
EFFLUENT DECOLORIZATION TECHNOLOGIES 
FOR THE PULP AND PAPER INDUSTRY 

T,  W, Joyce and W. H.  Petke 

Department of Wood and Paper Science 
North Carolina S t a t e  Universi ty 
Raleigh, North Carolina 27650 

The work upon which this pub l i ca t ion  is based was supported with funds from 
Water Resources Research I n s t i t u t e  of  The Univerdi ty o f  North Carolina as 
author ized  by t h e  Water Research and Development Act  of 1978. 

Project No. 84-07-50113 

August, 1983 





ACKNOWLEDGMENTS 

We thank M s .  J a n e t  Lucas f o r  her  p a t i e n c e  and t h e  s k i l l f u l  p r e p a r a t i o n  o f  
t h e  manuscript.  

One of u s  (TWJ) is a p p r e c i a t i v e  t o  h i s  g radua te  s t u d e n t s ,  Sa l e sh  L a t h i a ,  
Bob Schmidt, J e f f  Brown, Brown Belt, A 1  Besh i r e ,  Alton Campbell, J a n e t  
Campbell, Liz Gerrard , and B. Vasudevan, who have s t u d i e d  v a r i o u s  a s p e c t s  o f  
t h e  c o l o r  problem. 

We also thank Mike Sk la rewi t z  f o r  a s s i s t a n c e  i n  t h e  p repa ra t i on  o f  t h e  
s e c t i o n  concerning t h e  Rapson-Reeve Process ,  

DISCLAIMER STATEMENT 

Conten ts  of t h i s  p u b l i c a t i o n  do not n e c e s s a r i l y  r e f l e c t  t h e  views and p o l i c i 6 s  

of the  Water Resources Research I n s t i t u t e  of The Un ive r s i t y  o f  North Ca ro l ina ,  

n o r  does mention of  t r a d e  names o r  commercial p roducts  c o n s t i t u t e  t h e i r  

endorsement o r  recommendation f o r  use by the  S t a t e  o r  t h e  I n s t i t u t e .  

iii 





ABSTRACT 

The d ischarge  of c o l o r  from pulp and paper m i l l s  is a s e r i o u s  a e s t h e t i c  

problem. Recently, t h e  color-causing organic  compounds have a l s o  been 

impl ica ted  i n  t h e  appearance of  a l g a l  blooms i n  t h e  Chowan River ,  North 

Carol ina.  

The pulp and paper i n d u s t r y  has long sponsored research  t o  f i n d  cos t -  

e f f e c t i v e  means t o  remove c o l o r  from its e f f l u e n t s .  Although many c o l o r  

removal technologies  have been proposed, none is widely accepted. 

This  r e p o r t  is a compilat ion of t h e  research  l i t e r a t u r e ,  p r imar i ly  s i n c e  

1975, r e l evan t  t o  c o l o r  removal technology. 
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SUMMARY 

The d i scha rge  of c o l o r  from pulp and paper  m i l l s  has  long  been thought  t o  

be a nuisance i n  t h a t  t h e  brownish e f f l u e n t  from mills is cons idered  p o l l u t e d  

by the  pub1j.c. More r e c e n t l y ,  t h e r e  is some evidence t o  suppor t  t h e  

conten t ion  t h a t  pu lp  and paper m i l l  e f f l u e n t s  are involved i n  blue-green algae 

blooms. A t  p r e s e n t ,  t h e r e  a r e  no U.S. governmental r e s t r i c t i o n s  on t h e  

d i scharge  of  c o l o r .  

This  r e p o r t  is a review of  t he  r e sea rch  l i t e r a t u r e  concerning c o l o r  

removal t e chno log ie s  f o r  t he  pulp and paper  i ndus t ry .  The l i t e r a t u r e  s i n c e  

1975 is emphasized s i n c e  s e v e r a l  reviews o f  c o l o r  removal t e chno log ie s  p r i o r  

t o  t h a t  time a r e  a v a i l a b l e .  

A t  t h i s  p o i n t ,  no one s p e c i f i c  c o l o r  removal technology has  been 

i d e n t i f i e d  a 3  t h e  moat c o s t  e f f e c t i v e .  I n  f a c t ,  t h e r e  a r e  no m i l l s  i n  t h e  

U. S. which have i n s t a l l e d  a c o l o r  removal technology f o r  fu l l - t ime  s e r v i c e .  

There a r e  no t echno log ie s  which would no t  have an extremely adverse  economic 

impact on the  m i l l  involved.  

The pulp and paper i n d u s t r y  has  long  i n v e s t i g a t e d  c o l o r  removal 

technologies .  Research i n t o  t h e s e  t echno log ie s  cont inues  and new p roces se s  

a r e  proposed each year .  However, they  have a11 been found t o  have s e r i o u s  

t e c h n i c a l  (on a f u l l - s c a l e  b a s i s )  o r  economic problems. 

It would appear  t h a t  oxygen-based bleach p l a n t s  hold t h e  most promise f o r  

c o l o r  removal. A s u b s t a n t i a l  po r t i on  o f  t h e  t o t a l  c o l o r  from a pulp m i l l  

comes from the  bleach p l a n t ;  t he se  e f f l u e n t s  cannot be  recyc led  due t o  t h e i r  

conten t  of c h l o r i d e  i o n s  which promotes co r ros ion  i n  t h e  m i l l .  Oxygen-based 

bleaching l i q u o r s  can,  however, be recyc led .  Such r ecyc l ing  would prevent  t h e  

d i s cha rge  of a s i g n i f i c a n t  po r t i on  of t h e  c o l o r  now being discharged.  



Not a l l  t echnologies  can be app l i ed  t o  a l l  m i l l s .  I n t e r f e r e n c e s  wi th  

pulp and paper product ion schemes, i n s u f f i c i e n t  space,  o r  process  

i n c o m p a t i b i l i t i e s  a l l  may preclude a c c e p t a b i l i t y  of a s p e c i f i c  technology. 

It would appear  t h a t  c o l o r  removal technologies  c o s t  on t h e  order o f  $10- 

20/ton of pulp produced. This  compares with a market p r i c e  o f  $250-400/ton o f  

bleached k r a f t  softwood pulp. 



INTRODUCTION 

General  Background 

The pulp and 'pape r  i n d u s t r y  is t h e  n a t i o n ' s  t h i r d  l a r g e s t  i n d u s t r i a l  

consumer o f  water  (The Kl ine  Guide t o  t h e  Paper I n d u s t r y ,  1980). An e s t ima ted  

two t r i l l i o n  g a l l o n s  o f  wastewater a r e  d i scharged  annua l ly  by t h e  pulp and 

paper i n d u s t r y ,  much of  which is h igh ly  co lored .  This  c o l o r  is mainly 

a t t r i b u t a b l e  t o  l i g n i n  deg rada t ion  products  formed du r ing  va r ious  pu lp ing  and 

b leaching  ope ra t i ons  and is r e l a t e d  t o  t h e  c o l o r  i n  s t reams which comes from 

decaying vege t a t i on  (Christman and Ghassemi, 1966). 

The pulp and paper i n d u s t r y  is one o f  t h e  l a r g e s t  bus inesses  i n  North 

Carol ina.  Seve ra l  o f  t he  l a r g e r  mills i n  North Caro l ina  are shown i n  Table  1 

wi th  t h e  number o f  employees and annual  p a y r o l l .  I n  a d d i t i o n  t o  t hose  persons  

employed d i r e c t l y  by t h e  paper companies, many o t h e r s  are needed f o r  s e r v i c e s  

and, i n  p a r t i c u l a r ,  t o  supply pulpwood t o  t h e  mills. A complete l i s t i n g  o f  

paper manufacturing f a c i l i t i e s  i n  North Caro l ina  is presen ted  i n  Table  2. 

