
CHAPTER I

1.1 Anacardium O cc iden ta le
1 .1 .1  The Cashew Tree [1 ,2 ]

The cashew t r e e ,  Anacardium o c c i d e n t a l e  L inn . ,  
i s  a n a t i v e  of  B raz i l  and was in t roduced  i n t o  Asia  and A f r i c a  
by the  Por tuguese  in the  1600’s .  I t  i s  now found widely  in o t h e r  
p a r t  o f  t r o p i c a l  South and C e n t ra l  America, Mexico and West 
I n d i e s .  The g e n e r i c  name, Anarcadium, was bestowed upon it. 
because  i t  d e s c r ib e d  the  h e a r t - l i k e  shape of  t h e  n u t .  The 
s p e c i f i c  name, o c c i d e n t a l e . was used because  t h e  nu t  came 
from the  Western Americas (B a i le y ,  1935).

The cashew p l a n t  i s  a j u n g le  o r  se m i - ju n g le  
t r e e  by n a t u r e .  The t r e e ,  which i s  an eve rg reen ,  n a t u r a l l y  grows 
up to  12 metres high and has a spread o f  25 met res .  They 
a r e  r e a d i l y  recogn ized  by t h e i r  lig'h co lo red  f o l i a g e .  The 
ye l low -g reen  l e a v e s ,  r e v e a l i n g  d i s t i n c t  v e i n s ,  a r e  e l l i p t i c  in 
shape and approx im ate ly  4 to  6 inch in l eng th  and 2 to  3 
inch in wid th .  They fee l  l e a t h e r y  to  the  touch (Raphael , 1963).

1 .1 .2  Cashew Apple and Cashew Nut [1-3]
The cashew nu t  i s  a t t a c h e d  to  t h e  bottom of t he

cashew app le ,  f a l s e  f r u i t ,  developed  from the  r e c e p t i c a l .  The
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F igure  1.1 The cashew t r e e .

cashew app le  v a r i e s  in s i z e  from 2 to  4 inch in l e n g th  and 1.5 to  
2 inch  in w id th .  I t  i s  y e l l o w i s h - r e d  in c o l o r  and poss es s  a t h i n  
waxy s k in .  Broadly c o n i c a l  or  p e a r - l i k e s  in shape ,  i t  i s  c a l l e d  
a cashew "pear"  o r  cashew "apple" ( f i g u r e  1.2 a ) .

The whole cashew nut  i s  from 2.5  to 3.2  cm long;  
1.9  to  2.2  cm broad a t  the  base ;  and 1.3 to  1.6 cm t h i c k  
a t  the  s team-end .  I t  i s  gray brown in c o lo r  and shaped more l i k e  
t h e  k idney  than  th e  h e a r t  from which i t s  g e n e r i c  name i s  d e r iv e d .  
The s h e l l  of  the  nu t  i s  hard ,  about  an e i g h t  o f  an inch t h i c k .  
I t  c o n s i s t s  o f  two l a y e r s .  The o u t e r  l a y e r ,  which i s  smooth 
s u r f a c e d ,  t h in  and tough.  The inn e r  l a y e r  i s  hard .  Between 
th e  two l a y e r s  i s  a honeycomb s t r u c t u r e ,  which c o n t a in s  a
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p h e n o l i c  m a t e r i a l  known as "Cashew Nut S h e l l  L iquid  (CNSL)". 
IT i s  commerc ia l ly  and i s  growing in economic impor tance.  
In s i d e  the  s h e l l  i s  the k e r n e l ,  wrapped in a t h i n  brown skir l ,  
know as the  " t e s t a "  ( f i g u r e  1.2 b ) .

