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Due t o  u n p re c e d e n te d  p r i c e  r i s e . of e n e r g y / ' t h e i r  a c u te  

s h o r ta g e s  and u n c e r t e i n i t i e e  i n  s e c u r in g  new and r e l i a b l e  ene rgy  

s o u r c e s , c o n t in u o u s  t e c h n o l o g i c a l  d e ve lo p m e n ts  havo beeh t a k i n g  p la c e  

in .e q u ip m e n t  d e s ig n  and sys te m  d e s ig n  in^ th e  f i e l d  o f  p u lp  and p a p e r  

i n d u s t r y . ' " v- ’ V

The p a p e r  a n a ly s e s  and b r i n g s  f o r t h  p o s s i b i l i t y  o f  ene rgy  . 

r e d u c t i o n  i n  a re a s  o f  p u l p i n g , b le a c h in g  and c le a n in g  o f  p u l p , b la n k  

l i q u o r  e v a p o r a t i o n , a p p ro a ch  f l o w  sys tem  and d r y in g  o f  p a p e r .

S p e c i f i c  e n e rg y  c o n s u m p t io n  i n  te rm :; u ? p o th  he a t  and 

e l e c t r i c i t y  can be c o n s id e r a b ly  re duced  by o i io p t l . v j  c o n t in u o u a  p u lp in g  

m e th o d s , i n c o r p o r a t i n g  new co n c e p ts  o f  c o u n t e r - e u r  rL .n t im p r e g n a t io n ,  

c o o k in g ,  h i h e a t  d i f f u s i o n  w ash ing - end V.iap 1 ovnme.11 , b 1 h e c h in g .

Use o f  c e h t i i c l e e n e r a . bused cn ; .» , . ;o v i ; i l  Aeuanh can reduce  

e l  ene rg y  c o n s id e r a b ly  by c le a n in g  p u lp  n t  h ig h e : :  c c . i r i c t o n c y  and at. . 

reduced  r e j e c t  r a t e  w i t h o u t  im p a i r i n g  c l e a n in g  .X V ic . u h c y .

P re - e v a p O ra t io n  o f  s p e n t  l i q u o r  i n  v n p o u r  ru e : j r .p re s a io n  

e v a p o r a to r s  and use o f  f a l l i n g  f i l m  e v a p o r a t io n  f o r  r o a l e  fo r m in g  

b la c k  l i q u o r s  can re d u ce  s team  demand i n  e v a p o r a t io n .  S p e c i f i c  steam 

demand i n  paper d r y in g  can be re duced  by 6-10% u s in g  T h e rm o - r in g s  o r  

by m o d i f i c a t i o n s  o f  D r i e r  i n n e r  s u r f a c e .

E f f e c t s  o f  e n e rg y  co n su m p t io n  by  i n t e g r a t i o n  o f  p u lp  end 

p a p e r  m i l l s  e n d ib y  im p le m e n ta t io n  o f  e f f l u e n t  t r e a tm e n t  programme e re

i n d i c a t e d .  j
■" , :. i  i  r! ■ i . - ■

, . . .
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I ■ ' DESIGN AND SYSTEM DEVELOPMENTS OF PULPING : :  V
AND PAPERMAKING EQUIPMENT FOR REDUCTIDN OF ENERGY

CONSUMPTION . . . :

INTRODUCTION :

D u r in g  th e  l a s t  fe w  y e a rs  th e r e  heve been u n p re c  e d e n te d “; p r i c e  

r i s e  o f  e n e rg y ,  a c u te  s h o r ta g e s  end u n c e r t a i n t i e s  i n  s e c u r in g  new and 

r e l i a b l e  e n e rg y  s o u r c e s .  The i n d u s t r i a l  w o r ld  has been p u t  t o  a g r e a t  

S t r a i n . I n  a d d i t i o n ,  th e  c a p i t a l  demand and th e  o p e r a t in g  c o s t s  f o r  

g e n e r a t in g  and s u p p ly  o f  e n e rg y  a te  t e p i d l y  r i s i n g .  In c re a s e d  c o s t  o f  

p r o d u c t i o n  on th e  one hand and th e  consum ers  i n c a p a c i t y  t o  pay f o r  

h ig h e r  p r i c e  on th e  o t h e r  hand , have l e d  to  a s i t u a t i o n  w h ich  ma-y cha f i igo - 

t h e  v e r y  s t r u c t u r e s  c f  o u r  i n d u s t r y .  G re a t  e f f o r t s  a re  b e in g  c o n t ih u o u n ly  

made to  f i n d  o u t  ene rg y  s a v in g  t e c h n o lo g ie s .  C o n t in u o u s  .t e c h n o l o g i c a l • 

d e v e lo p m e n ts  in .  p ro c e s s  equ ipm en t d e s ig n  and' system have- been t a k in g  

p la c e .  Some o f  th e s e  deve lop m e n ts  have fo u n d  w ide  a c c e p t a b i l i t y  i n  th e  

p u lp  and p a p e r  i n o u s t r y  o f  many, co u n tr ie s - . - . -

F o r  p r e p a r a t io n ,  o f"  c h e m ic a l  p u lp ,  t h e  c e l l u l o s i e  raw m a t e r i a l s  

a re  c h ip p e d ,  t r e a t e d  w i t h  c h e m ic a ls  and s t e a l  under p re s s u re  i n  d i g o s t e r e  

f o r  p u lp in g ,  washed, f r e e d  o f .  d is s o lv e d  m a t e r i a l s ,  s c re e n e d ,  c le a n e d  

and f i n a l l y  b le a c h e d .  The b le a ch e d  p u lp ; i s  f u r t h e r  p ro ce s se d ' i n  S to c k "  

P r e p a r a t io n  and made, i n t o  p a p s r  i n  Paper M a ch in e s .  Tho w as te  l i q u o r  

.o b ta in e d  by w ash ing  th e  d ig e s te d  p u lp ,  c a l l e d  th e  'B la c k  L i q u o r ' ,  i a  

c o n c e n t r a te d  i r i  e v a p o r a to r s  and b u r n t  t o  r e c o v e r  c h e m ic a ls  and t o

g o p e ra te  s team . >' ■ . | ..." . . .J '

The t o t a l  demand o f  h e a t  and e l e c t r i c a l  energy  o f  a p u lp  and 1

pape r  m i l l  depends on, t h e  b a s ic  co n b e p ta  o f  m i l l  d e s ig n  and c h o ic e  C f V  ; 

p r o c e s s e s 'a n d  equipments- A" r . i l l  may have  a c a p t i v e  power g e n e r a t i o n  

p lan t?  t o  meet i t s  f u l l  demand," e la b o r a t e  e f f l u e n t  t r e a tm e n t  p l a n t ,  c a p t i v e  

p l a n t  f o r  g e n e r a t io n  o f  C a u s t ic  and C h lo r i n e  and o t h e r  b le a c h in g ,  c h e m ic a ls  

c a p t i v e ,  l im e  b u rn in g  o r  r e g e n e r a t io n  p l a n t  o r  an e la b o r a t e  .31each ing<^r :.r t 

Sys tem . The t o t a l  steam: and e l e c t r i c a l  energy, demand w ould , t h e r e f o r e  V ■? 

. d i f f e r  f  rom; m i l l  t o  m i l l  depen d ing  on w h e th e r  th e  m i l l  ''in'tilUdea\''t:he'"''A'Xj;;;-^;.



f u r t h e r ,  m i l l s  w i t h  s i m i l a r . c o n c e p t s  w o u l d  a l s o  d i f f e r ,  i n  t h e i r  t o t a l  

e n e r g y  demand d e p e n d i n g  tin t h e  c h o i c e  o f  e q u i p m e n t  and p r o c e s s e s .

A c o m p a r i s o n  o f '  f i g u r e s  o f  c o n s u m p t i o n  o f  s t e a m . a r i d  e l e c t r i c a l  power '  

o f  n i i l l s  s h o u l d ,  t h e r e f o r e  be v i e w e d  w i t h  g r e a t  c a r e  f  o r '  a s s e s s m e n t  

o f  t h e i r  t e c h n i c a l  e f f i c i e n c y . 1 W h a t e v e r  may bo t h e  c o n s u m p t i o n  o f  

a team, and e l e c t r i c i t y ,  t h e r e  i s  d e f i n i t e l y  g r e a t  sc o p e  f o r . r e d u c t i o n  

o f  t h e  t o t a l  e n e r g y  demand o f  p u l p  and p a p e r  m i l l s ' .  '•••’■ '■

T h i s  n o t e  a n a l y s e s  how a . l a r g e  m i l l  can r e d u c e  i t s  h e a t  and.

.el  e n e r g y  c o n i u n i p t i o n ;  by  i n c o r p o r a t i n g  modern  s y s t e m s  and  new d e s i g n s  

i n  p u l p  and p a p e r  mak ing, o p e r a t i o n s  o f  t h e  f o l l o w i n g  a r e a s . :

AA . PULP INF. '•;• v '■

' j  . ijn.C o f  C o n t i n u o u s  P u l p i n g  i n  p l a c e  o f  B a t c h  P u l p i n g
S y s t em ,  •

80 ' P L  C A C H I N G  . . ' ' ^

A d o p t i o n  o f  D i s p l a c e m e n t  B l e a c h i n g  i n  p l a c e  o f  
C o n v e n t i o n a l  B l e a c h i n g  i n . ' t o w e r s  and r o t  ai ry drum .f i l  te r s .

r : c  d L A C r: L i q u o R  c v a p o h  a t i  a i m ; • - '.

a.. :■ . Use o f  F a l l i n g ' ' . . f i l m  e v a p r r a t i - o n  i n .  p l a c e  o f  ‘
.; R i s i n g  F i l m  e v a p o r a t i o n , '  . '- "• ;' ■

• b .  I n c l u s i o n  o f  V a p o u r . R e c o n p r e s s i n n  E v a p o r a t i o n  f o r  
i n i t i a l  c o n c e n t r a t i o n ::

. DD

EE

FF

CEA'TH.l CLEAN I MG : ; .

Use: o f , C e n t r i - c l e a n c r s  w i t h  l o w  p r e s s u r e  drop,"  ; '.

APPROACH FLOW SYSTEM : . ' A; ' :

I n c o r p p r a t  i o n  o f  D o u b le  D i l u t i o n  i n  Approach '  . F low  5y.se cm' 
o f .  f fap f i r  M a c h in e s  i n  p l a C ' C ' o f  c o n v e n t i o n a l  s i n g l e  -.; . 
d i  1 u k i d n , and  - '

DRY i MG iOF PAPER : . ' ; • . . . ' .  . :

. . Use iof .  i C y l i n d c r  Dry e r s ’ w i t h .  new • d e s i g n ' s .'