S ince  t h e  advent of  environmental l e g i s l a t i o n ,  wastewater t rea tment  has  

r e f e r r e d  p r imar i l y  t o  BOD and suspended s o l i d s  removal. Color was not  thought  

t o  be  a major problem, being c l a s s i f i e d  as a nonconventional p o l l u t a n t .  There 

a r e  s t i l l  no f e d e r a l  r e g u l a t i o n s  concerning c o l o r  d i scharge ,  bu t  some s t a t e s  

and Canadian provinces  have e s t a b l i s h e d  pe rmis s ib l e  l i m i t s  of  c o l o r  d i s cha rge  

f o r  a few select pulp m i l l s .  The reasons f o r  c o l o r  r e g u l a t i o n s  a t  t he se  

l o c a t i o n s  are s a i d  t o  be p r o t e c t i o n  of  f i s h e r i e s  o r  f o r  a e s t h e t i c  

c o n s i d e r a t i o n s ,  t he  pub l i c  a s s o c i a t i n g  c o l o r  with po l lu t i on .  I n  a d d i t i o n ,  

s e v e r a l  Eas t e rn  Europe and Scandanavian c o u n t r i e s  and Japan have a l i m i t a t i o n  

on COD d i scharge ;  t h i s  is  tantamount t o  a c o l o r  d i scharge  r e g u l a t i o n  s i n c e  



Table 1.  Economic Importance of  Some Major Pulp Mills i n  North Carolina 

Location Owner 

Riegelwood Federal  Paper 

Roanoke Rapids Champion 

N e w  Bern Weyerhaeuser 

Canton Champion 

Number of Annual 
Employees P a y r o l l ,  $ x 10 6 



T a b l e  2. P u l p  and P a p e r  H i l l s  i n  Nor th  C a r o l i n a  

P u l p i n g  
P r o c e s s  P r o d u c t i o n  ( t o n s / d a y )  L o c a t i o n  

C a n t  on  

Owner P r o d u c t s  

K r a f t  1 ,540  Champion P a p e r s  Enve lope ,  T a b l e t ,  O f f s e t ,  Bond, Mimeo, 
D u p l i c a t o r ,  P o s t e r ,  Mi lk  C a r t o n ,  

S a n i t a r y  Food C o n t a i n e r  

C h a r l o t t e  C a r o l i n a  P a p e r  
Board Corp. 

P l a i n  and Bending Chip ,  Vat L i n e d ,  Whi te  Wood, 
P u r e  White,  Bending News, M i s t  Grey,  

Bleached  H a n i l l a  L i n e d  Box Boards  

Conway 

G o l d s  b o r o  

1.umberton 

Max t o n  

Moncure 

New Bern  

P a t t e r s o n  

G e o r g i a - P a o i f i c  
Cor p . D e f i b e r a t e d  

Wood 

De f i b e r a  t e d  
Uood 

C o t t o n  L i n t e r  

Hardboard  

Roof ing  F e l t ,  A s p h a l t  S a t u r a t e d  F e l t s ,  
P r e p a r e d  Roof ing  

C e l o t e x  Corp. 

Alpha 
C e l l u l o s e  Corp. 

L e g g e t t  & 
P l a t t  I n c .  

Weyerhaeuser  Co. 

Custom Made C o t t o n  L i n t e r  P u l p s  

C e l l u l o s e  Wadding f o r  P a c k i n g  
and  C u s h i o n i n g  

D e f i b e r a t e d  
Wood 

Medium D e n s i t y  F i b e r b o a r d  

Weyerhaeuser  Co. K r a f t  Bleached  tlardwood and Softwood P u l p  

C e l l u  
P r o d u u t s  Co. 

Creped  C e l l u l o s e  Wadding a n d  F a c i a l  T i s s u e ,  
T w i s t i n g  P a p e r s  

P i s g a h  F o r e s t  O l i n  Corp. H o d i f i e d  K r a f t  
Bleached  F l a x  

C i g a r e t t e ,  L i g h t w e i g h t  P r i n t i n g  and  B i b l e ,  
F i n e  and T e c h n i c a l  S p e c i a l t y ,  E n d l e s s  Woven B e l t s  



Plymouth 

Table 2. Pulp and Paper Mills i n  North Carol ina  ( c o n t g d )  

Weyerhaeuser Co. Kraf t  
NSSC 

Weyerhaeuser Co. NP . 
R i e g e  lwood Fede ra l  Paper Kraft  

Board Co. Inc.  

Roanoke Rapids Champion 
Packaging 

l l a l i f ax  Paper 
Board Co. Inc.  

Roaring River  Ab i t ib i -P r i ce  
Corp. 

Rockingham J e r r y  L. 
Goodwin Inc.  

Kra f t 

Def ibera ted 
wood 

K r a f t  Linerboard,  NSSC Corrugat ing Medium, 
Milk Carton Board, Polyethylene Coated Board 

795 Flne  P r i n t i n g  and Wri t ing Papers  

Coated and Uncoated Bleaahed Board, Food 
Board, Folding Car ton Boxboard, F o i l  Laminating, 

Coated Cover, Coated B r i s t o l  

1,025 Bleached Hardwood and Softwood Market Pulps  

Kra f t  Bag, ~ s ~ h a - l t i n ~ ,  Laminating, 
and Other  Converting, Wrapping, Waxing Papers ,  

Linerboard 

P l a i n  Chip, Pas ted Chip, White Lined Chip, News 
Board, Book and S p e c i a l t y  Lining,  Ream and Rotary 

C u t t i n g  

E x t e r i o r  Hardboard S i d i n g  

Meat and Pou l t ry  Pads 

NP = No Pulping 



convent iona l  b i o l o g i c a l  t r ea tmen t  systems cannot  remove c o l o r .  

Even though t h e r e  a r e  no we l l - e s t ab l i shed  c o l o r  d i s cha rge  r e g u l a t i o n s ,  

t h e  i n d u s t r y  i t s e l f  has  a t tempted  t o  address  t h e  c o l o r  problem f o r  many 

years .  Previous reviews o f  t h e  c o l o r  problem have been prepared by G i l l e s p i e  

and Berger (1971) ,  Ty le r  and F i t z g e r a l d  (1972) ,  Gehm (1973) ,  Timpe, e t  a 1  

( 1973) , Gal lay  ( 1973) , Vincent ( 1973) , Gellman and Berger ( 1974), and Rush and 

Shannon (1976).  

It is  t h e  purpose o f  t h i s  document t o  review s t a t e -o f - the -a r t  of  c o l o r  

removal t echnologies  and t o  assemble in format ion  concerning t h e  c o l o r  problem 

which has  r e c e n t l y  been publ i shed .  

The Manufacture of  Paper 

The manufacture o f  paper  from t r e e s  o r  o t h e r  woody p l a n t s  first r e q u i r e s  

t h e  d e s t r u c t i o n  of  t h e  n a t u r a l l y  occu r r ing  f i b e r - t o - f i b e r  s t r u c t u r e s .  A 

f lowshee t  f o r  t h e  manufacture o f  paper is  presen ted  i n  F igure  1. These well- 

de f ined ,  r i g i d  s t r u c t u r e s  c o n s i s t  o f  t h e  papermaking f i b e r s  he ld  t oge the r  i n  

organized p a t t e r n s  by l i g n i n ;  l i g n i n  is  t h e  cement which bonds t h e  f i b e r s  

t oge the r  and imparts  s t r u c t u r a l  r i g i d i t y  t o  t h e  p l a n t .  A proposed s t r u c t u r e  

of  l i g n i n  is presented i n  F igu re  2.  Complete f i b e r  s e p a r a t i o n  is e s s e n t i a l  t o  

t h e  formation of a good paper sheet. This  can be accomplished by e i t h e r  

phys i ca l  o r  chemical means, o r  a  combination of  both.  Phys i ca l  pulping 

processes  do not  a c t u a l l y  remove t h e  l i g n i n  from t h e  wood f i b e r .  The l i g n i n  

remaining i n  a s s o c i a t i o n  w i th  t h e  f ibers  i n h i b i t s  f i b e r - t o - f i b e r  bonding; t h i s  

r e s u l t s  i n  a weak shee t .  Chemical pulping processes  do,  however, d i s s o l v e  t h e  

l i g n i n  by making i t  s o l u b l e  i n  aqueous s o l u t i o n s .  The inc reased  a v a i l a b i l i t y  

of f i b e r  su r f ace  f o r  bonding due t o  t h e  absence of  l i g n i n  r e s u l t s  i n  a  

s t r o n g e r ,  more f l e x i b l e  s h e e t .  
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Figure 2. Portion of Lignin Polymer [ a f t e r  ( S  j&tr.dm, 1981)J 



The most common pulping process i n  use today is t h e  k r a f t ,  o r  s u l f a t e ,  

process.  This  process  is by f a r  t h e  most common, accounting f o r  some 95% of  

the  t o t a l  pulp produced (Bureau of t h e  Census, 1979). The p r i n c i p a l  pulp ing  

chemicals used i n  t h i s  process  a r e  sodium hydroxide (NaOH) and sodium s u l f i d e  

(Na2S). Pulps made from t h e  k r a f t  process  a r e  c h a r a c t e r i z e d  by t h e i r  

exce l l en t  s t r e n g t h  p r o p e r t i e s ;  k r a f t  means "s t rongw i n  German. Other  

advantages of  t h e  k r a f t  pulping process inc lude  t h e  a b i l i t y  t o  recover  and 

recyc le  pulping chemicals and t h e  a b i l i t y  t o  pulp v i r t u a l l y  any f i b e r  sou rce ,  

even those  con ta in ing  a h igh  percentage o f  r e s inous  compounds, The - 
d i f f e r e n c e s  i n  composition between hardwood and softwood s p e c i e s  (Table  3)  

c r e a t e  problems f o r  o t h e r  pulping processes.  This  has given rise t o  t h e  

dominance of  k r a f t  m i l l s  i n  t h e  South, where softwood8 a v a i l a b l e  f o r  pulp ing  

a r e  abundant. 

