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Introduction

According to the IUPAC, the definition of blooming 
is “the process in which one component of a polymer 
mixture, usually not a polymer, undergoes phase 
separation and migration to the external surface of the 
mixture” (Nouman et al., 2017). Chemical additives 
such as, vulcanizing agents, accelerators, activators, 
antioxidants, fillers, plasticizers and pigments are 
incorporated into rubber to obtain desired properties, 
durability, stability, strength, and performance. However, 
migration of those components to the surface of a rubber 
article has a considerable effect on the quality of the 
product. The bloomed chemicals are visible as a white 
powder deposit or a greasy liquid or a layer of wax on 
the product surface (Nouman et al., 2017; Pajarito & 
Arabit, 2016; Sharj et al., 2020).

Additives like sulphur, accelerators, activators, and 
fillers bloom as powders while plasticizers and lubricants 
bloom as oils. Blooming occurs when the concentration 
of additives exceeds their solubility limit. It can happen 
before, during or after vulcanization or when storing 
the rubber product. This process can be influenced by 
the processing, storing and service temperature of the 
article. For example, those additives are soluble at the 
processing temperature and when the product reaches 
room temperature or less storage temperatures, the 
additives can get oversaturated and migrate through the 
rubber matrix and will form a crystalline layer on the 
surface (Andries et al., 1975).

Effects of Blooming on Products

Sulfur Bloom

Based on literature, the commonly used curatives such 
as sulfur, sulphanaimide accelerators and sulfur doners 
diffuse quite readily across a rubber-to-rubber interface 
(Ignatz-Hoover et al., 2003). Migration of sulfur and 
other additives to the surface can reduce the adhesion 
properties and tackiness of rubber compounds (Saeed., 
et al, 2011); and when vulcanized, because of crosslink 

gradient, those products will not satisfy the expected 
durability (Jurkowski & Jurkowska, 1998). Also, coating 
adhesion and lamination peel strength can be decreased 
due to the inability of sealing the surface (Datta, et al., 
2007). Moreover, discoloration and poor appearance 
of the products can result in blooming (Yasin et al., 
2015). It is a drawback when marketing those products. 
Although blooming is often viewed as a disadvantage, 
it can also act as a protective layer on vulcanized rubber 
providing more resistant to aging in service conditions 
(Kuzminskiĭ et al., 1962). 

Wax Bloom

Wax (petrolium wax) blooms and acts as a physical 
barrier against ozone attack and this is an advantage to 
protect rubber products from ozone attack (Dimauro 
et al, 1979). Blooming antiozonants at the surface is 
undesirable because it will lead to loss of considerable 
amount of antiozonant (Ignatz-Hoover et al., 2003).

Blooming Mechanism

Blooming is a diffusion-driven process (Yasin et al., 
2015). It occurs when a partly soluble low molecular 
weight additive is added into a rubber compound at 
concentrations exceeding its solubility limit, leading to 
its migration to the surface (Ignatz-Hoover et al., 2003). 
When the surface of the rubber product crystallizes, a 
concentration gradient forms between the inner rubber 
matrix and the subsurface layer. This gradient drives the 
continued migration of the additive towards the surface 
until its concentration throughout the material drops 
below the solubility limit, thereby halting the blooming 
process (Ignatz-Hoover et al., 2003).

Factors Influence the Blooming

The rate of blooming increases with temperature due 
to the enhanced rate of diffusion. In the case of sulfur 
blooming, insoluble sulfur begins to migrate once 
it reverts to its soluble form, a transition that starts at 
approximately 110 °C (Ignatz-Hoover et al., 2003). 
At temperatures above 130 °C, all the sulfur converts 
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into its soluble form, eliminating any difference in 
migration behavior between soluble and insoluble 
sulfur. Therefore, using insoluble sulfur in sulfur-based 
compounding systems processed at temperatures below 
110 °C can help prevent sulfur migration (Ignatz-
Hoover et al., 2003).

Conversely, as temperature decreases, the solubility of 
certain additives, such as waxes, also decreases. This 
reduction in solubility leads to an increased tendency 
for blooming (Datta et al., 2007). Additionally, in non-
sulfur vulcanizing systems, a higher crosslink density 
has been shown to influence and increase the blooming 
rate (Yasin et al., 2015).

