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Abstract 
I t  has been demonstrated that the choice of the 

right optical brightening agent for use in the 
dope or for topic-brightening in the textile-mill 
has a big influence on the ability of the fiber 
to be further brightened in the wash-bath, on 
the lightfastness and the washfastness of the 
white, and very often also on the colored wash- 
load. The investigation also deals with the 
mutual influence of brighteners applied during 
the production of the fiber or the fabric and 
those used in detergents. Ways are described 
to overcome undesired changes in the hues of 
pastel shades. Some aspects of the visual assess- 
ment and measurement of whitening effects are 
discussed. 

Introduction 
Looking at the production figures and the produc- 

tion forecast of textile fibers it can clearly be seen 
that, although cotton will maintain a very strong 
market position, the part of synthetic fibers in over- 
all textile production is increasing very strongly. I t  
has been calculated that in the period between 1961 
and 1975 the yearly growth rate will be 14.4% for 
synthetic fibers, compared with 1.1% for cotton. 

A second factor which has to be observed is the 
fact that a large proportion of all fibers, especially 
synthetics, are brightened before coming on the mar- 
ket. In 1964 for example 15.4% of the produced 
synthetic fibers had already been treated with optical 
brighteners on leaving the mill. In the sector of white 
textile goods which today come on the market prac- 
tically all have been treated with brighteners. These 
factors today make the brightening of synthetics in 
the washing process increasingly more important and 
also more complex. The reasons for this can be 
found in the fact that the type and manner of pre- 
brightening influences more strongly the behavior 
of synthetics in the wash load than is the case 
with prebrightened cotton. With the help of the fol- 
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lowing few examples some of these relationships, 
especially on polyamide and polyester, will be 
discussed. 

Structures of Brighteners for Synthetic Fibers 
In order to have a better survey over these in- 

terrelations the structures of some typical brighteners 
which are applied for these fbers in detergents, in 
the dope and in the textile wet finishing process are 
compiled. 

Brighteners for use in detergents are shown in 
Fig. 1: pyrazolines (type I) and the coumarins (type 
II)  which are destroyed in the wash bath containing 
active chlorine, and the types stable to chlorine such 
as the stilbene-naphthotriazoles (type I I I ) ,  diimida- 
zolyl-ethylencs (type IV), dibenzoxazolyl-ethylenes 
(type V), styryl-naphthoxazoles (type VI) and the 
dibenzoxazolyl-thiophenes (type VII) .  

Some major brighteners for dope brightening of 
polyamide and polyester are compiled in Fig. 2. They 
have the following structures: oxadiazolyl-stilbenes 
(type VIII ) ,  dibenzoxazolyl-stilbenes (type IX) ,  
triazinyl-stilbenes (type X) and the naphthotriazolyl- 
phenyleoumarins (type XI) .  

A third place where optical brighteners can come 
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FIG. 3. Some major brighteners for synthetic fibers, topical 
application and dope brightening. A, acetate; CO, cotto~; 
PA, polyamide ; PE, polyester ; PP,  polypropylene ; PVC, 
polyvinylchloride ; YA, triacetate ; W, wool. 
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FIG. 4. Fastness to bleaching agents of brighteners Type 
VII  and XII I .  

into contact with the synthetic fibers is in the textile 
wet finishing process. Products mainly of the fol- 
lowing structures are applied (Fig. 3): 2,5- 
dibenzoxazolyl-thiophenes (type XII  and type VII 
respectively), triazinyldiaminostilbene-disulfonic acid 
salts (type XI I I ) ,  derivatives of distyrylbenzene 
(type XIV),  ],8-naphthalimidcs (type XV) and the 
stilbene-naphthotriazoles (type XVI).  Some of these 
brighteners are well suited for dope-brightening. 

Attention should especially be drawn to the fact 
that type VII is in many ways an ideal optical 
brightening agent for synthetics. This is because its 
development enabled the possibility of using this 
optical brightening agent (OBA) for a dual ap- 
plication in both the textile mill and in household 
detergents. In this way the use of OBAs which do 
not harmonize with each other is avoided. 

Influence of Different Fiber Pre-brightening on the 
Brightener Performance in the Wash Bath 

In the next few examples it is shown what may 
happen if the OBAs used in different applications, 
such as dope, textile mill, detergent, are not wisely 
chosen. 

The brightener can be adversely affected by nu- 
merous factors such as light, bleaching agents or wash- 

Detergents containing different Brighteners 
Bright ~, B ;e 

L 

i 
i 

! 

i 

~ 0 . 2 %  Brightener Type XIII 

i 0.05% Brightener Type VII 

FIG. 5. F i f ty  repeated launderings (60 C/15') with exposure 
to daylight in the wet stage after every cycle. 

ing conditions. It  can not only be destroyed but 
also degraded into colored degradation products. 
Very often the discoloration of the fabric is irre- 
versible and withstands repeated wash cycles with 
detergents containing brighteners. During the course 
of an investigation of the effect of various bleaching 
operations on the dope-brighteners type VIII  and 
XIII ,  we found the following (Fig. 4). The hypo- 
chlorite bleach caused some damage to type XI I I  
while the sodium chlorite and peracetie acid bleach 
completely destroyed type XIII .  This caused a yel- 
lowing of the polyamide material. It  is especially 
interesting to note that after 10 cycles of a normal 
hypoehlorite treatment in the washing process type 
XI I I  OBA was remarkably damaged. On the other 
hand, type VIII  OBA was not attacked by any of 
the bleaching operations described nor was the light- 
fastness adversely affected. This is a good illustra- 
tion that the brightening effect obtained during the 
wash process is not dependent solely upon the OBAs 
present in the wash solution. 