F ibe r  is obta ined  f o r  t h e  p u l p  m i l l  i n  t h e  form of l o g s  of various sizes 

and a l s o  a s  ch ips .  The f i r s t  s t e p  i n  conver t ing  t h e  f i b e r  source  i n t o  paper  

occurs  i n  t h e  wood room. Long logs  a r e  reduced t o  a s i z e  more e a s i l y  handled 

by c u t t i n g  them on a s l a s h e r  deck. Logs s t i l l  too l a r g e  f o r  t h e  ensuing 

equipment must be f u r t h e r  reduced using a l o g  s p l i t t e r  o r  o t h e r  s i m i l a r  

equipment. The l o g s  a r e  then s e n t  t o  a debarking process  which removes most 

of the  d i r t  and bark from them. E i the r  wet o r  dry  debarking processes  may be 

used. With more and more m i l l s  u t i l i z i n g  bark a s  a f u e l ,  dry debarking is 

becoming the  more common method. Dry debarking does not  add moisture t o  t h e  

bark which reduces its f u e l  value;  it a l s o  reduces t h e  quan t i ty  of wastewater 

which must be t r e a t e d .  The debarked l o g s  a r e  then s e n t  t o  the  ch ippe r s  where 

they  a r e  f u r t h e r  reduced t o  chips which a r e  usua l ly  less than one inch  i n  

length .  



Table 3. Chemical Composition of Some Extractive-Free Woods 

Softwoods 
P 

Cellulose, % Hemicellulose, % Lignin, % Ash, % 

Loblolly Pine 42-46 20.5-27.5 27-30 2.5-4.5 

Slash Pine 43-45 20 . 5-24 . 5 26-30 2.5-4.5 

White Spruce 41 31 27 1 

Hardwoods 
P 

Cellulose, % Hemicellulose, % Limin, % Ash, % 

Red Maple 43.4 

Paper Birch 40.5 

Blue Gum 52 



Chips a r e  screened t o  in su re  a uniform s i z e  and a r e  then charged i n t o  t h e  

d i g e s t e r .  Screening  a l lows a more c o n s i s t e n t  pulp q u a l i t y  t o  be r e a l i z e d  from 

the cooking process .  Oversized ch ips  removed by the  screens  a r e  s e n t  t o  a 

rechipper  and a r e  subsequently re turned  t o  t h e  screens .  Undersized ch ips  and 

f i n e s  removed by t h e  screens  can be u t i l i z e d  as a f u e l  a long wi th  t h e  bark. 

The cooking c y c l e  can be c a r r i e d  o u t  i n  e i t h e r  continuous o r  ba tch  

d i g e s t e r s .  A s  t h e  name impl ies ,  t h e  batch d i g e s t e r  pulps a s p e c i f i c  amount of  

chips and then  d i scha rges  them before  be ing  recharged. The continuous 

d i g e s t e r  ope ra t e s  under condi t ions  o f  cont inuous flow. The c h i p s  are placed 

i n  t h e  d i g e s t e r  a long  with the  des i r ed  amount of  cooking chemicals r e f e r r e d  t o  

a s  "white l i q u o r n  (see Table 4 f o r  t y p i c a l  white  l i q u o r  composi t ion) .  This  

mixture can be hea ted  e i t h e r  d i r e c t l y  o r  i n d i r e c t l y  with steam. The steam 

flow is regu la t ed  such t h a t  a pre-spec i f ied  time-temperature curve f o r  the 

cook is followed; the shape of t h e  curve is determined by t h e  des i r ed  pulp 

q u a l i t i e s .  A p r e s s u r e  r e l i e f  is used on t h e  d i g e s t e r s  t o  provide f o r  the  

discharge of non-condensible gases and t h e  recovery of t u rpen t ine .  Once t h e  

maximum temperature is a t t a i n e d ,  i t  is he ld  cons tant  for t he  remainder of t h e  

cook. The pulp is f i n a l l y  discharged from t h e  d i g e s t e r  a f t e r  t h e  a p p r o p r i a t e  

cooking time has e lapsed;  t h i s  is r e f e r r e d  t o  a s  "blowing the  d i g e s t e r  ." 
The pulp is next  screened t o  remove any ove r s i ze  o r  undercooked 

c o n s t i t u e n t s ,  such a s  knots.  These r e j e c t s  can be re-introduced i n t o  the  

d i g e s t e r  f o r  f u r t h e r  cooking, r e f ined  and rescreened,  o r  disposed of a s  f u e l  

o r  re fuse .  The accepted pulp, along -&th t h e  black l i q u o r  from the  cook, is 

then sen t  t o  t h e  brown s tock  washers. 

The brown s t o c k  washers a r e  used t o  s e p a r a t e  a s  much of the  black l i q u o r  

from t he  pulp a s  poss ib l e  without causing too  much d i l u t i o n  of t h e  black 



Table 4 .  

Chemical 

NaOH 

Typical White Liquor Composition 

g / l  as Na30 g/ l  of Chemical 

- 
30% sulf idity 

39 g / l  Active Alkali as [ N ~ ~ S ]  

33 g / l  Effective Alkali as [ N ~ ~ S ]  

A l l  [ ] Expressed as NaZO 

[ Na2S I / [ NaOH ] + [ Na2S ] 

[NaOH] + CNa2S] 

C N ~ O H ]  + 1/2 [Na2SI 



l i q u o r .  The black l i q u o r  is  composed of  t h e  spen t  and r e s i d u a l  cooking 

chemicals and t h e  d i s so lved  s o l i d s  removed from t h e  ch ips  dur ing  cooking. A 

t y p i c a l  black l i q u o r  composition is presented i n  Table 5. Washing i s  

necessary t o  recover  t h e  cooking chemicals and t o  c l ean  t h e  pulp. A 

coun te rcu r ren t  water  flow, u t i l i z i n g  a s e r i e s  o f  vacuum o r  p res su re  washers ,  

is usua l ly  employed. The recovered black l i q u o r  is s e n t  t o  t h e  recovery 

system while  t h e  c l ean  pulp proceeds t o  e i t h e r  t h e  bleach p l a n t  o r  d i r e c t l y  t o  

t h e  paper m i l l .  

Bleaching is used as an extens ion  o f  t h e  cooking s t a g e  t o  f u r t h e r  

b r igh ten  t h e  pulp by removing more l i g n i n  and o t h e r  co lo r ing  bodies.  The 

r e s u l t i n g  product is a whi te  pulp. A chemical oxidant  is used f o r  this 
I 

purpose. The colored  compounds t o  be removed from unbleached pulp must be 

converted t o  a water-soluble form; they can then  be ex t r ac t ed  from the pulp. 

Mul t ip le  s t a g e  b leaching  is necessary t o  b leach  k r a f t  pulps t o  d e s i r e d  - - - -  

br igh tness  l e v e l s .  Many d i f f e r e n t  chemicals can be used i n  t h e  v a r i o u s  

b leaching  s tages .  

A common bleaching sequence is C-E-D-E-D. A flow shee t  of the 

conventional  bleach p l a n t  is presented i n  F igure  3 .  The l e t t e r s  are 

abbrev ia t ions  f o r  c h l o r i n a t i o n  (C), a l k a l i n e  e x t r a c t i o n  (E), and c h l o r i n e  

d iox ide  a d d i t i o n  (D). The first s t a g e  u t i l i z e s  elemental  c h l o r i n e  which 

r e s u l t s  i n  an a c i d  c h l o r i n a t i o n  s t ep .  Under proper  r e a c t i o n  cond i t ions  t h e  

c h l o r i n e  w i l l  no t  a t t a c k  t h e  c e l l u l o s e ,  only t h e  r e s i d u a l  l i g n i n .  The second 

s t a g e  is an a l k a l i  e x t r a c t i o n .  This s t a g e  removes t h e  now water-soluble,  

c h l o r i n a t e d  l i g n i n  products  of t h e  f i r s t  stage along with any o t h e r  a l k a l i  

s o l u b l e  impur i t i e s .  Chlorine d ioxide  is used i n  t h e  t h i r d  s t a g e  due t o  t h e  

a b i l i t y  t o  b e t t e r  c o n t r o l  t h e  ex ten t  of b leaching  and an o v e r a l l  chemical 



Table  5. Typica l  Black Liquor Composition (P ine  Kraft) 

Component . 

Lignin 

Hydroxy Acids 

Formic Acid 

Acet ic  Acid 

E x t r a c t i v e s  

Other 

Dry S o l i d s ,  $ 





savings.  The pulp is f u r t h e r  br ightened by t h e  o x i d a t i o n  and subsequent  

removal of t h e  remaining l i g n i n .  The f o u r t h  and f i f t h  s t a g e s  a r e  t h e  same as 

t h e  second and t h i r d .  They a r e  employed t o  ach i eve  an incrementa l  i n c r e a s e  i n  

t h e  pulp b r igh tnes s .  A complete l i s t i n g  of  m i l l s  i n  North Caro l ina  which 

p r a c t i c e  pulp b leaching  is presented i n  Table  6. 

