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T 
IIE TREMENDOUS growth in popula r i ty  of wash- 
and-wear fabrics  in recent years has created a 
ehallenge for those of us interested in optical 

bleaches. We are faced today  with the necessity for  
providing an optical bleach which is as effective for 
wash-and-wear fabrics as those we now have for  un- 
t reated cotton. Before discussing the problems inher- 
ent in the wash-and-wear situation, it would be well 
to examine brieiJy the optical aspects of these com- 
para t ive ly  new bleaching agents. 

Optical Effect 
()ptieal bleachcs, which are also refer red  to as bright-  

criers, while,ring agents, and fluorescent bleaches, can 
be classified as dyes. A Imnlluoreseent dyed substance, 
placed in dayl ight  or artificial white light, reflects pa r t  
of the light s t r iking it and absorbs par t  of it. The 
reflected light is perceived as color. The absorbed 
light is converted to hmgev waw,lengths ( inf rared)  
and radiated as heal. With a br ightener  no signifi- 
cant visible l ight is absorbed. Rather,  invisible ul t ra-  
violet energy is absorbed, converted to longer wave- 
lengths, and emitted as visible blue light. 

Color is usual ly  thought  of by the layman in what  
the physicist  would call subtraet ive terms: blue and 
yellow make green, red and green give black, etc. 
But  this concept applies o n l y  to the mixing of color- 
ants, such as dyes and pig/uents, the hues of which 
result  f rom their  light absorption eharaeteristies. The 
other aspect of color is mixing colored light, or addi- 
tive color, l l e re  the results are drast ical ly different. 
Red and green make yellow or orange, depending on 
their  proportions.  The mixing of greatest  relevance to 
this discussion though is blue and yellow, which pro- 
duce white. Compar ing  the optical action of bright-  
eners to that  of bluings is probably  the easiest way of 
unders tanding  the principles that  underlie this new 
bleaching method. 

F igure  1 shows reflectance curves of bleached 80 • 
80 cotton fabric  and of magnesium oxide, which is 
commonly accepted as the s tandard for  whiteness (1).  
Curve O for  the bleached cotton differs f rom that  of 
magnesium oxide in two respects: i t  is lower and 
slopes downward from r ight  to left. The curve, being 
lower, indicates that  the fabric  is darker  than  stand- 
ard. A reflectance of zero, complete absorption of all 
visible light s t r iking a material ,  would indicate black. 
Complete reflectance, no absorption, would indicate 
a pure  white. The reason for  the slope is that  more 
of the light in the violet and blue region is absorbed 
than  that  in the yellow, or conversely more yellow 
light is reflected and the fabric  therefore  appears  
yellow. Thus the fact  that  the curve is lower and 
slopes down f rom right  to left  indicates that  the fab- 
ric is both darker  and yellower than  the magnesium 
oxide s tandard.  In  order to approach the s tandard  
in whiteness the reflectance curve must  be both flat- 
tened out and raised. 

When  a bluing, e.g., a blue dye or pigment ,  is 
applied to the bleached cotton, the reflectance curve 
that  then results is represented by the dotted line B. 
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FIG. 1. Reflectance curves  of  b leached cot ton cloth, before  and  

a f t e r  t r e a t m e n t  wi th  l a u n d r y  blue and  f luorescent  whih,ncr .  
0 -  Or ig ina l  cot ton  cloth. 
B - -  Same cloth t r ea ted  with l a u n d r y  blue. 
W - -  Same cloth t r ea ted  wi th  f u o r e s c e n t  wh i t en ing  a g e n t  

( a p p a r e n t  refectaaace cu rve ) .  

It  is seen that  the bluing has tended to flatten out 
the curve by absorbing light in the yellow region and 
thereby has decreased the reflectance of yellow light:: 
however it should be noted too that  the over-all reflec- 
tance is now less. Thus the cloth appears  less yellow 
but  also somewhat darker.  

