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ABSTRACT 

Synthetic and natural fabrics were surface coated with gamma radiation 
curable novel formulations. These formulations were based on naturally 
occurring Alum individually and in binary mixture with ZnO  beside different 
functional oligomers and monomers. The physical properties of the treated 
fabrics were evaluated in terms of ultraviolet protection, moisture regain, and 
water absorption. Also, the effect of coating formulations on the crystallinity was 
investigated by X-ray diffraction (XRD). The results of ultraviolet protection 
factor (UPF) showed that the formulation containing 30% of Alum caused a 
significant UPF values (50+) according to standard rating over untreated fabrics. 
When ZnO was  incorporated in the formulation, the UPF factor was increased 
by two folds. A  decrease in the moisture regain and water absorption of fabrics 
was featured with ZnO, however, in case of Alum a decrease followed by an 
increase was observed.  In conclusion, these novel coats could be taken as an 
nontoxic alternative UV-resist finishing agents for fabrics. 
Key Words:  Ionizating radiation / UV protection / Coating  / Inorganic compounds,  
Synthetic and Natural fabrics 

INTRODUCTION 
  
   Recently, considerable attention has been paid to the textiles designed for protective clothing  (1-4) 

, including the protection against Ultraviolet (UV) radiation. This term of consideration is due to 
the increase  of cancer and sunburns percent over the world due to the ozone depletion, that caused 
an increase in the incident UV rays. (5)  
 
    Most literatures concerning the barrier properties of fabrics in relation to UV radiation focused 
on altering the physical aspects of fabrics i.e., thickness, woven structure and color (2, 6-8, 9). 
Relatively little attention  has been paid to the effect of fiber forming polymers on the UV 
absorbing capacity, molecular structure morphological structure and macroscopic properties of 
fibers.  
 
   In order to objectively satisfy UV barrier properties and to test it, the so called Ultraviolet 
protection factor (UPF)  is calculated(5). Most woven fabrics used all over the world failed to satisfy 
the standard healthy protective limits.  The involving critical points are the need of dark shade and 
high dense fabrics (9,6) to satisfy UV protection, however, the comfortable wearing is against this 
criteria, specially in summer. The application of UV absorbing materials in different ways i.e., 
spraying, padding, printing, deposition, and coating(3,4,11) to satisfy the protection standard, become 
from the important spotted investigations recently.  
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   Inorganic compounds were highlighted in UV-protective fabrics studies due to their 
characteristics toward UV scattering and absorbing. The most abounded items in this field are 
titanium dioxide and ZnO. They both were found to possess antibacterial and UV protection effects 
due to the photocatalyst ability. Many applications have been established for inorganic compounds. 
They were used in coating fabrics in their micro forms or on nanoscale base (4, 8,12, 13).  



 
   Also, many finishing properties were addressed by researchers using different techniques. 
Radiation facility is one of these techniques. Even that it came to light many years ago, there is a 
continuous development in its applications nowadays (14,15). Coating technique using irradiation 
technique was chosen by many researchers for its known advantages i.e., total over controlling, 
easy application, good and homogeneous penetration, no solvent usage , low energy consuming, 
limited side effects on polymer backbone. 
    
    In this work, an innovative study using inorganic compounds known for its UV-protection 
property (ZnO) and other unexplored ones (Alum) was examined. The main goal was to establish 
an ultrahigh UV-blocking polyester, cotton and blend  fabrics as a predominant fabrics, using a 
natural occurring inorganic compound, typically Alum. This was employed by gamma cured coats. 
Also, stepping up of its characterization was addressed by using ZnO, (which is an already known 
good UV-absorber). This was undertaken to overcome the drawbacks of organic finishing agents 
that is not mainly stable and may be allergic. In this contest, the identifying characterizations were 
followed through UPF testing, X-ray diffraction, Moisture Regain (MR) and Water Absorbance 
(WS) testing. 