E f f e c t s  o j f .' e n e r g y  c o n s u m p t i o n  by I n t e g r a  t ion . - .o f .  .pu.l'p .’and1 p; 

m i l l . s  and by im p le m e n j tn . t i o n  o f  E f  f l u e n t  . t r e a t m e h i  ,pregraimnus"- iar  e; ;... 

i n d i c a t e d . .... .■ ' W h



AA Use o f  C o n t in u o u s  P u lp in g  w i t h  H i - h e a t  Washing i n  p la c e  ,
o f  B a tch P u lp in g  S ys te m . ___________     _

K r a f t  c h e m ic a l  p u lp  i s  m a n u fa c tu re d  by c o o k in g  c e l l u l o s i c  raw 

m a t e r i a l s  i n  A l k a l i n e  s o l u t i o n s  and t h e r e b y  s e p a r a t in g  u s e a b le  

c e l l u l o s i c  f i b r e s  f o r  f u r t h e r  p r o c e s s in g .  T h is  s e p a r a t io n  i s .  a c h ie v e d  

i n  p r e s s u r e  v e s s e ls  where c e l l u l o s i c . r a w  m a t e r i a l s  a re  t r e a t e d  w i t h  

c h e m ic a l 'a n d  c o o k in g  i s  a c h ie v e d  a t  v a r y in g  te m p e ra tu re s  by i n j e c t i o n

o f  s team  a t  a p r e s s u r e .  v * *. • «*

C ook ing  o p e r a t io n s  i n  d ig e s t e r s  i n v o l v e  lo a d in g  o f  raw *
m a t e r i a l s  i n t o  th e  d i g e s t e r , c h a r g in g  th e  d ig e s t e r s  w i t h  steam  ,and 

c h e m ic a ls  and a f t e r  the  c o o k in g  c y c le  d i s c h a r g in g  t h e  cooked  raw 

m a t e r i a l  s ’ a lo n g  w i t h  the* s p e n t  l i q u o r "  by a sys tem  o f  b l o w in g .  T h i s . i s ,  

a Batch  t y p e  o p e r a t io n  and each c o o k in g " .c y c le  ta k e s  s i x  t o  s i x  and a .

h a l f  h o u r s . N e a r ly  two and a h a l f  decades ago a few f i r m s  have

d e ve lo p e d  c o n t in u o u s  d i g e s t e r s  and o v e r . th e  y e a rs  th e y  have  been ;

p e r f e c t e d .  There  a re  numerous i n s t a l l a t i o n  o p e r a t in g  e f f i c i e n t l y  a l l  .

o v e r  t h e  w o r l d . Most o f  t h e  d ig e s t e r s  i n  I n d i a , a re ^ h o w e v e r ,  o f  

B a t c h - t y p e .  Advantages o f  t h e  c o n t in u o u s  d i g e s t e r  o v e r  t h e  b a tc h  

d i g e s t e r s  a re  : - -

1 /  Lower c o n s u m p t io n  o f  s team  p e r  to n n e  o f  p u lp

2 /  Lower power c o n su m p t io n  p e r  to n n e  o f  p u lp

3 /  H ig h e r  s o l i d s  i n  spen t l i q u o r  g i v i n g  t h e  a d v a n ta g e  o f
h ig h e r  fe e d  c o n c e n t r a t i o n  t o  E v a p o r a to r s .

4 /  Lower c h e m ic a l  co n su m p t io n  i n  co o k in g

5 /  H ig h e r  p u lp  y i e l d  and l e s s e r  men power r e q u i r e m e n t .  •
D iagram 1 shows th e  c o n t in u o u s  d i g e s t e r  w i t h  v a p o u r  phase
c o o k in g  and h ih e a t  w ash ing  adop ted  f o r  HPC’ s p a p e r  m i l l s '
i n  Assam.

‘ ' A c o m p a ra t iv e  s ta te m e n t  has been p re p a re d  i n d i c a t i n g  d i r e c t  ■

^and i n d i r e c t  c o s ts  o f  th e  B a tch  v e rs u s  th e  C o n t in u o u s  d i g e s t e r  p u lp in g  

s y s te m s . I t  w i l l  be o b se rv e d  t h a t - t h e  c a p i t a l  c o s t  o f  c o n t in u o u s  

. c l ig e s te i  w i t h  i n - b u i l t  d i f f u s i o n  w ash ing  system  as compared t o  th e

/ B a tch  D ig e s te r s  w i t h  Brown S to ck  W ashing sys tem  i s  h i g h e r . • ,

v  . ■ • '

v
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H o w e v e r , t h e r e  a r e  d e f i n i t e  s a v i n g s  i n  t h e  d i r e c t  c o s t s  i n  c a s e  o f  

C o n t i n u o u s  D i g e s t e r  by  way o f  l e s s e r  s te am  and power  c o n s u m p t i o n ,  

h i g h e r  p u l p  y i e l d  and l e s s  p u l p i n g  c h e m i c a l  c o n s u m p t i o n .

The f o l l o w i n g  t a b l e  g i v e s  a c o m p a r i s o n  o f  t h e  v a r i o u s  t e c h n i c a l  

i n p u t s  b e tw e e n  t h e  o p e r a t i o n s  o f  a C o n t i n u o u s  v e r s u s  t h e  B a t c h  d i g e s t e r !

D E 5 C R I P T I O N
D I G E S T E R

BATCH

1 .

2 .

3 .  

4 .

S t eam, T s te a m /T B D  
u n b l e a c h e d  p u l p

P o w e r ,  KWH/TBD P u lp  
( D i g e s t e r s  + BS W a s h e r s )

Y i e l d  o f  Pul jD, % on BD c h i p s

A l k a l i  C o n s u m p t i o n  f o r  P u l p i n g -  
1  Na 0 on BD C h i p s

1 .562

1 5 4 . 9 2  

4 5 . 6  .

1 8 . 0

CONTINUOUS

0 . 9 9 2 4

5 6 . 0

46.0  .

1 6 , 2 7 5

The f o l l o w i n g  t a b l e  g i v e s  t h e  s a v i n g s ,  c o n v e r t e d  i n  t e r m s  o f  

m on ey , o f  a C o n t i n u o u s  D i g e s t e r  1 o r  a p r o d u c t i o n  o f  376 t o n n e s  Bone D ty  

(BD) u n b l e a c h e d  and u n s c r e e n e d  p u l p / d a y  and  w i t h  330 w o r k i n g  days  :

D E S C R I P  T I  O N CONTINUOUS DIGESTER

JDIREC_T._C_q5T

1 .  S a v i n g s  i n  Steam,  ( R s .  4 5 / T  s te a m )
2 .  S a v i n g s  i n , P o w e r ,  (30  P/KWH)
3. .  S a v i n g s  i n  Bamboo
4 .  S a v i n g s  i n  C o o k i n g  c h e m i c a l s
j .  S a v i n g s  i n  E v a p o r a t i o n
6 .  S a v i n g s  i n  M a n - p o w e r j

(R s .  i n  l a c s / y r . )

. 3 2 . 9 2 5
3 6 . 8 2 5  

: . 4 . 5 6  
1 . 4 9  
8 . 4 3  
0 . 6 2

I T o t a l 8 4 , 8 5
INDIRECT COST

1' . S a v i n g s  i n  D e p re c i a  t i o n  and i n t e r e s t ,  
M a i n t e n a n c e ,  I n s u r a n c e ,  e t c .

7 . 3 8
2 . 3 8

T o t a l
NET; 5 AVI NGS F RQM DI RECT

i  n n"i iTcc'"f 'cb  s t Rs.

 9._7,6   ■

7 5 . 1 9  l a c s



NPIE t Cos t  o f  E q u ip ment i n c l u d i n g  E re c t i o n "

- .• . Ba tch  D ig e s te r  Rs. 399 .666  la c s

C o n t in u o u s  D ig e s te r  • Rs. 6 8 3 .8 5 8  la c s

• '■ The above sum m arised  s ta te m e n t  shows t h a t  s ’ s a v in g  o f . -a p p ro x . -

Rs. 7 5 .0  l a c s / y e a r  cun bo a c h ie v e d  by g o in g  i n  f o r  a c o n t in u o u s  ’ d i g e s t e r  

f o r  a p u lp  p r o d u c t io n  o f  330 to n n e s /d a y  o r  Rs. 60/8DT b le a c h o d  p u lp .

Low er co n s u m p t io n  o f  steam p e r  to n n e  o f  p u lp  i s  due t o  b e t t o r  

u t i l i s a t i o n  o f  s team i n  th e  c o n t in u o u s  d i g e s t e r  sys tem  i n c o r p o r a t i n g  

h ih e e t  w a s h in g .

R ecent d e v e lo p m e n ts  o f  c o u n t e r - c u r r e n t  im p r e g n a t io n  and 

c o u n te r r - c u r r e n t  c o o k in g  w o u ld  f u r t h e r  re d u c e  th e  s p e c i f i c  steam 

c o n s u m p t io n . D iagram 2 shows th e  p r i n c i p l e  o f / c o u n t ^ r - c i i i r e n t  c o o k in g .  . 

The f l o w  o f  c h ip s  i s  f ro m  to p  t o  b o t to m  p a s s in g  th ro u g h  th e  im p r e g n a t io n  

zone , c o o k in g  Zone and w a sh in g  zone . C h e m ic a ls  and f r e e  l i q u o r  a rn  a l s o *  •. 

■ h e a t e d  t o  th e  c o o k in g  te m p e ra tu r e  end d is p e r s e d  by r e c i r c u l a t i o n .  As 

th e  c h ip  co lum n moves downwards a s u f f i c i e n t  vo lume o f  l i q u o r  i s  w i t h 

drawn a lo n g  w i t h  c o o k in g  zo n a ,  so t h a t  th e r e  i s  on upward f l o w  o f  f r e e  

l i q u o r ,  p r o v id e d  by t h e  c o o k in g  l i q u o r  and wash w a te r  a t  the .  d i g e s t e r  

b o t to m .  A t t h e  d i g e s t e r  • top., c h ip  and s p e n t  l i q u o r  f l o w  c o n c u r r e n t l y . 

D iagram  3 shows th e  f l o w  o f  c o u n t e r - c u r r e n t  im p r e g n a t io n . Advantages o f  

c o u n te r —c u r r e n t  f lo w  r e s u l t s  i n  1 ). in c r e a s e d  c h e m ic a l '  c o n c e n t r a t i o n ,

2) reduced  c o o k in g  te m p e ra tu r e  and hence 3) o v e r a l l  s team economy. •

. I t  'm ig h t  be f u r t h e r  s t r e s s e d  t h a t  th e  c o s t  o f b e n e f i t . i n  

f a v o u r  o f .C o n t in u o u s  D ig e s t e r  due t o  im p ro v e d  and u n i f o r m  p u lp  q u a l i t y  

r e s u l t i n g  i n  im p ro ve d  r u n n a b i l i t y  of. th e  Paper Machine and hencu l e a s e r  

b re a k a g e s ,  have n o t  been ta k e n  i n t o  a c c o u n t  i n  th e  above c a l c u l a t i o n s .

Even th e n  th e  a d d i t i o n a l  c a p i t a l  in v e s tm e n t  of. abou t Rs. 0 2 -.lacs o v e r  

i h a t  o f  B a tch  D ig e s t e r  can be re c o v e re d  w i t h i n  a p e r io d  o f  tw o  y e a r s .

., . The above s ta te m e n t  r e f e r s  to  Bamboo P u lp in g .  However,

' .C ontinuous ' P u lp in g  -o f a g r i c u l t u r a l  r e s id u e s  i s  a lu o  a. c o s t  s a v in g  ..deviebv.
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BB A d o p t io n ,  o f  D is p la c o m - jn t  .81 c a c h in g  i n  p la c e  o f  C o n v e n t io n a l
B le a c h in g  i n  to w e rs  &. R o ta ry  Drum F i l t e r s . ____________________

B le a c h in g  o f  p u lp  i s  one o f  th e  moat im p o r t a n t  o p e r a t io n s  in  

p r o c e s s in g  o f  p u lp .  I t  i s  done t o  removo th e  c o lo u r i n g  m a t te r s  and th e  

r e s i d u a l  l i g n i n  t o  make th e  p o p e r  w h i t e .  G e n e r a l l y ,  i t  i s  done by u s in g  

b le a c h in g  a g e n ts  l i k e  C h l o r i n e ,  C h lo r in e  d i o x i d e ,  H y p o c h lo r i t e ,  e t c .  i n  . 

a number o f  s ta g e s .  In  th e  C o n v e n t io n a l  sys te m , th e  p u lp  i s  washed on

R o ta ry  drum vacuum f i l t e r s  a f t e r  each s ta g e  o f  t r e a tm e n t  and th e  c h e m ic a l

t r e a tm e n t  i s  c a r r i e d  o u t  i n  to w e rs .  The use o f  Drum f i l t e r s ,  pumping 

and c i r c u l a t i o n  o f  p u lp  n e c e s s i t a t e s  c o n s u m p t io n  o f  c o n s id e r a b le  energy  

i n  th e  fo rm  o f  e l e c t r i c i t y  end s team .

