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Abstract. In this research, gum rosin, as one of the non-wood forest products obtained from the 

resin tapping of pine trees, is modified by applying a modification process consisting of an 

esterification reaction with glycerol, a Diels-Alder reaction using maleic anhydride, and further 

esterification with polyethylene glycol 400 (PEG-400) to make it more stable to oxidation. It has a 

lower softening point and viscosity, making it suitable for use as a tackifier to enhance the tackiness 

of renewable, eco-friendly adhesives based on natural rubber/latex. Pressure-sensitive adhesives 

(PSA) and wet glue were produced using natural rubber as the elastomer and a mixture of modified 

gum rosin and water as the tackifier, with various compositions. It is found that PSA and wet glue 

produced with a tackifier-latex ratio of 30:70 and a gum rosin-to-water ratio of 60:40 exhibit the 

best adhesion performance and are suitable for application on wood and paper substrates. The 

wet glue also exhibits superior adhesion performance compared to commercial wood and paper 

glue. 
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INTRODUCTION 

 

Adhesive materials play a pivotal role in 

modern manufacturing, construction, and 

product design, providing versatile solutions 

for bonding a wide array of substrates. From 

everyday items like packaging and household 

goods to high-performance applications in 
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aerospace and medical devices, adhesives are 

essential to creating functional, durable, and 

efficient products. Over the years, 

advancements in adhesive technology have 

revolutionized how materials are joined, 

offering alternatives to traditional mechanical 

fasteners like nails, screws, and rivets. There 

are many types of adhesives, including 

natural adhesives such as animal glue and 

cellulose adhesives; rubber-based solvent 

cements; and synthetic adhesives such as 

epoxy, hot melt, cyanoacrylate, polyurethane, 

and pressure-sensitive adhesives (Ebnesajjad, 

2011). 

Among polymers used to make 

adhesives, natural rubber is considered the 

least expensive to produce and the simplest 

to formulate. Natural rubber (NR) is 

recognized for its exceptional properties, 

primarily due to its ability to crystallize when 

stretched. In most cases, reinforcing fillers are 

added to NR to achieve the desired 

properties for specific applications. However, 

natural rubber alone is inadequate to deliver 

the required adhesion and tack. To enhance 

its wettability to the adherend and ensure 

rapid, effective bonding, it is essential to 

blend the natural rubber with the tackifier 

compound (Khan & Poh, 2011; Zainudin, 

2021).  

One of the adhesives that can be made 

from NR is pressure-sensitive adhesives 

(PSAs), which are a critical component in a 

wide range of consumer and industrial 

applications, such as tapes, labels, and 

medical dressings, as they form a bond when 

pressure is applied to adhere to a surface and 

can be removed without leaving any traces. 

They also exhibit excellent peel adhesion on 

polar surfaces. Although PSAs are intended to 

bond two surfaces, they differ from other 

adhesives in several key ways. First, PSAs are 

generally nonstructural adhesives that do not 

compete with epoxies in structural 

applications. Second, PSAs usually adhere to 

surfaces upon contact without requiring any 

chemical reaction. Commercial PSAs are 

primarily derived from polymers, which 

mainly come from six key families: rubbers 

(both synthetic and natural), polyesters, 

polyethers, silicones, polyurethanes, and 

acrylics. These adhesives are known for their 

high transparency, colorlessness, low toxicity, 

and strong resistance to oxidation, UV light, 

organic solvents, temperature variations, and 

plasticizers. In many cases, PSA tapes consist 

of a tackifier and a base polymer, with the 

tackifier typically accounting for more than 50 

wt% (Creton, 2003; Indarto et al., 2006; 

Indarto, 2012; Hu et al., 2021; Márquez et al., 

2021; Sasaki et al., 2008). 

Other kinds of adhesives made from 

natural rubber include rubber-based solvent 

cements, which are wet adhesives, and water-

based adhesives. It has good water resistance, 

but poor resistance to oil and non-polar 

organic solvents. In water-based adhesives, a 

tackifier is used not only to enhance 

tackiness, as in a PSA, but also to improve 

other adhesive properties. This enhancement 

occurs because the tackifier typically has a 

glass transition temperature (Tg) higher than 

that of the rubber. When combined, the two 

components increase the Tg and stiffness of 

the resulting adhesive. While the adhesive 

remains tacky as long as some solvent is 

present, it will lose its tackiness once all the 

solvent evaporates. Latex-type glue is 

commonly used to adhere paper to plastics 

and metal (Pocius, 2012a). 

In adhesive formulations, tackifiers are 

chemical compounds used to increase tack 

and stickiness, serving as diluents to enhance 

the adhesive’s flowability during application 

and to improve peel and shear resistance. 

Peel resistance is the force required to 
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remove a tape from a test surface, while shear 

resistance is the ability of the PSA to remain 

adhered under a constant load. Tack and peel 

resistance are related to adhesion forces, 

whereas shear resistance is linked to cohesion 

forces (Márquez et al., 2021; Wake, 1978). 

However, the exact mechanism by which the 

tackifier enhances these properties remains 

unclear. Tackifiers are typically resins such as 

rosins and their derivatives, terpenes and 

modified terpenes, and petroleum-based 

resins like aliphatic, cycloaliphatic, and 

aromatic resins (including C5 aliphatic resins 

and C5/C9 aliphatic/aromatic resins), 

hydrogenated hydrocarbon resins, and a 

mixture of these materials, as well as terpene-

phenol resins (Aubrey, 1988; Sun et al., 2013). 

The development of high-performance PSAs 

requires an ongoing search for cost-effective, 

sustainable, and efficient materials that can 

enhance adhesive properties such as tack, 

peel strength, and shear resistance. Among 

the diverse array of tackifiers, natural resins 

have attracted attention for their renewable 

nature and favorable cost-performance ratio. 

Gum rosin, a natural resin obtained from pine 

trees, is one such material that has 

demonstrated potential as a tackifier in PSA 

(Mapari et al., 2021; Pandey et al., 2020; 

Prebihalo & Reineke, 2024). 

Gum rosin is a natural hydrophobic resin 

extracted by exudation from the pine trees. It 

is found in a complex blend of terpenes, 

neutral compounds, and resin acids, primarily 

abietic acid (15–20%) as the non-volatile 

fraction of pine resin. The derivatives of gum 

rosin are produced through chemical 

modifications like esterification, dimerization, 

isomerization, or hydrogenation, with the 

main goal of providing thermal stability at 

different scales and altering color. Commonly, 

gum rosin and its derivatives are utilized in 

the paper and printing ink industries, though 

they also have various other uses, including 

coatings and adhesives (Pavon et al., 2021; 

Rosa-Ramírez et al., 2020). However, despite 

its promising properties, gum rosin is often 

limited by its poor compatibility with water-

based formulations, its tendency to oxidize, 

and its inconsistent tackiness under varying 

environmental conditions. This limitation has 

prompted research into improving the 

properties of gum rosin to enhance its 

performance in pressure-sensitive adhesives. 