1.2 Cashew Nut S h e l l  Liquid
1 .2 .1  I n t r o d u c t i o n

Cashew nut  s h e l l  l i q u id  i s  c o n ta in e d  in the  
honeycomb s t r u c t u r e  between the  s o f t  o u te r  s k in  o f  the  nut  and 
th e  h a rde r  i n n e r  s h e l l .  I t  i s  a dark brown v i s c o u s  l i q u i d  and i s  
r e p o r t e d  to  o ccu r  in the  f r e s h  s h e l l  to  the  e x t e n t  15 to  20 and 
20 t o  30 p er  c e n t  by weight  fo r  African  n u t s  and Ind ian  n u t s ,  
r e s p e c t i v e l y .  CNSL i s  ext remely  c a u s t i c  and i s  a s t ro n g  
v e s i c a t i n g  a g e n t .  Table  1.1 shows the Ind ian  and I r v in g to n  
s p e c i f i c a t i o n  [ 2 , 4 ] .

1 .2 .2  P roduc t ion  of  CNSL [1 ,2 ,5 ]
In the  p roduc t ion  of  cashew k e r n e l s  fo r  e d i b l e  

p u rposes ,  CNSL i s  e x t r a c t e d  from the  cashew n u t s  b e f o r e  they  a re  
d e c o r t i c a t e d  in o r d e r  t h a t  the k e r n e l s  may be removed w ithout  
becoming con tam ina ted  by the  l i q u i d .  There a re  fo u r  main methods 
which have been su gg es ted  fo r  o b t a in i n g  t h i s  l i q u i d  ะ

1. Roas t ing  the  s h e l l s  o f  the  whole cashew n u t s  
and c o l l e c t i n g  the  exp e l l e d  l i q u i d .  This i s  t he  Ind ian  n a t i v e  
method and only  about  h a l f  the  l i q u i d  i s  e x t r a c t e d  by t h i s
p r o c e s s .



Table  1.1 S p e c i f i c a t i o n s  fo r  Cashew Nut S he l l  L iquid 4$

P r o p e r t i e s Indian
840-1964

V ^ vI r v i n g t o n  V ‘'ร*' '  
S p e c i f i c a t i o n a

S pec .g r .  30 / 30°c 0.950-0.970 -

50 / 60°F - 0 .9 5 -0 .9 7
V is c o s i ty  a t  25°c ,  cps - max 600

30°c ,  cps max 550
M ois tu re ,  พ/พ, p e r  cen t max 1.0 max 1.00
Mat te r  i n s o l u b l e  in 1

to lu e n e ,  พ/พ, pe r  cen t max 1.0 -
D i r t  and f o r e ig n  m a t te r

พ/พ, per  c e n t - max 1.00
Loss in weight  on h e a t in g ,

พ/พ, pe r  c e n t max 2.0
Colour - Brown
Iod ine  Value (W i j ’ s method), min 250

per  cen t min 250
Ash, พ/พ, pe r  c e n t max 1.0 -
P o lym er iza t ion 11

(a)  Time, min max 4 max 19
(b) Vis, a t  30°c ,  cps min 30 min 30

ๆ '/,',''1’''

a I r v in g to n  Varnish  and I n s u l a t o r  Co. ,  I r v i n g t o n ,  New J e r s e y ,  USA.
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2. E x t r a c t i n g  the  l i q u i d  from th e  whole n u t s  with 
ho t  CNSL main ta ined  a t  370-380°F which w i l l  n o t  cha r  t he  k e r n e l s .  
This  method e n a b le s  85 to  90 per  c en t  o f  the  CNSL to  be recovered .

3. Trea tment  o f  the  sh e l l  with  supei—hea ted  steam 
and c o l l e c t i n g  the  condensa te .  This p rocess  c la im s  to  produce a 
b e t t e r  grade of  CNSL and i s  sometimes used in c o n ju n c t io n  with  
e x t r a c t i n g  by ho t  CNSL to  improve y i e ld .

4. So lven t  e x t r a c t i o n  of  the  s h e l l s  (G.T.B. 1946)

1 .2 .3  Composit ions of  CNSL [1 ,2 ,5 ,6 ]
CNSL, i s  m ix tu res  of  p heno l ic  compounds, c o n s i s t s  

of  two p r i n c i p a l  c o n s t . i t u t e n t s , anaca rd ic  a c id  and c a r d o l .  Both 
bolong to  t h e  group of chemica ls  c l a s s i f i e d  as h ig h e r  pheno ls .  Tn 
i t  natura l ,  s t a t e ,  the  composi t ion  of  CNSL i s  shown in scheme 1.1 
(Tyman, 1976).  In each f r a c t i o n ,  i t  have a s i d e  cha in  o f  15 
carbon atoms with  d i f f e r e n t  degree  of  u n s a t u r a t i o n  (scheme 1 . 1 ).