With  a br ightener  this is not the case. Inste~td of 
absorbing visible light, the br ightener  absorbs ul t ra-  
violet energy which is present  in daylight,  fluorescent, 
and incandescent light. I t  converts the otherwise 
unused invisible ul traviolet  energy to visible blue 
light. Curve W represents  the apparen t  reflectance 
of the br ightener- t reated cotton. The brightener,  by 
adding blue light instead of subtract ing yellow light, 
makes the fabric not only less yellow but  also lighter.  

Brightener Development 
I t  was about 10 years ago that  optical bleaches be- 

gan to be used extensively, first in soaps and deter- 
gents and later  in mill applications to textiles and 
paper.  The earlier br ighteners  incorporated in soaps 
and detergents  were substant ive to only cellulosic 
fabrics and lacked hypoehlori te bleach stability. In  
1950 American  Cyanamid developed a hypoehlori te  
fast  cellulosic brightener,  which found extensive use 
in detergents  and d ry  chlorine bleaches. A few years  
later  specialty product  manufac tu re r s  began to use 
a fine fabric  brightener,  one substantive to wool, 
silk, nylon, and acetate. Approx imate ly  five years  
ago the all-purpose optical bleaches s tar ted to find 
extensive use. These al l-purpose types  are not only 
substantive to cotton and viscose but  also to nylon 
and possess a fa i r ly  high degree of chlorine bleach 
stability. 

Today many  of the dyestuff manufac tu re r s  are put-  
t ing emphasis on the development of optical bleaches 
that  are more effective in whitening wash-and-wear 
fabrics  than  are the cur ren t ly  available brighteners.  
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Importance of Wash-and-Wear 

What  is a wash-and-wear or, more appropr ia te ly ,  a 
minimum-care,  fabric  ? I t  is one tha t  requires little 
i roning af ter  launder ing  and resists wrinkl ing dur- 
ing wear. Lit t le  more than a novelty five years  ago, 
wash-and-wear is now a major  factor  in the market .  

In  1958 wash-and-wear product ion of shirts was 
189 million units, about 50% of total  production. 
Sl ight ly more than  90% of the wash-and-wear was 
resin-finished cotton whereas less than  10% was rep- 
resented by synthetics or synthetic  blends, such as 
polyester  fibers and polyester  fiber blends (2).  

A substant ial  share of cotton product ion is going 
into wash-and-wear.  Ill Table I is shown the percent-  
age of men ' s  and boys '  appare l  that  was resin-fin- 
ished last year  (2).  I t  is seen that  work shirts 
represented only a very  minor share of wash-and-wear 
production. Since most work shirts are colored, they 
should not be given much consideration as fa r  as 
br ighteners  are concerned. 

T A B L E  I 

Res in  f in ished 
Men ' s  and  boys'  appa re l  sha re  of total 

cotton p roduc t ion  

Sh i r t s  
( D r e s s )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
( S p o r t )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
( W o r k )  .............................................................. 

T r o l l s e r s  
( D r e s s  and  spor t )  ............................................ 
( W o r k )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Oute r  J a c k e t s  .......................................................... 
Spor t  Coats .............................................................. 
B a th robes  ................................................................ 
P a j a m a s  ( woven )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

U n d e r  shor ts  ........................................................... 
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The percentage of domestic cotton items that  are 
resin-treated, as shown in Table l l, is somewhat less 
than  thai, ()t' n'len's and boys '  wear ing appare l  (2). 
l:towever l think we shall see an increase in the fu turc  
in the product ion of wash-and-wear domestic items, 
especially sheets and pillow eases. 

T A B L E  I I  

Domes t i c  i t ems  

B e d s p r e a d s  (woverQ ............................................... 
C u r t a i n s  (exel. lace and  shower )  .......................... 
Sheets  ....................................................................... 
P i l low cases  ............................................................. 
Table  cloths .............................................................. 
]~,etail piece goods .................................................... 

Resin finished 
sha re  of total  

cotton p roduc t ion  

1 5 %  
30 
lO 

8 
5 

4o 

Wash-and-wear  is continually expanding.  One of 
the nat ion 's  largest  shirt  manufac tu re r s  states tha t  
60% of its 1958 dress shir t  product ion was wash-and- 
wear, 70% of 1959 product ion was wash-and-wear,  and 
80% of 1960 product ion is expected to be wash-and- 
wear. 

