
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Wood Chemistry and Technology
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597282

A Study of the Photoyellowing of Paper Made from Bleached CTMP
R. S. Davidsona; L. A. Dunna; A. Castellanb; N. Colombob; A. Nourmamodeb; J. H. Zhub

a Department of Chemistry, City University, London, UK b Laboratoire de Photochimie Organique
CNRS UA 348, Photophysique et Photochimie Moleculaire, Universite de Bordeaux I, Talence Cedex,
FRANCE

To cite this Article Davidson, R. S. , Dunn, L. A. , Castellan, A. , Colombo, N. , Nourmamode, A. and Zhu, J. H.(1991) 'A
Study of the Photoyellowing of Paper Made from Bleached CTMP', Journal of Wood Chemistry and Technology, 11: 4,
419 — 437
To link to this Article: DOI: 10.1080/02773819108051084
URL: http://dx.doi.org/10.1080/02773819108051084

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597282
http://dx.doi.org/10.1080/02773819108051084
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF WOOD CHEMISTRY AND TECHNOLOGY, 1 1 ( 4 ) ,  419-437 ( 1 9 9 1 )  

A STUDY 

A Caste1 
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ABSTRACT 

The photoyel lowing of pape r s  produced from bleached CTflP is 
r e t a r d e d  when t h e s e  papers  a r e  i r r a d i a t e d  i n  aqueous 
s o l u t i o n s  c o n t a i n i n g  r educ ing  a g e n t s  such a s  P.ongalit C and 
B l a n k i t  D.  Pape r s  impregnated w i t h  t h e  r educ ing  a g e n t s  
showed some p h o t o s t a b i l i t y  when i r r a d i a t e d  i n  t h e  d ry  s t a t e  
hit not  when i r r a d i a t e d  i n  aqueous s o l u t i o n .  The r educ ing  
a g e n t s  p r e s e n t  i n  t h e s e  pape r s  a l s o  f a i l e d  t o  s i g n i f i c a n t l y  
r e t a r d  t h e  photoyel lowing u n d e r  n a t u r a l  l i g h t i n g  c o n d i t i o n s  
and unde r  s imula t ed  s o l a r  i r r a d i a t i o n .  I t  is  concluded t h a t  
t h e  m i g r a t a b i l i t y  o f  t h e  r educ ing  a g e n t s  i s  impor t an t  if 
p h o t o p r o t e c t i o n  is t o  be ach ieved  and t h a t  t h e  l a t t e r  ts 
caiised by t h e  r e a g e n t s  b l e a c h i n g  t h e  ye l low pho todegrada t inn  
p r o d u c t s  as w e l l  a s  d e s t r o y i n g  p rodegraden t  s p e c i e s  such a s  
hydroperoxides .  
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I IJTRODUCTIOIJ 

DAVIDSON ET A L .  

Pulps  c o n t a i n i n g  l i g n i n  ( h i g h  y i e l d  pu lp ,  HYP) such as CTNP 

have a yellow-brown c o l o u r ,  and t h e r e f o r e ,  t o  enhance t h e i r  

u t i l i t y  t h e  m a t e r i a l  i s  bleached . Conven t iona l ly  high 

y i e l d  pulp is  bleached by t h e  a c t i o n  of hydrogen pe rox ide  i n  

b a s i c  medium. The usc  of t h i s  r e a g e n t  r a i s e s  t h e  s p e c t r e  o f  

groups such a s  t h e  hydrope roxy l  group ( v i a  h y d r o x y l - r a d i c a l  

a t t ac l c  upon t h e  s u g a r  r e s i d u e s  fol lowed by a u t o o x i d a t i o n )  

and o t h e r  prodegradent  s p e c i e s  be ing  in t roduced  i n t o  t h e  

pulp eg. quinones.  I f  i r o n  (II) is  p r e s e n t ,  even i n  t r a c e  

amounts,  t r e a t m e n t  w i t h  hydrogen pe rox ide  w i l l  l e a d  t o  

product  i o n  o f  hydroxyl  r a d i c a l s  and t h e r e b y ,  hy r e a c t  i n n  

w i t h  t h e  henzen ic  r i n g ,  i n c r e a s e  t h e  p h e n o l i c  c o n t e n t  of t h e  

l i g n i n 2  and a l s o  promote o x i d a t i v e  d e g r a d a t i o n  p rocesses .  