Anacardic  ac id  r e a d i l y  lo se s  carbon d io x id e  to  
y i e l d  a m e ta - s u b s t i  t i l ted phenol ,  "ca rdano l"  on h e a t in g .  For 
commercial  usage  t h e  CNSL i s  o b ta in e d  from the  cashew nut  s h e l l  
by a p rocess  t h a t  invo lves  h e a t in g  the  s h e l l s  to  a h igh  
t em pera tu re  f o r  s e v e r a l  minutes in a va t  of  p r e v io u s ly  ob ta ined  
the  l i q u i d .  During t h i s  p roce ss  the  l i q u id  i s  he ld  a t  the  h igh  
tem pera tu re  f o r  se v e ra l  hours .  Cons iderab le  d e c a rb o x y la t io n  of 
t h e  ana c a rd ic  a c id  t a k e s  p la c e ,  as  well as some p o ly m e r i za t io n  of  
t h e  pheno l ic  bod ies  to  y i e ld  a commercial CNSL, which i s  mainly 
monophenolic in c h a r a c t e r ,  bu t  c o n t a i n s  a smal l  amount ( a p p r o x i 
mately 16%) of ancardic acid, cardol and polymerized material.
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OH

H O ^ ^ C  15]8 2 5 _3 1

a n a c a rd ic  ac id  (82%) ca rdo l  (13.8%)

OH

25-31

Cardano] ( 1 . 6%) 2-m ethy lca rdo l  ( 2 . 6%)

~ (c 15H25-3l )  = - (CH2) 14๓ 3
- (CH2) 7CH=CH(CH2 ) 5CH3
-  ( CH 2) 7๓ = ๓ ๓  2๓ = CH ( ๓ 2) 2OH 3
-  ( ๓  2) 7๓ = ๓ ๓  2๓ = CHCH 2๓ = CH 2

Scheme 1.1 Composit ion of  n a t u r a l l y  occur ing  CNSL [2].

1 .2 .4  R es ins  from CNSL [7]
CNSL has a dua l  f u n c t i o n a l i t y  in r e s i n - f o r m in g  

r e a c t i o n s ,  because  i t  i s  both p he n o l i c  and o l e f i n i c  in c h a r a c t e r .  
โ t  can t h e r e f o r e  be ะ

(a)  Condensed with  formaldehyde through the  
p he n o l i c  n u c le i  with a c id  o r  base c a t a l y s t  
t h a t  g ive  s t r a i g h t  chain polymer.

พ
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(๖) Polymerized  through  the  u n s a t u r a t e d  s i d e -  
c h a in s  (—c ̂  5H 25—31^ fry a d d i t i o n  po lym er i 
z a t i o n  .

-c=c- + -c=c- ------ ------> - c - c -c - c -  (1 .1 )

Both r e a c t i o n s  a re  use in making commercial p ro d u c t s  from CNSL 
and i t s  d e r i v a t i v e s .

1 .2 .5  The Advantages of  Resin  from CNSL [7]
The p r i n c i p a l  f e a t u r e s  of  a l l  r e s i n o u s  p ro d u c t s  

based  on CNSL a r i s e  from th e  p resence  o f  t he  long u n s a t u r a t e d  
ca rb o n -cha in  s u b s t i t u e n t .  These can be summarised as :

1. I n t e r n a l  p l a s t i c i t y  of  t h e  cured  a ldehyde 
con densa t ion  p r o d u c t s ,  i . e . ,  t h e  r e s i n  have more f l e x i b i l i t y ,  
e s p e c i l l y  a t  e l e v a t e d  t e m p e ra tu r e s ,  than  s t r a i g h t  p he n o l i c  r e s i n s .