An im proved  b le a c h in g  system  c a l l e d  th e  'D is p la c e m e n t  B le a c h in g 1

has been d e v e lo p e d .  T h is  b le a c h in g  sys tem  has been i n  c o m m e rc ia l  o p e ra 

t i o n  in  USA, Japan end S c a n d in i v ia  f o r  t h e  l a e t  two y e a r s .

In  t h e  D is p la c e m e n t  b le a c h in g  th e  p u lp  c o n s is t e n c y  i s  m a in ta in e d  ' 

c o n s ta n t  w h i l e  i t  moves i n  one d i r e c t i o n .  B le a c h in g  s o l u t i o n  moves 

c o n t i n u o u s l y  and t r a n s v e r s e l y  th ro u g h  th o  l a y e r  o f  p u lp ,  c o n t in u o u s ly  

d i s p l a c i n g  th e  p a r t i a l l y  consumed b le a c h in g  l i q u o r  c o n t a i n i n g  th o  

r e a c t i o n  p ro d u c ts  d i f f u s e d  o u t  o f  th e  f i b r e s .  The c o n s is t e n c y  rem a ins  

c o n s ta n t  t h r o u g h o u t  t h e  s u c c e s s iv e  b le a c h in g  s ta g e s  w i t h  d i f f e r e n t ,  

c h e m ic a ls .  The c h e m ic a ls  i n  each s ta g e  d is p la c e s  th e  c h e m ic a ls  i n  o t h e r  

su b sequ en t s ta g e .  No w a sh in g  i s  r e q u i t e d  between th o  s ta g e s .  The p u lp  

i s  washed a t  th e  end by f r e s h  w a te r  a t  th e  same c o n s is te n c y  d i s p l a c i n g  

t h e  s o l u t i o n .  M a in ta in in g  th e  c o n s is t e n c y  a t  a round  10% i n  any number 

o f  sequences o f  b le a c h in g  saves  a s u b s t a n t i a l  amount o f  ene rgy  end s t i l l  

more s u b s t a n t i a l  amount o f  w a te r  i n  b le a c h in g  w a s h in g .

D iagram 4 shows t h e  f l o w  o f  a c o n v e n t io n a l  b le a c h in g  sequence 

w i t h  to w e rs  and f i l t e r s  as w e l l  as t h a t  o f  a d is p la c o m o n t  b le a c h in g  

sys tem  w i t h  C h l o r i n a t i o n  ( C) / E x t r a c t i o n  ( E ) / H y p o c h io r i t e  ( H ) / E x t r a c t i o n  • 

(E )Z D io x id e  (D) s ta g e s .
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. . I n • th e  D isp la ce m e n t-  •B le a c h in g  th e  c h e m ic a ls , i . e .  th e  b le n c h in g  

a g e n ts ,  a r c  d i s p la c e d  th r o u g h  this p u lp  in s t e a d  o f  b e in g  m ixed i n t o  th e  

p u lp .  T h is  r e s u l t s ;  i n  r a p i d  b le a c h in g .  The s e v e r a l  s ta g e s :  o f  b le a c h in g  

by d i f f e r e n t  b le a c h in g  a g o n ts  a re  c a r r i e d  o u t  i n  a s i n g l e  to w e r  i n  the  

D is p la c e m e n t  Bl-eacHing."- . -The a d va n ta g e s  o f  D is p la c e m e n t  B le a c h in g  o v e r  

th e  C o n v e n t io n a l  B le a c h in g  System a re  :

1 .  R e d u c t io n  i n  E l e c t r i c a l  E n e rg y ,

2 .  R e d u c t io n  i n  Steam C onsu m p t io n ,

3 .  R e d u c t io n  i n  W a te r  C o nsum p tion ,

4 .  R e d u c t io n  i n  vo lum e o f  E f f l u e n t  d is c h a r g e d ,  and

5 . R e d u c t io n  i n  th e  c o s t  o f  C i v i l  C o n s t r u c t io n  due t o  lo w e r
space, r e q u i r e m e n t .

The f o l l o w i n g  t a b l e  g iv e s  a co m p a r is o n  o f ' t h o  v a r io u s  in p u t s  

l i k e  e l e c t r i c i t y ;  s team , w a te r  r e q u i re m e n t , '  e f f l u e n t  d is c h a r g e s  end th e  

b u i l d i n g  a re a  n e c e s s a ry  f o r  th e  tw o  b le a c h in g  s y s te m s ;

(B a s is  p e r  to n n e ' o f  BD P u lp ) B_ L_ E_ A C H I K 'G 5 Y 5 T E M
c'oW en'tio "nAl ”  '  "“ "o i5 placemF mt

1 . ,  E l e c t r i c i t y ,  KW 1 4 1 . 0  4 5 . 4

2 .  • S tea m,  MT 2 . 8  0 . 5 3
' 3

3 .  F r e s h  w a t e r ,  M 9 6 . 0  1 7 . 0

4 .  E f f l u e n t ,  M . '  9 8 . 0  " . 1 7 . 0

FOR 3 30 FIT BD PULP ' 'V"'. .
- """ .. ~   . ■ 2'. '

B u i l d i n g , A r e a , M " 1 6 4 0 . 0 .  . 7 2 . 0  •.
■ 3 " ' ' '

T ow er  M ' 5 0 0 0 . 0  4 0 0 . 0

A com par ison  o f  th e  two sys tem s o f  b le a c h in g  i n  te rm s  o f  t h e i r  

e q u iv a le n t  c a p i t a l  c o s ts  as w e i ' l  " a s ’ t h e  O p e r a t io n a l  . .C os ts ' has been g iv e n  • 

be low .,.  The c a p i t a l  c o s t  f o r '  the  c o n v e n t io n a l  system  i s  f o r  two- s e p a r a te  " 

s t r e e t s ,  each o f  165 TPD' B D -pu lp  w h i l d  t h a t  o f  th e  D is p la c e m e n t  B le n c h in g -  

i p  f o r  a s i n g l e  s t r e e t  o f  330 TPD pu lp ."  '. The cap" i ta r ' ;co ,s t;- i-ne lud . i is  ..t'vii 

c o s t  o f  e q u ip m e n t ,  spa refs, C i v i l  e n g in e e r  i n g ,  c rc c  t i o n  . o f  . th o  b le a c h in g  

p l a n t  as w e l l  os th o s e  o f  th e  w a te r  and' o f  F lu e n t  tx-on Imr'i. t  p l a n t s  f o r  

th e  e n t i r e  m i l l . ;  . "



■ ‘The c o s t  o f .  w a t e r  and e f f l t i e n t ' t f c a t m r . - n t ■ p l a n t s  o f  t h o  e n t i r e  m i l l  has 

been  i n c l u d e d  i n  t h e  t o t a l  c o s t . o f  c a l c u l a t i o n  o f  t h e  two b l e a c h i n g  

s y s t e m s  b e c a u s e  t h e  new b l e a c h i n g  s y s t e m  w i l l  need c o n s i d e r a b l y  l e s s  

q u a n t i t y ,  o f  w a t e r  and h e n c e  r e s u l t  i n  l e s s e r  e f f l u e n t  Vo lume  and c a p i t a l ; :  

c o s t .  The t o t a l  c o s t  i n v e s t m e n t  w o u l d ,  t h e r e f o r e ,  r e f l e c t '  a c o r r e c t  

p i c t u r e  o f  t h e  c o m p a r i s o n  o f  t h e  two., s y s t e m s .  ,

B L E A C H  I N . G - S Y S T E M
CONVENTIONAL .. DISPLACEMENT

■ ( 2 - 5 t r e c i )  i .. ( S i n g l e - S t . . )  .

1 .  C a p i t a l  c o s t  ' . R s . 1 1 , 2 3 , 0 5  ,1 2 d /H  Rs . 1 3 , 1 6 , 6 7 , 7 7 9 / -

:2. O p e r a t i n g  c o s t / y r .  R s . 6 , 4 7 , 6  3 , ' 908 / - !  • ' Rs . 5 , 4 6 , 6 0 , 0 1  5 / -

;:j3.«. O p e r a t i n g  c o s t / t o n n e  o f  p u l p  Rs-. 59,4 .71 1 <•;] ' ; ! ,Rs .  5 0 2 . 9 5  :,

..The :c a p i t a l -  c o s t  . . ' investm ent i n  th e  .casd  o f  D is p la c a m e n t  

.‘ B le a c h in g  a lo n e  . 'is h ig h e r  by a p p r o x . Rs. 2 . 8  c r o re s  than, t h a t  o f  th e  

C o n v e n t io n a l  B le a c h in g  P l a n t H o w e v e r , th e  c a p i t a l ' -  c o a t  o f  w a te r  and ; 

a f f l u e n t  . t r o o tm a n t  p l a n t s  f o r  . t h e  two sys tem s of. b le a c h in g -  when ta ke n  

i n t o  a c c o u n t  w i l l  r e v e a l  a n . o v e r a l l  d i f f e r e n c e  of. a p p ro x .  Rs. 1 ,9  c r o r e s  • 

o n l y .  T h is  i s  due t c  t h e  lo w e r  c o s t  in v e s tm e n t  i n  w a te r  and e f f l u e n t  

. t r e a tm e n t  p l a n t s  i n  case  of. D is p la c e m e n t  B le a c h in g .

The o p e r a t in g  c o s t  i n c lu d e s  th e  c o s ts  ;6f., e l e c t r i c a l  j power..-. .

c h e m ic a ls ,  s team , r e p a i r s  and m a in te n a n c e ,  d e p r e c ia t i o n  and in s u r a n c e  ,

f o r  t h e  b le a c h in g  p l a n t s  as w e l l  as t h e  w a te r  and e f f l u e n t  t r e a tm e n t

p la n t s ' .  The d e p r e c ia t i o n *  r e p a i r s  and m a in te n a n ce  & in s u r a n c e  a re  basud. .

■ oh th e ;  m d c h in e ry  c o s t  w h i l e  the , . i n t e r e s t  ' i s  on th e  t o t a l  c a p i t a l  .

in v e s tm e n t  o f  th e  p a r t i c u l a r  - s e c t i o n . I t  w ou ld  be. o b s e rv e d  t h a t '  t h e  ;

o p e r a t in g  c o s t  p e r  to n n e  o f  pape r i n  case o f  D isp la ce m e n t B le a c h in g  w ou ld

be lo w e r  by a p p ro x .  Rs . 9 3 / - .  .. The h i g h e r  in v e s tm e n t  c o s t  i n  th o  case  o f  •

D isp lacem ont. B le a c h in g 'c a n  be w e l l ;  j u s t i f i e d  by i t s  l o w e r  o p e r a t in g  c o o t  ;

and i n  f a c t  t h e  e n t i r e  e x t r a  in v e s tm e n t  c o u ld ' ,  be. re c o v e re d  w i t h i n  tw o . '

t o  t h r e e  y e a r s .  ■
I  .- ' ’ . ' . -
? . The h ig h e r  c a p i t a l  i n v e s t m e n t - i n  th e  case o f  D is p la c e m e n t  .,

B le a c h in g  i s  p a r t l y ,  due t o  b e t t e r  m a t e r i a l s  o f  c o n s t r u c t i o n  .wh ich . f> re / :

m a in ly  T i ta n iu m -  and. H e s t 'e l lo y  . Thes-e - m a t e r i a l s ,  though ' many, . t im es ' c b a - t l i . -

' e r  th a n  th e  s t a i n l e s s  s t e e l ,  a re  more c o r r o s io n  r e s i s t a n t  and -hohtio have

a l o n g e r  l i f e .  ... '
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CC ( a )  Use o f  F a l l i n g  F i l m  E v a p o r a t i o n  i n  p l a c e  o f  R i s i n g  F i l m
E v a p o r a t i o n .__________ ____________________

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

p r i m e  i m p o r t a n c e  when e v a l u a t i n g  p l a n t  e c o n o m i e s . I n  t h e  c h e m i c e l  

r e c o v e r y  s y s t e m ,  ode m a j o r  a r e a  w h e re  c o n s i d e r a b l e  h e a t  end  power  a r e  

consumed i s  t h e  e v a p o r a t i o n  p l a n t  f o r  c o n c e n t r a t i o n  o f  b l a c k  l i q u o r .