Recent Studies on Blooming

In 2019, Yasin et al. identified paraffin wax as the 
dominant blooming ingredient when natural rubber 
compounds were tested under varying loadings of 
dicumyl peroxide (DCP). The blooming substances 
were analyzed using Energy-Dispersive X-ray (EDX) 
spectroscopy and Fourier Transform Infrared (FTIR) 
spectroscopy. Their findings indicated that higher 
peroxide loadings did not significantly reduce the 
amount of blooming. On this study, separate FTIR 
spectrums were analyzed for DCP and other additives. 
But a controlled vulcanized sample was not tested. 
They have varied DCP concentrations only for three 
samples. By including more formulations with varying 
the concentrations of DCP, more comprehensive 
study can be executed. Also, the crosslink density was 
mentioned in the paper, but it has not been measured. 
The blooming amounts of samples were tested over two 
weeks to study the actual behavior of blooming yet only 
tested in ambient storage conditions. The study does not 
address the blooming behavior in elevated temperature 
conditions. Also, the study shows the variation of bloom 
mass over time but has not done a statistical treatment 
on the mass.

Pajarito and Arabit (2016) studied the relationship 
between the physical properties of natural rubber 
vulcanizates and blooming. They used two surfactants—
cocamide DEA and glycerol monostearate (GMS)—
in the rubber formulation. Blooming was measured 
before and after thermal aging at 50 °C, over 20 days 
using a weight-based method. Results showed that all 
formulations exhibited increased blooming after aging. 
As blooming increased, modulus also increased, while 
tensile strength, strain, and tensile set decreased. The 
study concluded that the deposited bloom on the surface 
contributes to resistance against deformation, thereby 
increasing stiffness. Here the samples were prepared 

using Taguchi L12 design, which leads to study multiple 
factors with a smaller number of trials. This study shows 
comprehensive statistical correlations between physical 
properties and blooming but lacks in molecular level 
explanations, surface morphology for the identification 
of bloomed materials and bloom composition. Here the 
amount of bloom has been measured using adhesive 
tapes. For more prices bloom measurement, a gravimetric 
or imaging-based quantification can be used.

In 2016, Santiago et al. investigated ambient blooming 
behavior in vulcanized rubber using ATR-FTIR and 
kinetic curve analysis. Using Taguchi L12 method, they 
examined how different ingredient loadings affect the 
rate and amount of blooming, as well as both tensile and 
compression properties. Anyway, Dynamic Mechanical 
Analysis and Fatigue tests could have been done beyond 
the above properties. The study showed that high 
loadings of stearic acid, paraffin wax, and oil increased 
the blooming rate, while high loadings of sulfur and coco 
DEA reduced it by enhancing crosslink density and filler 
dispersion. Increased sulfur also improved mechanical 
properties, whereas high amounts of oil and zinc stearate 
softened the rubber and reduced its strength. The study 
identified a non-Fickian bloom mechanism, with two 
distinct blooming rates observed. This study offers 
a good explanation on blooming behavior of rubber 
vulcanizates especially with non -ionic surfactants. Use 
of FTIR and kinetic modeling has provided evidence 
of non fickian diffusion. However, the limitation of 
replicates per sample can constrain the statistical power 
of the results. On this study, the samples were aged under 
ambient temperature for a long period of 64 days and the 
blooms were tested to show case the actual behavior. 
But using slightly elevated conditions can indicate real 
aging more accurately. 

Yasin et al. (2015) examined the impact of compounding 
ingredients and peroxide loading on bloom formation 
in natural rubber. Among the six formulations, high 
wax content with 6 phr peroxide showed the highest 
blooming, while ZDEC with 1 phr peroxide showed the 
least. Statistical reliability could have been increased 
by increasing the replicates from each sample. In this 
study, the bloom has been only analyzed qualitatively 
by scrapping the surface of the sample. But FTIR could 
be used to analyze the bloom both quantitively and 
quantitively. The bloom texture and the distribution 
could be studied by adding Scanning Electron 
Microscopy (SEM) imaging. It’s a good initiative that 
they have considered the crosslinking density as well. 
The study highlighted how both additive type and 
crosslink density influence blooming behavior. Also 
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lack of kinetic modeling has been limited the theoretical 
depth.

