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Abstract In spite the fact that micro surfacing receives accolades by researchers of being the 

most cost-effective, environmentally friendly, and functionally viable pavement preventive 

maintenance amongst the various asphalt surface treatments (AST). However, there has not been 

a universally standardised mix design, acceptable material type, compatible polymer-binder 

combination, laboratory-field correlational performance tests, and its field dependency 

performance indicators. The requirements set by the International Slurry Surfacing Association 

(ISSA), Malaysian Jabatan Kerja Raya (JKR-public works department) and American Society 

for Testing and Materials (ASTM) are stated to be guides. This study brings to fore the 

challenges, methodologies adopted and successes recorded towards solving the aforementioned 

concerns by various researches globally from existing literatures with emphasis on material-type 

effects, mix design methodology, serviceability/environmental performance, incorporation of 

industrial wastes and emulsion-polymer compatibility amongst others in micro surfacing.  

Hence, the contents of relevant published journal articles, theses, academic and industrial reports 

published within the last two decades (1979 - 2019) that met the selection criteria aforementioned 

were critiqued. Result indicated improvement in key pavement surface functional performance 

parameters as a function of enhanced polymer(s) used in improving desired performance, type 

of aggregate and its gradation, pre-treatment condition and ultimately emulsion type. However, 

there is a lack of total consensus on the mix design, even though polymers are unanimously 

agreed by researchers to improve performance. Future advances in micro surfacing should focus 

on the use of industrial wastes, synthetic material and especially by-products from industrial 

processes. 

1. Introduction 

Micro surfacing is an improved slurry seal which dates back to the late 19th century and gradually gained 

wide usage for its obvious advantages [1], especially, in extending the life span of a structurally sound 

asphalt pavement [2]. To this end, out of the numerous ASTs, micro surfacing was concluded to offer 

higher performance at relatively low cost with a number of added advantages like ability to be cold 

applied, fast set and quick open to traffic, non-wind shield breakage as witnessed by chip seals, and it 

keeps road geometry unchanged due to its thin layer (6 mm – 12.5 mm) [3]. Due to the fact that asphaltic 

roads constitutes a larger proportion of the total paved roads globally, with a projection that by 2020, 

the total length of asphaltic paved roads will double in Asia’s developing countries, whilst in three 
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decades to come, the global total length of additional paved roads could reach 25 million kilometers - 

enough to encircle the globe more than 600 times [4]. Similarly, consequential to rapid urban growth in 

developing African countries has forced commensurate road networks to be built [5].  The construction 

of asphaltic pavements consumes enormous non-renewable resources [6] with attendant greenhouse 

emissions congruent to the energy consumption in the construction [7], if not more, and perhaps, in the 

processing of the raw materials [8]. Government’s budgetary restrictions couple with the need to develop 

high performance, sustainable , and cost effective asphaltic materials [9,10] prompted the need to device 

various alternatives to hot mix asphalt (HMA) like the warm mix, and cold mixes at differing 

construction techniques viz; porous asphalt, cold-in place recycling [11], and lots others. More so, a lot 

of research work has been conducted on the modification of bituminous binders for use in asphaltic 

pavements, notably in form of polymer modification [12]. Similarly, sustainability drive warrant 

research into techniques of pavement construction based on the three Rs (reuse, reduce, and recycle) 

philosophy thereby reusing waste construction material [13] in technics like hot in-place or cold in-place 

recycling of bituminous materials and reducing the use of virgin materials notably natural sands and 

gravel aggregates. However, all these strides towards a structurally and functionally viable pavement 

having value for money to the client and standing the test of time in terms of increased axle loading, 

unpredictable climatic conditions, weak underlying layers, human flaws and plant deficiencies leaves 

policy makers with the inevitable choice of effectively managing existing roads in form of preventive 

maintenance. The reason could be that, in spite the significant resource needed for the construction of 

new pavements, yet, appreciable proportion of these constructed pavements experiences sudden 

deterioration and premature functional failure warranting the urgent need for maintenance measures. 

These measures are in the form preventive, corrective, and routine maintenance, of which micro 

surfacing preventive maintenance proves to be the most cost effective [14].  

Advances in micro surfacing has seen differing perspectives in addressing its deficiencies, some of 

which includes inadequate mechanical strength, low early strength, ravelling due to poor binder-

aggregate adhesion, dependence on crew expertise in its construction instead of an established standard 

operating procedures, lack of standard mix design and few others [15]. Contrary to the view that micro 

surfacing is a performance layer which relied for its strength on that of the underlying layers, it should 

have some strength, as it is the first layer that comes in contact with vehicle loads. Hence, the 

performance of a micro surfacing layer should have adequate strength in addition to providing functional 

riding surface. The performance of a micro surfacing layer is a sum total of the performances of the 

constituent parts that makes up the layer [16], which includes the type of aggregate gradation [17], 

aggregate characteristics and quality [18], properties of the emulsified binder [1], efficiency and nature 

of polymer [19] and other additives used, pre-treatment condition (condition of the existing pavement 

to receive the micro surfacing), environmental application condition and types of equipment/crew 

expertise or experience. In spite the successes recorded in improving micro surfacing over the years, 

researchers are still trying to have a universally accepted mix design methodology and mixture design 

criteria for micro surfacing. Most transportation agencies devices their own mixture designs. While this 

effort is on-going, researchers are rather reluctant to present a comprehensive account of these findings. 

