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INTRODUCTION 
The British Lime Association (BLA) has received requests from stakeholders to summarise the 
evidence related to the beneficial effects of hydrated lime additions in reducing the oxidation 
of asphalt mixtures in service. The evidence available to the BLA is summarised in this paper. 

Oxidation of bitumen within asphalt mixtures by exposure to atmospheric oxygen is known to 
affect the durability of asphalt pavements, as the bitumen usually becomes harder and more 
brittle increasing the risks of, for example, surface cracking and ravellinga. This is widely 
referred to as oxidative ageing. Oxidation of bitumen is also undertaken, in some cases, as 
part of the bitumen manufacturing process to alter its physical properties to meet product 
specificationsb.The open nature of porous asphalts makes them even more prone to oxidative 
ageing and complementary evidence on the effects of hydrated lime on porous asphalt 
durability is also included in this paper. 

HYDRATED LIME EFFECTS ON BITUMEN OXIDATION 
The anti-oxidising properties of hydrated lime additions have been known for almost 50 years. 
Prompted by the observed ‘softening’ benefits in asphalt mixtures laid in Utah when hydrated 
lime had been added as an anti-strip agent, a three year study from 1968-1971 examined the 
viscosity and penetration of binders recovered from previously constructed pavements (up to 
six years old) and pavements especially constructed for the trialc. The study demonstrated 
that the viscosities were lower, and the ductility increased, for binders with hydrated lime 
additions compared to those without hydrated lime. The researchers concluded that the 
addition of one percent hydrated lime to bituminous mixtures was beneficial because it 
reduced the hardening rate of the asphalts. 

A further investigation, reported in 1976, was undertaken to better understand the 
mechanisms through which hydrated lime additions reduce oxidative ageingd. The study 
demonstrated that hydrated lime additions reduce the viscosity increases associated with 
laboratory ageing by:   
• Adsorbing reactive polar compounds already present in the bitumen which influence its 

viscosity; and 
• Reducing the formation of carbonyl-type oxidation products during ageing which affect 

bitumen viscosity. 

Similar results have been obtained by other researcherse,f,g,h,i.  

Recent research at the University of Nottingham on UK materialsj tested mastics containing 
granite or limestone fillers and mastics where hydrated lime replaced a portion of the filler. 
Samples were laboratory aged using thin film oven testing and pressure ageing vessels. In all 
cases, the ageing of the mastics containing hydrated lime was lower than the ageing of 
mastics with filler alone: 
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• Fewer carbonyl groups were formed on ageing in granite filler mastics containing 
hydrated lime (Figure 1j) – noted above as the products of oxidative ageing; 

• The stiffness of mastics increased less on ageing when hydrated lime was included – that 
is, the ratio of the complex shear modulus (G*) before and after ageing was closer to 1 
with hydrated lime additions than with granite or limestone filler alone (Figure 2j). 

DURABILITY IMPROVEMENTS IN POROUS ASPHALT 
A Local Authority stakeholder highlighted to the BLA that the widespread specification and 
use of hydrated lime in the Netherlandsk, where porous asphalt is the dominant road surfacing 
material, may be a useful field indicator of the durability benefits of hydrated lime by 
enhancing the resistance to oxidative hardening.  

Porous asphalts rely on the open structure of the asphalt to lower noise from vehicle traffic, 
promote surface drainage and reduce road spray during wet conditions. However, this means 
that the porous surfacings are more prone to moisture damage and oxidative ageing. As a 
result, the service life of porous asphalts is known to be lower than denser alternativesl or 
stone mastic asphaltsm – 8 to 10 years compared to 12 years for dense asphalt, or compared to 
15 years for stone mastic asphalts. Current Dutch porous asphalts are expected to achieve 
service lives of 11 (slow lane) to 17 (fast lane) years and require the selection of fillers with 
the correct quantities of hydrated lime and the use of unmodified 70/100 binderk. 

A Transport Research Laboratory (TRL) review of UK trials of porous asphalts from 1967 to 
1984 noted an average service life of 8 years, with a range from 0 to 15 yearsn. The review 
highlighted that binder hardening and brittle failure tend to govern the ultimate life achieved 
by porous asphalts and that hydrated lime additions tended to reduce binder hardening rates.  

Historically, Highways Agency specifications for porous asphalt required the addition of 2% 
hydrated lime. Whilst acknowledging that porous asphalts that contain hydrated lime have 
lower hardening rates, and hence increased durability, a 2001 TRL reporto recommended that 
the hydrated lime requirement was removed to allow suppliers to meet aggregate/binder 
adhesion requirements by other means. The report noted that some suppliers believe that 
hydrated lime additions complicate asphalt mixing and suggests that hydrated lime is difficult 
to handle. A later TRL report reviewing the feasibility of introducing two-layer porous asphalt 
systems into the UK notes that a good quality filler improves both adhesion and resistance to 
ageing, mentioning hydrated lime in this contextp. The current Highways England 
specification for porous asphaltq refers to the equivalent European Standard, based on a 
performance specification approach such that the use of hydrated lime is not mandatedr. 

The BLA dispute that hydrated lime is difficult to handle as it is material widely used across 
the construction sector, in waste water treatment, and in the manufacturing, food and drink, 
and environmental services sector. As with any material, appropriate handling is vital, as are 
effective health and safety procedures on site. BLA Members provide Safety Data Sheets for 
their products and are happy to support suppliers to address any concerns they may have. 

CONCLUSION 
There is a substantial body of evidence indicating that additions of hydrated lime to asphalt 
will reduce the oxidative hardening of the bitumen that occurs as a result of exposure to air 
in service. Oxidative hardening makes the binder more brittle and the asphalt more prone to 
failure, for example, by ravelling. Hence, by reducing oxidative hardening, hydrated lime 
additions have been seen to increase the service life of pavements.  
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Figure 1:  Carbonyl Ageing Index for binder recovered from mastics containing granite 
(G) and hydrated lime (HL) fillers 

 
On an infrared spectrum, carbonyl groups formed by oxidative ageing (C=O groups) appear at around 
wavenumber 1700cm-1. The Carbonyl Ageing Index is the ratio of the carbonyl infrared response to the 
total infrared response. Fewer carbonyl groups are formed on ageing in mastics containing hydrated 
lime. Ageing was conducted by Thin Film Oven Testing (TFOT) or Pressure Ageing Vessel (PAV). 

 
Figure 2:  G* Ageing Index of mastics containing granite (G), limestone (LS) and 

hydrated lime (HL) fillers  

 
G* is the complex shear modulus for the mastic specimens and the G* Ageing Index is the ratio of G* 
(aged) over G* (unaged). No change in G* would have an Ageing Index = 1. The closer the Ageing Index 
is to 1, the smaller the change in G* experienced upon ageing. 
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