Mechanism and Chemistry of Wash-and-Wear 
Finishes 

Cellulose is general ly considered to be predomi-  
nant !y  composed of anhydroglucose units linked to- 
gether through an ether group. Cellulosic fibers are 
composed of bundles of cellulose chains made up  of 
these anhydroglucose units. When  a cellulosic fiber 
is wrinkled, it is believed tha t  these cellulose chains 
slip past  each other into new equil ibrium positions. 
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R : RESIN 
o:  HYDROXYL 
o:  OXYGEN 

F r o .  2. R e s i n  m o l e c u l e s  c r o s s l i n k i n g  t w o  a d j a c e n t  c e l l u l o s e  
c h a i n s .  

Recent  work shows tha t  the resins used for  im- 
pa r t ing  wrinkle recovery chemically react  with these 
cellulose chains. I t  is believed that  cross-links are 
formed between adjacent  cellulose chains or micro- 
fibrils within the fiber (3, 4, 5). 

F igure  2 schematically shows resin iao]eeules cross- 
l inking two adjacent  cellulose chains. This cross- 
l inking would tend to prevent  the cellulose chains 
sl ipping past  one another  under  appl ied stress. I t  is 
believed that  this cross-linking increases the elasticity 
of the fiber and therefore its abil i ty to recover f rom 
deformation,  which in tu rn  is responsible for  its 
wrinkle-recovery and wash-and-wear properties.  

Al though the chemicals used to impar t  wrinlde re- 
covery are called resins, they actual ly  are mostly in 
monomeric form when apl)lied to textiles (6). There- 
fore they are small enough to diffuse inside a water  
swollen fiber and chenlically to react with and cross- 
link the adjacent  cclhlh/sc chains. 

The textile chemicals commonly used for  impart -  
ing wrinkle recovery are hased on reaction products  
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<tf formahtehy<te with urea, ethylene urea, triazone, 
and triazine. Two relat ively new finishes are the 
epoxy resins and the Belfast  finish. Nei ther  type  
contains nitrogen an<l is not based on formaldehyde.  

B r i g h t e n e r  A p p l i c a t i o n  

I low does wash-and-wear cotton differ f rom un- 
t reated <'otton in its behavior with the brighteners  
contained in today ' s  detergents? 

In Figures  3 through 7 are sequential wash-curves 
of the five brigh~eHer-s most commonly incorporated 
in the eurrent  (lelergents. The whi tening effect of 
triazone resin-treated ('otton is eompared with that  
of untreated cotton upon launder ing in a typical  
heavy-duty  ani(mie (hqergent containing brightener.  
The triaz<)ne resin is one of the commonly used wash- 
and-wear  finishes. The t reated and unt rea ted  fabrics 
were washed in separate  baths. 

Br ightener  I, a triaziny] stilbene type, probably  
the largest volume brightener incorporated in deter-  
gems today, ix shown in F igure  3. It is ap t ly  refer red  
to as the worldlorse brightener,  As well as being very  
effective in whilening cotton, it has slight substantiv-  
i ty for nylon. 

i t  is seen that  a f ter  one wash the br ightener  is only 
60% as effective on resin-treated cotton as on un- 
t reated cotton. A difference of 3% in whitening effect 
ix discernible by the naked eye. Twenty  sequential 
washes of this brighteJ~er on resin-treated cotton pro- 
duees a whitening effect about equivalent  to three 
al)plieations on untreated cotton. 

Another  triazinyl stilbene, Br ightener  I [  (F igure  
4), gives an even l)OOrer relative effect than Bright-  
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Fz~. 4. II--Triazinylstilbene brightener. 
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Fro. 5. III--Benzidenesulfone brightener. 
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ener I. l~ike the former, it builds up exceptionally 
well on untreated cotton,  however, unlike Bright-  
ener I, it has pract ical ly no affinity for  nylon. Twenty  
sequential washes with Br ightener  I I  produce less 
whitening of resin-treated cotton than two washes on 
untreated cotton. 