The upgrading of gum rosin involves 

modifying its chemical structure, physical 

characteristics, or both to enhance its 

compatibility with water-based systems and 

improve the overall performance of PSAs 

through esterification, fortification, 

hydrogenation, and polymerization. 

The goal of this study is to explore and 

develop methods to enhance the properties 

of gum rosin as a water-dispersible tackifier 

for PSA and wet glue. This includes 

investigating various modification 

techniques, such as an esterification reaction 

with the addition of glycerol, followed by 

double-bond saturation, or a fortification 

reaction using maleic anhydride to produce 

an adducted rosin ester with good adhesive 

properties. This will be followed by 

esterification with PEG-400 to produce a 

modified rosin that is dispersible in water and 

can be blended with natural rubber to 

improve its performance and stability in 

water-based formulations. To the best of our 

knowledge, the systematic evaluation of PEG-

fortified glycerol rosin ester as a tackifier in 

natural rubber adhesives has not been 

previously reported. By achieving these 

enhancements, this research seeks to 

contribute to the development of more 

efficient, eco-friendly, and high-performance 

PSAs and NR-based wet glue that meet the 

demands of modern applications.  
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METHOD 

 

This study was conducted in several 

stages of rosin modification using the 

experimental setup shown in Figure 1. Firstly, 

gum rosin was esterified with glycerol to form 

an intermediate rosin ester (GRE-glycerol). 

Secondly, this rosin ester was reacted with a 

dienophile, maleic anhydride, in a Diels-Alder 

reaction or fortification to produce a bound 

rosin ester (GRE-maleate). The bound rosin 

ester was then esterified with polyethylene 

glycol-400 (PEG-400) to produce a 

dispersible water-soluble bound rosin ester 

(GRE-PEG). The dispersible bound rosin ester 

was then mixed with water, aided by a 

surfactant, to form a water-dispersible. The 

tackifier, made from modified gum rosin and 

a water solvent, was blended with natural 

rubber and then tested for performance as a 

PSA and as a wet glue. At every step of 

modification, a sample of the product was 

taken for analysis of its acid value, iodine 

value, softening point, and viscosity. 

The raw materials for this study were 

mainly Indonesian gum rosin from the pine 

merkusii plantation grade WW, and 

Indonesian industrial-grade natural rubber 

latex as an elastomer, with a dry rubber 

content (DRC) of 28-30%, as stated in the 

Indonesian National Standard for latex 

quality. 

 

Esterification of Rosin 

The first stage in producing water-

dispersible adhesives from gum rosin 

involved reacting it with a polyalcohol. The 

esterification reaction aimed to modify the 

carboxyl groups present in the gum rosin. The 

presence of carboxyl groups in gum rosin 

made it unstable to temperature changes and 

easy to oxidize. The esterification of gum 

rosin with glycerol was carried out under 

reaction conditions of 265°C and atmospheric 

pressure with the molar ratio of gum rosin to 

glycerol of 3:2. The reaction used calcium 

acetate as a catalyst at 0.3%wt. to enhance 

the reaction kinetics (Doo-hwan et al., 2000). 

The reaction was conducted in a three-neck 

flask, under nitrogen, stirred at 150 rpm for 5 

hours. The product of this esterification was 

called GRE-glycerol. 

 

 

 

Fig. 1: Schematic Figure of Rosin Modification Appratus Set-up 

 

  

Note:  

1. N2 cylinder,  

2. Heating mantle,  

3. Three-neck flask, 

4. Silicone stopper, 

5. Thermocouple,  

6. Liebig condenser, 

7. Condensed liquid storage 
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Fortification of Rosin 

The GRE-glycerol was then further 

modified through a fortification reaction or 

Diels-Alder reaction with the dienophile 

maleic anhydride. The GRE-glycerol was 

placed into a three-neck flask and melted at 

180°C. Later, maleic anhydride was added to 

the GRE–glycerol mixture at a 1:1 molar ratio 

relative to the estimated molar amount of 

rosin units, and the reaction was carried out 

at 220°C for 1 hour under an inert 

atmosphere. Because gum rosin was a 

complex mixture of resin acids and neutral 

components, the molar amount was 

approximated using the average molecular 

weight of abietic-type resin acids (≈302 g 

mol⁻¹), which represent the dominant reactive 

components of gum rosin. This fortification 

aimed to modify the double bonds in the 

cyclic rosin ester group. The product of the 

reaction would result in GRE-maleate with an 

acid value of 40-60 mg KOH/g (Pernecker et 

al., 2014). 

 

Esterification of Fortified Rosin Ester with 

PEG-400 

The GRE-maleate was placed into a 

three-neck flask to undergo an esterification 

reaction with polyethylene glycol (PEG 400) in 

a mass ratio of the fortified glycerol rosin 

ester (GRE-maleate) to PEG 400 of 1:1 at a 

temperature of 250°C under nitrogen 

conditions (Aarts et al., 2005). The reaction 

was carried out until an acid number of 

approximately 50 mg KOH/g was achieved, 

and the product's softening point was around 

70°C (Pernecker et al., 2014). The product was 

a bound rosin ester that dispersed in it but 

was not soluble in water, and was later called 

GRE-PEG. 

 

 

 

Production of Tackifier from Modified 

Gum Rosin with Water Solvent 

The GRE-PEG exhibited viscous liquid 

properties at room temperature and was 

insoluble in water. Therefore, the next step 

was to mix GRE-PEG with a surfactant to make 

it soluble in water, serving as the solvent for 

the product. The tackifier dispersion was 

prepared using an aqueous surfactant 

solution containing 5 wt% sodium lauryl 

sulfate (SLS) relative to the mass of water. The 

water content in the formulation was varied 

at 40%, 50%, and 65% (w/w) to investigate its 

effect on tackifier dispersion. For clarity, the 

samples were designated based on the 

remaining GRE content in the mixture. 

Accordingly, the formulations were labeled 

GRE60, GRE50, and GRE35, representing 

approximately 60%, 50%, and 35% GRE in the 

final blend, respectively.  Firstly, the GRE-PEG 

was heated to 80 ºC and stirred at 250 rpm 

while the SLS was added to the mixture, and 

the mixture was stirred until it was 

homogeneously mixed with the GRE-PEG. 