The behavior of the two dope brighteners types 
VIII  and XI I I  after 50 repeated launderings is 
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FIG. 7. Influence on pastel colored fabrics by washing with 
a household detergent containing fluorescent brighteners. 
Section of the chromaticity diagram of the CIE-System. 

i l lustrated in Fig. 5. Dur ing  these experiments the 
polyamide swatches were allowed to d ry  by exposure 
to air  between each wash cycle. In this way the 
influence of light and dust dur ing the drying period 
which lasted a few hours was deliberately not avoided. 
Fo r  the purpose of these tests, detergents containing 
different types of OBA for synthetic fibers were used. 
The results show that  in these tests the dope- 
brightener type V I I I  gave better  results and that  
it was much less affected by the detergent brighteners 
A(st i lbene br ightener) ,  B(eoumar in  br ightener) ,  
C ( s t i l b e n e  b r i g h t e n e r )  a n d  D ( b e n z o x a z o l y l  
br ightener) .  

In  the event that  the wash load contains some 
fabric dyed in pastel shades the result ing change in 
shade can be a frequent  cause of complaint. This 
fact  has often led to claims where the blame has, 
quite wrongly, been a t t r ibuted to the washfastness 
of the dyestuff. In  most cases this change in shade 
is caused by the br ightener  in the detergent,  which 
brightens the colored but not pre-brightened fabric. 
As a result of this Meeheels et al. (1) have suggested 
that  UV absorbers should be used in combination 
with dyestuffs, to improve the lightfastness of the 
color, as well as to avoid the change in shade which 
might  result  f rom household detergents which con- 
tain OBA. In  the ease of woven goods or pr in ted  
materials the effect of UV absorbers would be limited 
to the colored areas and in this manner  the OBAs 
in the detergent would be available for use in the 
noncolored areas of the fabric. 

In  our opinion this problem can be solved more 
elegantly if the colored fibers are pre-brightened in 

Influence of the Brighteners on the lightfastnesS of colored 
Fibers (Polyamide 6 dull 
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FIG. 8. Brighteners Type VII  and Type X I I I  in dope dyed 
poly amide. 

the textile finishing process or in the dope with a 
suitable brightener.  The brightener  should  have a 
neutra l  shade and should not show any tendency to 
discolor the fabric at  higher concentrations. As shown 
in Fig. 6 the br ightener  type V I I I  behaves in this 
regard almost ideally. The values of increasing con- 
centrations in po]yamide lie on the same dominant  
wavelength (470 fflV[) in the s tandard  CIE  1931 
chromatici ty system. 

We have found that  in this manner  purer  and more 
bri l l iant  shades result. In  addition to this it can be 
seen in Fig. 7 quite clearly that  the difference in 
shade of pastel colors, observed af ter  washing with 
detergents containing brighteners,  is much smaller 
than with polyamide which is not pre-brightened. In  
this way a change in shade by household detergents 
can be avoided. F igure  8 once more demonstrates tha t  
in the case of dope br ightening the choice of suitable 
OBAs is of importance for the quali ty of the finished 
product.  While the br ightener  of type X I I I  de- 
teriorates the lightfastness of pastel shades as well 
as of normal  colors, the good lightfastness values of 
the dyestuff remain completely unaffected if a 
br ightener  of type V I I I  is applied. 

With  these few examples it has been demonstrated 
tha t  i t  is very impor tan t  to regard the brightening 
process, beginning with the dope br ightening of syn- 
thetics and ending with the br ightening in the wash 
bath, as one complete process consisting of different 
mutua l ly  interact ing steps. In  all stages where 0BAs  
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FIG. 9. Brightening effect of an all-round brightener Type 
VII  for synthetic fibers. 



78  JOURNAL OF THE AMERICAN OIL CHEMISTS'  SOCIETY ¥OL.  46 

140 160 180 C 
increasing temperature 

Fie. 10. Brightening process of a polyester fiber by topical application cross-sections of a PE-fiber fluorescence microscope 
(150:1) .  
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Fie. ]1. Ultraviolet-dichroism and polarization of the fluorescence light. Polyester-fiber, dope-brigktened, concentration of 
optical br ightener :  0.02%. Observation in the fluorescence microscope (300:1) fiber i l luminated with polarized ultraviolet light. 
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FIG. 12. Ultraviolet-dichroism and polarization of the fluorescence light. Polyester-fiber, dope-brightened, concentration of 
optical br ightener :  0.02%. The fluorescing fiber observed through a polarization filter, the fiber is i l luminated by unpolarized 
light. (300:1) .  
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are applied it  is absolutely necessary to use products 
with good properties under  the conditions of practical 
u s e .  