The benzidine sulfone, Br ightener  I I I ,  which has 
excellent hypoehlori te s tabi l i ty  and is substantive to 
only cellulosics, is compared in F igure  5. It ,  to,o, is 
much less effective on resin-treated cotton than on 
untreated cotton. 

The all-purpose type, Br ightener  IV, which is a 
naphthotriazole,  is compared in F igure  6. This bright-  
ener has relat ively good bypoehlori te  fastness and is 
subtant ive to nylon as well as to eellulosies. I t  is 
about 74% as effective on resin-treated cotton as 
untreated af ter  one wash. Af te r  twenty  sequential 
washes its resin-treated cotton whitening is almost 
equivalent to untreated cotton whitening. This rela- 
t ively good build-up may  be a little misleading be- 
cause Br ightener  IV  does not have a par t icu lar ly  
good build-up on unt rea ted  cotton. Actual ly  Bright-  
ener I (F igure  3), which is fa r  infer ior  on resin- 
t reated cotton to untreated cotton a f te r  20 washes, 
is actual ly  slightly superior  in build-up on resin- 
t reated cotton to Br ightener  IV. 

Another  all-purpose type, Br ightener  V, a benzi- 
midazole which more near ly  approaches the ideal 
than any  of the other br ighteners  as fa r  as wash-and- 
wear whitening is eoneerned, is shown in F igure  7. 
Like Br igh tener  IV, it has relat ively good hypoehlo- 
rote fastness and is substantive to nylon as well as to 
cellulosics. I t s  effect on resin-treated cotton v e r s u s  

untreated is 76% af ter  one wash and more than  80% 
af ter  10 and 20 sequential washes. This effect on resin- 
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treate(t cotton is appre('Jable, eolmidering the fact  that  
it ix being (;ompared with its exe(~ptionally good build- 
up on m~treated cotton. Brightener V differs from 
the previous four brighteners in that it is nonionic. 

Brighteners l - I V  are anionic, and all contain two 
sulfonie aeJ(I substituents except IV, which has one 
sulfonie avid group. Brightener V has one major un- 
desirable feature, acid sensitivity. Acid sours, acid 
l 'umcs, and acid persl)irati(m will cause it to yellow. 
Ttms it would appear thai the ideal brightener is not 
yet awtilable for this parti(:ular resin finish or for 
other resins, as will be shown by subsequent data. 

lu Table I II are eomparis(ms (,f these brighteners 
m~ various fabrics. Also im.h,uh,d is a fine fabric 
brightener (VI) ,  an and no eoumarin type substantive 
I)rimarily to nylon, wool, silk, and acetate. Data for 
lhe (thylene urea finish art' no1 noted. Actual ly the 
whitening effect obtained ou this fabric falls between 
that of the other two nitrogen-(.ontaining resins, the 
lriazone and triazine. These (.Oml)arisons are on the 
basis of one wash, using a tleavy duty  anionic deter- 
gent. Except  for Brightener VI, the concentrations 
of brighteners used were su(~h as to give equal whiten- 
ing effect with one another on untreated cotton. This 
effe('t was then arbitrari ly rated 100. With Bright- 
ener VI, the effect on nylon (Type 670) was used 
as standard and rated 100. With all the e.ellulosic 
brighteners the effect on the Belfast-treated cotton 
most nearly approaches that on untreated cotton. Of 
course, this effect is reduced when Belfast is topped 
with other resins. This is often done in order to sup- 
plement its wash-and-wear properties. An  interesting 
correlation is the effect obtained with the nitrogen 
type of resins and the polyamide fiber, nylon. The 
brighteners that are most effective on nylon are also 
most effective on triazone and triazine resin-treated 

cotton. The triazinyl stilbene, Brightener I I ,  and the 
benzidine sulfone, Brightener i ! I  , which have prac- 
tically no affinity for nylon, are rated lowest. I t  is 
interesting to note also that the amino eoumarin, 
Brightener VI,  which is much ntore effective on nylon 
than cotton, is stronger on resin-treated cotton than 
on untreated cotton. 