The agitation speed was then increased to 

400 rpm after all the SLS was added, and then 

water was gradually added to induce phase 

transition and prevent coagulation. The 

reaction conditions were maintained until the 

phase transition point was reached, indicated 

by the formation of a viscous gel phase and a 

color change to white. This condition was 

maintained for 20 minutes, after which any 

remaining water was added. After the 

addition was complete, the hot plate 

temperature was lowered, and the mixture 

was allowed to cool to room temperature. 

 

Production of PSA using Tackifier of 

Modified Gum Rosin 

The process of making a PSA involves 

mixing two main components: the elastomer 

and the tackifier. The elastomer provided 
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elasticity and cohesion, while the tackifier 

imparted adhesion or stickiness to the PSA. 

PSA was produced with a gum rosin tackifier 

by mixing each experimental tackifier with 

natural rubber latex at 70% latex mass. The 

mixing process began by heating the tackifier 

on a hot plate at 60°C to reduce its viscosity 

and facilitate mixing with the liquid-phase 

latex. Once the viscosity was deemed 

sufficient, the mixture was stirred at 250 rpm 

while adding the latex gradually for 30 

minutes, until the mixture turned white and 

was considered homogeneous. Then, the 

mixing continued for another 30 minutes to 

ensure a perfect blend, resulting in a 

homogeneous product without any rosin or 

latex clumps. Later, the PSA mixture was 

applied to a release liner to prevent it from 

sticking to unwanted substrates. To ensure 

the adhesive was applied evenly, it was 

necessary to know the area of the release 

liner to be coated and the amount of 

adhesive to be spread. In this experiment, 

approximately 3 g of the PSA latex 

formulation (wet weight) was uniformly 

spread onto a 5 cm × 15 cm release liner. The 

coated liner was then dried in an oven at 

102 °C for 2 min to remove the aqueous 

phase, followed by conditioning at room 

temperature for 30 min. After drying, a paper 

face stock was laminated onto the adhesive 

layer to produce the PSA sample for testing. 

The PSA, consisting of a release liner, 

adhesive, and face stock, was left overnight 

before further use. 

 

Production of NR-Based Wet Glue 

The wet glue was prepared by mixing 

each modified gum rosin tackifier with 

natural rubber (NR) as the elastomer at a 

temperature below NR’s boiling point, 

around 30°C. The mixing setup was the same 

as that for PSA preparation. The elastomer 

ratio was varied at 30%, 50%, and 70% by 

weight. Firstly, the tackifier was heated to 

96°C and stirred at 250 rpm. Once the 

tackifier became more fluid, the stirring 

speed was increased to 400 rpm, and NR was 

added gradually to prevent coagulation of 

the mixture. The mixing was carried out for 

60-120 minutes until it became 

homogeneous, as indicated by a color 

change. 

 

Analysis of PSA 

The holding power of the pressure-

sensitive adhesive (PSA) was evaluated using 

a static shear test per ASTM D3654. In this 

test, the PSA was uniformly applied to 

wooden, aluminum, paper, and plastic 

substrates. A constant load of 57 g was then 

applied to the bonded adhesive joint, and the 

specimens were maintained under this load 

until adhesive failure occurred. The time 

required for the adhesive layer to detach from 

the substrate was recorded as the holding 

power value. This test indicates of the 

adhesive’s resistance to creep or shear 

deformation under a constant load. 

 

Analysis of NR-Based Wet Glue 

In this study, the adhesion performance 

of NR-based wet glue was evaluated using 

two simple tests: the setting time test and the 

tensile strength test, performed on wooden, 

aluminum, paper, and plastic substrates. The 

tensile strength test was conducted to assess 

the adhesive strength of the wet glue when it 

adhered to the testing substrate by applying 

the glue to 2 substrates measuring 1 x 2 cm2. 

While one testing substrate was hanging, the 

other was loaded. The mass of the load that 

caused the 2 substrates to lose adhesion was 

measured, and the pressure was calculated as 

the tensile strength. The performance of the 

wet glue on each substrate was compared to 
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commercial glue specific to each substrate: 

for wood, it was Yellow Fox Adhesive 

(Indonesian brand), for paper, it was Povinal 

Glue (Indonesian brand), for plastic, it was 

Castol Glue (Indonesian brand), and for 

aluminum, it was G Epotec Liquid Glue 

(Japanese brand).  

Setting time refers to the time required 

for an adhesive to develop sufficient bonding 

strength after application so that the 

substrates no longer move relative to each 

other. The test measured the time between 

adhesive application and the moment when 

the bond becomes stable enough to resist 

movement or a defined load. The setting time 

test was conducted by spreading the 

adhesive onto the surface of a simple testing 

device made of polylactic acid plastic (PLA). 

The testing device coated with adhesive was 

then attached to a test surface and left for 

predetermined durations of 1, 2, 5, 10, 15, 20, 

30, 40, 50, 60, 90, 120, and 180 minutes. After 

the bonding time reached the specified 

duration, the sample was subjected to a 

specific load, and the bond holding time was 

recorded. If the bond could withstand the 

load for more than 5 minutes, the adhesion 

was considered successful, and the optimum 

application time of the adhesive could then 

be determined. 

 

RESULTS AND DISCUSSION 
 

Gum Rosin Modification 

The first esterification reaction with 

glycerol aims to reduce carboxylic acid 

content in gum rosin and is measured by acid 

value. Acid value (AV) could be a way to 

evaluate the conversion used to estimate the 

progress of esterification reactions in rosin-

based resins, as the decrease in acid value 

reflects the conversion of carboxylic acid 

groups into ester bonds, as shown in Figure 

2. The conversion percentage was calculated 

using the following equation: 

 

𝐶𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 (%) =  
𝐴𝑉𝑖𝑛𝑖𝑡𝑖𝑎𝑙 − 𝐴𝑉𝑓𝑖𝑛𝑎𝑙

𝐴𝑉𝑖𝑛𝑖𝑡𝑖𝑎𝑙
× 100% 

 

 

 

 

 

Fig. 2: Reaction mechanism of rosin esterification 
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where AVinitial and AVfinal are the acid values 

before and after the reaction, respectively. At 

first, the gum rosin used had an acid value of 

181.87 mg KOH/g, and after esterification 

with glycerol, the acid value reduced to 4.91 

mg KOH/g. Reducing carboxylic acid content 

improves the oxidative stability of gum rosin 

(Prakoso et al., 2021). Compared with Aarts et 

al. (2005), who used resole-modified esters to 

improve thermal stability, this glycerol-based 

esterification achieves a similar reduction in 

acid value with fewer reaction steps. The final 

product exhibits improved oxidative 

resistance, which is essential for PSA 

durability, especially in ambient or tropical 

conditions. Moreover, the acid value 

reduction surpasses levels reported by Pavon 

et al. (2021), indicating more complete 

conversion. 