 

EXPERIMENTAL 

 

Materials 
 
   Polyester (265 gm/m2), cotton (405 gm/m2) and Cotton/polyester blend (385 gm/m2) fabrics 
were employed. They were supplied from  El-Shekh Firm for trading and Textile Industry, El-
Mahal Elkobra, (Egypt).  Zinc Oxide fine powder was purchased from El-Nasr chemical Co-
Adwic, (Egypt). Alum was purchased from market (Alum, or aluminium potassium sulfate is a 
crystallized double sulfates of the typical formula M+

2SO4·M3+
2(SO4)3·24H2O, where M+ is the 

sign of an alkali metal or ammonium ion, and M3+ denotes one of the trivalent metal ions. BR 
2020 (difunctional Aromatic Urethan Methacrylate oligomer), Bomar (USA). CN9782 (Aromatic 
urethane Acrylate oligomer), Ebecryl 265 (Aliphatic Urethan triacrylate oligomer), Ebecryl 1040 
(Urethan monoacrylate  monomer) and TPGDA (Tripropylene glycol diacrylate monomer) were 
supplied from Cytec, (Belguim) 

 

Surface Treatments 
    
   Coating formulations (the recipes are given in Table 1) were applied on the surface of the fabrics 
with a film applicator adjusted  to 50 µm  film. Thereafter, the samples were left to dry for 48 hours 
after coating, and then subjected to the gamma irradiation using Indian-gamma cell (1.75Gy/sec) 
installed in the NCRRT, (Egypt).   
 

 
 
 
 



Table 1. Composition of the ZnO and Alum  formulations  

Ultraviolet Protection Factor (UPF) evaluation 
   
   The UV barrier characteristics of fabrics under UV exposure was evaluated by calculating the 
solar  protective values.  It was evaluated according to Australian/New Zealand Standard (5) using 
UV/vis spectrophotometer (V-560) Jasco (Japan).  The samples were measured over the range of  
290-400 nm. UPF and UVR was calculated according to the following: 
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Where Eλ, Sλ, Tλ and ∆ λ  are the relative erythemal spectral effectiveness, solar spectral irradiance 
in W-2 nm-1, spectral transmittance of sample and wavelength step in nm respectively. 

UVR= (1/UPF) *100 

X-ray Diffraction (x-ray) 

   

   X-ray diffraction was used to record the crystallography. It was tested by Philips (PW 1390) x-
ray, using Cu-tube. The patterns were recorded at scan speed 8 deg/min within scanning range of 
4-90. 

 

Moisture Regain and Water Absorption 

   

   Moisture regain (MR)  and water absorbency (WA) were calculated for evaluating the 
wetability of fabrics. MR of treated and untreated fabrics was tested, where dry constant weighed 
fabrics were left for 24 hours in a desiccator over soduim nitrate to maintain a standard relative 
humidity (65%), at 30 oC. MR % was calculated and an average of three  reading was taken: 

Moisture Regain, %    =   (  (Wetweight    -   Dryweight )  /  Dryweight   ) *100 
    For measuring water absorbency (WA) of the samples, the samples were firstly dried and 
weighed (Wo), then soaked in distilled water for 48 hours. The samples were then centrifuged, for 
5 min with rate of 1600 rpm,  to get rid of excess water, in Zentrifgnban DDB 7300 centrifuge 
(Germany). The picked samples were reweighed (WW)and WA was calculated as follows: 

Water Absorbency, %  = ( Ww   -   Wo  /  Wo) *100 

Coat Oligomer /Monomer Relative ratios 

ZnO BR 2020 /  TPGDA ZnO powder; 30%, Olig/Mon;75/25 

ZnO/Alum CN9782 / Ebecryl 1040 ZnO powder;10%,  Alum powder; 10%, Olig/Mon; 
80/20 

Alum Ebecryl 265 / Ebecryl 
1040 Alum powder; 30%, Olig/Mon; 80/20 



RESULTS AND DISCUSSION 
 
Ultraviolet Protective Factor (UPF) 
    
    Preliminary experiments were undertaken to find the suitable composition of 
Oligomer/monomer/property carrier compound, and the suitable irradiation dose. This was 
according to the homogeneity of the formulation, the UPF, handling and mechanical properties of 
the samples. These optimum conditions were found to be satisfied at 10 kGy for both blend and 
polyester fabrics and 20 kGy in case of cotton fabrics using ZnO, Alum and Alum/ZnO coating. 
The compatible oligomer/monomer systems for each coated formulation (Table 1). 
 
    This study has attempted to determine whether alum as natural occurring inorganic compound 
can satisfy the UV-absorbance property or not. The potential usage of Alum is in waste 
treatment(10). Here it is tested against UV-blocking. In this context, the UPF values where 
determined over the range of UVA and UVB rays. The blank samples even that they are dense 
fabrics didn’t maintain the protective hazard (5). The UPF of polyester failed to be rated (<15 
rating). Cotton and blend fabrics recorded 26.2 and 31.8 UPF (<40 rating), respectively. 
 