T A B L E  Ill 

igelutive W h i t e n i n g  Effec t  

B r i g h t e n e r  ............. I I I l I  I !!s I_ !V-~_i V I VI 
U n t r e a t e d  cot ton. . .  / 100  / 100  / 100  ] 100  I COO I 13 
T r i a z o n e  .. . . . . . . . . . . . . . .  J 59 J 49 J 42 / 74 / 76 ) 27 
T r i a z i n e  . . . . . . . . . . . . . . . . .  I 39 / 19 I 16 I 43 I 60 I 64 
E p o x y  . . . . . . . . . . . . . . . . . . . .  I 74  I 51  I 6.~ ) 6 4  I 7o I 40 
Bel f a s t  . . . . . . . . . . . . .  94 ~ 90 91 / 95 [ 93 I 29 
U n t r e a t e d  nylon. . . . ]  10 I 2 3 35 32 s 

I - - T r i a z i n y l s t i l b e n e ,  I I - - T r i a z i n y l s t i l b e n e ,  I I I - - B e n z i d e n e s u l f o n e ,  
1 V - - N a p h t h o t r i a z o l e ,  u  u 1 6 3  

All of the data presented up to this point are based 
on separate launderings of the various fabrics. What  
also should be considered are the effects obtained with 
mixed wash loads. In  Table IV is shown relative white- 
ening effects of Brighteners I - V  on an all-untreated 
cotton wash load, on all triazone, and on triazone in 
a 50-50 wash load of triazone-finished cotton and un- 
treated cotton. These brighteners, having more affin- 
ity for cotton, are preferentially absorbed on the 
untreated material;  thereft~re this results in a re- 
duced effect on the resin-treated cotton. The pres- 
ence of untreated cotton wouhl make little difference 
in the effect on the resin-treated cotton in lhe ease 
of the fine fabric brightener (VI) ,  whiell has only 
slight affinity for untreated cotton. 

3 0 0 [  

250 

~200 
bJ 
u_ i 
{A. 

1501 Z 
m 

z , 

~100 

50 

B R I G H T E N E R  V 
] q I I I 

i 
1 x// 

i l 

i I 

i i  
I 

I 
X 

~ s ~  ~ - -  

/X~ I 
1 

l 

UNTREATED COTTON 

- - -  RESIN-TREATED COTTON 

oL_ I _ i .r r .......... : _ _  I _ _ J  
0 I 3 5 ? I0 15 2 0  

S E Q U E N T I A L  WASHES 
F r o .  7. V - - B i s b e n z i m i d a z o l e  b r i g h t e n e r .  



1 9 2  T t f E  J O U R N A L  OF T H E  A M E R I C A N  0 I L  C H E M I S T S '  S O C I E T Y  V O L .  3 7  

T A B L E  I V  

Relative Whi ten ing  Effect 

Br ight  ............................. I I I r  t IIJ[ I V  I V 

. . . . . . . . . . .  10o-/ ~ 0 ~ - I  ~oo Untreated cotton ............. I 100 I 100 [ 
TriaTriazone ................................ ( �89 of load [ 59 I 49 I 42 / 74 I 76 

unt rea ted  cotton .......... I 38 I 27 I 25 ~ 56 I 58 

[ - -Tr iaz inyls t i lbene ,  l I - -Tr iaz iny ls t i lbene ,  I I I - -Benz idenesu l fone ,  
I u  V- -  Bisbenzimidazole. 

The main reason why brighteners  give weaker re- 
sults on wash-and-wear cotton is that  they have less 
affinity for  this chemically modified fiber. With  a 
brightener,  such as the t r iazinyl  stilbene type ( I ) ,  
about  25% of the initial  br ightener  remains in the 
detergent  bath a f te r  the washing cycle, and approxi-  
nlately 25% is removed f rom the triazone resin-treated 
fabric  in the rinse cycle. Upon sequential washing, 
tile amount  left  behind becomes progressively greater .  
Wha t  also contributes to the reduced effect is the fact  
that  nmst wash-and-wear cotton absorbs more UV 
radiation than does unt rea ted  cotton. In  addition, 
wash-and-wear contains less moisture. At  65% R. H. 
and 70~ resin-treated cotton contains about 25% 
less moisture than untreated eotton. Most brighten- 
ers fluoresce less s t rongly as the moisture content of 
the fabrie is rednced. 