Secondly, the gum rosin is fortified with 

maleic acid anhydride to saturate its double 

bonds, as indicated by a decrease in iodine 

value. However, when the double bonds in 

gum rosin turned into single bonds, the 

amount of carboxylic acid in gum rosin 

increased, and the acid value increased as 

well. The Diels-Alder reaction during the 

fortification process, in which rosin reacts 

with dienophiles such as maleic anhydride, 

increases the rosin’s density. Structural 

changes in gum rosin alter adhesive 

properties, increase flexibility, and enhance 

adhesive strength (Wu et al., 2013). Wu et al. 

(2003) demonstrated that the Diels-Alder 

reaction with tung oil significantly enhances 

flexibility and adhesion strength through 

cyclic modification. The present study 

demonstrates that gum rosin fortification 

with maleic anhydride yields effects 

comparable to those of maleic acid anhydride 

alone: reduced iodine value and increased 

acid content, which contribute to superior 

adhesion and mechanical interlocking. The 

observed increase in acid value falls within 

the range of adducted tackifiers used in 

commercial PSA tapes. 

After fortification, the iodine value of 

gum rosin decreased from 28.33 to 11.96 mg 

I2/g, while the acid value increased from 4.91 

to 53.63 mg KOH/ g. To decrease the acid 

value and increase the oxidation stability of 

gum rosin, it must be esterified once again 

with PEG-400. PEG-400 is used not only to 

reduce the acid value but also to lower the 

softening point and viscosity of gum rosin. 

After the second esterification, the GRE-PEG 

was a light brown-orange, transparent, 

viscous solution with an acid value of 23.04 

mg KOH/g. The softening point was reduced 

from 101 ºC to 25 ºC, while the viscosity was 

reduced from 1845 to 109 mPa.s. The 

esterification of fortified rosin ester with PEG-

400 was initially intended to reach an acid 

number of approximately 50 mg KOH g⁻¹ and 

a softening point of about 70 °C as a general 

reference for rosin ester modification. 

However, the final product obtained in this 

study exhibited a lower acid value of 23.04 

mg KOH g⁻¹ and a softening point of 25 °C. 

The decrease in acid value indicates that the 

esterification reaction proceeded beyond the 

initial target, resulting in a higher degree of 

conversion of carboxylic acid groups into 

ester bonds. The incorporation of PEG-400, 

which contains flexible polyether chains, also 

contributes to the reduction of intermolecular 

interactions between rosin molecules, 

thereby lowering the softening point of the 

modified rosin ester. As a result, the GRE-PEG 

product appears as a viscous liquid at 

ambient temperature. For pressure-sensitive 

adhesive applications, a lower softening point 

is not necessarily detrimental. Tackifiers with 

relatively low softening points (typically < 80 

ºC, often near room temperature) are 

specialized resins used to increase the 
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stickiness, peel strength, and tack of 

adhesives and improve wetting and reduce 

viscosity, and often provide better 

compatibility with natural rubber matrices, 

which can enhance initial adhesion and tack 

performance, particularly in pressure-

sensitive adhesives (PSAs) and low-

temperature applications (Ganesh C. Basak et 

al., 2010; Sasaki et al., 2008). The viscous 

nature of the GRE-PEG product may therefore 

facilitate better dispersion within the natural 

rubber latex and improve interfacial contact 

with the substrate. Consequently, although 

the obtained properties differ from the initial 

target values, the resulting GRE-PEG 

characteristics remain suitable for the 

intended adhesive formulation. 

Table 1 summarizes the results of gum 

rosin modification to serve as a tackifier for 

adhesives. Compared with Rosa-Ramírez et 

al. (2020), in which PEG derivatives enhanced 

rosin performance for hydrophobic 

applications, the present GRE-PEG system 

demonstrates more robust viscosity control, 

enabling optimal blending with latex. This low 

viscosity aligns with requirements reported 

by Márquez et al. (2021) for solvent-free 

pressure-sensitive adhesives. The final 

product here also mimics the behavior of 

Aarts et al. (2005), whose PEG rosin tackifiers 

exhibited enhanced dispersibility, supporting 

their suitability for water-based adhesives. 

 

The conversion and yield rates shown 

surpass average industrial benchmarks for 

multi-step esterification. These values are 

favorable compared to synthesis pathways 

reported by Prebihalo and Reineke (2024), 

where natural product-based tackifiers 

demonstrated lower yield (<80%). The high 

clarity and transparency of GRE-PEG also 

mirror the visual standards of commercial 

packaging adhesives and medical tapes. 

 

PSA Performance 

In this study, the ratios of rosin to water 

are 35:65, 50:50, and 60:40, and the ratio of 

tackifier to NR is 30:70. The substrates used 

for the adhesion test are aluminum, wood, 

plastic, and paper. The PSA holding power is 

tested by measuring the release time of a 5 x 

15 cm PSA sample under a uniform load of 57 

g. Figure 3 shows the differences in release 

time used to compare the adhesive strength 

of each PSA with different ratios and adhering 

substrates. The results corroborate findings 

by Khan and Poh (2011), who emphasized the 

importance of tackifier concentration in NR-

based PSAs. The 60:40 GRE-PEG blend 

achieves peel times comparable to those of 

commercial formulations without synthetic 

polymer reinforcement. Compared to 

terpenic tackifiers reported by Mapari et al. 

(2021), GRE-PEG offers more consistent 

performance across varied substrates, 

especially paper and wood. 

 

Table 1. Results of gum rosin modification process 

Properties Gum rosin GRE-glycerol GRE-maleate GRE-PEG 

Visual Color Dark 

brown 

Transparent 

dark brown 

light brown-orange 

transparent 

light brown-orange 

transparent 

Acid value (mg KOH/g) 181.87 4.91 53.63 23.04 

Iodine value (mg I2/g) n.a. 28.33 11.96 11.96 

Softening point (ºC) n.a. n.a 101 25 

Viscosity (mPa.s) n.a. n.a. 1845 109 

Yield (%) n.a. 89.93 83.43 93.10 

Conversion n.a. 97.3% 57.78% 57.04% 
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From Figure 3, it can be seen that the 

best-adhering quality is achieved with a gum 

rosin-to-water ratio of 60:40 in the tackifier, 

yielding an average release time of 52.74 

seconds. While the tape with a gum rosin-to-

water ratio of 50:50 has an average release 

time of 7.53 seconds, the tape with a gum 

rosin-to-water ratio of 35:65 has an average 

release time of 7.55 seconds. Factors affecting 

this adhesive strength include viscosity and 

the ratio of tackifier used. According to 

Jovanović & Dubé (2004), while tackifiers are 

used to create or enhance the tackiness 

already present in the polymer, natural rubber 

latex is one of the elastomers with the 

poorest tack, making the presence and ratio 

of tackifier increasingly significant in 

determining the final tack properties of the 

PSA. With only 30% tackifier used in the PSA 

produced in this research, the tackifier-latex 

mixture’s viscosity has received greater 

attention. 