Saeed et al. (2013) investigated the effect of sulfenamide 
accelerator (TBBS) migration and re-agglomeration 
on the mechanical properties of natural rubber. By 
varying TBBS and ZnO loadings, it was allowed for 
a clear attribution of blooming effects only on those 
additives. Variation of other ingredients could broaden 
the study area. In this study they found that reduced 
TBBS blooming enhanced toughness and cyclic fatigue 
life. Bloom formation and internal structure were 
analyzed via SEM, while FTIR confirmed the blooming 
components. Apart from the blooming and fatigue, 
study has been focused on the variation of viscosity, 
hardness and the cure characteristics depending on the 
phr of TBBS and ZnO as well. Not using a mathematical 
model is a drawback of the study. 

Blooming in natural rubber, caused by the migration of 
additives like curatives to the surface, negatively affects 
material properties such as hardness and fatigue life. 
Ansarifar et al. (2010) showed that TBBS blooming 
increases surface hardness and reduces cyclic fatigue 
life by over 100%, but lowering the TBBS to ZnO ratio 
can effectively eliminate this issue. 

Huang et al. (2019) demonstrated that adding graphene 
oxide (GO) to natural rubber latex reduces blooming by 
forming a dense barrier and capturing excess additives 
through GO’s oxygen-containing groups, thereby 
protecting the surface and reducing damage. These 
studies highlight effective methods to control blooming 
and improve rubber performance. The study has the 
novelty over the past studies done on blooming while 
showing innovative solution for the blooming issue. 
Comprehensive characterization has been conducted 
by using advanced analytical instruments such as 
SEM, quartz crystal microbalance (QCM), Energy 
Dispersive X- Ray (EDX) and Raman spectroscopy. The 
blooming was assessed under natural environmental 
conditions to add an ecological relevance. Anyway, 
this study could include other nano fillers to get more 
comparative results to highlight the GO performance. 
Also using a FTIR spectroscopy could provide more 
data on chemical changes on the surface. By addressing 
the compatibility with production methods, scalability 
and cost effectiveness of incorporating GO , could be 
beneficial to the industry.

Future Directions

When referring to the recently published available 

studies, it is obvious that there have not been many 
investigations done focusing on NRL products. 
Therefore, conducting such studies can be consequential 
for the industry. Especially focusing on GO incorporation 
on NRL can be beneficial to the industry. Also, the effect 
of blooming on the physical and chemical properties of 
NRL films, dependency of blooming on environmental 
factors, and sustainable solutions for blooming, can be 
further investigated.

Conclusion

In conclusion, according to the above studies, blooming 
shows both Fickian and non Fickian mechanisms with 
different compounding compositions. Paraffin wax has 
a high tendency to bloom. TBBS, oils also considerably 
contribute to the amount and rate of bloom. The 
addition of peroxide does not influence the decreasing 
of blooming. Thermal aging can speed up blooming and 
decrease tensile strength, strain and increase modulus. 
Blooming can be eliminated by reducing accelerator, 
activators ratio in rubber vulcanizates. The blooming 
issue in natural rubber latex films can be inhibited by 
incorporating even into very low amounts of graphene 
oxide.

References

Andries, J. C., Ross, D. B., & Diem, H. E. (1975). Ozone Attack 
and Antiozonant Protection of Vulcanized Natural Rubber. A 
Surface Study by Attenuated Total Reflectance Spectroscopy. 
Rubber Chemistry and Technology, 48(1), 41–49. Retrieved 
from https://doi.org/10.5254/1.3545038

Ansarifar, A., Saeed, F., Saeed, F., Farid, A., Ellis, R. J., & Haile-
Meskel, Y. (2010). Eliminating blooming of chemical curatives 
in natural rubber and assessing its effect on the cyclic fatigue 
life of the rubber vulcanisate. Retrieved from https://www.
researchgate.net/publication/332442389

Datta, R. N., Huntink, N. M., Datta, S., & Talma, A. G. (2007). 
Rubber Vulcanizates Degradation and Stabilization. Rubber 
Chemistry and Technology, 80(3), 436–480. Retrieved from 
https://doi.org/10.5254/1.3548174

Dimauro, P. J., Paris, H. L., & Fath, M. A. (1979). Wax Protection. 
Rubber Chemistry and Technology, 52(5), 973–984. Retrieved 
from https://doi.org/10.5254/1.3535259

Huang, S., Hou, J., Yin, J., Zhang, Z., Ding, B., Duan, Y., & 
Zhang, J. (2019). Anti-blooming effect of graphene oxide 
on natural rubber latex composite films. Composites Science 
and Technology, 174, 142–148. Retrieved from https://doi.
org/10.1016/j.compscitech.2019.02.027

Ignatz-Hoover, F., To, B. H., Datta, R. N., De Hoog, A. J., Huntink, 
N. M., & Talma, A. G. (n.d.). CHEMICAL ADDITIVES 
MIGRATION IN RUBBER.