It is  t h e r e f o r e  remarkable  t h a t  t h i s  r eagen t  l e a d s  t o  a 

vh i t cn inp ,  of t h e  pulp but  t h i s  has been shown t o  be due i n  

p a r t  t o  tlie pe rox ide  g e n e r a t i n g  s t r u c t u r e s  wliich a c t  as 

f l u o r e s c e n t  wh i t en ing  a g e n t s  i e  a b s o r b  r a d i a t i o n  of 

350-400 nm and re-emit t h e  energy a s  f l u o r e s c e n c e  i n  t h e  

4 0 0 4 5 0  nm r e g i o n  . 

1 

3 

lle now r e p o r t  upon a s t u d y  of t h e  e f f e c t  of i r r a d i a t i n g  

pape r  produced f r o n  CTIIP i n  s o l u t i o n s  of r educ ing  a g e n t s  and 
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PHOTOYELLOWING OF PAPER FROM BLEACHED CTMP 421 

t h e  e f f e c t  of impregnat ing pape r s  w i t h  r educ ing  a g e n t s  and 

subsequen t ly  exposing them t o  l i g h t .  I n  concomitant  

s t u d i e s 4  we showed t h a t  l i g n i n  model compounds d i d  n o t  

photoyel low on i r r a d i a t i o n  i n  the presence  of r educ ing  

a g e n t s  ‘. 
which is  composed of 80% p r o t e i n  ( c o n t a i n i n g  some a r o m a t i c  

amino a c i d  r e s i d u e s ) ,  i n  s o l u t i o n s  of reducing a g e n t s ,  l e d  

t o  e i t h e r  b l e a c h i n g  o r  r e t a r d a t i o n  of t h e  pho toye l lowing  . 

Also,  we have shown t h a t  i r r a d i a t i o n  of  wool,  

5 

Shee t s  of paper  formed from bleached CTMP i n  aqueous 

s o l u t i o n s  of a v a r i e t y  of r educ ing  a g e n t s  were immersed and 

i r r a d i a t e d .  A f t e r  i r r a d i a t i o n ,  t h e  B r i g h t n e s s  Index  (RI), 

u v / v i s i b l e  a b s o r p t i o n  s p e c t r a  and i n f r a r e d  s p e c t r a  of t h e  

samples  were recorded.  From t h e  BI v a l u e s  shown i n  Tah le  1 

i t  can be seen  t h a t  R l a n k i t  D ,  R o n g a l i t  C ( b o t h  of  which 

pho tob leach  wool5’ 6 >  and po ta s s ium m e t a b i s i r l p h i t e  bleached 

t h e  pape r  and t h a t  t h e  o t h e r  r e a g e n t s  r e t a r d e d  t h e  photo- 

yel lowing.  T h e s i  e f f e r t s  are shown by t h e  u v / v i s i b l e  

s p e c t r a  f o r  pape r  i r r a d i a t e d  i n  t h e  p re sence  of r educ ing  

a g e n t s  (eg.  Ronga l i t  C F ig  1 )  i n  which i t  can be s e e n  t h a t  

t h e r e  i s  d imin i shed  a b s o r p t i o n  between 300-500 nm. The 

i n f r a r e d  s p e c t r a  showed t h a t  i n  g e n e r a l  t h e  r e d u c i n g  
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4 22 DAVIDSON ET AL. 