It was found that a tackifier with the 

smallest gum rosin-to-water ratio (35:65) 

results in an adhesive product that is very 

watery. So, it is difficult to spread evenly on 

the release liner surface, leading to a final PSA 

product with uneven adhesive coverage. 

Uneven adhesive application leads to a 

smaller contact area, ultimately yielding a 

lower-quality final product. On the other 

hand, a tackifier with the highest rosin-to-

water ratio (60:40) produces a thicker 

adhesive, making handling and application 

easier. Its spread on the release liner is more 

even, resulting in a larger adhesive contact 

area. Pandey et al. (2020) showed that 

increased tackifier loading results in 

improved contact area and delayed adhesive 

failure. The current release time data show 

similar performance trends, confirming that 

higher rosin content improves wettability and 

adhesive entanglement. GRE-PEG at 60:40 

mimics the phase distribution needed for 

durable bonds, particularly on porous 

substrates. The more uniform distribution of 

adhesive on the PSA surface directly 

correlates with the adhesive strength of the 

final PSA product. 

 

 

Fig. 3: The result of Peel time of PSA 

analysis 

 

NR-Based Wet Glue Performance 

Figure 4 illustrates the results of the 

tensile strength test, showing the adhesive 

strength of the wet glue produced with 

various gum rosin concentrations in water 

and various ratios of tackifier to natural latex, 

used on wood and paper as the testing 

substrates. The results indicate that the 

adhesive exhibits strong bonding 

performance on wood and paper substrates. 

In this study, adhesive formulations are 

expressed using a double-ratio notation in 

the form gum rosin:water – tackifier:latex, 

representing the composition of the tackifier 

preparation and the final adhesive 

formulation, respectively. The optimum 

formulation for wood substrates was 

obtained at a ratio of 60:40 – 50:50, while the 

best performance on plastic substrates 

occurred at 50:50 – 50:50. For paper 

substrates, the highest adhesive strength was 

achieved at 50:50 – 30:70. These results 
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suggest that adhesive systems containing a 

gum rosin concentration of 50 wt% or higher 

in the tackifier mixture provide the most 

favorable bonding performance. Compared 

to John & Joseph (1997), whose NR adhesives 

achieved 10–15 kPa tensile strength on wood, 

the GRE-PEG blends here more than double 

the adhesion force, reaching up to 31.1 kPa. 

Although differences in testing methodology, 

substrate porosity, and joint geometry 

between studies may influence the absolute 

values, the comparison still provides a useful 

qualitative benchmark. This indicates 

enhanced mechanical anchoring and 

suggests that dual-stage esterification and 

fortification notably improve tackifier-

substrate interaction. These results show that 

the modified gum rosin has good oxidative 

stability and elasticity, suggesting that it 

improves tackifier compatibility and 

contributes to the overall adhesive 

performance of the NR matrix, as a result of 

the prior esterification and fortification 

processes (Wu et al., 2013).  

On the wood substrate, adhesion is 

significantly influenced by the gum rosin 

concentration in the tackifier and the 

tackifier-latex ratio in the adhesive. The wet 

glue with a 60:40 tackifier-to-latex ratio has 

the best adhesive strength at the 30:70 and 

50:50 ratios. However, there is a decrease in 

adhesive strength at the 70:30 ratio, due to 

the excessively high viscosity of the wet glue. 

Adhesives with excessively high viscosity are 

more difficult to spread evenly on the 

substrate surface and, consequently, to 

penetrate substrate pores (Cheng & Sun, 

2006). Moreover, excessive adhesive 

thickness also leads to poor wetting of solid 

surfaces, thereby reducing the adhesive 

strength of the wet glue. Ideally, the viscosity 

of an adhesive should be controlled to 

achieve good bonding strength (Rudawska, 

2012). On paper substrates, adhesive viscosity 

also significantly affects adhesive strength. 

Paper is a high-porosity substrate that allows 

adhesive liquid to penetrate its gaps. The 

adhesive’s ability to penetrate the substrate 

surface creates an interlocking effect, in 

which it enters the pores and acts as an 

"anchor" to maintain adhesion to the 

substrate (Cheng & Sun, 2006). Cheng and 

Sun (2006) observed that high viscosity 

reduces adhesive penetration and degrades 

contact area, particularly in porous materials. 

The ideal performance of the 30:70–60:40 

blend supports this, achieving a balance 

between fluidity and cohesion needed for 

mechanical interlocking on fibrous 

substrates. 

 

 

(a) 

 

(b) 

Fig. 4: Tensile strength results from wet glue 

adhered to a substrate of (a) wood and (b) 

paper 
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Direct comparison with previously 

reported adhesive strength values is 

challenging because the results depend 

strongly on testing configuration, substrate 

type, bonded area, adhesive thickness, and 

curing conditions. Many literature reports 

also employ different testing standards or 

evaluate peel or shear properties rather than 

tensile adhesion strength, which makes direct 

quantitative comparisons difficult. Therefore, 

to provide a practical performance reference, 

the adhesive developed in this study was also 

compared with a commercially available 

adhesive tested under the same experimental 

conditions. This comparison provides a more 

consistent basis for evaluating the adhesive 

performance of the natural rubber–based 

adhesive formulated with modified gum 

rosin. 

Compared with commercial glue, both 

results for wood and paper show superior 

performance. While commercial wood 

adhesive is made from polychloroprene or 

synthetic rubber, and commercial paper 

adhesive is made from polyvinyl acetate 

(PVAc), it is shown that an adhesive made 

from a mixture of natural rubber and gum 

rosin can compete with these adhesives. In 

general, latex-based adhesives offer 

significant benefits over other adhesive 

systems when bonding porous materials, 

such as wood and paper. A natural rubber-

based adhesive can penetrate wood pores 

more effectively, creating a stronger 

mechanical bond than polychloroprene, 

which tends to sit more on the surface. For 

paper adhesive applications, while PVAc 

adhesives are excellent for paper, natural 

rubber-based adhesives may offer superior 

flexibility and penetration, resulting in better 

performance for paper adhesion (John & 

Joseph, 1997; Samyn et al., 2020). This 

mechanism is further supported by Samyn et 

al. (2020), who reported that NR composites 

showed good wetting and substrate 

anchoring on paper. The GRE-PEG adhesive 

offers flexibility and porosity engagement 

that outcompetes PVAc in both strength and 

drying speed—valuable for fast-assembly 

operations and high-throughput packaging. 