M u l t i o l n - e f f e c t  e v a p o r a t o r s  have  been  i n  use f o r  B l a c k  L i o u o r  

c o n c e n t r a t i o n  i n - t h e  I n d i a n  P u l p  and P a p e r  i n d u s t r y  f r o m  t h e  v e r y  

b e g i n n i n g .  Mos t  o f  t h e  e v a p o r a t o r s  a r e  e i t h e r  Long Tube V e r t i c a l  (LTV)  

o r  s h o r t  t u b e  t y p e s . The r i s i n g  f i l m  LTV e v a p o r a t o r  i s  t h e  o v e r 

w h e l m i n g l y  d o m i n a n t  t y p e  i n  use i n  I n d i a .  D ia g ra m s  5 , 6 , 7  & 8 show a 

c l i m b i n g  F i l m  E v a p o r a t o r ,  f o r c e d  c i r c u l a t i o n  e v a p o r a t o r  f a l l i n g  f i l m ,  

e v a p o r a t o r  and  a h y b r i d  C l i m b i n g - F a l l i n g  F i l m  E v a p o r a t o r  r e s p e c t i v e l y .

I n  a 3.1, .  E v a p o r a t o r , l i q u o r  i s  . i n s i d e  t h e  t u b e s -  and- s team  i s  

o u t s i d e  t h e m . I n  t r a n s f e r  o f  h e a t  f r o m  a c o n d e n s i n g  v a p o u r  t h r o u g h  a 

m e t a l  w a l l  t o  a b o i l i n g  l i q u i d ,  t h e  l a r g e s t  and t h e  d o m i n a n t  t h e r m a l

r e s i s t a n c e  i s  t h e  l i q u i d  f i l m . I f .  t h i s  t h i c k n e s s  o f  l i q u i d  f i l m  can be

r e d u c e d ,  t h e r e  w o u ld  be g r e a t e r  h e a t  t r a n s f e r . Une way o f  d o i n g  t h i s  

i s  t o  i n c r e a s e  t h e  l i q u i d  v e l o c i t y .  I n  l o n g  v e r t i c a l  t u b e s ,  w i t h  l o w  

l i q u o r  l e v e l  i n s i d e ,  t h e  l i q u o r  b u b b l e s  f o r m e d  have  a v i o l e n t  pum ping  

a c t i o n  w h i c h  ca us e s  h i g h  v e l o c i t y .  The h i g h  l i q u o r  v e l o c i t y  i s  a l s o  

a c h i e v e d  by  p um p ing  t h e  l i q u i d  t h r o u g h  t h e  t u b e s  w i t h  a p o s i t i v e  h e a d .  

As t h e  l i q u o r  passes  t h r o u g h  t h e  t u b e s , i t  b o i l s  and t h e  v a p o u r  and t h e  

l i q u i d  f o r c e  o u t  ] to t h e  t o p  o f  t h e  t u b e s  a t  a h i g h  v e l o c i t y .  T h i s  i s  

known as " F o r c e d  ' C i r c u l a t i o n " .

The d i s a d v a n t a g e s  o f  a r i s i n g  f i l m  LTV E v a p o r a t o r  a re  :

1.  Low h e a t  t r a n s f e r  c o e f f i c i e n t  a t  l o w  b o i l i n g  t e m p e r a t u r e ,
and;

2 .  Low t e m p e r a t u r e  d i f f e r e n c e .

tohcn t h e s e  e v a p o r a t o r s  a r e  used  f o r  c o n c e n t r a t i o n  o f  B la c k  

L i q u o r  f r o m  Bamboo, h a r d w o o d s  and a g r i c u l t u r a l  r e s i d u e s ,  s c a l e s  a r e  

f o r m e d  as t h e s e  l i q u o r s  c o n t a i n  s e v e r a l  i m p u r i t i e s  i n h e r e n t  i n  raw 

m a t e r i a l s .



Somo o f  t h e s e  s c a le s  -are W a te r  b p lu b ie s  w h i l e  o th e r s  r e q u i r e  c h e m ic a l  

e .n d /o r  m e c h a n ic a l  c l e a r i n g  o f  th e  t u b e s ;  The f re q u e n c y  a t  w h ich  '*,he : r'

e v a p o r a to r s  m us t be  ta k e n  o u t  o f  o p e r a t io n  f o r  w a sh in g  v a r i e s  from  

once, a day  w i t h  weak l i q u o r s  o r  once a week w i t h  w a te r  b o i l i n g .  The 

h ig h  r a t e  o f  s c a l i n g  and h ig h  f r e q u e n c y  o f  dow ntim e  o f  w a s h in g  has been 

th e  l i m i t i n g  f a c t o r  f o r  s team  economy and p A e n t - u t i l i s a t i o n  c a p a c i t y *

In  f a c t  i t  h a a  become a g e n e r a l  p r a c t i c e  in  I n d ie  t h a t  one o f  th e  

b o d ic e  o f  a m u l t i p l e  e f f e c t  e v a p o r a t io n  sys tem  i s  ta k e n  o u t  o f  t h e  

sys tem  and used  as a s ta n d b y  f o r  th e  c l e a n in g  i n t e r v a l s .  Thus, a 

f i v e - e f f e c t  m u l t i p l e  e f f e c t  e v a p o r a to r  i s  used as a f o u r - e f f e c t  Ohu and 

a s i x - e f f a c t  e v a p o r a to r  used as a t i v e - e f f e c t  one. T h is  means l a r g e r  

c a p i t a l  in v e s tm e n t  and h ig h e r  s team  c o n s u m p t io n .

Some phenomena w h ic h  c o n t r i b u t e  t o  s c a l i n g  are- :

1 .  P r e c i p i t a t i o n  o f  o r g a n ic  and i n o r g a n i c  s a l t s  fo r m in g  
s lu d g e ,  •

2 .  P r e c i p i t a t i o n  o f  i n o r g a n i c  s a l  re  of- C a lc ium  A lu m in iu m  pT- 
" S i l i c a  in t r o d u c e d  as i m p u r i t i e s  i n  th e  f i b r o u s  r a w ; ■

m e t e r i a l s , ■

3 .  . L ime f r o m  R c c a u s t i c i e r  and w a te r ,

4 .  D e p o s i t io n  o f  s o l i d s  duo t o  i n v e r t e d  s o l u b i l i t y ,

5 .  P resence  o f  f i b r e  f i n e s  i n  B la c k  l i q u o r ,

6 .  Abnorm al v i s c o s i t y  and. n o n - N e u t o n ia n - c h a r a c t e r i s t i c s  duo • 
t o  h ig h  c o n c e n t r e t i o n  Of s o l i d s  i n  B la c k  l i q u o r ,  and

7 .  D e c o m p o s i t io n  o f  o r g a n ic s  and t h e i r  change i n  th e  phase 
e q u i l i b r i u m  at. e le v a te d  te m p e r a tu r e s  and h ig h e r  
c o n c e n t r a t i o n s .

Some o f  th e s e  phenomena can be c o n t r o l l e d  o r  e l im i n a t o d .

F i l t e r s ,  f o r  exam p le , -can be used t o  remove th e  f i n e  f i b r e s ,  . i m p u r i t i e s  : 

can be c o n t r o l l e d  by th e  use o f  b e t t e r  g r a d e s . o f  raw m a t e r i a l s ,  by 

p u r g in g  i m p u r i t i e s  f rom  th e  m i l l  sys tem  o r  by  a c lo s e  c o n t r o l  o f  pH.

W h i le  th e s e  m easu res  can: be  t a k e n ,  some may n o t  be e c o n o m ic a l ly  

j u s t i f i e d .  A b e t t e r  way to  s o lv e  th e s e  p ro b le m s  w o u ld  be by  p ro p e r  . . 

s e l e c t i o n  and im p ro ve d  d e s ig n  o f  th e  e v a p o r a t io n  p l a n t .



The s c a l i n g  p r o b l e m  o c c u r s  a t  h i g h e r  t e m p e r a t u r e s  a n d  a t  h i g h e r  

c o n c e n t r a t i o n  o f  s o l i d s  o f  t h e  b l a c k  l i q u o r .  O n e ' s i m p l e  way i s  t q  make •

u.sci o f  • f t i r c o d .  c i r c u l a t i o n  when - t h e  l i q u o r  i s  pushed  up a t  a g r e a t e r  ; 

t h a n  n o r m a l  v e l o c i t y  w h i c h  i t s e l f  a c t s  as t h e  d u a l  r o l e  o f  c l e a n i n g  a n d :  

r e d u c i n g  t h e  r e t e n t i o n  t i m e  o f  t h e  l i q u o r  o v e r  t h e  h e a t i n g ,  s u r f a c e .  -There 

a r e  s e v e r a l  t y p e s ,  o f  h i g h  s o l i d s  c o n c e n t r a t o r s  w h e re  f o r c e d  . c i r c u l a t i o n  . 

i s  e f f e c t e d .  One w i d e l y  a c c e p t e d  and m ore  e f f e c t i v e  c o n c e n t r a t o r  i s  t h e  -.. 

s o . c a l l e d  " H o r t o n  H igh  S o l i d s  C o n c e n t r a t o r " . .  I n  H o r t o n  . c o n c e n t r a t o r -  

t h e  r e t e n t i o n  cham be r  away f r o m  t h e  h e a t i n g  s u r f a c e  i s  p r o v i d e d  Where 

t h e  o r g a n i c  co m p o n e n ts  arid c e r t a i n  s a l t s ,  b e c a u s e  o f  t h e i r  i n v e r t e d '  

s o l u b i l i t y . o r  a s h i f t  i n  t h e  p hase  e q u i l i b r i u m ,  p r e c i p i t a t e s . a n d  g row as 

s l u d g e  p a r t i c l e s .  The s c a l i n g  c o m p o n e n t s  a r c  r e l e a s e d  i n  t h e  g r o w t h  

cham be r  and f o r m  a d e p o s i t  on t h e  e x i s t i n g  s l u d g e  s u r f a c e  a r e a .  By 

r e c y c l i n g  t h e  s l u d g e  t h r o u g h ' t h e  h e a t  e x c h a n g e r  t u b e s , -  an e n v i r o n m e n t  - i s  

c r e a t e d  w h e re  t h e  s u p e r - s a t u r a t e d  co mponen t  d e p o s i t s  .on t h e  s l u d g e  

p a r t i c l e s  and n o t  on t h e  t u n c  a u i - f a c o .  T h i o  u o n u o n t i n t n r  .has boon used  

f o r .  c o n c e n t r a t i n g  b l a c k  l i q u o r  o f  b a g a s s e ,  S i s a l ,  E u c a l y p t u s  and s e v e r a l  

o t h e r  a g r i c u l t u r a l  r e s i d u e s .  Due t o  r e c i r c u l a t i o n  t h e  p o w e r  r e q u i r e m e n t . ,  

i s  v e r y  h i g h  and t h e r e f o r e  i s  recommended w h e re  t h e  p o w e r  c o s t s  a r e  

c o m p a r a t i v e l y  c h e a p e r .  A b e t t e r  meth od  i s  t o  use t h e  f a l l i n g  f i l m  LTV • 

e v a p o r a t o r  w h o re  t h e  l i q u o r  i s  made, t o  f a l l  o v e r  t h e  e n t i r e  s u r f a c e  p f  

t h e  h e a t i n g  t u b e .  The a d v a n t a g e s  o f .  t h e  f a l l i n g  f i l m  e v a p o r a t o r s  a r e  :

1 .  V e r y  m o d e r a t e  t h e r m a l  d r o p  n e o d e d ,  p e r m i t t i n g  smoo th  
o p e r a t i o n  i n  q u i n t u p l e ,  s e x t u p l e  and s e p t u p l e  e f f e c t s ,

2 .  A v a i l a b i l i t y  of-  h i g h e r  i h e a t  t r a n s f e r  c o e f f i c i e n t s  o v e r
t h e  l o n g  p e r i o d  o f  t i m e  and h i g h e r ,  e v a p o r a t i o n  r a t e s  a t  
t h e  f i n a l '  s t a g e s , "  - .

