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It is well known that the optimal concentration of fluorescent whitening agent (FWA) 
in the bath results in high whiteness of single component textiles. At the same time, 
due to fluorescence of FWA, the higher UV protection is achieved as well. How-
ever, for the textile blends it is not so easy to achieve. Depending on the fabric 
chemical composition, different FWAs must be applied. Therefore, the influence 
of FWA chemical constitution to the whiteness and UV protection of cotton and 
cotton/polyester blend were researched in this paper. For that purpose, cotton and 
cotton/polyester blended (50%/50%) fabrics was treated with four different FWAs 
by Huntsman, Uvitex® brand: BHT, RSB, NFW and EBF. Spectral remission be-
fore and after FWA treatment was measured on a remission spectrophotometer 
Spectraflash SF 300, Datacolor. Whiteness degree was calculated according to 
ISO 105-J02:1997, and the Tint Deviations and its coloristic meanings were de-
termined according to Griesser. The UV protection of cotton and cotton/polyester 
fabrics treated with FWA was determined according to AS/NZS 4399:2017 using 
transmission spectrophotometer Cary 50/Solascreen, Varian. Based on the re-
sults obtained,the stilbene disulphonic acid triazine derivative (Uvitex® RSB) can 
be recommended for use on a cotton/polyester blend.
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Introduction 

To achieve high whiteness, textile fabric needs to 
be treated with fluorescent whitening agent (FWA). 
The activity of fluorescent whitening agent is based 
on fluorescence. The molecules that have planar con-
figuration, conjugated double bonds or high resonance 
stability and electron donating group show the phe-
nomenon of fluorescence. The FWA molecule goes to 
electronically-excited state by absorbing energy of UV 
radiation (UV-R), and then it has to lose that energy by 
emitting radiation to regain its ground state. According 
to the Stokes Law, the frequency of fluorescence radia-
tion is lower than that of excitation light and the curve of 
emission is mirror-like to the curve of absorption. In the 
case of FWAs, that means that FWA molecules absorb 
ultraviolet light (300-400 nm) and emit it as visible light, 
usually in the blue region of the spectrum (400-500 nm). 
The emission of blue light neutralizes the yellow tone of 
fabric, achieving the impression of high whiteness [1-5]. 
Fluorescent whitening agent for cotton fabric by chemi-
cal composition are mainly stilbene derivatives. Most 
often they are diaminostilbene derivatives that differ 
in substituents and the number of sulfonate groups. 
However, for cellulose distyrylbiphenyl derivatives and 

triazolyl-stilbene derivatives can be used as well. For 
polyester fabric, FWAs are usually benzoxazole deriva-
tives. Therefore, for the application on cotton/polyester 
blend FWAs should be carefully chosen. Additionally, by 
choosing the appropriate FWA with the maximum emis-
sion at different wavelengths, the whiteness of different 
tones can be obtained: blue 435-440 nm, purple 430-435 
nm, and blue-green 440-450 nm.

It should be noted that FWA treatment also results in 
better UV protection due to the absorption of ultraviolet 
radiation. (UV-R) [5-14]. Long exposure to solar ultra-
violet radiation, along with the amount of skin pigmenta-
tion, is the primary cause of skin cancer [6, 15, 16]. The 
proper and early photoprotection reduces the risk of sub-
sequent skin cancer occurrence. This can be achieved 
by reducing the time of exposure time to sunlight, using 
sunscreen and protective textiles. Since good UV pro-
tection with textiles depends on a large number of fac-
tors [5-20], such as, the type of fiber, fabric surface and 
construction, porosity, density, moisture content, pres-
ence of nanoparticles, as well as type and concentration 
of applied dyestuff, FWAs or UV-B protective agents, de-
signing and engineering of UV protective fabrics always 
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FWAs’ were used in wide concentration range: 0.5, 
1, 2 and 5% owf by batch wise method having LR 1:30 
at 100 °C for 30 min in stainless-steel bowls (Linitest, 
Original Hanau). After the treatment, the fabrics were air-
dried. Labels and treatments are listed in Tab. 2.