The bleached and/or  unbleached f i b e r s  t o  be made i n t o  paper are f u r t h e r  

t r e a t e d  before  being made i n t o  a shee t .  To impar t  s t r e n g t h  and d ra inage  

p r o p e r t i e s  t o  t h e  pulp,  a bea t ing  o r  r e f i n i n g  p roces s  is used. This  p roces s  

tears and r u p t u r e s  t h e  f i b e r s  causing f i b e r i z a t i o n  which r e s u l t s  i n  b e t t e r  

bonding and a more dense shee t .  F i l l e r s  such as c l a y s ,  CaC03, talc, and Ti02 

may be added t o  improve such c h a r a c t e r i s t i c s  as o p a c i t y ,  smoothness, and 

b r igh tnes s .  S i z i n g  a g e n t s  such as r o s i n s ,  waxes, o r  s y n t h e t i c s  a r e  used t o  

i n h i b i t  t h e  p e n e t r a t i o n  o f  p a r t i c u l a r  l i q u i d s  through t h e  f i n a l  product .  

Other a d d i t i v e s  such as dyes,  wet o r  dry s t r e n g t h  r e s i n s ,  and r e t e n t i o n  a i d s  

may a l s o  be used t o  impar t  de s i r ed  q u a l i t i e s  t o  t h e  pu lp  o r  t h e  f i n i s h e d  

product .  Po r t i ons  of  t h e s e  a d d i t i v e s  w i l l  appear  i n  t h e  wastewater t r ea tmen t  

system due t o  i n a d v e r t a n t  l o s s  from t h e  paper machine. 

The paper s h e e t  is formed by d ischarg ing  a stream o f  pulp s l u r r y  on to  a 

moving wire. A f i b e r  mat is  formed on t h e  wi re  a s  t h e  water i s  dra ined  o f f .  

This  mat l eaves  t h e  wire and is in t roduced  t o  t h e  p r e s s  s e c t i o n  where 

a d d i t i o n a l  water  removal and some modi f ica t ions  i n  t h e  paper q u a l i t i e s  a r e  

accomplished. From t h e  p r e s s e s ,  t h e  s h e e t  e n t e r s  t h e  d rye r  s e c t i o n  where 

i n d i r e c t  steam hea t ing  is used t o  d ry  t h e  s h e e t  t o  its f i n a l  moisture  c o n t e n t ,  

u sua l ly  about  5%. The s h e e t  may a l s o  pass  through a  ca lender  s tock .  The 

ca lender  s tock  is a v e r t i c a l  s t a c k  of  r o l l s  used t o  impart  g l o s s  and f i n i s h  t o  

t h e  paper su r f ace .  



T a b l e  6. MILLS I N  NORTH CAROLINA UTILIZING PULP BLEACHING 

L o c a t  i o n  Owner - D i g e s t e r g  B l e a c h  Sequenoe  P r o d u c t i o n  o f  B l e a c h e d  P u l p  (T/D) 

Can t o n  Champion 18 Batch  PlnetC-E-H-E-D-H- and  C-E-H-D-H 
P a p e r s  HWD: C-E-11-E-D 

New Bern  Heyerhaeuaer  8 Batch  C-E-H-D-E-D 725 

P i a g a h  F o r e s t  O l i n  1 3  Rotary C-E-H 300 

Plymouth Weyerhaetrser 19 Batch  C/D-E-D-E-D-D 
1 Cont inuous  2:C-E-H-P a n d  1:C-E-H-E-D-P 

Riege lwood F e d e r a l  P a p e r  16 Batch  3:C-E-H-D-E-D and 2:C-E/H-D-E-D 
Board 1 Cont inuous  

* 

C = C h l o r i n e  (C12), D = C h l o r i n e  d i o x i d e  (C102), E = A l k a l i n e  e x t r a c t l o n  ( N ~ O H )  

H = H y p o c h l o r i t e  (NaOC1 + NaOH), P = P e r o x i d e  (Na202) 



The l a r g e  r o l l s  o f  paper  from t h e  paper machine a r e  u s u a l l y  no t  s u i t a b l e  

f o r  customer wants o r  needs. These r o l l s  a r e  f u r t h e r  processed i n t o  s u i t a b l e  

form f o r  subsequent end uses  by i n d i v i d u a l  customers.  

The recovery system of  t h e  k r a f t  p rocess  (F igu re  4 )  makes t h i s  p rocess  an 

economically f e a s i b l e  means o f  paper  product ion.  The b lack  l i q u o r  recovered 

from t h e  cooked pulp c o n t a i n s  t h e  s p e n t  cooking chemicals  a long  wi th  t h e  

compounds removed from t h e  ch ips .  The l i q u o r  removed from t h e  b leaching  s t a g e  

c o n t a i n s  organic  compounds t h a t  could be  recovered o r  u t i l i z e d  f o r  f u e l ,  bu t  

t h e  co r ros ivenes s  of' the c h l o r i d e s  i n  t h i s  l i q u o r  p r e s e n t s  t oo  many problems 

t o  be  included i n  t h e  recovery system. For t h i s  reason ,  t h e  i n d u s t r y  t r end  is 

toward b leaching  wi th  oxygen, hydrogen peroxide o r  o t h e r  o x i d i z i n g  r eagen t s  

which do not  con ta in  c h l o r i d e s .  These a l t e r n a t i v e  b leaching  compounds a l l ow  

t h e  r e c y c l e  of  p o r t i o n s  of  t h e  b leaching  l i q u o r s .  This  r e s u l t s  i n  a decrease  

of t h e  wastewater t o  be t r e a t e d  and an i n c r e a s e  i n  the q u a n t i t y  of  chemicals 

recovered.  

The black l i q u o r  t o  be  burned i n  t h e  recovery furnace  is too  d i l u t e  t o  

suppor t  combustion a s  it comes d i r e c t l y  from t h e  washers. Mul t i p l e  e f f e c t  

evapora to r s  concen t r a t e  t h e  l i q u o r  t o  about 50055% d i s so lved  s o l i d s .  However, 

t h i s  is stil l  no t  concent ra ted  enough f o r  t h e  recovery furnaces .  D i r ec t  o r  

i n d i r e c t  con tac t  evapora tors  f u r t h e r  concen t r a t e  t h e  l i q u o r  t o  60.65% 

d i s so lved  s o l i d s .  A t  t h i s  concen t r a t i on ,  t h e  black l i q u o r  can be burned 

wi thout  auxiliary f u e l .  

When d i r e c t  c o n t a c t  evapora tors  a r e  used,  an ox ida t ion  s t a g e  f o r  t h e  

b l ack  l i q u o r  is employed. The ox ida t ion  of  

c o n t a c t  evapora tors  dec reases  t h e  amount of  

atmosphere. This  r e s u l t s  reduc t ion  of 

black l i q u o r  p r i o r  t o  t h e  d i r e c t  

s u l f u r  compounds emi t ted  t o  t h e  

odor from t h e  m i l l  and a decrease  
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i n  t h e  amount of' make-up s u l f u r  needed t o  main ta in  t h e  d e s i r e d  s u l f i d i t y  

l e v e l s  i n  t h e  whi te  l i q u o r .  

Concentrated b lack  l i q u o r  is i n j e c t e d  i n t o  t h e  recovery  fu rnace  and t h e  

o rgan ic s  a r e  burned as a f u e l .  The hea t  from t h e  combustion reduces t h e  s p e n t  

cooking chemicals and they  l e a v e  t h e  furnace  as a s o l i d  %nelttt. This  smelt 

is d i s so lved  i n  t h e  smelt tank  and forms "green l i q u o r n .  

C l a r i f i e d  green  l i q u o r  i s  s l aked  wi th  lime and r e t a i n e d  i n  c a u s t i c i z i n g  

tanks .  Af te r  c a u s t i c i z i n g ,  t h e  "white l iquor1#  is c l a r i f i e d .  Th i s  is t h e  

cooking l i q u o r  used i n  t h e  k r a f t  cooks. The s o l i d s  removed from t h e  white  

l i q u o r  are washed, f i l t e r e d ,  and burned i n  t h e  lime k i l n .  The lime r e s u l t i n g  

from t h i s  process  is recyc l ed  t o  t h e  s l a k e r  t o  be mixed wi th  t h e  green l i q u o r .  