3 .  Low f o u l i n g  r e s u l t i n g  f r o m  w e t t i n g  o f  t h e  h e a t i n g  t u b e s  
and a b s e n c e  o f  l o c a l  o v e r - h e a t i n g  due t o  v e r y  s h o r t  
r e t e n t i o n  t i m e  o f  l i q u o r  i n  t h e  t u b e s .  T h i s  i s  p a r t i c u l a r l y  
a d v a n t a g e o u s  t o  r e d u c e  t h e  s c a l i n g  p r o b l e m ,

,4. ..A s p e c i a l l y  d e s i g n e d  f e e d i n g  s y s t e m  and t h e  i n t e r n a l
s e p a r a t o r  p r o v i d e d  i n  t h e  f a l l i n g  f i l m  e v a p o r a t o r  s y s te m  
e n s u r e s  s e p a r a t i o n  o f  t h e  s c a l e  f o r m i n g  a g e n t s  i n  t h e  
s e p a r a t o r  i t s e l f  and; g u rev a n ts  e n t r y  o f  t h e  same i n t o ,  t h e  
e v a p o r a t i o n  t u b e s ,  ar\cfe«..
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5 .  F l e x i b i l i t y  i n  o p e r a t io n  a t  . fcducod c a p a c i t y .  Tho power 
r e q u i re m e n t  o f  th o  f a l l i n g  f i l m  e v a p o r a to r  i s  c l s o  h i g h . 
There a re  many h y b r id  sys tem s  c f  f a l l i n g  f i? m  and r i s i n g  
f i l m  e v a p o r a to r s .

The- f a l l i n g  f i l m  e v a p o ra to r s  th u s  h e lp s  t o  overcome th e  p rob lem s 

o f  h ig h  v i s c o s i t y  and s c a l i n g  te n d e n c ie s  o f  th e  l i q u o r .  I t  i s  a ls o  v e ry  

a t t r a c t i v e  f ro m  th e  p o i n t  o f  v iew  o f  minimum c a p i t a l  in v s s t m e n t .  The 

lo w e r  c a p i t a l  in v e s tm e n t  i s  m a in ly  due t o  re d u c e d  h e a t in g  s u r f a c e  a r e a .  

The f o l l o w i n g  c o m p a ra t iv e  t a b l e  shows th e  power re q u ire m e n t,  and th e  steam 

r e q u i r e m e n t  f o r  c o n c e n t r a t i n g  bamboo b la c k  l i q u o r  f o r  a p r o d u c t io n  o f  

100 ,00 0  to n n e s  p e r  y e a r  p a p e r .

CONVENTIONAL RISING FALLING FILM 
FILM LTV EVAPORATOR LTV EVAPORATOR

1. Power r e q u i r e m e n t  A . 5-Z f  f  o c_t
"4*5" KWH* 157 .5  KWH

J3. 6 - E f f e c t  
67*.5* KWH* 221 .25  KWH.

2 .  Steam r e q u i re m e n t  A . 5 - E f f e c t
29™,"000™" k g /h r  30 ,5 0 0  k g / h r

B . 6 - E f f  e c t __
24,53*5 k g / h r .  2 5 ,7 3 5  k g / h r .

3 .  Steam economy, kg o f  w a te r  A. 5 - E f f e c t __
E v a p o r a t io n / k g  o f  s team  4 .4 0 5  4 .3 0 3

B. 6- E f f e c t
i" .33'  5.1

S in c e  s c a le  f o r m a t i o n  i s  c o n t r o l l e d  and t h e r e f o r e  th e  f re q u e n c y  

o f  c le a n in g  end s h u t  down i a  re d u c e d ,  th e  f a l l i n g  f i l m  e v a p o r a to r  has 

more r u n n in g  h o u rs  i n  an y e a r .  Assuming t h a t  a - 6 - e f f e c t  c o n v e n t io n a l  

r i s i n g  f i l m  e v a p o r a to r  w i l l  w ork  as a 5 - e f f e c t  one (one body a lw ays  as 

a s ta n d b y )  and a 6 - e f f e c t  f a l l i n g  f i l m  LTV e v a p o r a to r  w o rks  w i t h  100^ 

e f f i c i e n c y ,  th e  o p e r a t in g  c o s t  d i f f e r e n c e  i n  te rm s  o f  power and steam 

w i l l  be as f o l l o w s  :

1

CONVENTIONAL RISING FALLING FILM LTV 
     FILM LTV EVAPORATOR EVAPORATOR_____
O p e ra t in g  C ost/annum  Rg  ̂ 1 0 7 . 2 7 , 6 4 0 / -  Rs. 9 6 ,9 7 . 6 4 4 / -
o f  Power and Steam
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H o w e v e r ,  t h e  f a l l i n g  f i l m  e v a p o r a t o r  does n o t  w o r k  a t  100% 

e f f i c i e n c y ,  as assumed,  and g e n e r a l l y  t h o  u t i l i s a t i o n  e f f i c i e n c y  i s  05% 

• / ' i c h  means t h e  6 - p f f e c t  e v a p o r a t o r  w i l l  w o r k  as 6 - e f f e c t  85% o f  t h e  t i m e  

i n  -i y e a r  and 15% o f  t i m e  as  a 5 - e f f e c t  o n e .  T a k i n g  i n t o  c o n s i d e r a t i o n  

•ui’.Js f a c t ,  t h e  d i f f e r e n c e  i n  o p e r a t i n g  c o s t  b o tw e o n  t h e  c o n v e n t i o n a l  

. i s i n g  f i l m  and t h e  modern  f a l l i n g  f i l m  e v a p o r a t o r  s y s t o m  w o u l d  be a ro und  

7 . 9 8  l a c s / y e a r  o r  r o u g h l y  Rs. 8 p e r  t o n n e  o f  p a p e r .  T h i s  s a v i n g  does 

i n c l u d e  t h e  s a v i n g s  due t o  l o w e r  i n t e r e s t  and d e p r e c i a t i o n  o f  l o w e r  

I n i t i a l  i n v e s t m e n t  o f  t h e  f a l l i n g  f i l m ,  e v a p o r a t o r .

CL ( b )  I n c l u s i o n  o f  V a p o u r  R c c o m p r e s s i o n  E v a p o r a t o r  f o r
i n i t i a l  c o n c e n t r a t i o n  o f  Bl a c k  l J L q u o r . ________ ___

The p r i n c i p l e  o f  V a p o u r  R e c o m p r e s s i o n  E v a p o r a t i o n  (VRE) has been 

w i d e l y  used  i n  v a r i o u s  i n d u s t r i a l  a p p l i c a t i o n s .

D ia g ra m  9 shows t h o  p r i n c i p l e  o f  Va p o u r  R e c o m p r e s s i o n  E v a p o r a t o r  

f u r  c o n c e n t r a t i o n  o f  b l a c k  l i q u o r  o f  a K r a f t  P u l p  M i l l .  The v a p o u r  f r o m  

t.' ic b o i l i n g  l i q u o r  i s  f o r c e d  t h r o u g h  a c o m p r e s s o r  t o  i n c r e a s e  i t s  

p r e s s u r e  and  h en c e  i t s  t e m p e r a t u r e ,  and  i s  used  a g a i n  as t h e  h e a t i n g

i . g s n t  i n  t h e  e v a p o r a t o r ,  w h e re  i t  c o n d e n s e s  g i v i n g  i t s  l a t e n t  h e a t .  I n  

f a c t ,  t h e  t o t a l  h e a t  c o n t e n t  o f  one  k g .  o f  v a p o u r  l e a v i n g  t h e  e v a p o r a t o r  

body i s  s l i g h t l y  l e s s  t h a n  t h a t  o f  t h e  s te am  used  t o  h e a t  t h e  e v a p o r a t o r  

t u b e s .  L i q u o r  i s  c i r c u l a t e d  as  a f a l l i n g  f i l m  and t h o  c o n d e n s a t e  l e a v i n g

t n c  e v a p o r a t o r  i s  used  t o  p r e h e a t  t h e  f e e d  l i q u o r .  One t h u s  g e t s  m u l t i p l e

•..■iTuct economy i n  a s i n g l e  e f f e c t  e v a p o r a t o r .

A l t h o u g h  V e p o u r  C o m p r e s s io n  E v a p o r a t i o n  has been  used  i n

e v a p o r a t i o n  o f  S u l p h i t e  L i q u o r ,  i t  has  n o t  been  used  i n  K r a f t  l i q u o r

■ v n p o r a t i o n  .

The c o m p r e s s i o n  o f  v a p o u r  r e q u i r e s  e l e c t r i c a l  e n e r g y  ( d r i v e  m o t o r )  

o r  h i g h  p r e s s u r e  s te am  ( s t e a m  t u r b i n e s ) .  S i n c e  i n  a e v a p o r a t o r  Q= IJxAx T;  

whe re  Q r e p r e s e n t s  t h e  f l o w  o f  h e a t ;  U o v e r a l l  h e a t  t r a n s f e r  c o e f f i c i e n t ;

A b o a t i n g  s u r f a c e  a r e a  o f  t h e  t u b e s  a n d  T t h e  t e m p e r a t u r e  d i f f e r e n c e  

j tw een  t h e  h e a t i n g  a g e n t  and  t h e  t e m p e r a t u r e  i n  v a p o u r  s p a c e  i n  t h e  

- ' '  opu r . )  t o r  b o d y ,  t h e r e  mus t  be  a b a l a n c e  b e t w e e n  t h e  c o s t  o f  c o m p r e s s i o n  

i d  t h e  c o s t  o f  c v p o r o t i o n .
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H igh  te m p e r a tu re  d i f f e r e n c e ,  would mean h ig h e r ;  co m p re s s io n  r a t i o '  and 

p o s t  w h i l e  lo w e r  t e m p e r a tu r e  d i f f e r e n c e  w ou ld  mean l a r g e r  h e a t in g  

.surfbce a re a  o f  th e  tu b e s .  .

A com pa r ison  o f  th e  ene rg y  c o n s u m p t io n  has been made f o r  a.;- ;  

system  w here  th e  K r a f t  l i q u o r  o f  a 15% t o t a l  s o l i d s  ( T . 5 . )  i s  concen 

t r a t e d  to  50% T .S .  i n  a 6 - e f f e c t  e v a p o r a t o r . i n  o n e •case  end i n  a 

Vapour R ecom press ion  E v a p o ra to r  System w i t h  4 aumpa each w i t h  pumps 

i n  th e  o th e r "  c a s e .  The r a t e  o f  w a te r  e v a p o r a t io n  i s  1 3 6 ,00 0  k g /h r , -  ...