Jurkowski, B., & Jurkowska, B. (1998). On the Mechanism of Sulfur 
Behavior in Rubber Compounds. Journal of Macromolecular 
Science - Physics, 37(2), 135–142. Retrieved from https://doi.
org/10.1080/00222349808220461

Kuzminskiĭ, A. S., Feldshteĭn, L. S., & Reĭtlinger, S. A. (1962). The 
Blooming of Sulfur and Other Ingredients from Compounded 



76  I Plastics and Rubber - Sri Lanka  I  Volume 23 - 2025

Stocks. Rubber Chemistry and Technology, 35(1), 147–152. 
Retrieved from https://doi.org/10.5254/1.3539885

Nouman, M., Saunier, J., Jubeli, E., Marlière, C., & Yagoubi, N. 
(2017). Impact of sterilization and oxidation processes on the 
additive blooming observed on the surface of polyurethane. 
European Polymer Journal, 90, 37–53. Retrieved from https://
doi.org/10.1016/j.eurpolymj.2017.03.002

Nouman, M., Saunier, J., Jubeli, E., & Yagoubi, N. (2017, September 
1). Additive blooming in polymer materials: Consequences in 
the pharmaceutical and medical field. Polymer Degradation 
and Stability. Elsevier Ltd. Retrieved from https://doi.
org/10.1016/j.polymdegradstab.2017.07.021

Pajarito, B., & Arabit, J. (2016). Correlation of blooming and tensile 
properties in surfactant-loaded natural rubber vulcanizates. In 
Key Engineering Materials (Vol. 705, pp. 35–39). Trans Tech 
Publications Ltd. Retrieved from https://doi.org/10.4028/www.
scientific.net/KEM.705.35

Saeed, F., Ansarifar, A., Ellis, R. J., Haile-Meskel, Y., & Farid, A. 
S. (2011). Effect of the blooming of chemical curatives on the 
cyclic fatigue life of natural rubber filled with a silanized silica 
nanofiller. Journal of Applied Polymer Science, 120(5), 2497–
2507. Retrieved from https://doi.org/10.1002/app.33396

Saeed, Farhan, Ansarifar, A., Ellis, R. J., & Haile-Meskel, Y. (2013). 
Assessing effect of the reagglomeration and migration of 
chemical curatives on the mechanical properties of natural 

rubber vulcanizate. Advances in Polymer Technology, 
32(SUPPL.1). Retrieved from https://doi.org/10.1002/
adv.21259

Santiago, D. E. O., Pajarito, B. B., Aparre, M. J. A., Biolena, K. J. E., 
& Condez, Y. C. W. (2016). Ambient Blooming Behavior and 
Mechanical Properties of Vulcanized Natural Rubber Loaded 
with Non-Ionic Surfactants. Diffusion Foundations, 9, 90–99. 
Retrieved from https://doi.org/10.4028/www.scientific.net/
df.9.90

Sharj-Sharifi, M., Taghvaei-Ganjali, S., & Motiee, F. (2020). 
The effect of protecting waxes on staining antidegradant 
performance in tyre sidewall formulation. Journal of Rubber 
Research, 23(2), 111–124. Retrieved from https://doi.
org/10.1007/s42464-020-00042-y

Yasin, U. Q., Kamarun, D., Said, C. M. S., & Samsuri, A. (2015). Effect 
of Compounding Ingredients and Crosslink Concentration 
on Blooming Rate of Natural Rubber Compounds. Advanced 
Materials Research, 1134, 50–55. Retrieved from https://doi.
org/10.4028/www.scientific.net/amr.1134.50

Yasin, U., Zawawi, E., Adnan, N., Tahir, H., & Kamarun, D. (2019). 
Blooming of Compounding Ingredients in  Natural Rubber 
Compounds under Different  Peroxide Loading. International 
Journal of Recent Technology and Engineering (IJRTE)  , 8(4), 
7027–7031.