TARLE 1 

E f f e c t  o f  R e d u c i n g  i n  S o l u t i n  Upon t h e  P h o t o y e l l o w i n g  
o f  P a p e r  C o n t a i n i n g  L i g n i n  

R e a g e n t  B r i g h t n e s s  I n d e x  
I r r a d i a t i o n  T i m e s  

8 h r  2 4  h r C d  1 2 0  h r c  

C o n t r o l  ( n o  r e a g e n t )  
R o n g a l i t  Ca 
D l a n k i t  Da  
S o d i u m  h y p o p h o s p  i t e a  7 0 . 5  
T h i o u r e a  d i o x  d e  6 
T h i o g l y c e r o l a  dr 7 3 . 5  
n - B u t y l t h i o g l y c o l  i c  

a c i d a  a 
THPC T e t r k i s ( h y d r o x y -  
m e t h y l )  g h o s p h o n i u m  
c h l o r i d e  
P o t a s s i u m  m e t a b i s u l p h i t e  7 8 . 1  

6 0 . 8  
7 5 . 8  
7 6 . 6  4 5 . 3  
6 8 . 3  
7 1 . 5  
7 0 . 4  

6 1 . 0  

7 2 . 3  ( 1 0 0  h r )  6 5 . 0  
7 8 . 4  

a 2 %  s o l u t i o n s  
b I %  s o l u t i o n  ( p o o r  s o l u b i l i t y  o f  t h i o u r e a  d i o x i d e  

c n o n  i r r a d i a t e d  b l e a c h e d  CTHP B I  of 7 5 . 0  
d i r r a d i a t e d  u n d e r  glass B I  o f  6 0 . 8  

d i c a t a t e d  s t r e n g t h  

I t  can be s e e n  t h a t  t h e  b e n e f i c i a l  e f f e c t s  of  t h e  r educ ing  

a g e n t s  were more marked when t h e  d ry  papers  were i r r a d i a t e d .  

Presumably the papers  examined c o n t a i n e d  i n  t h e i r  m c r o  

s t r u c t u r e  some of t h e  r educ ing  a g e n t s  which were a b l e  t o  

e x e r t  a p o s i t i v e  e f f e c t  i n  t h e  dry s t a t e ,  whereas i n  aqueous 

s o l u t i o n  they w e r e  leached out .  To c o r r o b o r a t e  t h e s e  

r e s u l t s  t h e  pape r  was impregnated w i t h  t h e  reducing a g e n t s  

and then  s u b j e c t e d  t o  i r r a d i a t i o n .  The RT values of t h e  

papers  s o  ob ta ined  are shown i n  T a b l e  3 .  
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PHOTOYELLOWING OF PAPER FROM BLEACHED CTMP 423 

1. 

0.1 
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. .  . .  ...,. a .  

200 300 400 500 600 
WAVELENGTH (",I 

F i g u r e  1 U V / v i s i b l e  d i f f u s e  r e f l e c t a n c e  o f  C T N P  p a p e r  
b l e a c h e d  w i t h  h y d r o g e n  p e r o x i d e ,  a n d  o f  b l e a c h e d  CTMP p a p e r  
f o l l o w i n g  i r r a d i a t i o n  f o r  2 4  h o u r s  i n  a 2 %  s o l u t i o n  o f  
R o n g a l i t  C. 

r e a g e n t s  suppres sed  t h e  f o r m a t i o n  o f  k e t o n i c  compounds, t h a t  

t h e r e  was a d e c r e a s e  i n  t h e  a h s o r p t i o n s  a s c r i b e d 7  t o  

qu inones  1660-1670 cm" ( F i g  2 )  and  t h a t  u s u a l l y  t h e  

f o r m a t i o n  of c a r h o x y l  g roups  cou ld  be observed 

(1700-175.0 cm-'). 
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424 DAVIDSON ET A L .  

1800.0 1700.0 1600.0 1500.0 1400.0 
WAVENUMBERS Icm'l 

F i g u r e  2 F T I R  d i f f u s e  r e f l e c t a n c e  s p e c t r a  o f  b l e a c h e d  CTl lP  
b e f o r e  i r r a d i a t i o n  and a f t e r  i r r a d i a t i o n  f o r  2 4  hours in a 
2 X  s o l u t i o n  o f  R o n g a l i t  C. 