As shown in Figure 5, adhesion 

performance varied by substrate type, with 

higher adhesive strength observed on wood 

and paper than on plastic and aluminum. This 

behavior can be attributed to differences in 

substrate surface characteristics, including 

morphology and chemistry. Physically, the 

roughness levels of the test substrates range 

from the roughest to the smoothest in the 

following order: wood, paper, plastic, and 

aluminum, which is consistent with the 

adhesive strength results. Porous and fibrous 

materials, such as wood and paper, can 

facilitate mechanical interlocking between 

the adhesive and the substrate by allowing 

the adhesive to penetrate surface 

irregularities, thereby increasing the effective 

interfacial contact area. In contrast, smoother 

and less porous substrates such as plastics 

and metals provide fewer anchoring sites for 

adhesive penetration. The increase in surface 

roughness leads to an increase in the 

adhering area and a better spread of the 

adhesive on the substrate, thereby increasing 

the adhesive strength between the substrate 

and the adhesive (Cheng & Sun, 2006; Sun et 

al., 2013). Among other testing substrates, 

aluminum has the lowest roughness, which 

reduces the adhesive's adhesion. It results in 

a decrease in the adhesive strength between 

the wet glue and the aluminum substrate. 

This behavior can be attributed to differences 

in substrate surface characteristics, including 

morphology and chemistry. In addition, 

adhesion to plastic and aluminum may also 

be affected by their relatively low surface 
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energy and limited availability of polar 

functional groups, which can reduce wetting 

and intermolecular interactions with the 

adhesive matrix composed of natural rubber 

and modified gum rosin. As discussed by 

Packham (2003), adhesion is governed by the 

combined influence of surface roughness and 

surface energy, which together determine 

wetting behavior and the effective bonding 

interface between adhesive and substrate. 

Therefore, the differences in adhesion 

strength observed in this study are likely 

influenced by both mechanical interlocking 

and surface energy effects rather than surface 

roughness alone. 

Compared with commercial glue, the 

natural rubber and gum rosin mixture 

adhesive also yields inferior results on plastic 

and aluminum substrates. Commercial glues 

for plastic are based on synthetic rubber, and 

aluminum/metal glues are based on ethyl 

cyanoacrylate (ECA). In opposition to porous 

substrate applications, synthetic rubber is 

more suitable for adhering to non-porous 

substrates. Hence, it performs better on a 

plastic substrate than the natural rubber-gum 

rosin mixture adhesive. The commercial ECA-

based glue for aluminum/metal relies on 

chemical reaction adhesion, while the natural 

rubber adhesive relies on penetration into the 

substrate. Therefore, the tensile strength 

performance of commercial glue is more 

advanced than that of latex-gum rosin 

adhesive on an aluminum substrate. 

Moreover, natural rubber is elastic and 

flexible, which is not ideal for use on metal 

substrates. To enhance the performance of 

latex-based adhesive on aluminum/metal 

substrates, additives such as crosslinking 

agents and adhesion promoters are required 

(Pocius, 2012b; Wypych, 2018). Adhesive 

strength was strongly influenced by tackifier 

concentration and the tackifier–latex ratio, 

with the highest values recorded on wood, 

paper, plastic, and aluminum substrates of 

31.08, 31.67, 3.64, and 1.98 kPa, respectively. 

 

 

(a) 

 

(b) 

Fig. 5: Tensile strength results from wet glue 

adhered to a substrate of (a) plastic and (b) 

aluminum/metal 

 

The viscosity of wet glue and the 

substrate roughness also correspond with the 

glue’s drying time on the testing substrates. 

Table 2 shows the setting times on various 

substrates for GRE adhesives with different 

compositions. It was found that the fastest 

drying time across all testing substrates is 

achieved with a tackifier-latex ratio of 30:70 

and a tackifier-water concentration of 60:40. 

The lower the water content, the lower the 

mixture’s viscosity, making it easier for the 

tackifier to spread on the substrate. The 

adhesion force generated by the tackifier 

spreads across the substrate’s surface, 

allowing the testing apparatus to adhere 
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more quickly. As in the tensile strength test, 

the rougher the substrate surface, the larger 

the adhering area and the more the adhesive 

is trapped in the surface. Therefore, the 

adhesive’s force on the substrate increases, 

resulting in faster adhesion. The substrate’s 

surface roughness is also proportional to the 

adhesive's ability to spread on it. Hence, the 

roughest substrate results in the fastest 

adhering time, with wood being the fastest 

and aluminum/metal being the slowest.  

 

Table 2. Setting time results on various 

substrates 

 Wood Metal Plastic Paper 

Tackifier : Lateks (30:70) 

GRE 35:65 7 180 50 15 

GRE 50:50 5 180 30 5 

GRE 60:40 10 15 15 10 

Tackifier : Lateks (50:50) 

GRE 35:65 120 180 60 60 

GRE 50:50 15 60 120 60 

GRE 60:40 15 90 60 40 

Tackifier : Lateks (70:30) 

GRE 35:65 60 180 180 120 

GRE 50:50 15 40 30 15 

GRE 60:40 15 60 60 60 

 

 

CONCLUSIONS 

 

In this work, fortified glycerol rosin ester was 

further modified with PEG-400 and 

incorporated into natural rubber latex 

adhesives, which has been successfully 

produced to make a tackifier for natural 

rubber-based adhesives, including a dry 

adhesive of pressure-sensitive adhesive (PSA) 

and a wet glue. Although rosin-based 

tackifiers are widely used in natural rubber 

adhesives, the role of chemically modified 

rosin derivatives in improving adhesion 

across different substrates remains poorly 

understood. The results demonstrate that this 

modification significantly improves adhesive 

performance, providing insight into the 

design of bio-based tackifiers for pressure-

sensitive adhesive systems. The viscosity of 

the adhesive has a significant role in the 

adhesion. Therefore, an adhesive with a 

tackifier-latex ratio of 30:70 with a gum rosin-

to-water ratio of 60:40 gives the best 

performance for PSA and wet glue. The study 

demonstrates that the substrate’s surface 

morphology strongly influences the adhesion 

performance of natural rubber-based 

adhesives. Increased surface roughness and 

porosity promote mechanical interlocking 

and the adhesive’s penetration into the 

substrate structure, leading to improved 

bonding strength. Hence, the adhesive made 

from natural rubber with a tackifier of gum 

rosin is more suitable for wood and paper 

substrates. It even has better adhesion 

performance than commercial glue. To 

enhance the adhesive’s performance, 

additives such as peel modifiers, wetting 

agents, and crosslinking agents are required. 