Table 2.  Labels and treatments

Spectral remission (R [%]) was measured on a remis-
sion spectrophotometer Spectraflash SF 300, Datacolor. 
Fabric whiteness (WCIE) according to ISO 105-J02:1997 
Textiles – Tests for colour fastness – Part J02: Instru-
mental assessment of relative whiteness, Tint Deviation 
(TD) and its coloristic meanings according to Griesser 
[21] were calculated automatically.

Ultraviolet protection factor (UPF), UV-A and UV-B 
transmission, and UV protection rating of cotton and 
cotton/polyester fabrics before and after FWA treatment 
was determined according to AS/NZS 4399:2017 Sun 
protective Clothing – Evaluation and Classification us-
ing transmission spectrophotometer Cary 50/Solascreen, 
Varian.

presents a challenge. Untreated cotton fabric, as cellu-
losic material, provides low UV protection. On the other 
hand, due to the benzene rings, polyester fabric gives 
better UV protection than cellulose [6,12]. 

Since different FWAs must be applied depending on 
the chemical composition of the fabric, this paper investi-
gates UV protection of cotton fabrics and its mixture with 
polyester after treatment with four different fluorescent 
whitening agents.

Experimental

Cotton fabric (CO) and cotton/polyester blended 
(50%/50%) fabric (CO/PES), panama woven, mass per 
unit area 150 g/m2 were used in this paper. The fabrics 
were treated with four different FWAs by Huntsman, Uvi-
tex® brand (Tab.1). 

Table 1. FWA chemical constitution and characteristics
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Results and discussion

In this paper, the influence of FWA chemical constitu-
tion on the whiteness and UV protection of cotton and 
cotton/polyester blend was researched. For that purpose, 
CO and CO/PES fabrics were treated with four different 
FWAs. Spectral remissions are presented in Fig.1.

The degree of whiteness according to CIE, corre-
sponding Tint Deviations (TD) and its coloristic meanings 
according to Griesser are collected in Tables 3 and 4. 

a)                                                                                b)

c)                                                                                d)

e)                                                                                f)

g)                                                                               h)

Figure 1.  Remission curves of CO and CO/PES fabric before and after FWA treatment – a) CO_
BHT, b) CO_RSB, c) CO_NFW, d) CO_EBF, e) CO/PES_BHT, f) CO/PES_RSB, g) CO/PES_NFW, 
h) CO/PES_EBF

10(2) (2021) 66-72



 69

Advanced technologies

Table 3. CIE whiteness (WCIE) of cotton fabrics after FWA treatment, maximum of 
remission (Rmax) and wavelength (λmax), Tint Deviations (TD) and its coloristic meaning

Table 4. CIE whiteness (WCIE) of cotton/PES blended fabrics after FWA treatment, maxi-
mum of remission (Rmax) and wavelength (λmax), Tint Deviations (TD) and its coloristic 
meaning

From the results shown in Tables 3 and 4 it can be 
seen that untreated CO and CO/PES fabrics have re-
mission at 700 nm, and whiteness degree of 88 for CO/
PES blend and 89 for cotton, with no appreciable devia-
tion in tint from the white scale. In this paper, four FWAs 
of different constitutions and emission tones were used: 
Uvitex BHT, Uvitex RSB, Uvitex NFW and Uvitex EBF. 
By chemical composition stilbene derivatives are Uvitex 
BHT with high affinity for cotton (2 sulfonate groups) and 
Uvitex RSB with medium affinity (4 sulfonate groups). 
Uvitex NFW is a distyrylbiphenyl derivative, and Uvitex 
EBF benzoxazole derivative. Regardless of the chemical 
composition of FWA applied, treatment with the lowest 
concentration of FWA 0.5% owf leads to the significantly 
higher whiteness (WCIE>110) due to fluorescence emis-
sion at 430-440 nm. The highest degree of whiteness is 
achieved with 2% of Uvitex BHT on cotton fabric (158.6). 