The pape r s  siih j e r t e d  t o  i r r a d i a t i o n  i n  s o l u t i o n s  of r e d u c i n g  

a g e n t s  f o r  2 k  h r s  were s u b s e q u e n t l y  i r r a d i a t e d  i n  (a)  water 

and ( h )  i n  t h e  d r y  s t a t e .  J31 v a l u e s  were measured f o r  a l l  

t h e  samples and t h e s e  are shown i n  Table 2. 

The r a t e  of y e l l o w i n g  ( a s  measured by RI v a l u e s )  as  a 

f u n c t i o n  of t i m e  was d e t e r m i n e d  f o r  a number of compounds, 

t h e  r e s u l t s  are shown i n  F i g  3 and 4 .  The e x t e n t  t o  wh ich  

t h e  r e d u c i n g  a g e n t s  r e t a r d  t h e  y e l l o w i n g  i s ,  n o t  

s u r p r i s i n g l y ,  dependen t  upon t h e  amount of r e d u c i n g  a g e n t  

a p p l i e d  t o  t h e  pape r .  
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PHOTOYELLOWING OF PAPER FROM BLEACHED CTMP 425 

TABLE 2 

R e a g e n t  

Rongalit C 
R l a n k i t  D 
Sodium h y p o p h o s p h i t e  
T h i o u r e a  d i o x i d e  
P o t a s s i u m  m e t a b i e u l p h i t e  
T h i o g l y c e r o l  
n - B u t y l t h i o g l y c o l l i c  a c i d  
TIIPC 

B r i g h t n e s s  I n d e x  
S t a r t  Wet D rY 

75.8 
76.6 

71.5 

70.4 
61.0 
72.3 

68.3 

78.4 

62.5 
55.1 

57.5 
62.6 
62.3 
46.5 
60.9 

58.8 

64.6 
73.5 ( 1  h r )  
66.7 
63.9 
60.9 
67.3 
56.6 
65.2 

TABLE 3 

E f f e c t  o f  I r r a d i a t i o n  Upon P a p e r s  i n  t h e  Dry S t a t e  
V h i c h  H a v e  B e e n  I m p r e g n a t e d  I .J i th  V a r i o u s  R e d u c i n g  

A g e n t s  

R e d u c i n g  A g e n t  

C o n t r o l  ( n o  r e a g e n t )  
R o n g a l i t  C 
S o d i u m  h y p o p h o s p h i t e  

T h i o u r e a  d i o x i d e  

P o t a s s i u m  m e t a b i s u l p h i t e  

T e t r a k i s ( h y d r o x y m e t h y 1 )  
p h o s p h o n i u m  c h l o r i d e  
T h i o g l y c e r o l  

II I 1  

11 I t  

II 11 

11 

X a  B r i g h t n e s s  I n d e x  
owp I r r a d i a t i o n  T i m  

8 h r b c  2 4  h r  ti 
56.9 

8.0 64.5 
2.9 57.3 
7.7 65.3 
2.9 60.4 
7.7 65.3 
4.8 56.6 
7.6 58.4 

8.0 59.4 

7.8 70.2 
4.5 67.8 

46.3 
50.1 
45.5 
51.2 
46.3 
51.2 
49.3 
49.5 

47.9 
56.0 
61.6 

a = on t h e  w e i g h t  o f  p a p e r  
b = n o n  i r r a d i a t e d  b l e a c h e d  CTMP h a s  R I  o f  7 5 . 0  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
0
1
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



426 DAVIDSON ET AL. 

9.1 

75 

65 

55 

4 9  
d '\, 

1 I 

0 100 200 300 

Irradiation time (min.) 

F i g u r e  3 Chanae i n  b r i g h t n e s s - i n d e x  o f  b l e a c h e d  m e c h a n i c a l  
p u l p  impregnated w i t h  r e d u c i n g  a g e n t  and i r r a d i a t e d  i n  t h e  
d r y  s t a t e .  The numbers i n  p a r e n t h e s i s  a r e  t h e  p e r c e n t a g e s  
o f  a d d i t i v e  r e l a t i v e  t o  d r y  p u l p .  

n o n  i r r a d i a t e d  p a p e r ,  8 c o n t r o l  

0 R o n g a l i t  C ( 6 . 3 % ) ,  0 R l a n k i t  D ( 6 % ) ,  

Y T h i o u r e a  d i o x i d e  ( 6 . 3 % ) .  