E f f l u e n t s ,  o r  s p i l l s ,  from t h e  m i l l  which cannot  be recyc led  o r  recovered 

must be t r e a t e d .  Bleach p l a n t  and paper m i l l  e f f l u e n t s  provide a l a r g e  

p o r t i o n  of  t h i s  flow. Wastewater t rea tment  fac i l i t i es  d i f f e r  g r e a t l y  from 

m i l l  t o  m i l l .  Each m i l l  h a s  its own s p e c i a l  problems and t h e  faci l i t ies  are 

designed t o  handle t h e s e  on a ca se  by ca se  bas i s .  These des igns  however, must 

a l s o  be a b l e  t o  meet t h e  e f f l u e n t  g u i d e l i n e s  e s t a b l i s h e d  for each m i l l .  

The Nature of Color 

Color is a term which has several d i f f e r e n t  meanings. A s  i t  pertains to 

t h e  pulp and paper i n d u s t r y ,  c o l o r  is def ined  as t h e  abso rp t ion  of  l i g h t  i n  

t h e  v i s i b l e  range. The v i s i b l e  l i g h t  range covers  wavelengths of  400-700 

nanometers. One a d d i t i o n a l  d i s t i n c t i o n  must a l s o  be made. Color can be 

measured i n  two forms, t r u e  and apparent  c o l o r .  True c o l o r  is measured when 

any t u r b i d i t y  p re sen t  i n i t i a l l y  has been removed from a sample. The 

observa t ion  of c o l o r  p r i o r  t o  t h e  removal o f  t u r b i d i t y  is r e f e r r e d  t o  a s  

apparen t  co lor .  This  d i s t i n c t i o n  is necessary  because t h e  suspended s o l i d s  i n  



a sample can cause s c a t t e r i n g  and r e f l e c t a n c e  of  l i g h t .  I n  t h i s  s i t u a t i o n ,  

r e f l e c t a n c e  can be mistaken f o r  absorbance. This  w i l l  cause  t h e  r e p o r t  of 

erroneously high c o l o r  l e v e l s .  

Seve ra l  d i f f e r e n t  methods a r e  a v a i l a b l e  f o r  t h e  measurement o f  c o l o r ,  

These inc lude  v i s u a l  comparison with platinum-cobalt  s t anda rds ,  

spectrophotometr ic  a n a l y s i s ,  and t r i s t i m u l u s  f i l t e r  methods, The Nat ional  

Council of  t h e  Paper Indus t ry  f o r  A i r  and Stream Improvement, Inc .  (1971) has 

developed a method of  c o l o r  measurement s p e c i f i c a l l y  f o r  pulp and paper 

i n d u s t r y  effluents. This  method involves  a d j u s t i n g  t h e  pH o f  t h e  sample t o  

7 . 6  us ing  e i t h e r  HC1 o r  NaOH. The sample is then f i l t e r e d  through a 0.8 

micron p o r o s i t y  membrane f i l t e r  t o  remove t u r b i d i t y .  It was found t h a t  t h e  

0.8 micron f i l t e r  was small enough t o  remove c o l l o i d a l  p a r t i c l e s ,  bu t  large 

enough not t o  remove l i g n i n  macromolecules. The c o l o r  va lues  are obta ined  by 

comparing spectrophotometr ic  readings  of t h e  samples t o  those  o f  plat inum- 

c o b a l t  s tandards ,  The spectrophotometr ic  ana lyses  are c a r r i e d  ou t  a t  465 

nanometers. 

The c o l o r  observed i n  paper indus t ry  e f f l u e n t s  is pH dependent, A s  t h e  

pH inc reases ,  t h e  c o l o r  va lue  a l s o  inc reases  f o r  a given sample. This  is n o t  

a l i n e a r  r e l a t i o n s h i p  and v a r i e s  depending on t h e  source  of  t h e  co lo r .  

Resonating double bonds a r e  gene ra l ly  he ld  t o  be r e spons ib le  f o r  t h e  c o l o r  

caused by o rgan ic  compounds. A s  the  pH i n c r e a s e s ,  t h e  r e s u l t i n g  chemical 

conf igu ra t ions  permit more resonance, thereby inc reas ing  t h e  co lor .  This  is 

a l s o  t h e  reason i t  is necessary t o  t e s t  f o r  c o l o r  a t  a s p e c i f i c  pH. To make 

meaningful comparisons of c o l o r  measurements between m i l l s  o r  even between 

samples from t h e  same m i l l ,  t h e  t e s t s  must have been made a t  the  same pH. 

Although seen p r imar i ly  as an a e s t h e t i c  concern, c o l o r  may a l s o  be 



r e spons ib le  f o r  s e v e r a l  o t h e r  problems. The phenolics  which a r e  an  i n t e g r a l  

p a r t  of many color-causing compounds can pose a p o t e n t i a l  t a s t e  problem. 

Algal o r  b a c t e r i a l  a c t i v i t y  may inc rease  due t o  the  a v a i l a b i l i t y  of n u t r i e n t s  

bound t o  t h e  color-causing organic  compounds. The s i z e  of  some of t h e  c o l o r  

bodies can cause fou l ing  o f  ion-exchange r e s i n s .  Other problems may inc lude  

i n t e r f e r e n c e  with coagula t ion  a t  water  t reatment  p l a n t s ,  increased  c h l o r i n e  

demand, and che la t ion  of metals.  Light t ransmi t tance  may be reduced i n  

n a t u r a l  waters ,  r e s u l t i n g  i n  decreased p roduc t iv i ty  and i n t e r f e r e n c e  with 

c o l o r i m e t r i c  ana lyses  done on t h e  waters. .. 
Recently, it has been proposed ( P a e r l ,  1982) t h a t  a l g a l  blooms (Ruenzler ,  

e t ,  a l ,  1982, and Witherspoon and Pearce,  1982) a r e  r e l a t e d  t o  t h e  d ischarge  of 

pulp and paper m i l l  e f f l u e n t s  i n t o  t h e  Chowan River ,  North Carol ina.  It was 

hypothesized t h a t  t he  well-known metal che la t ing  c a p a b i l i t y  of  l i g n i n  was 

respons ib le  f o r  upse t t i ng  t h e  balance between green and blue-green a lgae .  

E s s e n t i a l l y  t h e  same argument was made f o r  t he  d is turbance  of  the  n a t u r a l  

balance between floc-forming and f i lamentous b a c t e r i a  i n  waste t reatment  

p l a n t s  (Joyce,  1979). Filamentous b a c t e r i a  and blue-green a lgae  have a high 

s u r f a c e  t o  volume r a t i o  which permits  them t o  more e f f e c t i v e l y  capture  

n u t r i e n t s  from so lu t ion .  

L i d i n  and its degradat ion products  a r e  the  major c o n t r i b u t o r s  t o  c o l o r  

i n  m i l l  e f f l u e n t s .  Some of t h e  co lo r  chromophores a r e  shown i n  Figure 5. 

Lignin, a polymer of phenylpropane u n i t s ,  a c t s  t o  impart s t r u c t u r a l  r i g i d i t y  

t o  i n d i v i d u a l  f i b e r s  and t o  t h e  p l a n t  a s  a whole. This  n e c e s s i t a t e s  t h e  

removal o r  breakdown of some of  t h i s  l i g n i n  t o  provide t h e  ind iv idua l  f i b e r s  

necessary f o r  paper manufacture. Lignin a l s o  a c t s  a s  an i n h i b i t o r  t o  

microbial  a t t a c k .  This is evidenced by i ts  r e s i s t a n c e  t o  most organisms 





r e spons ib le  f o r  n a t u r a l  decay. The i n t r i c a t e  s t r u c t u r e  of  l i g n i n  a l lows f o r  

cons iderable  double bond resonance, which c o r r e l a t e s  t o  t h e  dark c o l o r  of 

l i g n i n .  

The q u a n t i t y  of  c o l o r  produced by each opera t ion  i n  a m i l l  can be t r aced  

almost d i r e c t l y  t o  t h e  amount of  l i g n i n  re leased  dur ing  t h a t  opera t ion .  

Approximate c o l o r  concen t ra t ions  i n  s e v e r a l  waste s t reams a r e  presented i n  

Table 7. However, t h e  pulp m i l l ,  which r e l e a s e s  t h e  l a r g e s t  amount of l i g n i n ,  

is no t  r e spons ib le  f o r  t h e  l a r g e s t  po r t ion  of  c o l o r  i n  t h e  e f f l u e n t  (F igure  

6). This  is due t o  t h e  recovery of t h e  cooking chemicals. The c o l o r  r e l eased  

i n  t h e  pulping cyc le  is burned i n  t h e  recovery furnace t o  recover  t h e  

inorganic  chemicals used f o r  pulping. Therefore,  most of t h e  c o l o r  r e l eased  

during pulping never reaches t h e  f i n a l  m i l l  e f f l u e n t .  The bleach p l a n t ,  which 

r e l e a s e s  t h e  next l a r g e s t  amount of l i g n i n ,  subsequently becomes t h e  major 

c o l o r  source. These waste l i q u o r s  cannot be t r e a t e d  i n  t h e  same manner a s  t h e  

pulping wastes. The cor ros iveness  of t h e  ch lo r ides  usua l ly  present  i n  

bleaching wastes p r o h i b i t s  t he  burning of  these  l i quor s .  The bleach p l a n t  can 

be  respons ib le  f o r  more than two-thirds of t he  t o t a l  co lo r  load while 

con t r ibu t ing  l e s s  than one-half of t h e  e f f l u e n t  volume. 