    Figure 1, 2 and 3 represent the relation between the concentration of the UV –absorbing agents 
and the UPF of the coated polyester, cotton and blend fabrics, respectively. It can be implied from 
the extreme difference in recorded values of UPF in Figure 1, that Alum fall to be a suitable coat 
for polyester, however, this is way far from  truth as Alum, ZnO and Alum /ZnO all satisfied the 
UV- protection standard (>50), with marked enhancement in case of ZnO. The known mechanism 
for this the interaction of metal oxide inorganic agents is that it acts as a photocatalyst that has a 
wide band gap and large exciting binding energy of therefore it can absorb light with energy that 
exceeds their band gap energy and transform it into energy (7). This could be applied for most 
inorganic UV absorbers. They are usually certain semiconductor oxides such as TiO2 , ZnO, SiO 
and Al2O3 (4,13).  
 
    Figure 2 demonstrates the UPF and UVR data for cotton fabrics, showing that as the 
concentration of Alum increased from 0% to 30%, the UPF values increased from 26.2 (>20 rating) 
to reach 149.7 (>50 rating) for Alum. On the other hand, it reached to 444.5 with ZnO coating. The 
binary coat succeeded to increase the UPF approximately two folds that of standalone ZnO coat 
(821.8). Blend fabrics possessed the highest UV-blocking increment (135.4), using Alum as UV-
absorbing agent.This can be detected from Figure 3. However, polyester fabric (Figure 1) satisfied 
the best results with ZnO, as the positive increment reached 811.1. By comparing the data of 
ZnO/Alum for the three coated fabrics (Fig. 1, 2 and 3), it was found that cotton fulfilled the 
highest increment of 795.6. This is a precursor for fetching the best coating agent under irradiation 
for each type of fabric. 
 
   Generally, the previous data of the UPF emphasize the success of this technique in inheriting 
UV-protective fabrics that can be developed for specialized high altitude garments, with no change 
in surface color. Alum The main frame of the results simply explained on the basis that a normal 
bar skin can show signs of erythma after 10 minutes of exposure.  In Figure 2, cotton  fabric with a 
UPF of 821.8 (30% of ZnO/Alum) would increase the exposure time of skin to 8218 minutes (~5 
days) before signs of erythma occurs. In case of ZnO and Alum for both polyester and blend fabrics 
respectively, the exposure time increased to 5 and 1.16 days. Also, the UVR transmittance to skin 
was depressed remarkably under the optimum condition for each coated fabrics (see Figure 1, 2 and 
3). Also, these results exceed most of the corresponding ones using organic UVA and UVB 
blocking agents (2,3, 13) 
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Figure 1.  Ultraviolet protection factor (UPF) and Ultraviolet transmittance  (UVR) of 

coated polyester fabrics using gamma irradiation versus the concentration of UV-absorbing 
agents 
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Figure 2.  Ultraviolet protection factor (UPF) and Ultraviolet transmittance  (UVR) 
of coated cotton fabrics using gamma irradiation versus the concentration of UV-

absorbing agents 
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Figure 3.  Ultraviolet protection factor (UPF) and Ultraviolet transmittance  (UVR) 
of coated blend fabrics using gamma irradiation versus the concentration of UV-

absorbing agents 
 
X-ray Diffraction  (XRD) 
   
   The expected changes in crystal structure associated with the coating of cotton, polyester and 
blend fabrics attributed to the incorporation of ZnO and Alum (UV-resist agents) were evaluated 
and given in Table 3.     
 
    The characteristic picks of the analyzed samples proves the interaction between ZnO and alum 
with the fabrics, in different ways according to the polymer of the substrate itself. As can be seen 
from Table 2 and Table 3 that the intensity (I) of the blank  blend sample decreased by 
incorporating ZnO, even that the sharpness of (I) of ZnO powder itself is the highest of all (Table 
2). Also, the intensity of Alum coated blend decreased. Polyester on the other hand showed 
unchanged intensity with ZnO, while an increase in intensity appeared with Alum coating. Cotton 
generally fullfiled a distinct increase in intensity with both UV-resist agents. The lattice spacing 
manly changes with the appearance of the characterizing peak of both alum and ZnO. Other than 
that,  it was approximately the same. This may highlight the fact that the relative crystalinity was 
barley affected, meaning that the main properties and mechanical action were barley affected.  
However, the main improvised data is for Alum as the lattice characterization has no clear 
identity over the blank samples. The main characteristic diffraction band of ZnO appeared with 
coated blend, polyester and cotton fabrics at 2θ of 36.5, 2θ of 36.5 and 34.16 and 2θ of 34.3 
respectively. As no additional band appeared this indicates that no crystal disorder was 
encountered however, a definite interaction was undertaken. For Alum, a characteristic peak at 2θ 
of 29.2 band was fetched for coated polyester and cotton fabrics respectively 