Given that the reducing agents  are a b l e  t o  retard the 

photoyellowing when the paper is  in the dry s t a t e  i t  

would seen that  they are transported through the paper 

structure via the residual  water. This process is very 
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B.1 

75 

65 

55 

1 1 1 I 

0 120 240 360 

Irradiation time (min.) 

F i g u r e  4 Change in b r i g h t n e s s  i n d e x  o f  b l e a c h e d  CTMP 
i m p r e g n a t e d  w i t h  THPC and i r r a d i a t e d  i n  t h e  d r y  s t a t e .  
Numbers i n  p a r e n t h e s i s  a r e  t h e  p e r c e n t a g e s  o f  a a d d i t i v e  
r e l a t i v e  t o  d r y  p u l p .  

c o n t r o l ,  A TIIPC ( 2 % ) ,  * THPC ( 6 . 4 % ) .  

slow and theref ore a s  the weathering condit ions are 

increased i n  s e v e r i t y  by increasing the  l i g h t  

i n t e n s i t y ,  the p o s s i b i l i t y  a r i s e s  that  the i n i t i a l l y  

coloured photodegradation products are further 

photolysed g i v i n g  an increase  i n  d isco lourat  ion  before 

the reducing agents  can exert  t h e i r  benef j. c i a 1  e f f e c t  . 
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DAVIDSON ET AL 428 

Paper  impregnated w i t h  R o n g a l i t  C and a n o t h e r  

impregnated w i t h  sodium hypophosph i t e  was t h e r e f o r e  

exposed t o  d a y l i g h t  ( f a r  lower l i g h t  i n t e n s i t y  than  i n  

t h e  a r t  i f i c j n l  wea the r ing  c o n d i t i o n s ) .  B r i g h t n e s s  

I n d i c e s  f o l l o v i n g  t h e  exposures  were determined and a r e  

shown i n  Table  4 .  

An impor t an t  f i n d i n g  was t h a t  paper  impregnated w i t h  

Ronga l i t  C and then  i r r a d i a t e d ,  t u r n e d  ye l low and t h e n  

a p p a r e n t l y  r e v e r t e d  t o  t h e  bleached s t a t e  when k e p t  i n  t h e  

da rk  f o r  2 months. Subsequen t ly ,  pape r  produced from 

bleached CTBP was photo-yellowed by i r r a d i a t i o n  f o r  24 hours  

and then  t h e  r e s u l t a n t  pape r  i r r a d i a t e d  i n  a s o l u t i o n  of 

Ronga l i t  C f o r  24  hours .  The pape r  appeared t o  be bleached 

by t h i s  p o s t  t r e a t m e n t  and t h e  s o l u t i o n  became ye l low i n  

co lou r .  F u r t h e r  expe r imen t s  w i t h  e x t e n s i v e l y  yellor7ed pape r  

showed t h a t  much yel low m a t e r i a l  ( i e .  pho todegrada t ion  

p r o d u c t s )  mig ra t ed  from t h e  pape r  i n t o  t h e  s o l u t i o n  of 

Ronga l i t  C. A n  i n d i c a t i o n  t h a t  m i g r a t i o n  i s  impor t an t  came 

from t h e  f i n d i n g  t h a t ,  on immersion I n  w a t e r  f o r  24 hours ,  

yellowed C T W  showed an i n c r e a s e  i n  t h e  b r i g h t n e s s  index on 

bo th  t h e  i r r a d i a t e d  ( 3  u n i t s )  and n o n - i r r a d i a t e d  ( 2  u n i t s )  

f a c e s .  
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L) ISCU SS I O N  

DAVIDSON ET A L .  