The co lo r  bodies  a s soc ia t ed  with the bleach p l a n t  are not p r e c i s e l y  t h e  

same as those  a s soc ia t ed  wi th  t h e  pulp m i l l .  There a r e  genera l  d i s t i n c t i o n s  

t h a t  can be made between t h e  chromophores of d i f f e r e n t  l i q u o r s .  Although they 

a r e  both mainly d e r i v a t i v e s  of  l i g n i n ,  t h e  a d d i t i o n a l  chemical t rea tments  i n  

the  bleach p l a n t  cause f u r t h e r  l i g n i n  degradat ion and c r e a t e  chemical 

conf igura t ions  d i f f e r e n t  from those found i n  the  waste pulping l i q u o r .  These 

bleach p l a n t  chromophores a r e  poss ib ly  of more i n t e r e s t  i n  co lo r  reduct ion 

s i n c e  t h e  major i ty  of the  pulping chromophores w i l l  be destroyed during the  

recovery process.  



Table 7. Approximate Color Concentrations i n  Various Waste 

Streams from Bleached Kraf t  Pulp Production 

[ After  (Rush and Shannon, 1976) 1 

Source Color, Pt-Co Units* 

Pulp M i l l  Ef f luent  

. Bleach Plant  Eff luent  

Chlorination 

Alkaline Extrac t ion 

Whole M i l l  Ef f luent  

Other Liquids 

Coffee 

Beer 

* Platinum - Cobalt Standard ( N C A S I ,  1971) 
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COLOR REMOVAL TECHNOLOGIES 

In t roduc t ion  

There a r e  two genera l  s t r a t e g i e s  f o r  t h e  removal of co lo r  from t h e  

e f f l u e n t  of a pulp and paper m i l l .  The first is t h e  conventional  end-of-the- 

pipe treatment.  While t h i s  s t r a t e g y  usua l ly  has t h e  l e a s t  impact on t h e  

mnaufacturing f a c i l i t i e s ,  it is t y p i c a l l y  t h e  most expensive. Addi t ional ly ,  

most of t h e  technologies  which a r e  i n  t h i s  ca tegory  merely concent ra te  t h e  

co lo r ;  a. means of  chromophore des t ruc t ion  must u l t i m a t e l y  be used. The second 

s t r a t e g y  a t tempts  t o  modify t h e  manufacturing process  so  t h a t  l e s s  c o l o r  

bodies are produced o r  so  t h a t  t he  waste l i q u o r s  may be recycled i n t e r n a l l y  

and be destroyed wi th in  t h e  process.  Obviously, process  modif ica t ions  cannot 

be made i n  a l l  mills because o f  lack  o f  f l e x i b i l i t y  wi th in  the  m i l l  o r  a b a s i c  

incompa t ib i l i t y  between t h e  proposed process  modif ica t ion  and t h e  d e s i ~ e d  end . 

product 

E f f luen t  Treatment 

Color ,Removal by Secondary Treatment 

The i n d u s t r y ' s  cu r ren t  p r a c t i c e  of c l a r i f i c a t i o n  of t he  t o t a l  m i l l  

wastewater followed by b i o l o g i c a l  t rea tment ,  commonly aera ted  lagoons o r  

a c t i v a t e d  sludge u n i t s ,  can e l imina te  conventional  p o l l u t a n t s  such a s  BOD and 

COD a t  e f f i c i e n c i e s  of  up t o  95%. However, t hese  b io log ica l  systems a r e  

capable of co lo r  reduct ions  of only 0-30% (Rush and Shannon, 1976, and Obiaga 

and Ganczarczyk, 1974). This  r e s i s t a n c e  of  c o l o r  bodies t o  b i o l o g i c a l  

t rea tment  is l a r g e l y  due t o  t h e  i n a b i l i t y  of t h e  microbia l  populat ion t o  

metabolize l ignin-derived chromophores . Joyce, e t  a 1  ( 1979 ) attempted t o  

manipulate  t h e  s ludge age i n  an ac t iva t ed  s ludge r e a c t o r  t o  enhance co lo r  

removal, but without  success.  



A d i r e c t  approach t o  improving the  c o l o r  reduction a b i l i t y  of  b i o l o g i c a l  

processes has recen t ly  been reported (Dogherty, 1982). The Sybron Corp. has 

attempted t o  augment the  n a t u r a l  microbial  population of an ae ra ted  lagoon 

with a mutant s t r a i n  of the  bacterium, Pseudomonas aeruginosa. This organism, 

mutated from normal inhab i t an t s  of the  treatment system, is repor ted ly  a b l e  t o  

metabolize "color l ign ins , "  and it is claimed t o  be a b l e  t o  remove 40% of  

e f f l u e n t  co lo r  and considerable BOD5 i n  l abora to ry  s tud ies .  Mill-scale 

evaluation is presen t ly  being conducted a t  a Canadian bleached kraft m i l l .  

The MyC6R Prqcess 

White-rot wood decay fungi  have a c t i v e  l i g n i n o l y t i c  systems t h a t  w i l l  

degrade even heavi ly  modified l i g n i n  such as k r a f t  l i g n i n  and ch lo r ina ted  

l ign in .  Thus, these  fungi  could conceivably be used i n  wastewater t reatment 

app l i ca t ions  t o  degrade lignin-derived chromophores produced during t h e  

bleaching of  pulp. Exploratory experiments have demonstrated t h a t  bleach 

p lan t  e f f l u e n t s  from the  first a l k a l i  e x t r a c t i o n  s t age  could be decolorized 

with the  white-rot fungus, Phanerochaete chrysosporium Burds (Joyce, e t  a l ,  

1981, and Eaton, e t  a l ,  1982). 

The U. So Fores t  Products Laboratory and North Carolina S t a t e  Univers i ty  

a r e  working t o  develop and evaluate  a co lo r  removal process based on ,P-. 

chrysosporium. The process has been termed the  FPL/NCSU MyCoR (=cel ia l  &lor 

Removal) Process. Based on t h e  r e s u l t s  of a preliminary study with var ious  - 
s t i r r e d  fermentors and f ixed f i lm r e a c t o r s ,  the  r o t a t i n g  b io log ica l  con tac to r  

(RBC) was chosen f o r  bench s c a l e  experiments because it provides a l a r g e  

su r face  a rea  f o r  fungal contact  with both oxygen and the  e f f l u e n t  without 

excessive a g i t a t i o n ,  which is de le te r ious  t o  l i g n i n  degradation and 

decolor iza t ion.  The RBC a l s o  o f f e r s  unique operat ing fea tu res  such a high 



su r face  a r e a  per  u n i t  volume, low maintenance c o s t s ,  low energy requirements ,  

simple cons t ruc t ion  and ope ra t ion ,  and commercial a v a i l a b i l i t y .  

The RBC MyCoR r e a c t o r  may be operated e i t h e r  a s  a batch r e a c t o r  o r  a s  a 

continous,  plug-flow r e a c t o r  (Campbell, 1983). Batch s t u d i e s  allowed 

monitoring o f  c o l o r  and pH changes as a func t ion  o f  time, providing a means o f  

s tudying t h e  k i n e t i c s  of chromophore d e s t r u c t i o n  by d r a i n i n g  e f f l u e n t  from t h e  

RBC a f t e r  24 hours and immediately r e f i l l i n g  t h e  r e a c t o r  with a f r e s h  e f f l u e n t  

t o  be decolorized;  t h e  e f f l u e n t  contained a l l  n u t r i e n t s  except  ni t rogen.  The 

rate of c o l o r  removal increased  as t h e  i n i t i a l  c o l o r  concent ra t ion  was 

increased u n t i l  a maximum r a t e  of chromophore d e s t r u c t i o n  was reached a t  an 

i n i t a l  c o l o r  o f  approximately 6,000 c o l o r  u n i t s .  Above 6,000 c o l o r  u n i t s ,  t h e  

r a t e  of  deco lo r i za t ion  was independent o f  t h e  i n i t i a l  c o l o r  concentrat ion.  A t  

t h i s  s a t u r a t i o n  po in t ,  t h e  rate of  fungal  deco lo r i za t ion  i n  the  RBC MyCoR 

r e a c t o r  was approximately 2,000 co lo r  un i t s / l / day  (Gerrard,  1983). 