(3 0 0 ,0 0 0  l b s / h r • )  in -  b o th  cases- th e  te m p e r a tu r e  o f  t h e  w a te r  b e in g  : 

43°C ( H O T ) .  -

- COMPARISON OF ENERGY iCONS UMPTI ON. IN MULTIPLE ’ EFFECT. . .
‘  •; EVAPORATOR & VAPOUR REC0MPRESSI0N EVAPORATOR- FOR-' : ■ ;

KRAFT L iqUOR CONCENTRAT I O N  __ ____

Energy, demand, J o u le s / k g .  

o f  w a te r  e v a p o r a t io n

l b s .  o f  S te a m / lb s .  o f  

w a te r  e v a p o r a t io n

E l e c t r i c a l  E ne rgy , KWH/kg, 

o f  w a te r  e v a p o r a t io n

MULTIPLE EFFECT
:e v a p o r a t o r ( m e e ).

4 .7  x 105

VAPOUR RECOMPRESSION 
EVAPORATOR. ( V R E ) "  .

5 . 8 10

1 x 10" 

1 .2 x 1CT

( 4 .7  x 10 j / k g )  

(200 B t u / l b . )

■0.026 KWH/kg. . 

( 1 .2  x 1 0 5 J / k g . ) .  

(50 B t u / l b . )

I t  shows t h a t  ene rg y  co n s u m p t io n  i n  VRE i s  a p p r o x im a te ly  1 /4  

■of th e  consum p tion  i n  MEE. VRE th u s  p r o v id e s  a b e t t e r  e n d . e f f i c i e n t  

u t i l i s a t i o n  o f  energy

Why i s  i t  th e n  t h a t  VRE has n o t  been w id e ly  a c c e p te d  i n  th e

p u lp  and p a p e r  i n d u s t r y  7 L e t  us see th e  l i m i t a t i o n s  o f  t h i s  p r o c e s s .

K r a f t  l i q u o r s  have h ig h  b o i l i n g  p o i n t  r i s e  and a re  v is c o u s

and o f t e n  foam y. The fo r m e r  tw o in c r e a s e  w i t h  i n c r e a s e  i n  th o

c o n c e n t r a t io n ,  o f  t o t a l  s o l i d s . . . ;  ■
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F o r  e xam p le ,  when K r a f t  l i q u o r  i s  c o n c e n t r a te d  from  20% T .S .  t o  45% T .S .  

th e  b o i l i n g  p o i n t  r i s e  in c r e a s e s  f ro m  1 °C -2 .8 °C  to  5 .5 ° C .  A s i n g l e - s t a g e  

co m p re sso r  has a maximum r a t i o  o f  d is c h a r g e  t o  i n l e t  p re s s u re  o f  1 .4  to  

1 , g i v i n g  a te m p e ra tu re  o f  11 °C above t h o  b o i l i n g  p o i n t  o f  w a te r .

In c re a s e  i n  -the b o i l i n g  p o i n t  r i s e  o f  K r a f t  l i q u o r  w i l l  re d u ce  th e

o v e r a l l  te m p e ra tu r e  d i f f e r e n c e  ( T ) . A l th o u g h ,  m u l t i p l e  s ta g e  com presso rs  

i n  s e r i e s  o p e r a t io n  can g iv e  a g r e a t e r  p r e s s u r e  d i f f e r e n c e ,  i . e .  g r e a t e r  

T, th e  c a p i t a l  c o s t s  and th e  o p e r a t in g  c o s ta  c a n n o t  j u s t i f y  t h e i r  u s e .

VRE t h e r e f o r e  can be used t o  p r e - e v a p o r a te  th e  K r a f t  l i q u o r  ahead o f  MEE.. 

There i s  th u s  a l i m i t  t o  th e  f i n a l  c o n c e n t r a t i o n  o f  l i q u o r  due t o  th e  .

b o i l i n g  p o i n t  r i s e  o f  h ig h  s o l i d s  K r a f t  l i q u o r  i n  VRE. V f  .

I n  a m i l l  whero MEE has been i n s t a l l e d ,  warm w a te r  i s  o b ta in e d  

f rom  th e  e v a p o r a to r  c o n d e n s e r .  An e x i s t i n g  m i l l  c a n n o t  h ave  a VRE 

^ w h u re  o n ly  s m a l l  q u a n t i t y  o f  c o o l in g  w a te r  i s  needed to  condense th e  

v a p o u r  i n  t h e  n o n -c o n d e n s a te  gas and hence VRE ca n n o t  fo rm  a so u rc e  o f  

h o t  w a t e r .

One a d va n ta g e ,  h o w e ve r , f ro m  th e  e f f l u e n t  t r e a tm e n t  p o i n t  o f

v ie w  i n  VRE i s  t h a t  n e a r l y  (5% uF the ROD i s  i n  10% o f  t h e  conden sa te

and hence BOD rem ova l i s  c h e a p e r .

VRE can be i n s t a l l e d  i n  now p l a n t s  f o r  pro-ovopnrot j  on of- 

K r a f t  l i q u o r  t o  be f o l l o w e d  by a re d u ce d  a i z c  and number o f  s ta g e s  o f  

MEE. E x i s t i n g  m i l l s  can use i t  t o  augment t h e i r  e v a p o r a t io n  c a p a c i t y  

by i n c o r p o r a t i n g  VRE, where warm w a te r  f ro m  . the  e v a p o r a to r  condenser 

i s  i n  e x c e s s . VRE can bo recommended where lo w  c o s t  e l e c t r i c a l  ene rgy  

o r  h ig h  p re s s u re  steam from  back p r e s s u r e  power t u r b i n e  i s  a v a i l a b l e .

DD Use o f  Ce n t r i - c l e a n e r s  wi t h  mod i f i e d  Design

C e n t r i f u g a l  c le a n e r s  have been used i n  th e  P u lp  L Paper M i l l s  

f o r  many y e a r s .  C e n t r i c l e a n e r s  a re  used t o  remove th e  p ro co sa  

c o n ta m in a te s , l i k e  sand , d u s t ,  r u b b e r , i r o n  and any uncooked k n o t s , 

s h iv e s ,  b e r k s , e t c . A l l  t y p o s  o f  C e n t r i f u g a l  c le a n e r s  l o o k  b a s i c a l l y  

th e  spme. They have a t a n g e n t i a l  i n l e t ,  a c e n t r a l  a c c e p t  end o r e j e c t  

o u t l e t  i n  t h e - c o n i c a l  p a r t  o f  th o  c l e a n e r .



A l l  ty p e s  o f  C e n t r i c l e a n e r s  a re  based o n ' t h e  same p r i n c i p l e . .  The 

c e n t r i f u g a l  f o r c e ' c r e a t e s  a v o r t e x  i n . t h e  c l e a n e r .  Due to  d i f f  e rence  

i n  th e  s p e c i f i c  g r a v i t y ,  t h e  i m p u r i t i e s  g e t  a h ig h e r  s e t t l i n g  v a l c . c i t y  

th a n  th e  f i b r e s . .  T h is  r e s u l t s  in -  th e  i m p u r i t i e s  b e in g  c o n c e n t r a te d  • 

n e a r  th e  w a l l  o f  th e  c le a n e r  where th e y  move downward and a re  d is c h a rg e d  

a t  t h e . r a j e c t  o u t l e t  as a th ic k e n e d  s u s p e n s io n .  . .

D u r in g  th e  l a s t  faw  y e a rs  d e v e lo p m e n t . i n  C le a n e r  d e s ig n  have 

ta k e n  p la c e  t o  m ake■them more e c o n o m ic a l .  These deve lop m e n ts  have 

r e s u l t e d  i n  i n c r e a s in g  . t h e • c l e a n i n g e f f i c i e n c y , r e d u c in g  th e  power', 

co n s u m p t io n ,  r e d u c in g  th e  space re q u i re m e n t  a n d - th e  m a in tenan ce  c o a t s .

A good C e n t r i c l e a n e r  s h o u ld  have. : '  • *

1 . .  a h i g h ' o v e r a l l  c l e a n in g  e f f i c i e n c y  o v e r  a w ide
o p e r a t i n g  r a n g e  a t  l o w  p ow e r  c o n s u m p t i o n ;  - V .  V

2 .  be a b le  t o  e l i m i n a t e  p lu g g in g ;  : "

;3 .  . be compact w i t h  minimum space re q u i r e m e n t '  end  m a in te n a n ce ;

4 .  use m a t e r i a l  o f  c o n s t r u c t i o n  'w h ic h  w i l l -  n o t : wear end 
d i s t u r b  th e  c le a n in g  . e f f i c i e n c y ;  and

5 . a l l o w  i n s p e c t i o n ,  o f  the  c le a n in g  u n its  and make i t
. p o s s ib le  t o .c h a n g e  u n i t s  d u r in g  o p e r a t io n  W i th o u t  . ; ■

d i s t u r b i n g  th o  p r o d u c t i o n .  . ' j

To g e t  h ig h  c le a n in g  e f f i c i e n c y ,  th e  b e n t r i f u g e l  f o r c e  s h o u ld  

be as h ig h  as p o s s i b l e .  The s im p le  fo r m u la  t

■F *  M x V^/R  -  where  F deno te s  C e n t r i f u g a l  F o rc e ;  on a
p a r t i c l e ;  M i t s  mass; V the . t a n g e n t i a l  v e lo c i t y ?  
and R ' t h e  Rad ius  o f  th e  C le a n in g  U n i t .

d e te rm in e s  t h e  F o rc e .  To make c e n t r i f u g a l  f o r c e  h ig h ,  

ono nedds h ig h  t a n g e n t i a l  v e l o c i t y  .and lo w  r a d iu s  o f  th e  c l e a n e r . . I t  

i s  a ls o  t r u e  t h a t  h ig h e r  th e  t a n g e n t i a l  v e l o c i t y ,  g r e a t e r  w i l l  be th e  

p re s s u re  d rop  over, th e  U n i t . .  V ' : 1



W ith  r i g h t ;  d im e n s io n  and r i g h t  c o n s t r u c t i o n  o f  t h e  i n l e t  and

h e ig h t  o f  th e  c l e a n e r , h ig h  c le a n in g  e f f i c i e n c y  can bo o b t a i n e d .

H ow eve r, h ig h  p r e s s u r e  d ro p  in c r e a s e s  th e  power c o n s u m p t io n .  I f  b o th
2

p r e s s u r e  d ro p  and r a d iu s  a re  re d u ce d  i n  such a way t h a t  th e  r a t i o  V / R . -  

i s  k e p t  c o n s t a n t ,  th e n  no change w i l l  o c c u r  i n  th e  C e n t r i f u g a l  F o rc o  F.

By u s in g  a s m a l l  c le a n e r ,  lo w e r  power co n s u m p t io n  can be a c h ie v e d  f o r  a 

g iv e n  c e n t r i f u g a ' l  f o r c e .  th e  n o z z le  d e s ig n  and th e  m a t e r i a l  o f  

c o n s t r u c t i o n  o f  th o  c le a n e r  a re  v e r y  im p o r t a n t  t o  re d u c e  th e  power 

c o n s u m p t io n  f o r  a g iv e n  c le a n in g  e f f i c i e n c y .  The t a n g e n t i a l  i n l e t  

l o c a t e d  as c lo s e  as p o s s ib le  to  t h e  i n n e r  w a l l  o f  th e  c y c lo n e  ensu res  

S m a l le s t  p o s s ib le  a n g u la r  d i f f e r e n c e  be tw een t h e  l i q u i d  f l o w  f l o a t i n g  

i n  t h e  c y c lo n e  and t h e  f l o w  e n t e r i n g  th r o u g h  tho  n o z z le .  There  have 

been S e v e r a l  d e s ig n  m o d i f i c a t i o n s  o f  C e n t r i c l e a n e r s  g i v i n g  im p roved  

p e r fo rm a n c e .