In e a r l i e r  work w e  have shown t h a t  many r e d u c i n g  a g e n t s  

do no t  a f f e c t  t h e  fundamental  pho tochemis t ry  of  a n  o- 

4 methylated I - c a r b o n y l  6 - 0 4  dimer chosen t o  model l i g n i n  . 
It was found t h a t  r educ ing  a g e n t s  prevented t h e  ye l lowing  

which accompanies t h e  p h o t o l y s i s  of t h e s e  compounds. 

I n  a l l  p r o b a b i l i t y  t h e  r educ ing  a g e n t s  have t h e i r  most 

pronounced e f f e c t  upon t h e  ye l lowing  of o l igomers  produced 

i n  t h e  r e a c t i o n s  and a l s o  d e s t r o y  p e r o x i d i c  species which 

may l i e  a long  t h e  r e a c t i o n  pathways l e a d i n g  t o  t h e  co lou rcd  

s p e c i e s .  

The r educ ing  a g e n t s  employed i n  t h i s  s t u d y  be long  t o  

s e v e r a l  d i f f e r e n t  c l a s s e s  and t h e r e f o r e  p l a y  d i f f e r e n t  r o l e s  

i n  p reven t ing  t h e  photoyel lowing.  Compounds such  as 

R o n g a l i t  C ,  R l a n k i t  D and po ta s s ium m e t a b i s u l p h i t e  a r e  I n  

e f f e c t  s o u r c e s  of s u l p h u r  d i o x i d e  which is  a known r e a g e n t  

f o r  reducjng p e r o x i d i c  s p e c i e s .  Th iourca  d i o x i d e  

(formamidinc s r i l p h j n i c  a c i d )  1s an i n t e r e s t i n g  compound and 

i s  known t o  reduce hydrope rox ides  and ca rbony l  compounds. 0 
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PHOTOYELLOWING OF PAPER FROM BLEACHED CTMP 431 

The r educ t  i o n  o f  hydrope rox ides  occur s  as fo l lows :  

OH 

In t h e  case of R o n g a l i t  C, and R l a n k i t  D, r e d u c i n g  

a g e n t s  a r e  produced v i a  decompos i t ion  as fo l lows :  
- 

110CI12S02 <7 c1120 + I I S O ~  

lE02 + I?O2€1~--~ 1IOSO2 + ROII 
- - 

(Te t r ak i shydroxymet l iy l )  phosphonirrm c h l o r i d e  i s  a 

s o u r c e  of a t e r v a l e n t  phosphorus compound which i s  a b l e  

9 t o  reduce p e r o x i d i c  species . 
+- 

(lIocrI,) [ , P a  - C I I p  + I I C l  + ( IIOC1I2) 3P 

The t e r v a l e n t  phosphorus compound can  decompose 

hydrope rox ides  and p e r o x i d e s  v i a  i o n i c  p r o c e s s e s  and 

a l s o  reduce a l k y l p e r o x y  r a d i c a l s  t o  a l k o x y l  r a d i c a l s  10 . 

T h i o g l y c e r o l  a l s o  has  two p o t e n t i a l  r o l e s  namely as a 
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hydrogen atom d o n a t o r  ( t h e r e b y  a c t i n g  as a c h a i n  t e r m i n a t o r )  

and a s  a r educ ing  agen t  . 11 

R S l l  + X O Z  -pRS + XOZII 
ZRS'----, RSSR 

l?O2 

o r  K O ~ H  11 
RSSI? ___.+ RSSR 

0 

RSH + X0211 _____+ RSOH + XOII 

A g r e a t  advan tage  of t h i s  t ype  of compound is t h a t  many 

of i t s  d e g r a d a t i o n  p roduc t s  a l s o  ac t  a s  a n t i o x i d a n t s  ep, 

t h e  d i s i i l ph ide  monoxide, s u l p h i n i c  a c i d  etc.  

The expe r imen ta l  r e s u l t s  (Tab le  1) showed t h a t  t h e r e  

was a c l e a r  advan tage  i n  having t h e  r e a g e n t s  i n  aqueous 

s o l u t i o n  the reby  p e r m i t t i n g  e a s y  access of t h e  r e a g e n t  

t o  e x c i t e d  s t a t e s  (eg.  of t h e  pho todegrada t ion  p r o d u c t s )  and 

i n  t h e  r e a c t i v e  oxygenated species t h a t  t hey  produce. 