Further studies involving multiple replicates 

and statistical analysis will also be performed 

to improve the reliability of the results. 

 

ACKNOWLEDGEMENTS 

 

We thank Perhutani Pine Chemical Industry 

(PPCI), Pemalang, Indonesia for research 

support. 

 

REFERENCES 

 

Aarts, P.P.M., Houben, L.J.H., Hazen, J. 2005. 

Tackifier dispersion (US Patent 

US9023929B2). Lawter Inc. 



180  Gum Rosin Properties Upgrading as Water Dispersed Tackifier for Wet Adhesive and Pressure 

Sensitive Adhesive (PSA) 

Aubrey, D. W., 1988. “The Nature and Action 

of Tackifier Resins.” Rubber Chem. 

Technol., 61(3), 448–469.  

https://doi.org/10.5254/1.3536196 

Cheng, E., Sun, X., 2006. “Effects of wood-

surface roughness, adhesive viscosity 

and processing pressure on adhesion 

strength of protein adhesive.” J. 

Adhes. Scj. Technol., 20(9). 

https://doi.org/10.1163/1568561067

77657779 

Creton, C., 2003. “Pressure-Sensitive 

Adhesives: An Introductory Course.” 

MRS Bulletin, 28, 434–439.  

https://doi.org/10.1557/mrs2003.124 

Doo-hwan, K., Dong-guk, Y., Seong-hwan, J., 

2000. “Synthesis and Characterization 

of Rosinester Modified with ρ-

Nonylphenolic Resole.” J. Korean Soc. 

Atmos. Environ., 6(4). 

Ebnesajjad, S. 2011. Characteristics of 

Adhesive Materials. in: Handbook of 

Adhesives and Surface Preparation: 

Technology, Applications and 

Manufacturing, (Ed.) S. Ebnesajjad, 

Elsevier, pp. 137-183. 

https://doi.org/10.1016/B978-1-

4377-4461-3.10008-2 

Ganesh C. Basak, Abhijit Bandyopadhyay, 

Bhowmick, A.K., 2010. “Effect of 

tackifier compatibility and blend 

viscoelasticity on peel strength 

behavior of vulcanized EPDM rubber 

co-cured with unvulcanized rubber.” 

Int. J. Adhes. Adhes., 30(6), 489-499. 

https://doi.org/10.1016/j.ijadhadh.20

10.04.003 

Hu, X., Gil-Chavez, J., Hadzi-Ristic, A., Kreft, C., 

Lim, C.R., Zetzl, C., Smirnova, I., 2021. 

“Lignin from second-generation 

biorefinery for pressure-sensitive 

adhesive tapes.” Biomass Convers. 

Biorefin., 11, 2347–2358. 

https://doi.org/10.1007/s13399-019-

00508-z 

Indarto, A., Choi, J.W., Lee, H., Song, H.K., 

2006. “Decomposition of CCl4 and 

CHCl3 on gliding are plasma.” J. 

Environ. Sci., 18, 83-89. 

https://doi.org/10.1080/1051999050

0493833 

Indarto, A., 2012. “Decomposition of 

dichlorobenzene in a dielectric 

barrier discharge.” Environ. Technol., 

33, 663-666. 

https://doi.org/10.1080/09593330.20

11.587026 

John, N., Joseph, R., 1997. “Studies on wood-

to-wood bonding adhesives based 

on natural rubber latex.” J. Adhes. 

Sci.Technol., 11(2). 

https://doi.org/10.1163/156856197X

00327 

Jovanović, R., Dubé, M.A., 2004. “Emulsion‐

Based Pressure‐Sensitive Adhesives: 

A Review.” J. Macromol. Sci., 44, 1-51.  

https://doi.org/10.1081/MC-

120027933 

Khan, I., Poh, B.T., 2011. “Natural Rubber-

Based Pressure-Sensitive Adhesives: 

A Review.” J. Polym. Environ., 19, 793–

811. https://doi.org/10.1007/s10924-

011-0299-z 

Mapari, S., Mestry, S., Mhaske, S.T., 2021. 

“Developments in pressure‑sensitive 

adhesives: a review.” Polym. Bull., 78, 

4075–4108.  

https://doi.org/10.1007/s00289-020-

03305-1 

Márquez, I., Paredes, N., Alarcia, F., Velasco, 

J.I., 2021. “Adhesive Performance of 

Acrylic Pressure-Sensitive Adhesives 

from Different Preparation 

Processes.” Polymers, 13(16).  

https://doi.org/10.3390/polym13162

627 

https://doi.org/10.5254/1.3536196
https://doi.org/10.1163/156856106777657779
https://doi.org/10.1163/156856106777657779
https://doi.org/10.1557/mrs2003.124
https://doi.org/10.1016/B978-1-4377-4461-3.10008-2
https://doi.org/10.1016/B978-1-4377-4461-3.10008-2
https://doi.org/10.1016/j.ijadhadh.2010.04.003
https://doi.org/10.1016/j.ijadhadh.2010.04.003
https://doi.org/10.1007/s13399-019-00508-z
https://doi.org/10.1007/s13399-019-00508-z
https://doi.org/10.1080/10519990500493833
https://doi.org/10.1080/10519990500493833
https://doi.org/10.1080/09593330.2011.587026
https://doi.org/10.1080/09593330.2011.587026
https://doi.org/10.1163/156856197X00327
https://doi.org/10.1163/156856197X00327
https://doi.org/10.1081/MC-120027933
https://doi.org/10.1081/MC-120027933
https://doi.org/10.1007/s10924-011-0299-z
https://doi.org/10.1007/s10924-011-0299-z
https://doi.org/10.1007/s00289-020-03305-1
https://doi.org/10.1007/s00289-020-03305-1
https://doi.org/10.3390/polym13162627
https://doi.org/10.3390/polym13162627


   181 

 

A. Indarto, A. A. Alfarizi, D. L. Hamid, J. Rizkiana, Y. A. Situmorang, M. M. Azis, A. Aqsha,  

G. Lugito, T. W. Samadhi, W. Wulandari 

Packham, D.E., 2003. “Surface energy, surface 

topography and adhesion.” Int. J. 