Table  1. X-ray parameters of ZnO an Alum powder 
 

 

 
 
 
 

 

Material Peak 2�� d (Ao) Intensity (cps) 

ZnO powder 39 36.2 2.5 1.9 

Alum powder 6 29.2 3 0.1 



 
Table  2. X-ray parameters of control and coated fabrics, with ZnO (30%) and Alum (30%) 

under gamma rays (10-20 kGy) 
Cotton/polyester fabric Polyester fabric Cotton fabric 

Coat 
Peak 2�� d 

(Ao) 
I 

(cps) Peak 2�� d 
(Ao) 

I 
(cps) Peak ��� d 

(Ao) 
I 

(cps) 

without 4 22.7 3.9 0.33 6 26.2 3.4 0.173 8 22.3 3.9 0.248

ZnO 27 36.5 2.5 0.27 9 36.2 2.5 0.27 2 22.4 3.9 0.9 

Alum 7 22.4 3.9 0.115 16 29.2 3.8 0.193 22 22.6 3.9 0.2 
 

Moisture Regain and Water Absorption 
    
   The hygroscopic properties were pointed out by following the moisture regain (MR) and water 
absorbancy (WA) properties of the employed fabrics as a function of ZnO and Alum concentration. 
The data were presented in Figure 4. Generally, from the figure the trend of both MR and WA for 
blend, cotton and polyester fabrics after coating with ZnO and Alum/ZnO, is inversely proportional 
to the concentration of the agent.  However, Alum data emphasize a different trend, as  a drop in 
the hygroscopic properties by addition of small percent of Alum (10%) appeared, thereafter, an 
increase in both MR and WA was seen over any increase in concentration. This may implies that 
the initial drop in wetability is due to the cured coat over the fibers, that may form an insulating 
film causing harsh feeling. However, as the alum content increased at the surface due to the 
increase in concentration  some  kind of hydrophilic interaction, with the water and vapor particles 
tookplace. This could be applied for both polyester and blend fabrics. In case of  cotton fabric 
(Figure 4 (b)), the recorded values for Alum had a slight change over any increase in its content 
(33.8-28.3 WA% and 2.6-5.7 MR%). This may be attributed to the initial high hydrophilicity of the 
cellulosic polymer, that was affected to great extent with the cured oligomer/monomer, or may 
indicate the incompatibility of Alum with the surface of cotton. From Figure 4, the more 
compatiblity and better functionality coating for the tested fabrics can be given in the following 
order:  Alum > >Alum/ZnO ≥ ZnO. This can be figured out by neglecting the conflicting data. 
However, this order don't agree with that of UPF, as it reflected more identity for each polymeric 
substrate.  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4. Effect of inorganic compounds concentration in the formulation on the Water 

Absorbance (WA) and Moisture Regain (MR) of coated (a) Polyester (b) Cotton (c) Blend 
fabrics under optimum gamma rays 

CONCLUSIONS 
 
    Based on the obtained results, few conclusions could be made:  (1) Alum and ZnO fit the 
definition of  UV-absorbent  agents, whether in an individual or binary form for the three applied 
fabrics (with no change in surface color of the fabrics). (2) Inorganic UV blockers are more 
preferable to organic UV blockers as they are non toxic and chemically stable under exposure to 
both high temperatures and UV. (3) The reported UPF values confer that Alum interact more 
successfully with the blend fabrics. (4) The exposure time to UV was found to increase by 
encountering the optimum coat for each fabric.  It  recorded 5 days before signs of erythma occurs, 
with Alum/ZnO coated cotton and ZnO coated polyester fabrics, while it recorded  1.16 days for 
Alum coated blend fabrics. On contrary, bar skin couldn’t stand UV rays more than 10 minutes. (5) 
By considering the decrease in MR and WA in case of coated fabrics with both ZnO and Alum 
/ZnO coat, the applicability of this technique on large scale cannot be considered on a broad basis 
as  it decrease the comfortable action of fabrics, (further enhancement is needed). (6) X-ray 
indicated that the interaction between alum and the surface of the fabrics is due to physical surface 
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adsorption, this  infer that this technique may need more horizontal study to overcome this 
drawback, that may affect the fastness properties latter on.  
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