'GJhen t h e  r educ ing  a g e n t s  are impregnated i n t o  t h e  pape r  

one has  t o  r e l y  upon t h e  w a t e r  p r e s e n t  i n  t h e  pape r  t o  
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PHOTOYELLOWING OF PAPER FROM BLEACHED CTMP 433 

t r a n s p o r t  them t o  t h e  s i t e s  where p rodegraden t  s p e c i e s  a r e  

be ing  produced, o r  even t o  reduce p o t e n t i a l  p rodegraden t s .  

I n e f f i c i e n t  t r a n s p o r t  may be caused by a l a c k  o f  c o n t i n u i t y  

of t h e  s t r u c t u r e s  which l e a d s  t o  i s l a n d s  of water, and i n  

o t h e r  p l a c e s  where t h e  water is p r e s c n t  a s  a monolayer i t  

l a c k s  t h e  normal w a t e r  s t r u c t u r e  and t h e  s o l v a t i n g  

p r o p e r t i e s  a s s o c i a t e d  w i t h  t h i s  s t r u c t u r e .  Tha t  r educ ing  

a g e n t s  such  as R o n g a l i t  C d o  a c t  s lowly  w i t h i n  t h e  pape r  

s t r u c t u r e  and w i t h o u t  l i g h t  a c t i v a t i o n  was shown by t h e  

f i n d i n g  t h a t  yellowed pape r  c o n t a i n i n g  R o n g a l i t  C b l eached  

when k e p t  i n  t h e  d a r k  f o r  2 months. It was a l s o  found t h a t  

some o l i g o m e r i c  d e g r a d a t i o n  p r o d u c t s  have a d e g r e e  of water 

s o l u b i l i t y  and are leached o u t  i n t o  aqueous s o l u t i o n .  Thus 

t h e  b l e a c h i n g  of t h e  paper  observed when i r r a d i a t e d  in 

aqueous s o l u t i o n  appea r s  t o  he due t o  t h e  o c c u r r e n c e  of two 

p r o c e s s e s  - b l e a c h i n g  of t h e  above p r o d u c t s  and t h e i r  

removal by l e a c h i n g .  The b l e a c h i n g  p r o c e s s  o c c u r s  s lowly  i n  

t h e  d a r k  and is a c c e l e r a t e d  by l i g h t .  T h i s  p o i n t  is 

exempl i f i ed  by t h e  cu rve  f o r  R o n g a l i t  C in F i g  3 i n  which i t  

can he s e e n  t h a t  a p p l i c a t i o n  of t h i s  r e a g e n t  i n c r e a s e d  t h e  

BI v a l u e  of t h e  pape r  f rom 70 t o  74.5 and t h a t  i r r a d i a t i o n  

t h e n  r a i s e d  t h i s  even f u r t h e r  t o  76. T h i s  c o r r o b o r a t e s  o u r  

e a r l i e r  f i n d i n g s 4  t h a t  m a t e r i a l s  such  a s  R o n g l i t  C promote 

t h e  pho tob leach ing  of t h e  yel low d e g r a d a t i o n  p r o d u c t s  of 
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4 34 D A V I D S O N  ET A L .  

o l i gomers  produced by i r r a d i a t i o n  of model compounds. From 

t h i s  rqork4 we can a l s o  s a y  t h a t  t h e  p r o t e c t i v e  a c t j o n  is 

u n l i k e l y  t o  i n v o l v e  t o  any s u b s t a n t i a l  e x t e n t  t h e  quenching 

of e x c i t e d  s t a t e s  of t h e  ca rbony l  chromophores w i t h i n  t h e  

CTNP. 