Thus, this study aimed to bridge this loophole by reviewing relevant literatures in the area, and probable 

future directions of micro surfacing.  

At this juncture, it is worth noting that the complexity in accessing the performance of a polymer 

modified emulsified asphalt micro surfacing is a multi-dimensional task reflecting the performances of 

its constituent material. Thus, there are many criteria to classify the performance of asphalt micro 

surfacing, but this study will view it from the perspective of material-types effects, mix design 

methodology, serviceability/environmental/locational performance, emulsion-polymer compatibility, 

aggregate-emulsion interaction and possible incorporation of industrial wastes.   

 

2. Polymer modified emulsified asphalt micro surfacing as a pavement maintenance 

Road network in the world are continuously built on a daily basis to meet the rising demands. Restricted 

budgetary allocations resultant from the world economic meltdown has made it necessary for 
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stakeholders and government alike to look inward for the effective maintenance of infrastructures and 

road infrastructure in particular [20]. Micro surfacing generally comprises of an emulsified bitumen 

emulsion, modified by a number of polymer(s) in addition to special additives, mixed with well graded 

and proportioned aggregates, portable water and fillers, mixed and placed in a well prepared structurally 

sound pavement. The assembly depicted in figure 1 is an equipment view of how the mixture of densely 

graded clean aggregate between the range of 12.5mm to 4.75 mm, water, polymer modified bitumen 

emulsion, additive, mineral filler or fiber and emulsifiers are mixed in a pug mill and laid to a maximum 

thickness of 12.5mm as micro surfacing.  

 

 

Figure 1. Schematic 

view of an asphalt micro 

surfacing paver (Source: 

California pavement 

maintenance). 

 

The fact that reduced binder yields minimal rut depth by using the modified wheel tracking or 

Marshall tests, yet, optimal binder contents are better off [21]. 

In spite the improvement and advent of new polymers in improving micro surfacing mixtures, yet, 

the optimum desired performance level was deemed not to be attained. This prompted researchers to 

explore blending at least two polymers together. The concept of blending polymers with supplemental 

characteristics is gaining researcher’s attention. The influence of Sulphur and Polyphosphoric (PPA) 

acid on the rheological and storage stability before and after aging on SBS and SBR modified emulsions 

concluded on the superior performance of SBR/PPA mixture over the SBS containing mixes [22]. 

Conversely, other studies viewed improvement in performance from the perspective of developing 

enhanced polymers like polyurethane [23–25]. A 40 years literature review on polymer modification of 

binders highlighted the merits and otherwise of the various plastomers and thermoplastic elastomers viz; 

styrene isoprene styrene (SIS), polyethylene (PE), polypropylene (PP), ethylene-vinyl acetate (EVA), 

ethylene-butyl acrylate (EBA), styrene-butadiene-styrene (SBS), and styrene-ethylene/butylene-styrene 

(SEBS) [26]. The over-arching set-back as witnessed in micro surfacing remains however; cost, low 

ageing resistance and adhesion loss due to storage, thereby suggesting saturation, sulphur vulcanization, 

adding antioxidants, use of hydrophobic clay minerals and reactive polymers as the way forward.  

   Not only the aforementioned issues, also the complex variables in emulsion performance could 

significantly mar the effectiveness of a micro surfacing mixture, even though it has all the desired 

constituents. As such, emulsion particle size and its distribution, water content, hydrophile-lipophile 

balance and deviation (HLB/HLD), pH level, and lots other emulsion characteristics do influence the 

performance of the final micro surfacing mix [27,28]. To limit the scope, certain key criteria is adopted 

by this study as delineated below in categorising research studies conducted on the performance of 

polymer modified emulsified asphalt micro surfacing. 

 

2.1. Criteria for evaluating the performance of a micro surfacing mix 

 

2.1.1. Micro surfacing Mix Design. The performance of micro surfacing largely depends on the proper 

proportioning of the constituent material. The most widely used specification is that which is spelt out 

in the ISSA A 143 guideline (Performance specifications for asphalt micro surfacing [29], in Malaysia 

guidelines for mix design is given in JKR/SPJ/2008-S4 [30]. Mix design specifications may range from 

loosely defined guidelines in industry reports and workshops. Furthermore, each state transportation 

departments in the United States, Canada [31] devices mix design tailored to suit peculiar application 
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requirements. Table 1 gives a comparison of some major mix design criteria. Numerous researches were 

conducted towards the improvement and definition of key performance criteria in relation to mix design, 

after rigorous appraisal of the current ISSA mix design a suggestion was given for a modified mix design 

[32]. Despite the limitation of this study of restricting the research based on only one type of binder and 

aggregate, yet, it has significant findings suggesting a variation in the mix design tests ISSA TB 100, 

109, 113, and 139 considering the effect of added water content, asphalt emulsion, and Portland cement 

on the design parameters. However, the study found that ISSA TB 139 can be used to define the optimum 

water content at which samples should be tested, whilst ISSA TB 147 mix design test for optimum 

asphalt emulsion content. Furthermore, the same author argued on the repeatability of the ISSA 

performance test series, hence, the coherence of cohesion, wet track abrasion, loaded wheel, and 

resistance to compaction tests results conducted by four technicians between two laboratories in Quebec 

were analysed. Aggregate gradation and sample preparation method were varied, and the responses for 

various ISSA mix design test for micro-surfacing were examined. Result suggested the significance of 

using sieve analysis in the grading for mix design yielded better consistency result, also, finer aggregate 

gradation gives the best rutting, bleeding, abrasion and moisture susceptibility resistance [33]. 