Since t h e  a c t i v e  l i f e s p a n  of  t he  fungus i n  the  MyCoR r e a c t o r  decreases 

with inc reas ing  i n i t i a l  e f f l u e n t  co lo r  concent ra t ion ,  it was considered l i k e l y  

t h a t  some low molecular weight compounds present  i n  t h e  f i r s t  ex t r ac t ion  s t a g e  

(E$ e f f l u e n t  and/or t h e  fungal  degradat ion products  may be tox ic  t o  the  

fungus, e s p e c i a l l y  those  ch lo r ina ted  organic  compounds known t o  be  present  i n  

t h e  bleach p l a n t  e f f l u e n t .  To determine t h e  f a t e  of t h e s e  low molecular 

weight compounds i n  t h e  MyCoR r e a c t o r ,  t h e  El e f f l u e n t s  before  and a f t e r  MyCoR 

deco lo r i za t ion  were ex t r ac t ed  with chloroform a f t e r  a d j u s t i n g  t h e  pH t o  2 .5 .  

The e x t r a c t s  were subsequently examined by gas chromatography/mass 

spectrophotometry (GC-MS). The gas chromatograms of t h e  chloroform e x t r a c t s  

before  and a f t e r  fungal  deco lo r i za t ion  and t h e  major components t h a t  have been 

i d e n t i f i e d  by t h e  GC-MC ana lyses  a r e  shown i n  F igure  7. Chlorinated phenols 
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were t h e  dominant low molecular weight components i n  t h e  E l  e f f l u e n t s .  

S u r p r i s i n g l y ,  these  ch lo r ina ted  phenols completely disappeared a f t e r  fungal  

t rea tment ,  This f ind ing  may be s i g n i f i c a n t ,  because most o f  t h e  i d e n t i f i e d  

ch lo r ina ted  phenols a r e  known t o  be t o x i c  t o  a q u a t i c  l i f e .  

The suggested i n t e g r a t i o n  o f  t h e  MyCoR Process i n t o  a pulp and paper m i l l  

is shown i n  Figure 8. 

Metal Ions  

One of  t h e  more promising c o l o r  removal processes t h a t  has been examined 

on a m i l l  s c a l e  is lime p r e c i p i t a t i o n  (Figure  9). Ear ly  s t u d i e s  on removal of - 

c o l o r  from pulp and paper m i l l  e f f l u e n t s  u t i l i z e d  t h e  e x i s t i n g  chemical 

t rea tment  technology of  municipal water  supply deco lo r i za t ion .  Screening of  

over t h i r t y  metal ion  coagulants  and adsorbants  demonstrated varying degrees 

of  e f f e c t i v e n e s s  (Moggio, 1955)- Lack of recovery methods, o r  o t h e r  

technologica l  d i f f i c u l t i e s ,  such as corros ion  problems, prevented many from 

f u r t h e r  cons idera t ion .  Lime a d d i t i o n  was considered t o  have t h e  g r e a t e s t  

p o t e n t i a l  f o r  a p p l i c a t i o n  i n  t h e  indus t ry .  Among t h e  f a c t o r s  recognized a s  

favor ing  use of lime were: 

1. lime is comparatively low i n  c o s t  and is r e a d i l y  a v a i l a b l e  ( e s p e c i a l l y  

i n  t reatment  of k r a f t  m i l l  effluent, where l i m e  is  produced as p a r t  of 

t he  chemical recovery system, L e . ,  c a u s t i c i z i n g  o f  green l i q u o r ) ,  

2, recovery methods a r e  a l r eady  well-developed, and, 

3 .  personnel  a t  k r a f t  m i l l s  have experience wi th  lime product ion and 

recovery. 

The f a c t  t h a t  lime is an i n t e g r a l  p a r t  of the  k r a f t  pulping process 

o f f e red  an opportuni ty f o r  both recovery of lime used f o r  deco lo r i za t ion  and 

f o r  des t ruc t ion  of  t he  c o l o r  by combustion i n  the  lime k i l n .  Since t h i s  early 
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study,  lime p r e c i p i t a t i o n  has been one of the most widely inves t iga ted  co lo r  

removal processes i n  the  pulp and paper indust ry .  Although problems remain t o  

be solved (Lathia and Joyce, 19781, i t  is genera l ly  considered t o  be the  most 

r ead i ly  app l i cab le  of the  various physical and chemical met hods s tudied (Rush 

and Shannon, 1976). 

The mechanism of l ime p r e c i p i t a t i o n  of co lo r  h a s  been s tudied (Bennett ,  

e t  a l ,  1971). Color removal was found t o  be a chemical r eac t ion  i n  which 

inso lub le  calcium-organic salts formed, r a t h e r  than a physical  adsorpt ion o r  

absorption of color  onto lime par$icles. The process was found t o  be a 

function of two main f a c t o r s :  the eno l i c  and phenolic hydroxyl content  of' the  

e f f l u e n t  and t h e  molecular weight d i s t r i b u t i o n  of the  color  bodies. The 

reac t ion  exhibited a pH dependence, requir ing a pH of about 12 f o r  complete 

ion iza t ion  of the phenolic hydroxyl groups which r e a c t  with the  calcium ion. 

Eff luents  s tudied were those from the ch lo r ina t ion  and extraction stages 

of the  bleach plant .  The organic s o l i d s  of each e f f l u e n t  were subjected t o  

elemental and func t iona l  group analyses and molecular weight determination. 

The s o l i d s  i n  t h e  spent  l i q u o r s  were mainly character ized a s  a c i d i c  chlorine-  

s u b s t i t u t e d  l i g n i n  oxidation products of r e l a t i v e l y  low molecular weight. 

Spectroscopic ana lys i s  revealed very l i t t l e  aromat ic i ty .  Attention was 

d i rec ted  t o  carboxyl, phenolic,  and eno l i c  groups i n  developing a theory t o  

exp la in  the  mechanism of color  removal by lime. Experiments were performed 

u t i l i z i n g  s e l e c t i v e  chemical blocking of s p e c i f i c  func t iona l  groups, followed 

by lime addit ion.  It was concluded t h a t  f o r  ch lo r ina t ion  and e x t r a c t i o n  s t a g e  

e f f l u e n t s ,  eno l i c  hydroxyl groups a r e  most l i k e l y  the  predominant groups 

involved i n  p r e c i p i t a t i o n  by lime. 

However, i n  a so lu t ion  of commercially-available l i g n i n  ( t tIndulin" ) 



obtained from k r a f t  pulping,  phenol ic  hydroxyl groups appeared t o  have the  

major r o l e  i n  t h e  lime r eac t ion .  S e l e c t i v e  modif ica t ion  of f u n c t i o n a l  groups 

was u t i l i z e d  here  a l s o .  Furthermore, the phenolic  hydroxyl content  of k r a f t  

l i g n i n  was considerably g r e a t e r  than i n  spent  bleaching l i q u o r s .  

The scheme ou t l ined  i n  F igure  10 r ep resen t s  t he  r e a c t i o n  sequences 

proposed f o r  co lo r  removal by l ime o r  o the r  metal  ions .  The formation of 

keto-enols i n  molecules con ta in ing  chromophoric groups is shown, with a l k a l i n e  

cond i t ions  s h i f t i n g  t h e  equi l ibr ium t o  t h e  e n o l i c  form. Alka l i  is a l s o  

r equ i red  f o r  i o n i z a t i o n  o f  e n o l i c  o r  phenolic  hydroxyls.  The r e s u l t i n g  anion 

then  f o m s  an i n s o l u b l e  sal t  with.calcium. It was noted t h a t ,  i n  t h e  s tudy of 

lime p r e c i p i t a t i o n  o f  a c i d i c  c h l o r i n a t i o n  s t a g e  c o l o r ,  it could not  be 

determined whether lime reac ted  with o r i g i n a l  func t iona l  groups o r  with ones 

produced by hydrolys is  of ch lo ro - subs t i t u t en t s  by a l k a l i  i n  t h e  l ime 

so lu t ion .  Joyce and Beshire  ( 1 98 1 ) found t h a t  softwood and hardwood e f  f l u a n t s  

r eac ted  d i f f e r e n t l y  because t h e  l i g n i n s  were d i f f e r e n t  . 
The apparent  i n f luence  of  molecular weight on t h e  lime deco lo r i za t ion  

process  was seen when a t tempts  were made t o  understand why approximately 15% 

of  t h e  o r i g i n a l  co lo r  could not  be p r e c i p i t a t e d .  This  problem was approached 

by t r e a t i n g  l i q u o r  from the  c a u s t i c  e x t r a c t i o n  s t a g e  with l ime and recovering 

t h e  p r e c i p i t a t e d  and non-precipi tated organic s o l i d s  by ion  exchange 

techniques.  The compositions of the  two f r a c t i o n s  were s i m i l a r ,  each 

con ta in ing  t h e  func t iona l  groups t h a t  had been e s t ab l i shed  a s  capable of 

producing inso lub le  salts with calcium. The average molecular weights,  

however, were s i g n i f i c a n t l y  d i f f e r e n t  . The value f o r  s o l i d s  which 

p r e c i p i t a t e d  was est imated t o  be about 500, whereas i t  was l e s s  than one-half,  

or 210, f o r  the non-precipi tated s o l i d s .  La ter  work (Dugal, e t  a l ,  1975) 





s u b s t a n t i a t e d  these  impl i ca t ions .  It was determined t h a t  lime w i l l  

p r e c i p i t a t e  almost a l l  h igh  molecular weight c o l o r  bodies ,  i. e., t hose  g r e a t e r  

than 5,000, p a r t i a l l y  remove those  from molecular weight 400 t o  5,000, but  

gene ra l ly  cannot p r e c i p i t a t e  s p e c i e s  below molecular weight 400. 