The i n f l u e n c e  of l i g h t  i n t e n s i t y  upon t h e  pho toye l lowing  

p r o c e s s  i s  q u i t e  s u r p r i s i n g .  From Tab le  3 i t  can be s e e n  

t h a t  8 hour  a r t i f i c i a l  l i g h t  i r r a d i a t i o n  r educes  t h e  B I  of  

u n t r e a t e d  pape r  t o  56.9 and t h a t  t h i s  v a l u e  i s  reached on 

expos ing  t h e  u n t r e a t e d  p a p e r  t o  d i r e c t  l i g h t  f o r  1 week 

(Tab le  4) .  Although d i f f e r e n t  w e i g h t s  ( e x p r e s s e d  as owp i n  

t h e  Tab le )  of r educ ing  a g e n t s  on pape r  were used i n  t h e  two 

t y p e s  of experiment  i t  can be concluded t h a t  t h e  high l i g h t  

i n t e n s i t i e s  do no t  d i m i n i s h  t h e  e f f e c t i v e n e s s  of t h e  

r educ ing  agen t s .  Me conclude from t h i s  r e s u l t  t h a t  under  

t h e  a r t i f i c i a l  i r r a d i a t i o n  c o n d i t i o n s  t h e  r educ ing  a g e n t  can 

m i g r a t e  w i t h  a n  e f f i c i e n c y  t h a t  allows i t  t o  b l e a c h  yellowed 

p roduc t s  b e f o r e  they  undergo f u r t h e r  pho todegrada t ion  and 

a l s o  d e s t r o y  t h e  prodegradent  species such as 

hydroperoxides .  I f  m i g r a t a b i l i t y  of t h e  r educ ing  agen t  had 

been i n h i b i t e d  much more e x t e n s i v e  photoyel lowing would have 

been observed on i r r a d i a t i o n  under  a r t i f i c i a l  i r r a d i a t i o n .  
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EXPERIMENTAL 

Softwood CTElP was k i n d l y  provided by P ro f  D Lachenal  

(CTP Grenoble) and t h e  pu lp  bleached and c o n v e r t e d  i n t o  

pape r  by p r e v i o u s l y  d e s c r i b e d  methodsI2.  

Index  measurements were made as p r e v i o u s l y  d e s c r i b e d 1 2  w i t h  

a Zeiss E l repho  Ref l ec tomete r .  For  t h e  expe r imen t s  shown i n  

F i g s  3 and 4 t h e  i r r a d i a t i o n  equipment p r e v i o u s l y  

d e s c r i b e d 1 2  was used. 

were i r r a d i a t e d  u s i n g  3 x 18 watt 18" (Black L i g h t  lamp t y p e  

TL1) 156J/08) housed i n  a box equipped w i t h  a fan.  The 

samples  were con ta ined  i n  s tee l  t r a y s  which were 12 cms f r o n  

t h e  l i g h t  sou rces .  The pape r  w a s  covered w i t h  s o l u t i o n s  of 

t h e  r educ ing  a g e n t s  ( s o u r c e s  g i v e n  i n  r e f  4 )  t o  a d e p t h  of 

1 cm. Impregna t ion  of t h e  pape r s  w a s  c a r r i e d  o u t  by 

a p p l y i n g  s o l u t i o n s  of t h e  r educ ing  a g e n t s  t o  t h e  pape r s  w i t h  

a s y r i n g e  and t h e n  d r y i n g  w i t h  a h o t  a i r  blower. 

I r r a d i a t i o n  of pape r s  i n  s u n l i g h t  was c a r r i e d  o u t  on a n o r t h  

f a c i n g  window i n  London d u r i n g  Ju ly  1989. U v l v i s i b l e  

d i f f u s e  r e f l e c t a n c e  s p e c t r a  were r eco rded  on a P e r k i n  Elmer 

Lambda 5 i n s t r u m e n t  equipped w i t h  an i n t e g r a t i n g  sphe re .  

I n f r a r e d  s p e c t r a  were recorded on a D i g i l a b  FTS-60 F o u r i e r  

Transform I n f r a r e d  Spec t romete r  equipped w i t h  a d i f f u s e  

r e f l e c t a n c e  a t t achmen t .  

B r i g h t n e s s  

I n  t h e  o t h e r  expe r imen t s  t h e  pape r s  
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