Conclusively, a unanimous consensus among researchers could not be reached as to the definite 

influence of a particular mix design on identified performances of micro surfacing, thus, exploring in 

depth evaluation of this parameter, especially, with respect to varying aggregate gradations will be a 

laudable breakthrough. 

 

Table 1. Comparison of some key Micro surfacing specifications 
TESTS  TEST METHODS SPECIFICATIONS 

 AASHTO ASTM ISSA A 134 JKR VDoT TxDoT 

Settlement and Storage 

stability of emulsified 
asphalt, 24-h 

 

 
Raw 

emulsion 

T 59 D 6930 1% Maximum - 1hr Maximum 1% Maximum 

Distillation of 

emulsified asphalt 

T59 D 6997 62% 

Minimum 

- 62% 

Minimum 

62% 

Minimum 

Viscosity @ 250C   

SSF, seconds 

 D 244 - 15 - 50 20 – 100 sec  

Water Content   D 244 - 40 

Maximum 

12 – 20 %  

Residue on 850 µm    0.1% 
Maximum 

0.1% 
Maximum 

0.3% 
Maximum 

Softening point of 
Bitumen (ring and ball 

apparatus) 

Tests on 
Emulsified 

asphalt 

residue 

T 53 D 36 57 0C 
Minimum 

540C 
Minimum 

540C 
Minimum 

570C 
Minimum 

Penetration of 
Bituminous Materials 

T 49 D 5 40 – 90 40 – 90 40 – 90 - 

Polymer content  D 6372 - - - 3% Minimum 

 

It is glaring form table 1 that there is no unified performance criteria among the various specifications 

as specified by American Association of State Highway and Transportation Official (AASHTO), 

ASTM, and Malaysian Standard (M.S). Table 1 is a tip of an iceberg considering the numerous country 

-centred micro surfacing specifications. These state transportation departments accessed the 

performance of micro surfacing after years of field studies against certain performance indicators, and 

in Canada, despite the uncertainties in performance outcome of micro surfacing, yet, it recorded 

continual successes. Perhaps, this could not be far-fetched from the strategy used among which includes 

robust material selection and placement techniques [31]. 

 

2.1.2. Materials-type effects on micro surfacing. While enhanced performance of micro surfacing was 

argued to be dependent on improved emulsion rheology [34,35] and are perceived to significantly 

contribute to key surface desirable qualities required of an excellent functional pavement viz;  rutting 

resistance couple with less noise, excellent skid resistance enabled by high surface texture, less 

disruption to the road user during application, ability to maintain road geometry and ultimately less 

energy requirements [36]. Indeed, emulsions plays vital role in determining the performance of micro 
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surfacing, but polymers largely effect these desirable feature of emulsions. Polymers reinforce bitumen 

by improving cohesive strength, making it more resilient and tougher, this may be the reason why nano 

clays are utilised in modifying warm mix asphalts [37,38] whilst fibre is employed in emulsified micro 

surfacing [39]. 

Researches have established the influence aggregate gradation has on the performance of HMA 

mixes, in that, thin lift thickness with coarser gradation were found be more prone to moisture damage 

than thicker lifts of finer gradation [40], similarly in micro surfacing mixtures as well [17]. The electric 

charge imparted by surfactants in emulsions determines how efficient it combines with emulsions, thus, 

variability in chemical composition of aggregate and emulsion type as studied based on cohesion, wet 

track abrasion loss, excess asphalt and compaction of micro surfacing proved that granite aggregate and 

quick set emulsion gave the best adhesiveness against abrasion, which is a major challenge in micro 

surfacing [41]. The limitation of such study arises is the inability for a level benchmark to compare two 

or more binder types [21] and the failure to link the aggregate type to a particular gradation, as specified 

by ISSA. More detailed aggregate/emulsion and emulsion/polymer interactions as highlighted by 

various studies is further discussed with a view to deriving a more apt explanation on the influence of 

material type effect on micro surfacing. 