In  a C e n t r i c l e a n e r  a p a r t i c l e  o f. a c e r t a i n  w e ig h t  and s i z e  can 

c i r c u l a t e  i n  a h o r i z o n t a l  p a th  due t o  th o  f a c t  t h a t  th e  upward component 

o f  t h e  c e n t r i f u g a l  f o r c e  e q u a ls  th e  o p p o s i t e  d i r e c t e d  component o f  th o  

h y d r a u l i c  f o r c e .  T h is  i s  c a l l e d  th e  l e v e l  o f  b a la n c o (D ia g ra m  1 2 ) .

A p a r t i c l e  wears down th e  cone r a p i d l y  and a ls o  w ears  i t s e l f  down 

T h is  i s  a v o id e d  by h a v in g  a n e g a t i v e  a n g le  way down th e  cone to  p r e v e n t  

th e  above w e a r .  To g e t  a d e c re a s in g  r a d iu s  w i t h  a n e g a t i v e  a n g le  down 

th e  cone , s p i r a l  o r  s te p p e d  cone d e s ig n s  a re  more s u c c e s s f u l .  • In  a 

no rm a l cone th e  a c c e p te d  s to c k  c o n t i n u o u s l y  le a v e s  th e  cone p a r t  i n t o  

th e  upward g o in g  s t re a m  i n  th e  v o r t e x .  However, s m a l l  f l o w s  go back 

and h i t  t h e  upward com ponen t f l o w  c lc .se  t o  th e  w a l l .  Thus c r o s s  f lo w  and 

t u r b u le n c e s  r e s u l t  and th e  d i r t  duo t o  th e s e  d is tu r b a n c e s  i s  th ro w n  i n t o  

th e  u p g o in g  s tre a m  and j o i n s  th e  a c c e p te d  f l o w .  I n  the  S tepped Cono 

t h e r e  i s  no u p go in g  com ponent a t  . th e  -cone w a l l  and hence t h e r e  a re  no t 

c ro sa  f l o w s  and t u r b u le n c e s . T h is  moans we can save e n e r g y  by m in im is in g  

tHe tu r b u le n c e s '  i n  t h e  cone p a r t  and a ls o  by g e t t i n g  th e  s h a k in g  a c t i o n  

downwards th e  cone . W ith  no c ro s s  f l o w s  and t u r b u le n c e s ,  th e  f l o w  r a t e  

o f  th e  c le a n e r  in c r e a s e s  a t  th e  same p re s s u re  d ro p .  D iagrams 13 L 14 

show th e  p r i n c i p l e  o f  T rap Cone and S p i r a l  Cone c e n t r i r l  rn rn ing  o f  p u lp .



A SC •';(s p . i ra ' i  co n e ) c l e a n p r  can have  a h i g h e r  . c le a n in g  e f f i c i e n c y  a t  e':

" g.i vert . Feed c o n s is te n c y  w i t h  a - lo w e r  ‘ire j  e c t  r a t e  th a n  a f l a t  cone c lean ' 

( d ia g ra m  1 i t ,  1 6 ) .  : ■ . /

; The com p a r iso n  o f  p e r fo rm a n c e  d a ta  between* ;f he-' C o n v e n t io n a l  : v .  

and im p ro v e d  C e h t r i c i e a n e r s  i s  g iv e n  im - t h e  I q l l o w i n g  t a b l e  :

POWER CONSUMPTION ;1N CENTRICLEANER51 ; J
DESCRIPTION . 1 , CONVEiMTip.VAL

" Y mpT oVCD .
DESIGN . 1?

1 . . P re s s u re  Drop ■ )
■

2 .2  kg/cm*V 2
t . 4  kg/cm

(22 MWG) ('.4 MWG)

2 i! Energy C o s t / y e a r  
(assum ing  1 KWH c o s ts  

. 30. pai-seV, R s . / l a c s

15 .4  f :

i .

6 .5

3 : Feed r a t e , 1pm

P r im a ry  ,*
Secondary
T e r t i a r y

8 1 ,0 0 0  1 
27 ,0 0 0  •; ' 

7 .200

70 ,500
18 ,800

6 .3 0 0

The d i f f e r e n c e  in  o p e r a t i n g ' e n e rg y  c o a t  i a  a p p r o x im a te ly  

R s . 7 la c s  p e r  y e a r  f o r  330 TPD b le a c h e d  p u lp  m i l l .

EE I n c o r p o r a t i o n  o f  Doub le  D i l u t i o n  sys tem  i n  p la c e  o f  S in g le
, D i l u t i o n  i n  t he A p p roach F-low' S ya ten  o f  tdie Paper Mac h i n e . :

The. p u l p . s to c k  com ing o u t  o f  th e  m ach ine  r e f i n e r s  has t d  be 

d i l u t e d  t d  a c o n s is te n c y  l e s s  th a n  1 % b e fo r e  th o  s h e e t  f o r m a t io n  ta k e r  

p la n  S. on th e  m achine w i r e .  T h is  i s  done by m ix in g  the , m ach ine  S to ck  

w i t h  w h i t e  w a te r  f rom  th e  w h i t r  w a te r  s i l o  c o l l e c t e d . m a i n l y  f r b n  th e  

w i r e 1: t r a y s  . f rom  th e  p a p e r  machine by  means o f  a pump c o l l e d  th o .  1 f a r  

pump* im m e d ia te ly  ahead o f  th e  c a n t r i c l e a n e r a .  A p p r o x im a te ly  80% Of 

th e  w a te r :a n d  as h ig h  as  40% o f  th e  f i b r e s  .and f i l l e r s  l e a v i n g  th e  s l i c  

a t e  d ra w n . i n t o ' t h e  w h i t e  w a te r  t r a y s . • .The . fa n  pumps, c o n t r i c l e a n e r s , 

j d e c u le to r ,  s c re e n s ,  th e  head b o x . w i r e  t r a y s  and th e  w h i te  w a te r  s i l o  

f ro m  ah in n e r  lo o p  i n  th e  p ape r  m ach ine  w a te r  r e c i r c u l a t i o n  sys tem V  Th i 

' in n e r  lo o p  c i r c u l a t e s  a huge amount o f  .w a te r  and has" 0- comparative.', 

s h o r t  c i r c u l a t i o n  / p e r i o d .  * ?■'

' • The l a r g e s t  c i r c u l a t i o n  pump i n ’ t h e  p a p e r  m ach ine  house i s  t h e  

fa n  pump c i r c u l a t i n g  and fe e d in g  th e  c e n t r i c ! o a n e r s  a t  e. p r e s s u r e .h e e d ,



o f  2 5 -30  met.raa w a te r  a p p ro x im a t  e l y  a q u a n t i  t y  of. 250 to n n e  p . o f  w a te r  

f o r  e v e ry  tonne  o f .  p a p e r  made. • D iagram 10 shows th e  "common method, o f  

; s to c k  d i l u t i o n  where t h e  s to c k  . f ro m  the  p a p e r  m ach ine  c h e s t . i s  d i l u t e d  

" w i t h  w h i t e  w a te r  o f  th e  t r a y s ,  o v e r - f l o w  o f  th e  head b o x , a c c e p t  f r o * '  • 

t h e  s e c o n d a ry  s c r e e n s » e t c .  , c o l l e c t e d  t o g e t h e r  i n  th e  w h i t e  w a te r  s i l o v  

The d i l u t e d  s to c k  a t  a c o n s is t e n c y  o f  0 . S -0 .6%  i s  fe d  t o  t h e  p r im a ry ,  

c e n t r i c l e a n o r s  f o r  th e .  re m o va l o f  d i r t  and s p e c s . The c e n t . r i c le a n e r s  

o p e ra te  on t h e  v o r t e x  p r i n c i p l e .  . The a c c e p ts  go t o  th e  d e c u le to r . . .  Tho;' 

d e c u la t d r  i s  a n ,e q u ip m e n t  f o r  re m o va l o f  a i r  f rom  th e  s t o c k .  The 

p re s e n ce  o f  a i r  i n  th e  s t o c k ,  w h ic h  i s  in -  th e  range  o f .2  t o  4% by iv b . tu m o , 

causes foam , a f f e c t s  d ra in a g e  .and im p a i r s  s h e e t  f o r m a t i o n . In  th o  

.d e c u l a t o r , w h ich  i s  com bined  w i t h  the cen t r i c l e a n o r s  t o  a v o id  a n o th e r  .- 

pumping stage", a i r  i s  rem oved. T h is  h e lp s  p r e v e n t io n  o f  f l o c c u l a t i o n ,  

im p ro ve s  d ra in a g e  on th e  ta b le ,  r o l l s ,  g iv e s  b e t t e r  f o r m a t i o n  o f  s h e e t ,  

causes i n c r e a s e  o f  vacuum a t  th e  couch and d e c re a s e . Of p o r o s i t y  o f  th e  . 

s h e e t -  The s e co n d a ry  fa n  pump, f i n a l l y  fe e d s  the head box o f  th e  pape r 

m ach ine  th ro u g h  th e  p r e s s u r e  s c re e n s  lo c a t e d '  becv/een th e  c e n t r i c l e a n e r s  - 

and. m ach ine head b o x . T h is  common m uthod o f  B tock  d i l u t i o n  i s  known 

as s i n g l e - d i l u t i o n  sys te m . .

A lo o k  .at the;, d iag ram  w ou ld  i n d i c a t e  t h a t  a huge q u a n t i t y  

o f  w a te r  and s to c k  i s  f o r c e d  th ro u g h  th e  .c e n t r i c l e a n e r s  a t  a c o n s id e r a b le  

h e a d , r e s u l t i n g  in .  a c o n s id e r a b ly -  e n e rg y  c o n s u m p t io n . One method o f  . . . 

r e d u c in g  t h i s  en.ergy consum ption , i s  t o  d e v ic e  im proved  c le a n in g  sys tem  .. 

w i t h  re duced  p re s s u re  d ro p s  th ro u g h  th e  c e n t r i c l b a n i h g  e q u ip m e n t.  Ah; 

a l t e r n a t i v e  method w ou ld  be t o  d e v ic e  some system by w h ic h  th e  quantity .- '-  

o f  d i l u t e  s to c k  fe d .  to  th e  c le a n e r s  i s  re d u c e d .  T h is  con, be done' cu9 i ly> -  

by e i t h e r  i n c r e a s in g  th e  c o n s is te n c y  o f  th e  d i l u t e  s t o c k  or by b y p a s s in g  \ 

a p a r t  o f  th e  a l r e a d y  c le a n e d  s to c k  th ro u g h  th e  . Ccnf r i e l  e a n e rs . The • .

. . fo rm er a l t e r n a t i v e  h a t  o r a l l y  w i l l  p u t  a l i m i t . i n  th e  c le a n in g  e f f i c i e n c y . . 

: The- second a l t e r n a t i v e  i s  shown i n  d ia g ra m  11 * - The o v e r f lo w  f ro m  th e

. m achine head b o x ; th e  se co n d a ry  sc re e n  a c c e p ts  end a p a r t  o f .  the  w i r e  ' 

t r a y  w a te r ,  wh ic iy  have once been c le a n e d  and have M i  t h i e change o f  : - 

p i c k i n g  of. arty- con ta m in a n t ,  a cce p t  a i r , -  bypass the r  u 111 i" i r  1 n.noers' hnd go 

; d i r o c t l y  t o  . th e  P e c u la to r  r e c e i v e r .