I t  is clearly advantageous if one can use an optical 
brightening agent of type VI I  which has the ability 
to be used in different applications such as wet 
finishing and in household detergents. Incidentally 
type VII  is in fact  the most widely used brightener 
in the textile wet finishing especially for  polyester. 
By  these means possible adverse interactions of 
brighteners having different structures are avoided. 

A good brightener for  synthetics in detergents 
should possibly have effects on all types of fibers 
which can be found in the wash load. Brightener  VI I  
has this proper ty  to brighten in the wash bath poly- 
amide, acetate, triaeetate, polypropylene polyvinyl- 
chloride and to a certain degree also polyester and 
cotton (Fig. 9). This additional effect on polyester 
is especially worthwhile because the brightening of 
this type of synthetic fiber is an  extremely difficult 
problem. There is evidence that  the brightening of 
the highly lipophilic and very  compact polyester fiber 
is working according to a different process than the 
dyeing of polyester fibers with dispersed dyes, which 
was investigated by MiliSevi5 et al. (2). Figure  10 
shows the course of brightening of the polyester fiber 
by topical application. The brightener deposited on 
the surface of the fiber has then to be dissolved com- 
pletely in the polyester fiber at elevated temperature  
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Fze. 14. Fluorescence-numbers and whiteness of polyamide 
fabrics after 50 repeated launderings. 

in order to develop ful ly its fluorescing properties. 
In this connection it  is interesting to note the marked 
ultraviolet-dichroism and the strong polarization of 
the fluorescence light in the stretched polyester fiber 
which has been dope-brightened (Fig. 11 and 12). 
The meehanism of brightening the polyester fiber at 
lower temperature  (20-95 C) in the wash bath is 
current ly  being studied. 

Having discussed a few aspects of mutual  inter- 
actions between brighteners applied in the different 
processing stages and also some fundamental  prop- 
erties an ideal brightener for synthetics should 
possess, a few remarks on the problem of the mea- 
surement of whiteness  are added. 

Some Aspects  of Whiteness  Control  

A method which is very  often used to compare the 
brightening effects of different brighteners is the 
determination of the fluorescence number. This is 
valid only within very  strict limits. F igure  13 shows 
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FIG. 15. Reflectance curves o f  polyester fibers containing 
brighteners with different hues. 
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the degree of whiteness which was obtained on poly- 
amide by the appl icat ion of different brighteners for 
synthetics. In  one instance the degree of whiteness 
was measured by fluorescence number  and in the 
other by visual evaluation. The comparison shows 
clearly that  the values obtained by measuring the 
fluorescence number  are not always parallel  to the 
values determined by visual evaluation if  a range of 
concentrations is compared. A second conclusion of 
this investigation is that  one can not compare fluores- 
cence numbers  of one br ightener  with one of a dif- 
ferent  structure.  Measurements of fluorescence num- 
bers have therefore only limited practicabili ty.  They 
are not suitable for comparing measurements  of 
whiteness but  can be useful for other purposes such 
as quaii ty control. A fu r the r  example of this fact  is 
i l lustrated in Fig. 14. Polyamid fabrics were washed 
50 times with normal  household detergents containing 
two different brighteners,  A and B respectively. I t  
can clearly be seen tha t  neither the strong fall  in 
whiteness nor  the t rue  change in shade can be regis- 
tered by the determinat ion of the fluorescence num- 
bers which do not correlate with the values of the 
visual evaluation. 

A good way to detect changes in shades by mea- 
surement  is the recording of the reflectance curves. 
F igure  15 shows the reflectance curves of polyester 
fibers containing brighteners with different hues. The 
maximmH remission of a violet br ightener  usually 
is between 420-430 ~M, of a blue br ightener  435-440 
/~M and of a green OBA 440-450 ffM. 

o 1 ! 
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Wave t eng tb  nm 

FIG. 17. R e f l e c t a n c e  c u r v e s  o f  t h e  c i b a n o i d  w h i t e  sca le .  

Due to the fact  that  today no procedures for  the 
measurement  of the degree of whiteness are inter- 
nationally defined and tha t  sat isfactory units of a 
white scale do not yet exist, a new white scale has 
been developed in our laboratories. This scale, made 
f rom plastic, is l ightfast  and washable and shows a 
good correlation with a number  of established white- 
ness formulaes (Fig. 16). F igure  17 shows the 
reflectance, and the fluorescence superimposed upon 
it, of the new Cibanoid white scale. Steps 1 to 4 
contain decreasing quantities of a l ightfast  yellow 
pigment,  step 5 contains neither pigment  nor 
brightener,  and steps 6 to 12 contain increasing 
quantities of a very l ightfast  brightener.  Details 
of the new white scale and the problems of measure- 
ment  of white have recently been deseribcd by 
Anders (3). 
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