 

2.1.2.1 Alternative Aggregates.Alternative aggregates represents the type of aggregates used in place 

of natural aggregates. The unprecedented technological advancement witnessed since the first industrial 

revolution to the most recent drastic shift and research breakthroughs in the fourth industrial revolution 

has attained exponential heights in improved construction materials [42]. Other advances are in the area 

of Nano technology [43], enhanced waste management [44,45], sophisticated techniques; tools; 

methods; and machinery in various facets of human endeavour. This lead to a dramatic consumption of 

natural non-renewable resources in the building of infrastructures in a rate that supersedes natural 

replenishing rates. These infrastructures ranges from buildings, roads, bridges, dams, and lots others 

which conclusively agreed by scholars to largely contain greater proportion of aggregate in their 

construction. Among the various construction materials, aggregates accounts for a larger proportion of 

most structures and are arguably said to account for 90 to 95 percent by weight of a total asphalt mixture 

which largely forms the load bearing medium in an asphaltic mixture. Construction aggregates plays a 

crucial role in road transportation as 90% of the total road in Europe alone is asphaltic-base, whilst more 

than 40% of goods are transported by road [46]. The enormous amount of aggregates needed for 

construction of new roads worldwide coupled with huge budgetary and energy requirements makes it 

imperative to adequate maintain this valuable infrastructural asset in the most cost-effective, 

environmental friendly and sustainable manner [13,47,48]. The road infrastructure is among key 

infrastructures that directly or indirectly affects many other fields, it is also critical to a nation’s 

development indices [49].  

Coarse and fine aggregates forms the two broad categories of aggregates, however, numerous array 

of size range exists which helps in further classifying gradations base on specific usage. Dense graded, 

gap-graded, open-graded, all-in aggregate and poorly-graded aggregates owed their identity from the 

extent of distribution of the various aggregate sizes present in a particular sample [50], thus, often careful 

sampling is required in accessing a representative portion of a batch in testing. Less attention is given 

to the behaviour and technical performance of aggregates in construction in spite, the role they play in 

building structures and pavements of load-carrying, stability and robustness, yet, researches on 

performance improvement of asphalt materials largely focuses on binder improvement through 

modification. Asphalt materials, in addition to the aggregates, includes bitumen of various types to 

which bitumen emulsion belongs [51]. Spent garnet is a non-hazardous fine aggregate waste generated 

from abrasive blasting in shipping industry and on-shore oil installation maintenance, water filtration 

granules and water jet cutting. The business boom in Malaysia warranted the freight of bulk goods via 

sea, thus, the demand for shipping services increased with a consequential rise in the need for abrasive 

blasting. The fresh garnet comes in varying grain sizes to suit peculiar usage conditions and technical 
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specifications for the intended use. It has a particle size of less than 4.75 mm depending on the number 

of cycles it is used for the blasting process, thus, fit into fine aggregate size.  

Increased abrasive blasting resulted in huge amount of waste abrasives generation, yet, this increased 

generation coupled with landfill disposal restrictions or transportation and handling costs makes it 

necessary to device alternative utilisation [52,53] or minimization techniques. 

Numerous alternative aggregates belonging to the same class of abrasive materials to which garnet 

belongs have long gained researcher’s attention. Research results indicated suitability for use of these 

waste abrasive materials as a natural fine aggregates replacement in asphaltic concrete pavement 

construction. These spent abrasives include; nickel slag [54,55], copper slag [56–59], coal slag [60,61], 

steel slag [62] or even. In fact, the philosophy behind the use of slags generally stems from the need to 

curtail menace caused by its dumping in landfills, reduce the use of natural construction material and 

ultimately devise an enhanced aggregate by altering the slag’s chemistry to suit specific construction 

purposes [63]. Glass bead has round texture and largely used for smoothing operations in abrasive 

blasting, its waste is not pronounced and has not yet been used in construction, aluminium oxide [64], 

silica sand and steel grit [65] and more recently the result of researches on the use of crumb rubber in 

other forms of construction is worthy of trying in polymer modified micro surfacing [66]. A drastic shift 

from the norm prompted binder modification with a type of clay known as montmorillonite [67] 

resulting in significant improvement in short and long term ageing of binders. Aside the use of other 

forms of abrasives, the use of waste garnet for road construction started on a trivial note, with its 

application as a soil stabilisation for road shoulder construction of village road [68]. This effort triggered 

swift response by researchers, especially in Malaysia, whom explored further the use of waste garnet in 

asphalt and concrete applications. 

 A recent study on the Marshall properties of AC 14 asphalt mixture incorporating spent garnet as 

fine aggregate replacement in Hot Mix Asphalt revealed that garnet waste could favourably replace fine 

aggregate up to 25% by weight and give the desired volumetric properties [69]. In concrete, the high 

angular fracture, texture and density/specific gravity of waste garnet has produced the desired 

workability in geopolymer self-compacting concrete at an optimal percentage replacement of 25% by 

weight [70]. The chemical analysis employed in the research using toxicity characteristics leaching 

procedure (TLCP) placed spent garnet as a non-hazardous material thus, safe to use in construction. 

 

2.1.2.2 Polymer modified asphalt emulsions and their application in micro surfacing. The use for 

polymers in asphalt aroused from the need to improve both low and high temperature performances of 

asphalt mixtures against cracking and rutting respectively. There exist a number of asphalt emulsions 

depending on the application requirement, setting and breaking time Asphalt emulsions constitutes a 

stable dispersion of asphalt globules less than 50µm in water, with asphalt content ranging from 50% to 

80% depending on application [28]. In general, the use of a particular asphalt emulsion type or grade 

depends on the viscosity primarily, and to the nature and extent of distribution of emulsion globule sizes, 

its stability and rheological behaviour. Invariably, the type of emulsion produce will depend on the 

emulsifier “surfactant” used; the surfactant is the chemical added which defines the type of emulsion. 