From the results of spectral remission presented in 
Figure 2 and Tables 3 and 4 it can be seen that Uvitex 
NFW, EBF and BHT emit blue, whilst Uvitex RSB emits 
in red-purple part of spectrum. The highest whiteness 
and excellent brightness of both CO and CO/PES fabric 
for the blue ones was achieved when the concentration 
of 2% FWA was applied. However, for Uvitex BHT and 

Uvitex NFW on the cotton fabric a concentration of 1% 
is sufficient to achieve excellent whiteness. On CO/PES 
blended fabric for Uvitex BHT, it is sufficient, whilst for 
Uvitex NFW, a higher concentration is needed. The rea-
son for these results is the chemical composition of the 
fabric. Since the fabric is blended, only cotton adsorbs 
FWA, whilst polyester component does not. The oppo-
site is true for Uvitex EBF, which is only adsorbed by 
polyester. Therefore, the degree of whiteness achieved 
with this FWA is lower than with other FWAs. It is also 
lower on cotton than on CO/PES blend. This can be ex-
plained by the fact that Uvitex EBF has no affinity for cot-
ton fabric. For this reason, the use of Uvitex EBF is rec-
ommended for the treatment of polyester and its blends.

Spectral remission from fabrics treated with Uvitex 
RSB corresponds to a red-violet tone and shifts to blue 
at higher concentrations. Therefore, the highest applied 
concentration of 5% owf is considered the best. In blue-
toned FWAs, Uvitex BHT and Uvitex NFW, concentra-
tion quenching of fluorescence is observed (decrease in 
whiteness and remission). Layering of FWA molecules 
at a high concentration prevents excitation of molecules 
in all layers and therefore there is no fluorescence that 
directly affects the reduction of whiteness. Additionally, 
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Table 5. Ultraviolet protection factor (UPF), UV-A and UV-B transmission, and UV protec-
tion rating according to AS/NZS 4399:2017 of cotton fabrics after FWA treatment with our 
different FWAs

Table 6. Ultraviolet protection factor (UPF), UV-A and UV-B transmission, and UV protec-
tion rating according to AS/NZS 4399:2017 of cotton fabrics after FWA treatment with our 
different FWAs

FWA molecules at high concentrations build dimers that 
do not have the ability to fluoresce. This phenomenon is 
more enhanced for Uvitex BHT.

The UV protection of cotton and cotton/PES fabrics 
treated with FWA was determined according to AS/NZS 
4399:2017. The influence of the FWAs concentration and 
constitution on UV protection was monitored through 
UV-A and UV-B transmission and the mean value of the 
UV protection factor (UPF). The results are collected in 
Tables 5 and 6.

The applied CO and CO/PES fabrics were woven 
in panama weave. These fabrics are soft to the touch, 

permeable to air or steam, which makes them suitable 
for comfortable summer clothes. From Table 5 it can be 
seen that even chemically bleached fabric CO has excel-
lent UV protection (UPF=210). Due to the benzene rings 
in the polymer molecule, PES component in CO/PES 
blended fabric absorbs UV radiation leading to even 
higher excellent UV protection (UPF=804). 

From the results shown in Tables 5 and 6, it can be 
seen that the fluorescent whitening agent applied even at 
small concentration leads to a higher UPF for CO fabric, 
and to a maximum one for CO/PES blend (UPF=1000).

Since the phenomenon of fluorescence occurs in 
FWA molecules due to their electronically-excited state 
by UV-R energy, high whiteness of outstanding bright-
ness is achieved by reemitting the energy at the blue 
region of the spectrum. Increment of FWA concentration 
leads to even higher UPF due to the absorption of UV-A 
radiation. For CO/PES blended fabrics, the maximum is 
reached at the lowest concentration, regardless of the 
chemical composition of the FVA. However, for cotton 
fabrics, it can be seen that Uvitex BHT and NFW, which 

gave the best whiteness at low concentration, gave max-
imum UV protection even at the lowest concentration. 
Uvitex RSB has UPF = 765 at the lowest concentration, 
and maximum is achieved at higher concentration. As 
Uvitex EBF is for polyester, small difference in UPF can 
be observed. At concentrations 0.5 and 1% owf results 
of UPF are 698 and 905 respectively.