2. S o l u b i l i t y  o r  c o m p a t i b i l i t y  w ith  s u b s t a n c e s  of  
a hydrocarbon n a t u r e ,  e . g . ,  a rom at ic  and a l i p h a t i c  s o l v e n t s ,  
n a t u r a l  and s y n t h e t i c  ru b b e r s ,  and d ry ing  o i l s ,  s i m i l a r  t o  r e s i n s  
based on p - a lk y lp h e n o l s .

3. R e s i s t a n ce  to  a l k a l i s  and a c i d s ,  p robab ly  
because  of t h e  s t r o n g l y  hydrophobic  n a tu r e  of  t h e  hydrocarbon 
c h a i n .

1 .2 .6  Uses and A p p l i c a t io n  [1 -3 ,8 ]
Liquid from the shell of the cashew nut, CNSL,

once an undesirable by-product of the cashew kernel industry, has
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become a v a lu a b l e  raw m a t e r i a l  in the  manufac ture  of  numerous 
i n d u s t r i a l  p ro d u c t s .

The CNSL i s  second only  t o  t h e  cashew kerne l  o r  
nutmeat  in economic importance.  In i t s  n a t u r a l  s t a t e ,  i t  s e rv e s  
as a p r o t e c t i o n  to  the  kerne l  a g a i n s t  i n s e c t  a t t a c k .  I f  used  in 
combinat ion with  kerosene  o r  d i e s e l  o i l ,  i t  i s  an e f f e c t i v e  
i n s e c t i c i d e  a g a i n s t  mosquito l a r v a e .  Made in to  a v a r n i s h  i t  i s  a 
p r e s e r v a t i o n  o f  wooden f l o o r s  and f i n e  carved woods, p r o t e c t i n g  
them from i n s e c t  d e s t r u c t i o n .  For many y e a r s ,  f i shermen have used 
t h e  l i q u i d  to  wate rp roof  and p re se rv e  t h e i r  f i s h n e t s ,  f i s h i n g  
l i n e s  and b o a t s .

With r e c e n t  advances in chemical  t echno logy ,  t he  
CNSL i s  f i n d i n g  many new i n d u s t r i a l  a p p l i c a t i o n s .  I t  i s  used 
commerc ia l ly  as a pheno l ic  raw m a t e r i a l  f o r  t he  manufac ture  
of  c e r t a i n  r e s i n s  and p l a s t i c s .  In p a r t i c u l a r ,  i t  i s  used 
as a f r i c t i o n  m o d i f i e r  in t he  manufacture o f  b r a k e - l i n i n g s ,  
i n d u s t r i a l  b e l t i n g  and c l u t c h e s .  IT i s  claimed t o  p o s s e s s  
e x c e l l e n t  f r i c t i o n a l  p r o p e r t i e s  and low f r i c t i o n  " f ad e " ,  i . e . ,  
t h e  f a l l  in c o e f f i c i e n t  of  f r i c t i o n  with  in c r e a s e  in t em pe ra tu re ,  
and long wear.  I t  i s  a l s o  used in rubber  compounds, where 
i t  a c t s  as r e i n f o r c i n g  f i l l e r s ,  which t e n s i l e  s t r e n g t h ,  
ha rdness  and a b r a s i o n - r e s i s t a n c e  [9] a re  improved. The r e s i n s  
from CNSL a r e  used in l am in a t in g  fo r  p ap e rs ,  c l o t h s  and g l a s s  
f i b e r s ,  o r  impregnating  m a t e r i a l s  where o i l  o r  ac id  r e s i s t a n c e  
i s  r e q u i r e d .  o t h e r  uses  inc lude  the  manufacture of  l a c q u e r s ,  
p a i n t s ,  p r i n t i n g  ink s ,  e l e c t r i c a l  i n s u l a t i o n  m a t e r i a l ,  an a n t i 
corrosive for metals, water proofing compounds and adhesives.
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The o b j e c t i v e  of  t h i s  work i s  to  i n v e s t i g a t e  t h e  p rope r  
r a t i o  between CNSL and fo rm al in  and optimum c o n d i t i o n  t o  produce  
the  adhes ive ,  g ive  a good adhesion  s t r e n g t h  fo r  wood to  wood and 
nylon-6  f a b r i c  t o  n a t u r a l  rubber  compound.
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