There exist three basic categories of emulsions viz; cationic, anionic, and nonionic emulsions depending 

on the type of emulsifier used and desired emulsion sought to produce. Polymers have a variety of 

applications attempts at entraining micro capsules in resins resulted in reduced ductility, low temperature 

crack resistance and slight increase in rutting & softening point [71].  

 

3. Compatible polymer-binder combination, laboratory-field correlational performance tests 

While performance in asphalt surfacing in forms slurry seals is always attributed to the type, properties 

and qualities of the binder [72], nonetheless other important factors plays significant roles like durability 

measures, water content  moisture susceptibility and fatigue [73]. Thermoplastic polymers are believed 

to improve strength and bond of micro surfacing, but the challenge is the rheological compatibility 
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between these polymers and the emulsion. As such several attempts at improving micro surfacing 

performance reached the extent of combining polymers two or more polymers in a mix.  

 

3.1 Important parameters to modify in Asphalt Emulsions and their use 

The parameters to be modified in emulsions are categorised into three, viz; composition, mechanical 

and formulation parameters. The two most important parameters to control in emulsion formulation and 

handling are the stability and breaking. Stability here means storage stability, as emulsions are sensitive 

to mechanical agitation, PH change of the continuous phase, polymer-emulsifier interaction and size of 

the dispersed bitumen globules, which entails the rate of agglomeration. Asphalt modification effects 

key performance parameters of micro surfacing including via interaction of the constituent materials, in 

form of aggregate-binder adhesion, polymer-emulsion compatibility, and surfactant characteristics and 

its effects on emulsion. 

 

3.1.1 Aggregate-binder adhesion. The bond that exist between the aggregates (coarse, fine and filler) 

and binder (emulsions) with its other constituents like additives, polymers and emulsifiers is termed as 

‘adhesion’. This is a significant parameter that determines the performance of asphalt mixtures as well 

as micro surfacing, it is a loss of adhesion between the aggregate and the binder that results in stripping 

of asphalt surfaces, hence, improved mixtures incorporate adhesion promoters as additives [74], 

alternatively, improve binder rheology was achieved by chemically modifying waste cooking oil [75].  

Aggregate-binder adhesion is a very important property indicating stripping resistance, thus, it must be 

evaluated during mix design to avert the effect of stripping in asphaltic pavement surfaces. To this end, 

a number of laboratory tests including Rolling-Bottle-Test, static water storage, and detachment in 

boiling water test. In spite, the established widespread usage of detachment in boiling water, the study 

concluded that Rolling-Bottle test gives the best adhesion result. Furthermore, polymer modified asphalt 

with adhesion promoters employing granite aggregate yields improved adhesion properties [76].  

The fact that polymer modified bitumen enhances emulsion-aggregate adhesion is not a refutable fact, 

however, the debatable issue among researchers is the accuracy (repeatability and reproducibility) of a 

test that could quantify the adhesion. Although, there exists a number of tests for this purpose, but the 

most widely accepted, especially in the US is the total water immersion test (TWIT). The test involves 

a visual assessment of bitumen-coated aggregates before and after soaking in water for a pre-determined 

period. Water seepage via cracked pavement surfaces is often associated with resulting from weaker 

adhesion, more so, compatibility between binder chemical constituent and  aggregate mineralogy often 

dictates adhesion [77]. 

Aggregate chemical composition and type contributes to the final adhesion of characteristics of micro 

surfacing mixtures. It was opined that anionic emulsions are suited to positively charged calcareous 

aggregates like limestone while cationic emulsions are suited to negatively charged aggregates like 

granite [78]. However, contrary to that view, both negatively charged (alkaline) and acidic-nature 

aggregate (positively charged) aggregates are suitable for mixing with cationic emulsion whilst 

producing the desired adhesion in cold mixes [28].The great challenge with bitumen emulsion in the 

asphalt surfacing treatments industry is the pre-mature coalescence during mixing with aggregates, 

which hampers good binder-aggregate adhesion, hence, remains a subject among researchers [79]. 

Compatibility between emulsifiers/surfactants and aggregate chemical constituents contribute to the 

adhesion properties in the final micro surfacing mixture. Spent abrasives exhibits good adhesion, as 

mentioned earlier that the negative charge on aggregate binds with the positive charge of the emulsion. 

The fact is that garnet contains complex silicate mineral of divalent or trivalent ions (SiO2)-2 or -3 which 

possess high affinity to cationic bitumen emulsion. 

 

3.1.2 Curing and hardening process of emulsions. Depending on the category of the emulsion, (either 

Water in oil (W/O), oil in water (O/W), or multiple emulsions (W/O/W)) in addition to the type of the 

emulsion, the curing and hardening process is largely influenced by the nature of emulsion in terms of 

setting rates. The type of bitumen emulsion could be slow setting, medium setting or rapid setting either 
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cationic or anionic, and surfactant’s chemical composition influences curing and hardening of 

emulsions. Curing itself is a process of strength gain of the finally placed emulsion treatment, and it 

involves two distinct phases – breaking and setting [78]. It is similar to the curing of concrete, which 

entails increase in strength due to continuous chemical reaction between the binder (cement) and the 

continuous phase (water, chemicals, or steam).  