It should be noted that the fabrics with the highest 
intensity of fluorescence do not show the highest UPF 
values. UV protection increases with FWA concentration, 
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regardless of quenching phenomenon. 
Comparing the results on CO and CO/PES fabrics 

it can be seen that better results were achieved on cot-
ton fabrics for Uvitex BHT and Uvitex NFW. The reason 
for this is their affinity for cellulose fibers. Uvitex RSB 
gave similar results on CO and CO/PES blended fabrics, 
whilst Uvitex EBF gave better results on the blend due to 
its affinity for polyester fibers, but significantly lower than 
the other three FWAs applied.

Comparing the results of UV protection on CO and 
CO/PES fabrics it can be seen that slightly better results 
were also achieved on blended fabrics. This is due to 
benzene rings in the polyester polymer molecule.

Conclusions

It can be concluded that it is essential to choose the 
right fluorescent whitening agents according to their-
chemical constitution and concentration, depending on 
the composition of the fabric being treated. Otherwise, 
high whiteness results will not be achieved. Uvitex BHT, 
Uvitex RSB and Uvitex NFW provide high whiteness on 
both cotton and cotton/polyester blend fabrics. All three 
FWAs can be applied on a cotton fabric. However, for 
usage on a cotton/polyester blend Uvitex RSB gives the 
best results. All FWAs contribute to an increase in UV 
protection even at the lowest concentration. Regardless 
of quenching, the achieved UV protection at higher con-
centrations does not decrease. 

According to the results obtained, the diamino stil-
bene disulphonic acid derivative (C.I. Fluorescent Bright-
ener 113, Uvitex BHT) or a distyryl biphenyl derivative 
(C.I. Fluorescent Brightener 351, Uvitex NFW) at a con-
centration of 1% owf can be recommended for the use 
on cotton,  whilst the stilbene disulphonic acid triazine 
derivative (Uvitex RSB) in concentration of 5% owf can 
be recommended for the use on cotton/polyester blend-
ed fabric.
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Dobro je poznato da optimalna koncentracija fluorescentnog optičkog sredstva za 
beljenje (FWA) u kupatilu rezultira visokom belinom jednokomponentnog tekstila. 
Istovremeno, zahvaljujući fluorescenciji FWA, postiže se i veća UV zaštita. Međutim, 
za mešavine tekstila to nije tako lako postići. U zavisnosti od hemijskog sastava tek-
stila, moraju se primeniti različite FWA. Zato je u ovom radu istražen uticaj hemijskog 
sastava FWA na belinu i UV zaštitu pamuka i mešavine pamuk/poliestar. U tu svrhu, 
pamučna tkanina i tkanina iz mešavine pamuk/poliestar (50%/50%) obrađene su sa 
četiri različita optička sredstva za beljenje od Huntsmana, marke Uvitex®: BHT, RSB, 
NFW i EBF. Spektralna remisija pre i posle obrade sa FWA merena je na remisionom 
spektrofotometru Spectraflash SF 300, Datacolor. Stepen beline je izračunat prema 
ISO 105-J02:1997, odstupanja nijanse i njegova koloristička značenja određena su 
prema Griesseru. UV zaštita pamuka i pamuk/poliestar tkanina obrađenih sa FWA 
određena je prema AS/NZS 4399:2017 korišćenjem transmisionog spektrofotome-
tra Cary 50/Solascreen, Varian. Prema postignutim rezultatima, derivat triazinske 
kiseline na osnovu stilben disulfonske kiseline (Uvitex® RSB) može se preporučiti 
za upotrebu na mešavini pamuk/poliestar.

UTICAJ HEMIJSKOG SASTAVA OPTIČKOG SREDSTVA ZA BELJENJE NA 
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