at the 

higher machine speed (4m/min) to produce a fully-consolidated cord on a CV line which 

showed slightly lower hardness than the slower-cured trial. Trial 3 could also be cured in a 

salt bath at 230°C. 

 

Physical and rheological properties of these three compounds were tested (see Fig 1). Use of a 

secondary accelerator improved Trial 1 compound’s Mooney scorch time compared to Trial 

2, although compound rheology at 165°C was near-identical.  Addition of a desiccant to 

produce Trial 3 resulted in improved cure efficiency with no adverse effects on scorch 

compared to Trial 2. Physical properties were comparable for each trial compound. 
 

Fig. 1 Rheology of trial compounds at 165°C       

 



Polychloroprene compounds cured with SRM102 can be processed well on extrusion lines.  

Addition of a secondary accelerator increased scorch safety without affecting cure properties 

at vulcanization temperature. Addition of desiccant improved cure efficiency, facilitated 

processing and allowed use of a CV line to produce well-consolidated cord without 

shortening scorch time.  Further work on combining SRM102, secondary accelerator and 

desiccant can be considered to develop a compound with excellent processing characteristics 

and prolonged shelf life.  

 

Case Study 3: Compounding with SRM102 in epichlorohydrin elastomers  

 

ETU has traditionally been used with lead oxide to cure epichlorohydrin (ECO) rubber 

compounds, although more recently, alternatives have been developed, including triazine 

accelerators. This study will evaluate SRM102 as a safe alternative to ETU in a commercial 

ECO compound base.   

 

SRM102 was added to a masterbatch based on a commercial carbon black-filled ECO 

terpolymer at different levels and the effects of SRM102 loading on compound rheological 

and physical properties were measured. Optimum physical properties were observed at low 

SRM102 loads. High SRM102 loading increased cure efficiency and led to slight 

improvements in tensile strength, but had a detrimental effect on compound scorch time and 

also reduced elongation at break. Results are shown in Table 3.  

 

Table 3 Properties of SRM102 ECO compounds against current non-ETU cure system  

 NON-ETU 
(TRIAZINE) 

SRM102 
LOW 

SRM102 
MED 

SRM102 
HIGH 

Hardness (Shore A) 75 65 72 76 

Tensile strength (MPa) 11.3 8.9 9.9 10.0 

Elongation at break (%) 378 491 294 220 

Compression set 22h @ 125°C (%) 19 39 30 27 

Hot air aging 70h @ 125°C Hardness change (Sh A) +3 +1 +1 +1 

Hot air aging 70h @ 125°C TS change (%) +1 -13 -3 -14 

Hot air aging 70h @ 125°C E@B change (%) -29 -13 -25 -30 

 

Initial results of SRM102 in ECO compounds show that this accelerator can be successfully 

used to cure epichlorohydrin compounds, although compression set properties do not match 

those achievable with triazine-based ETU replacements. Our previous compounding studies 

on CR compounds have shown that use of secondary accelerators or metal oxides can result in 

significant effects on compound properties. On this basis, further work using an experimental 

array and multivariate analysis software could be considered in order to optimise SRM102 

ECO compound properties using secondary accelerators and/or additives. 

 

ECO compounds frequently have a short shelf life and uncured sheets can show signs of 

scorch in a few weeks. Use of a retarder can prolong shelf life but may compromise speed and 

efficiency of cure. Preliminary work on SRM102-containing compounds indicate that they 

show a longer shelf life compared to triazine-cured ECO, suggesting that SRM102 may be a 

feasible alternative to ETU/lead and triazine curatives in applications where extended shelf 

life and good heat resistance outweigh the need for low compression set. 

 



Case Study 4: Compounding with SRM102 in ethylene-acrylate elastomers  

 

Ethylene-acrylic rubber compounds (AEM) are conventionally cured with a combination of 

hexamethylenediamine carbamate and a guanidine accelerator 
3
. However, there are concerns 

about the safety of guanidine accelerators, in particular diorthotolylguanidine (DOTG) 
4
   

Alternatives to guanidines are currently available on the market, including 1,8-

diazabicycloundec-7-ene (DBU). This case study aims to assess the suitability of SRM102 as 

a guanidine-free accelerator for use in AEM compounds by comparing SRM102 against a 

range of conventional accelerator packages in a commercial AEM base.  Test results are 

shown in Table 4.  

 

Table 4 Physical properties of AEM compounds 

 DOTG DPG DBU SRM102 

Hardness (Sh A) 85 91 90 91 

T.S. (MPa) 13.4 16.1 13.1 14.4 

E @ B (%) 205 120 112 141 

Comp set 22h @ 150°C (%) 23 22 35 54 

Hot air aging 70h @ 150°C H change (Sh A) +4 +4 +4 +3 

Hot air aging 70h @ 150°C TS change (%) +10 +11 +12 +15 

Hot air aging 70h @ 150°C E@B change (%) -19 -27 -5 -19 

Fluid resistance 70h @ 150°C IRM903  
Volume change (%) 

+42 +38 +41 +42 

 

Substitution of DOTG or DPG for SRM102 produces an AEM compound with good tensile 

properties, thermal resistance and chemical resistance; but compression set is increased 

compared to conventional accelerators.  

 

Conclusions 

 

SRM102 is a versatile new-generation accelerator which offers a safer alternative to ETU in 

both general-purpose and high-performance CR compounds. SRM102 produces a general-

purpose CR with comparable properties to ETU-containing compounds. In high-quality 

compounds, a combination of SRM102 and secondary accelerator gives excellent 

compression set and good heat aging properties. Polychloroprene compounds cured with 

SRM102 can be processed using a wide variety of methods; including many forms of 

moulding techniques, extrusion and curing through CV lines. 

 

ECO compounds cured with SRM102 offer comparable tensile properties to currently-

available ETU replacement accelerators, although compression set is increased. SRM102 may 

have some potential for use in curing ECO rubbers for non-sealing applications, although 

further work is required to optimise compression set.  

 

We also demonstrated that SRM102 can be used as a substitute for guanidine accelerators in 

AEM compounds without affecting the rheological or tensile properties of the finished 

compound. However, compression set is increased compared to the conventional cure 

systems, which means that this accelerator would be best suited to non-sealing applications. 
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