Breaking refers to the loose of oil-oil repulsive forces when mixed with aggregate. In a cationic 

emulsion, the surface charge is positive and individual emulsion droplets repels one another, but when 

mixed with aggregate, say granite, the negative charges on the aggregates get attached to the positive 

cationic of the emulsion and adhere. Figure 2 depicts the charge transfer type between aggregate and 

emulsion. 

The breaking and subsequent hardening process of emulsions in micro surfacing mixtures is 

practically characterised by a change in colour from brown to black. 

 The rate of breaking of cationic and anionic emulsions differs, the latter been slower, due to the fact 

that almost all surfaces are negatively charged, and with addition of an anionic emulsion the breaking 

process is forced by water evaporation [80]. 

An enhanced feature of bitumen emulsion is the polymer modified emulsions which incorporate 

either latex (natural or synthetic), or polymers. The addition of polymer enhances the rheological 

characteristics, reduces temperature susceptibility, and improved adhesion. These enhanced features 

makes polymer modified bitumen emulsions (PMBE) attractive for use in surface treatments for 

decades. PMBE are used for high performance heavy trafficked pavements in form of Microsurfacing 

and chip seals, the latter being less popular due to history of windshield breakage by loose aggregate 

[76]. 

 

 

 

 

 

 

 

 

 

 

 

Cationic emulsion        Anionic emulsion  

 

 

Figure 2. Ion exchange and curing process of cationic and anionic emulsions mixed with aggregate 

 

The rate of strength gain or curing depends on how fast water escapes the surface from the emulsion, 

cationic quite set emulsions is a special type of emulsion specified in ASTM D 2397 which exhibit faster 

curing rate than normal emulsions [78]. The concentration of the cationic particles or anionic particles 

determines how fast an emulsion sets as well – the higher the charges the faster the setting. 

The phenomenon of curing and hardening is a crucial aspect considered when choosing an emulsion 

for applications in peculiar situations like terrain, weather condition (humidity, wind speed, and 

temperature), available plant and pavement pre-treatment condition. Moreover, it depends on the 

emulsion viscosity which in turn is influenced by the water oil ratio (WOR), droplet size and its 

distribution and hydrophilic-lipophilic balance(HLB) [28], and discernably linked to the type of charge 

on the aggregate. 

 

3.1.3 Aggregate-polymer-emulsion interaction. Waste Abrasive blast material are mostly of 

metamorphic origin in ultra-high pressure rocks, on a lesser scale in igneous rock formations as well 

Negatively 

charged 

emulsifier 

coating emulsion 

Positively charged 

aggregate 

(limestone) 

coated/attracted by 

emulsion droplet 

Positively 

charged 

emulsifier 

coating emulsion 

Negatively 

charged 

aggregate 

(granite) 

coated/attracted 

Continu

ous 

phase 

(Water)



GEOTROPIKA 2019

IOP Conf. Series: Materials Science and Engineering 527 (2019) 012052

IOP Publishing

doi:10.1088/1757-899X/527/1/012052

9

 
 
 
 
 
 

[81]. Polymer categories are distinct based on the charge of the emulsion by the surfactant used which 

invariably defines its category, whether cationic, anionic, non-ionic or amphoteric [28]. The charges on 

emulsions is lost when they contact with mineral aggregate – a process known as breaking of emulsions. 

The opposite charge from the aggregate hastens this process, thus, the compatibility between the charges 

on the emulsion and the aggregate is crucial in achieving the final desired micro surfaced pavement.  

Waste abrasives are usually acidic in nature, thus, they are suited best with cationic emulsions. The 

opposite charge in the aggregate ensures better adhesion and retention properties. 

The main concern in the use of bitumen emulsions is the stability under storage and during 

transportation, (Khan et al., 2016). However, other research reported rheological properties alleviation 

with the addition of SBR latex on unaged emulsion [82]. 

 

3.1.4 Emulsion-Aggregate adhesion influence on rut filling and skid resistance. As mentioned earlier, 

the chemical composition of aggregate and surfactant in a micro surfacing mix determines the quality 

of asphalt-solid adhesion. The bonding is attained through a destabilization of the emulsion, and this 

could take the form of chemical action, water evaporation or mechanically by contact with solid surface 

(aggregate). Quantifying adhesion in asphalt is important in understanding the stripping resistance of 

pavement, among the available tests for adhesion shear adhesion test and binder bond strength proved 

successful in this regard [83]. Heteroflocculation as opined to be a stepping stone to the destabilization 

of emulsions when mixed with aggregates, occurs only due to adsorption mechanism in the liquid-liquid 

interface of emulsion  [84]. 