We have seen that  with most of the wash-and-wear 
finished cotton the cur ren t  optical bleaches give a 
substant ial ly reduced initial  effect. This effect is re- 
duced even fu r the r  when the fahrie is exposed to 
sunlight.  The loss of fluorescent intensi ty  of most 
br ightener- t reated resiu-finished cottons is 25% to 
30% greater  than br ightener- t reated cotton without  
the wash-aud-wear finish. Another  fastness p roper ty  
to consider is hypoehtori te  first,leSS. Those brighteners  
which have good hyllochlorite fastness on untreated 
cotton still have good hypochlori te  fastness on resin- 
t reated cotton. Those brightelmrs that  are poor in 
hyiloehlorite fastness on lmtreated cotton are poorer 
still on resin-treated cotton, especially when bleach is 
added early in tile washing cycle. The reason for this 
reduced effect is that  the br ightener  exhausts more 
slowly onto wash-and-wear cotton, therefore  there is 

more time for  it to be at tacked by bleach before it  
attaches itself to the fiber. Once on the fiber, the 
br ightener  has reasonably good fastness to bleach. 

All of the resin-treated fabrics used in gather ing 
these data were prepared  under  controlled conditions 
in our Textile Chemicals Laboratory.  The bright- 
ener effect on commercial wash-and-wear eotton could 
differ somewhat f rom our results. Factors  that  might 
cause differences are the amount  of resin solids ap- 
plied, type of catalyst  used, curing time and temper- 
ature,  alnl such additives as softeners, lubricants,  and 
hand modifiers. 

Summary 
More than 50% of certain classes of wearing ap- 

parel, such as men ' s  shirts, current ly  being sold are 
made of wash-and-wear fabric. This percentage is 
expected to increase even more in the futm'c.  

The reaction products used in p repar ing  wash-and- 
wear cotton and the proposed nleehanism whereby 
these products  modify cotton have been descritled. 

Data  have been presented to show tilt, reduced whit- 
ening effect and fastness propert ies  obtained with the 
current  optical bleaches on wash-alad-wear cotton as 
eonlpared with untreated cotton. 
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S 
O L V E N T - E X T R A C T I O N  M E T I ~ 0 D S  a r e  u s e d  f o r  at least 

90% of the soybeans and 30% of the cottonseed 
processed in the United States. Solvent processes 

are also used on ftaxseed, safflower seed, rice bran, and 
others. Because the process yields quali ty products  
at  a high extraction efficiency and can be operated 
continuously and economically in medium-to-large in- 
stallations, its use is expected to expand fur ther .  

1 Presented  a t  the fall meeting, Amer ican  Oil Chemists '  Society, Los 
Angeles, Calif., September 28-30 ,  1959.  

z Central  Soya Company,  1200 N. Secmld, Decatur ,  Ind .  
One of the laboratories  of the Southern  Utilization Research and 

Development  Division, Ag~-ieultural Research Service, U. S. Depar tment  
of Agricul ture .  

The solvent general ly used is commercial  normal  
hexaue with boiling range of 1520F. to 157~ The 
indus t ry  is well aware of the flammable na ture  of 
this solvent. Operators  of solvent-extraction plants  
have adopted s t r ingcut  procedures  and regulat ions 
to guard  personnel and p rope r ty  against  the hazards 
of fire and explosion. 

The lower explosive limit (1) ( L E L )  of hexane 
is 1.2% of solvent vapors  in air  by volume, and the 
uppe r  explosive l imit  (UEL)  is 6.9%. Sueh explosive 
mixtures  of solvent vapors  and air  may  occur f rom a 
number  of causes, such as spills, leaking gaskets, stuff- 
ing boxes and seals, ineorreet  venting,  inadequate  con- 