An a d d i t i o n a l  pump, c a l l e d  1 d i l u t i o n  pum p ',  i s  n e c e ssa ry  f o r  t h i s  

p u rp o s e .  The d i l u t i o n  pum p .fe e d s  t h e  d e c u la t o r  w h ic h  i s  u n d e r  vacuum*

The d i l u t i o n  pump head  i s  n e a r l y  h a l f  t h e  p r im a r y  pump head . Thus a 

g r e a t  amount o f  ene rgy  can be saved . B e s id e s ,  th e  re duced  fe e d  t o ' t h e .  

p r im a ry  c e n t r i c l e a n e r s  re d u ce s  th e  fe e d  t d  th e  c le a n e rs  i n  t h e  su b sequ en t 

c le a n in g  s ta g e s . ,  T h is  a r ra n g e m e n t  shown in  d iag ram  11 i a  th e  " D o u b le -  

d i l u t i o n  S ys tem 11. A com par ison , o f  fe e d  q u a n t i t y ,  c o n s is te n c y , -  pump- 

head and th e  absorbed  power o f  v a r io u s  pumps i n  th e  i n n e r  lo o p  o f  th e  

pape r  m ach ine  w h i te  w a te r  c i r c u l a t i o n  o f  th e  two sys tem s i s  g iv e n  i n  . 

t a b le  1.

A d o p t io n  o f  th e  s o - c a l l e d  D o u b l e - d i l u t i o n  sys tem  w ou ld  en a b le  

a m i l l  t o  save  20 t o  24% i n  power demand o f  a S i n g l e - d i l u t i o n  sys te m .

The o t h e r  s a v in g s  in  te rm s  o f  re duced  s i z e  o f  d e c u la t o r  and number o f  

c le a n e r s  w ou ld  amount to 20 t o  25% o f  t h e  equ ipm en t c o s t s .



TABLE 1

STOCK FLOW S. POWER DEMAND (ABSORBED POWER) FOR SINGLE
&. DOUBLE DILUTION SYSTEMS OF A PAPER MILL PRODUCING 

10 0 ,0 0 0  TONNES OF FINISHED PAPER PER ANNUM

SINGLE DILUTION DOUBLE PILOTIOnH

Q CY
li.P H 'l 1 1 1

H
M

P
(KW)’

Q:
l i p j u i r

CY k
l a l ■ iK W j^  ;

1 . . P r im a r y  Fan 
Pump .

60000 0 .8 29 319 33000 0 .8 29 ■■ .192: i,

2 . S e co n d a ry  
C le a n e rs  fe e d  
pump

15000 0 .6 32 99 : 8000 0 .6 32
. *  •

. 58 :V;

3 , T e r t i a r y  
C le a n e rs  fe e d  
pump .

5500 0 .5 34 2700 - 0 .5 32 ' 18 j:'

4 . , Q u a r t e r n c r y  
C le a n e rs  fe e d  
pump

1400 0 .2 5 35 12 1400 0 .2 5 35 12

5 . D i l u t i o n  pump . . ' V 25000 0 .2 5 16 ' ' 3 4 :

6 . Seconda ry  Fan. 
Pump

54000 0 .6 15 . . 1 6 0 54000 0 .6 15 ' 160

7 . Secondary  
Screen Feed 

. Pump

3500 0.8■ 10 . 10 3500 0 .8 10 it ■' 9

T o ta l . 634 483

% R e d u c t io n = : 634 -  483 23.8%
634

A S a v in q  o f  151 KW x 24 x 330' x 0 .3 w ou ld  amount t o Rs. 3 .59  la c s
1 0 0 ,0 0 0 , ;v '



'FFV T he rm o t ing 's  i n  D r i e r  C y l in d e r

C y l in d e r  d ry in g  i s  the most common method u f  p a p e r> d r y in r r .V  

The steam condensed i n  slow speed pnper machines i s  removed by scoops 

which r o t a t e  w i th  d r i e r s . As th e  speed o f  th e  machine in c r e a s e s . th e  

p oo l o f  condensate forms a r in g  around th e  c y l in d e r  in n e r  w a l l . Siphons  

a re  used t o  remove th e  condeneate in  the h ig h  speed m achine. The heat  

t r a n s f e r  ta k e s  p la c e  th rou gh  th e  condensed f i lm , ,  whose th e rm a l  

r e s is t a n c e  i e  a lm ost 100 t im es  t n a t  o f  c s e t  i r b n  wall" o f  the c y l in d e r .  

Diagram IT  ’Shdw.s the. r e l a t i o n  between th e  o v e r a l l  th e rm a l r e s is ta n c e :  

(p ap er ♦ c y l in d e r  w a l l  + condensate f i l m )  end th e  machine speed. At 

h ig h e r  speeds the condensate f i l m  r e s is t a n c e  in c re a s e #  r a p i d l y , /  

th e reb y  in c re a s in g  th e  s p e c i f i c  steam consumption in  d ry in g  the p aper,  a . .

Due to  p r a c t i c a l  d i f f i c u l t i e s ,  t h e r e  i s  a l i m i t  o f  r e d u c in g  ... 

t h e  c le a r a n c e  between t h e  t i p  o f  th e  shoe o f  s ip h o n  a n d . t h e  C y l in d e r  

w a l l  i n n e r  s u r f a c e .  Hence' i f  the f i l m  can b e .b ro k e n  or.-mad'e t u r b u l e n t ,  ■ 

t h e  " th e rm a l  r e s i s t a n c e  o f  c o n d e n sa te  f i l m  i s  re d u c e d ,  t h e r e b y  i n c r e a s in g  

t h e  o v e r a l l  h e a t  t r a n s f e r  r a t e ,

. The d r i e r s  f o r  h ig h  speed m ach ines can be r i b b e d  i n s i d e  f o r -  '

i n c r e a s i n g  th e  h e a t  t r a n s f e r  r a t e .  F o r  e x i s t i n g  m ach ines  th e r m o r in g s

a re  s e t  a lo n g  th e  d r i e r  a x i s  a t  i n t e r v a l s  w h ic h  a re  d e te rm in e d  by th e  

f i l m -  co n d e n s a te  t h i c k n e s s  and t h e  d r i e r  d ia m e te r .  Ths e le m e n ts  o f  t h e  

t h e r m o r in g s  a re  g e n e r a l l y  4 mm t h i c k  and one m e tre  l o n g .  T he rm or ings  

can re d u c e  t h e  e p e c i f i c  s team  co n s u m p t io n  by abo u t  6 t o  10%. In  some 

cases  th e  m ach ine  speed c c u ld  a ls o  be in c r e a s e d  f o r  h ig h e r  p r o d u c t io n .

The pay. back p e r io d  f o r  t -h o rm o r in g s  i s  l e s s  "than a y e a r .

i INTEGRATED AND NON-INTEGRATED MILLS'AND THEIR :
EFFECTS ON ENERGY CONSUMPTION _

When a p u lp  and p a p e r  making o p e r a t io n  i s  a c o n t in u o u s  o p e r a t io n  

w i t h o u t  i n t e r m i t t e n t  d r y i n g  o f  p u lp ,  we. c a l l  i t  an; I n t e g r a t e d :  O pore-t ion-h  

end a p u lp  m i l l  w i t h  such o p e r a t io n  i s  known as I n t c g r a t o d - - P u lp -  end 

Paper. M i l l .  Most o f  o u r  m i l l s  i n  I n d ia  a re  on i n t e g r a t e d  b a s i s .



,v When a p u lp  m i l l  and a. p a p e r  m i l l  a r e  t  o be l o c a t e d  a t  - ^

d i f f e r e n t  ip lecea. w i t h  c o n s id e r a b le  d i s t a n c e  between them , th e  p u lp  ■ - ' . 7

i s  g e n e r a l l y :  d r i e d  e i t h e r  i n  sheet:  fo rm  \ ( C y l i n d e r  d r y i n g ) o r  i n  p a l l e t  '•'> :

fo rm  ( F le s h  d r y i n g  )■»••• T h is  i  s on non -  i n t e g r a t e d , b a s i s . -v,: ■ i : \

I n  I n d i a  t h e r e  i s  a t h i n k i n g  t o  e s t a b l i s h  p u lp  m i l l s  to  fe e d  :;

t o  a number o f  s m a l l  p a p e r  m i l l s  t o  be l o c a t e d  a t  s e v e r a l  p la c e s  i n

th e  c o u n t r y . The a d v a n ta g e s  o f  s m a l l  p a p e r  mi 113 a re  s i ’ .; ;

' 1 • D is p e r s a l  o f  i n d u s t r i e s ;  \f !•.

2 .  . B r in g in g ,  th e .  p a p e r  i n d u s t r y  w i t h i n  re a c h :  o f  t h e  z. ; V
m id d le  l e v e l  e n t r e p r e n e u r ;  ■ ■, i

3 .  R e d u c t io n  o f  g e s t a t i o n  p e r io d  and ' c a p i t a l  c o s t  due to  
a m a J le r  s i ? o  and l e s s e r  s o p h i s t i c a t i o n  o f  e q u ip m e n t5 ' .  ■ >’■!'

4 .  . Deve lopm ent o f  i n d u s t r i e s  e v e n . in . -a re a s  o f  p o o r e r  i n f r a 
s t r u c t u r a l  f a c i l i t i e s  due t o  l i m i t e d  r e q u i r e m e n t  o f.  such ■. 
f a c i l i t i e s ;  and :

5 . L a r g e r  employment p o t e n t i a l . .-

On t h e  o t h e r  hand t h e r e  e re  s e v e r a l  d is a d v a n ta g e s  from  

t e c h n i c a l  and f i n a n c i a l  a n g le s . In  an i n t o g r a t o c  p u lp  and p a p e r  m i l l  

t h e r e  a re  eome common s e r v i c e  f a c i l i t i e s  t o  be p r o v id e d  f o r  both- 

p u lp in g  and papermakin.g o p e r a t i o n s .  ■ The f o l l o w i n g  a re  th e  common 

s e r v i c e s  g e n e r a l l y  p r o v id e d '  in;.,a n .in  t e g r a te d  p u lp  and*-paper m i l l :

1 /  Steam;: g e n e r a t io n  s y s te m ;

, i i /  " '  :Power g e n e r a t io n  s y s te m ;

. i i i /  Water s u p p l y , e f f l u e n t  t r e a t m e n t  &. d i s p o s a l ; 

i v /  Workshop f a c i l i t i e s ;

v /  Compressed a i r  s y s te m ; and

v i /  L a b o r a to r y  f a c i l i t i e s .

S in c e  i n  an i n t e g r a t e d  p u lp  and paper, m i l l  th e  above s e r v i c e s  

a re  p la n n e d  f o r  p r o v i d i n g  f a c i l i t i e s  t o  b o th  p u lp  and p a p o r  making 

' a c t i v i t i e s ,  the - u n i t  c o a t  o f  common s e rv ic e s -b e c d m e s  c h e a p e r .  A p a r t  

f ro m  t h i s , a l l  l a r g e  s iz e d -  p u lp  and p a p e r  p la n t s  g e n e r a l l y  have t h o i t  own 

c a p t i v e  pow er g e n e r a t io n  u n i t s  and th e  p ro c e s s  steam i s  o b ta in e d  aa 

e x t r a c t i o n  steam from  th e  e x t r a c t i o n  c o n d e n s in g  t y p e  o f  t u r b o  g e n e ra to r  s .

In  t h i s  way both steam and power can be o b ta in ed  on a c o m p a ra t iv e ly

. le s s e r - u n i t '  c o s t .  . ' \ \  ■