 

3.1.5 Advent of low-energy consuming binders. Asphalt binders that accommodate low temperature 

applications are often modified with specialized polymers to suit such requirements. Modification 

methods differs depending on the needed end result desired, while the chemical properties of some 

wastes like the waste cooking oil is altered to effect binder improvements  [85], others are in form of 

additives like evotherm, cesabase are used to lower the mixing and placing temperature of asphalt 

mixtures, in addition, polymers are added to improve the rheological characteristics of such low-

temperature binders [86]. This lowers the energy requirements, greenhouse gas emissions, construction 

cost, and health risks exposure to workers whilst improving workability, performance and sustainability 

[35,87]. However, achieving all these desirable functions relied on the quality of the emulsion itself, 

which also depends on the ingenuity of the formulator. 

Production of asphalt emulsions is a daunting task which requires a lot of factors to be taken into 

cognizance, these includes the droplet sizes and their relative distribution, viscosity, chemical 

composition of the base asphalt and that of the surfactant [28]. Effect of SBR on emulsion is pronounced 

in terms of improving temperature susceptibility, but the high temperature performance is 

unsatisfactory, this led to using polyphosphoric acid in enhancing this property [88], so also adhesion 

and rheology [89]. 

4. The need to micro surfacing 

The need for pavement maintenance argued to be required in curtailing the expensive rehabilitation and 

reconstruction strategy for deteriorated pavements [9]. Moreover, the extent of benefit from micro 

surfacing lies on the condition of existing surface, thus, in a highly deteriorated roads, the cost of 

maintenance far surpasses that for reconstruction. Choosing a timely application time is imperative to 

achieving value for money and optimal utilisation and service life extension of a pavement scheduled 

for maintenance  [90], several other factors account to a sound pavement preservation treatment 

including weather, binder/emulsion type, and importantly material type/quality [90]. A rather divergent 

view of deciding/selecting suitable pavement maintenance is that which relies on intuitive technical 

considerations inclusive of two other factors highlighted by [91] as; top-management commitment to 

the program within the agency and a holistic enlightenment effort aimed at the end users. A larger 

proportion of the numerous pavement preservation treatments are applied at ambient temperatures, and 

provisions are made in regions where temperatures are expected to fall below 100C .However, the 
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environmental condition, especially temperature, plays a vital role in the curing and hardening process 

in situations where water evaporation. 

 

4.1 Qualities of a good micro surfacing mixture 

The quality of a good micro surfacing treatment is measured by its resistance to wear from the tyres of 

moving vehicles over time. On the average, micro surfaced pavements should last for 5 to 7 years, 

however, deterioration may manifest before this time depending on a number of factors including 

surface pre-treatment condition. Moreover, skilled workmanship contribute to achieving a good micro 

surfacing mixture and surface.  

Equally important to skilled operator is the quality of the constituent material in a micro surfacing 

mixture and the pretreatment condition of the pavement which the treatment is applied to, thus, the 

treatment will not last long in a structural defective roadway. 

Several factors that culminates to limiting the power to control quality of a micro surfacing were 

researched into and solution proffered. Nonetheless, mix deign standardization is one that is still being 

explored  

 

4.2 Significance of aggregate type, gradation and its influence in micro surfacing mixtures 

The significance of gradation in the performance of micro surfacing is evident in the different classes of 

gradations set by the International Slurry Surfacing Association (ISSA A 134) in their technical bulletins 

where three varying gradations [17]. 

A number of research conducted on the suitable use of waste abrasives in construction revealed 

appealing results. Table 1 presents some researches on the use of spent abrasives’ in construction 

applications. These abrasives belongs to the garnet family, and some possess less desirable 

characteristics than garnet. 

 

Table 2. Selected researches on the use of some waste abrasives 
Author/Year Spent abrasive 

used 

Methodology Findings & future research 

[63] 

 

 

Nickel slag Two grades of Nickel slag 

obtained from Air-cooled (AC) 

and Emergency Pit (EP) were 

used. Their mechanical and 

physical properties of the slag 

were studied. Asphalt pavement 

analyser (APA) was used to 

evaluate both Marshall and 

gyratory samples. In addition, 

autoclave disruption test for free 

lime detection was employed.  

Both laboratory and field 

performance of a road in 

Duarte Highway near Bonao, 

Dominican Republic showed 

excellent performance after 5 

years of construction 

[92]  Nickel slag The research aimed to develop a 

means of recycling ferrous 

nickel waste abrasive from the 

thousands of tons generated in 

Greek ship yards annually from 

open dry blasting. 

A mini blast laboratory was 

used to generate the blast waste 

using a grit size of 9.5mm 

nozzle at 100Psi pressure. 

 

The study investigated the 

extent to which ferrous 

nickel slag could be recycled 

before being discarded as a 

waste abrasive.  

Result indicated an effective 

grit efficiency within the first 

three cycles of the blasting, 

also 80% reclamation can be 

achieved of the waste within 

the first 3 cycles. 

[57] Copper slag Marshall stability, flow and 

volumetric parameters were 

studied on copper blast waste 

Result suggested the 

favourable use of copper 

waste grit in asphalt concrete 
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generated from Bahrain’s ship 

yards 

using 50/50 and 100/0 copper 

grit/sand ratio replacement 

by weight 

[56]  Copper slag Mortar cubes (25.4 x 25.4 mm) 

were casted using the grit and 

cement at various ratios by 

weight in (g/kg) as 1:1, 1:3, 1:4, 

of cement to grit, and a 

water/cement ratio of 0.5. 