Adhes. Adhes., 23(6), 437-448. 

https://doi.org/10.1016/S0143-

7496(03)00068-X 

Pandey, V., Fleury, A., Villey, R., Creton, C., 

Ciccotti, M., 2020. “Linking Peel and 

Tack Performances of Pressure 

Sensitive Adhesives.” Soft. Matter., 

16(13), 3267-3275.  

https://doi.org/10.1039/C9SM02172

H 

Pavon, C., Aldas, M., Rayón, E., Arrieta, M.P., 

López-Martínez, J., 2021. “Deposition 

of gum rosin microspheres on 

polypropylene microfibres used in 

face masks to enhance their 

hydrophobic behaviour.” Environ. 

Technol. Innov., 24.  

https://doi.org/10.1016/j.eti.2021.10

1812 

Pernecker, T., Holmes, C.J.., Quinlan, L.E., 

2014. Rosin ester tackifiers for 

pressure-sensitive adhesives (WIPO 

Patent WO2014200567A1), Arizona 

Chemical Company. 

Pocius, A.V. 2012a. Adhesives and Sealants. 

in: Polymer Science: A Comprehensive 

Reference, (Ed.) K.M.a.M. Möller, Vol. 

8, Elsevier, pp. 305-324.  

https://doi.org/10.1016/B978-0-444-

53349-4.00210-7 

Pocius, A.V. 2012b. The Chemistry and 

Physical Properties of Elastomer-

Based Adhesives. 3rd ed. in: Adhesion 

and Adhesives Technology: An 

Introduction, (Ed.) A.V. Pocius, 

Elsevier.  

https://doi.org/10.3139/9783446431

775.010 

Prakoso, T., Kumalasari, I., Jiwandaru, B., 

Soerawidjaja, T.H., Azis, M.M., Indarto, 

A., 2021. “Synthesis of Maleic-

Modified Rosin Ester from Pine 

Rosin.” IOP Conf. Ser. Mater. Sci Eng., 

1143. https://doi.org/10.1088/1757-

899X/1143/1/012071 

Prebihalo, E.A., Reineke, T.M., 2024. “Natural 

Product-Based Pressure-Sensitive 

Adhesives via Carveol-Dithiothreitol 

Thiol–Ene Step-Growth 

Polymerization.” ACS Macro Lett., 

13(10). 

https://doi.org/10.1021/acsmacrolett

.4c00481 

Rosa-Ramírez, H.D.L., Aldas, M., Ferri, J.M., 

López-Martínez, J., Samper, M.D., 

2020. “Modification of poly (lactic 

acid) through the incorporation of 

gum rosin and gum rosin derivative: 

Mechanical performance and 

hydrophobicity.” Appl. Polym., 

137(44).  

https://doi.org/10.1002/app.49346 

Rudawska, A. 2012. Adhesive Properties. in: 

Scanning Electron Microscopy, (Ed.) V. 

Kazmiruk, Intech Open. 

10.5772/37011 

Samyn, P., Driessen, F., Stanssens, D., 2020. 

“Natural Rubber Composites for 

Paper Coating Applications.” 

Materials Proc., 2(1).  

https://doi.org/10.3390/CIWC2020-

06832 

Sasaki, M., Fujita, K., Adachi, M., Fujii, S., 

Nakamura, Y., Urahama, Y., 2008. “The 

effect of tackifier on phase structure 

and peel adhesion of a triblock 

copolymer pressure-sensitive 

adhesive.” Int. J. Adhes. Adhes, 28, 

372–381.  

https://doi.org/10.1016/j.ijadhadh.20

07.11.002 

Sun, S., Li, M., Liu, A., 2013. “A review on 

mechanical properties of pressure 

https://doi.org/10.1016/S0143-7496(03)00068-X
https://doi.org/10.1016/S0143-7496(03)00068-X
https://doi.org/10.1039/C9SM02172H
https://doi.org/10.1039/C9SM02172H
https://doi.org/10.1016/j.eti.2021.101812
https://doi.org/10.1016/j.eti.2021.101812
https://doi.org/10.1016/B978-0-444-53349-4.00210-7
https://doi.org/10.1016/B978-0-444-53349-4.00210-7
https://doi.org/10.3139/9783446431775.010
https://doi.org/10.3139/9783446431775.010
https://doi.org/10.1088/1757-899X/1143/1/012071
https://doi.org/10.1088/1757-899X/1143/1/012071
https://doi.org/10.1021/acsmacrolett.4c00481
https://doi.org/10.1021/acsmacrolett.4c00481
https://doi.org/10.1002/app.49346
https://doi.org/10.3390/CIWC2020-06832
https://doi.org/10.3390/CIWC2020-06832
https://doi.org/10.1016/j.ijadhadh.2007.11.002
https://doi.org/10.1016/j.ijadhadh.2007.11.002


182  Gum Rosin Properties Upgrading as Water Dispersed Tackifier for Wet Adhesive and Pressure 

Sensitive Adhesive (PSA) 

sensitive adhesives.” Int. J. Adhes. 

Adhes., 41, 98-106.  

https://doi.org/10.1016/j.ijadhadh.20

12.10.011 

Wake, W.C., 1978. “Theories of adhesion and 

uses of adhesives: a review.” Polymer, 

19(3), 291-308. 

https://doi.org/10.1016/0032-

3861(78)90223-9 

Wu, J., Zhang, T., Ma, G., Li, P., Ling, L., Wang, 

B., 2013. “Synthesis of a tung oil–rosin 

adduct via the diels–alder reaction: Its 

reaction mechanism and properties 

in an ultraviolet-curable adhesive.” J. 

Appl. Polym. Sci., 130(6), 4201-4208.  

https://doi.org/10.1002/app.39495 

Wypych, G., 2018. Typical Primer 

Formulations And Applications To 

Different Substrates. in: Handbook of 

Adhesion Promoters, (Ed.) G. Wypych, 

Elsevier. 

https://doi.org/10.1016/B978-1-

927885-29-1.50007-9 

Zainudin, Z., 2021. “Natural Rubber 

Derivatives for Adhesives Applications: A 

Review.” Chem. Eng. Trans., 83, 493-498. 

https://doi.org/10.3303/CET2183083. 

 

 

 

 

 

https://doi.org/10.1016/j.ijadhadh.2012.10.011
https://doi.org/10.1016/j.ijadhadh.2012.10.011
https://doi.org/10.1016/0032-3861(78)90223-9
https://doi.org/10.1016/0032-3861(78)90223-9
https://doi.org/10.1002/app.39495
https://doi.org/10.1016/B978-1-927885-29-1.50007-9
https://doi.org/10.1016/B978-1-927885-29-1.50007-9
https://doi.org/10.3303/CET2183083