The use of copper spent grit 

in concrete was favourable, 

but the use of waste copper 

grit in reinforced concrete is 

discouraged. 

[93]  Copper slag Cement mortars and concrete 

mixes were prepared by 

replacing sand in percentages 

from 0 to 100%.  

Mortars were evaluated for 

compressive strength only, 

while concrete mixes were 

evaluated for flexural, tensile 

and compressive strength. 

Mixes with 50% copper slag 

exhibited the highest 

compressive strength whilst, 

the durability, density, 

workability, flexural, tensile, 

and compressive strengths of 

concrete mixes with 40-50% 

copper replacement yielded 

better result than the control. 

[94] Spent garnet Garnet was mixed with soil for 

road shoulder construction of 

village roads. Soil moisture 

content, CBR test, compaction, 

chemical content, Atterberg 

limits and gradation test. 

Addition of waste garnet 

increased the Maximum dry 

density and an optimal 40 % 

by weight replacement of 

garnet yielded desired result. 

[95] Steel grit Steel grit or hematite  and garnet 

waste generation in comparison 

to the raw material feed in 

blasting was studied 

All abrasive material could 

be recycled at least twice 

before loosing of blasting 

grit. 

(Zakaria et al, 

2016) 

Aluminium oxide Health risks associated to dry 

blasting in terms of particulate 

dust and respirable was studied 

Airborne blast waste could 

be harmful to human. 

(Khiyon, 2018) 

Garnet waste in 

concrete 

Spent garnet Influence of waste garnet in 

high strength concrete was 

studied using water/cement ratio 

of 0.33 and garnet replacement 

of 0% to 100% targeting a 

strength of 60MPa. 

 

 

 

4.3 Emulsion-Aggregate adhesion influence on rut filling and skid resistance 

As mentioned earlier, the chemical composition of aggregate and surfactant in a micro surfacing mix 

determines the quality of asphalt-solid adhesion. The bonding is attained through a destabilization of the 

emulsion, and this could take the form of chemical action, water evaporation or mechanically by contact 

with solid surface (aggregate). Quantifying adhesion in asphalt is important in understanding the 

stripping resistance of pavement, among the available tests for adhesion shear adhesion test and binder 

bond strength proved successful in this regard  [83]. Heteroflocculation as opined to be a stepping stone 

to the destabilization of emulsions when mixed with aggregates, occurs only due to adsorption 

mechanism in the liquid-liquid interface of emulsion [84]. 

5. Advances in micro-surfacing mixtures and way forward 

Historical antecedents in pavement preservation started in the 1930s by using very fine aggregates, water 

and emulsion slurries has seen exponential advances courtesy of improvement in polymer science in the 

late 1960s. In addition to polymers, fibers and other specialised additives may also be added to suit 

peculiar situation [84]. Though a study that reviewed a forty years research effort towards formulating 
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a viable polymer with all the desired properties – which is rather not feasible, thus, some trade-offs must 

be made among the desired polymer features in selecting a suitable polymer type. Among the various 

methods of removing the setbacks in polymers viz; use of hydrophobic clay minerals, functionalisation, 

addition of antioxidants, the use of reactive polymers, saturation, and sulfur vulcanization, only 

functionalisation is recommended [26]. 

Functionalisation in terms of improving binder-aggregate adhesion, recyclability, and long-term 

performance was opined to be the best means of producing enhanced polymer to meet future challenges. 

United States remains a frontier in the use of micro surfacing for preserving its pavement, this is 

witnessed by its adoption among the departments of transportation (DoT) of virtually all the states [98]. 

Since micro surfacing uses typically quick set emulsions, future trends should be targeted towards 

functionalising emulsions in terms of adhesion with aggregates, long-term performance/ageing 

resistance, better storage stability and recyclability. Functionalisation is a means of discretely adding 

specific functional groups of some chemicals to polymers so as to effect specific changes or 

improvements. This is suggested to be a short term solution in the near future for solving the notable 

problems associated with emulsions [16,24]. 

6. Conclusion 

Micro surfacing performance is a multi-dimensional and is viewed from varying perspectives ranging 

from type of gradation, characteristics of the constituent material, mixture performance, and on site 

performance. As bitumen modification unfolds and metamorphose to an advanced level in the near 

future, its application in emulsions for micro surfacing treatments will continue to witness varying 

researches in the area of industrial waste incorporation, use of bio oil-binders, recycling and many more. 

This is evident in the trend of studies in this areas highlighted in this review, though, not much work is 

done in the use of waste abrasive material like spent garnet in asphalt mixtures, yet, it is hoped future 

researches will explore the applicability of the numerous waste abrasives in pavement preservation 

treatments. The summary of researches conducted on other waste abrasives apart from garnet is a tip of 

an ice berg when compared to studies employing waste garnet. As highlighted numerous abrasive blast 

waste had gained application in pavement and concrete construction, thus, spent garnet which has some 

characteristic advantages over other abrasives can favourably be used as a replacement of fine aggregate 

in hot mix asphalt. 
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