A b a s i c  scheme is common t o  a l l  lime p r e c i p i t a t i o n  processes f o r  c o l o r  

removal from pulp and paper m i l l  e f f l u e n t s .  E f f luen t  and s laked  lime a r e  

mixed and s e n t  t o  a c l a r i f i c a t i o n  bas in  where the  lime-organic s ludge  

s e t t l e s . .  The var ious  processes  develped f o r  l ime treatment  gene ra l ly  d i f f e r  

according t o  lime dosage, e f f l u e n t  type,  and methods of  handling t h e  lime- 

organic  s ludge and decolorized e f f l u e n t ,  

Processes have been developed along two avenues, termed massive l i m e  and 

minimum (9nini")  l ime processes.  The first employs lime a p p l i c a t i o n  r a t e s  

much g r e a t e r  than t h a t  requi red  f o r  s to i ch iomet r i c  r eac t ion  with t h e  c o l o r  . 

bodies.  I n  e a r l y  work, problems were encountered i n  dewatering t h e  lime- 

o rgan ic  s ludge when a minimum l ime dose was used (Moggio, 19551, l ead ing  t o  

f u r t h e r  experimentat ion with g r e a t e r  l ime doses. I n  l abora to ry  t e s t s ,  l e v e l s  

of 10,000 t o  30,000 mg/L lime produced the  most dense and most e a s i l y  

dewatered s ludge because of t h e  g r e a t  excess  of calcium hydroxide p a r t i c l e s  

(Rush and Shannon, 1976). A one-year s tudy by I n t e r n a t i o n a l  Paper Company 

evalua ted  t h e  inco rpora t ion  of a massive l ime system f o r  co lo r  removal a t  a 

demonstration m i l l  i n  S p r i n g h i l l ,  La. (Wright, e t  a l ,  1974). The f a c i l i t y  

produced bleached k r a f t  pulp a t  about one- f i f th  of usual  f u l l  s c a l e .  A dosage 

of 10,000 mg/L l ime was appl ied  t o  a l k a l i n e  e x t r a c t i o n  s t a g e  and unbleached 

decker (pulp th i ckene r )  e f f l u e n t s .  I n  t h i s  design,  t he  dewatered lime-organic 

s ludge  was used f o r  r e c a u s t i c i z i n g  the  mill's green l i q u o r  t o  produce white  

l i q u o r ,  s ince  most of t h e  lime was s t i l l  a v a i l a b l e  a s  calcium hydroxide. A l l  



of t h e  a l k a l i n e  e x t r a c t i o n  s t a g e  and most of t h e  unbleached decker e f f l u e n t  

could be t r e a t e d  without exceeding t h e  lime k i l n  capaci ty  f o r  lime production 

i n  t h e  quan t i ty  requi red  f o r  caus t i c i z ing .  The t o t a l  m i l l  c o l o r  load was thus  

lowered by about 70%. Fur the r  work with t h i s  process was not pursued, 

however, due t o  s e v e r a l  s e r i o u s  d i f f i c u l t i e s .  Foaming i n  c a u s t i c i z e r s  and 

lime mud washers was a constant  problem, and t h e  white l i q u o r  concentra t ion  

was about 16% lower than when produced i n  t h e  conventional  manner with f r e s h  

lime. Impl ica t ions  f o r  f u l l  s c a l e  use included requirements f o r  a l a r g e r  

volume of white l i q u o r  f o r  wood d iges t ion  and, consequently, increased 

capaci ty  i n  t h e  chemical prepara t ion  and recovery systems. 

There have been s e v e r a l  vers ions  of  the  mini-lime process (Davis, 1971; 

Gould, 1973; S p m i l l ,  1973); these  have been a b l e  t o  overcome t h e  problem of 

lime sludge denater ing  t o  a l a r g e  degree. Perhaps the  most success fu l  is the 

f u l l - s c a l e  system operated by Continental  Can Company a t  Hodge, La. ( S p r u i l l ,  

1973). This m i l l  had been under pressure  from t h e  s t a t e  of  Louisiana t o  lower 

t h e  color  i n  wastewaters discharged i n t o  a low flow stream. Most of  the  15 

mi l l ion  gal lons  of wastewater produced p e r  day by combined k r a f t  and NSSC 

boardmill e f f l u e n t s  could be t r ea ted .  I n  t h i s  scheme, a small  dose of about  

1,000 mg/L lime is slaked and mixed with waste l iquor .  After  primary 

c l a r i f i c a t i o n ,  t h e  decolorized overflow is s e n t  t o  a recarbonator  f o r  removal 

of remaining dissolved calcium. I n  the  recarbonator ,  lime k i l n  s t a c k  gas is 

introduced a s  a source of C02 which promotes t h e  formation of inso lub le  

calcium carbonate. After s e t t l i n g  i n  a c l a r i f i e r ,  the  sludge is routed t o  the  

primary c l a r i f i e r  t o  a i d  i n  t h e  formation of a dewaterable p r e c i p i t a t e .  This  

combined, somewhat f i b r o u s  sludge,  is dewatered on a s o l i d  bowl c e n t r i f u g e  t o  

approximately 35% s o l i d s  before en te r ing  the  k i l n  f o r  lime recovery and 



i nc ine ra t i on .  Color removal e f f i c i e n c y  depended upon the  propor t ion  o f  NSSC 

e f f l u e n t .  The o r i g i n a l  c o l o r  of  1,200 Pt-Co u n i t s  was reduced t o  300-400 (70% 

average removal) when NSSC e f f l u e n t  was inc luded;  80 t o  90% reduc t ion  was 

obtained on k r a f t  waste a lone .  A major problem, probably r e l a t e d  t o  l a c k  of 

pH c o n t r o l ,  o c c a s i o n a l l y  developed i n  t h e  r eca rbona t ion  system. Although 

co lo r  removal was u s u a l l y  about  85% a f t e r  primary c l a r i f a c t i o n ,  c o l o r  

sometimes i nc reased  du r ing  recarbonat ion  t o  around 35 t o  40% o f  t h e  o r i g i n a l ;  

t hus ,  p rocess  mod i f i ca t i ons  have been necessary  (Rush and Shannon, 1976). A 

brief r e p o r t  on t h e  system (Moll, 1976) s t a t e d  t h a t  d e c o l o r i z a t i o n  had 

averaged 80% i n  t h e  preceding  year .  

A p rocess  somewhat s i m i l a r  t o  t h a t  a t  Hodge, Louis iana ,  has been 

descr ibed  f o r  two Georgia-Pacif ic  bleached k r a f  t m i l l s  a t  Woodland, Maine, and 

Crosse t t  , Arkansas (Gould, 1973 ) . Alkal ine  e x t r a c t i o n  s t a g e  e f f l u e n t  is 

t r e a t e d  wi th  s l aked  lime a t  2,000 t o  3,000 mg/L. I n  a two-year per iod  a t  the 

Woodland m i l l ,  i n i t i a l  c o l o r  of  10,000-15,000 Pt-Co u n i t s  was g e n e r a l l y  

lowered by &-go$, and a BOD5 reduc t ion  o f  45% was poss ib l e .  About 80% of  t h e  

spent  l ime was reclaimed.  The system a t  t he  C r o s s e t t  mill was designed f o r  

use  dur ing  t h e  summer months, when m i l l  e f f l u e n t  is n e a r l y  t h e  e n t i r e  flow of 

t h e  small r e c e i v i n g  stream (Rush and Shannon, 1976 ) . 
L i m e  coagula t ion  has been i n v e s t i g a t e d  as a  gene ra l  t rea tment  f o r  

producing an e f f l u e n t  which could meet Canadian r e g u l a t i o n s  on t o x i c i t y ,  COD, 

BOD, and TOC, a s  we l l  as co lo r  (Naish and Sandi lands ,  1977). Th i s  l a b  scale 

s tudy ,  supported by t h e  Canadian Government's CPAR (Cooperat ive P o l l u t i o n  

Abatement Research) Program, r e s u l t e d  i n  a design proposa l  and c o s t  e s t i m a t e  

f o r  a  softwood bleached k r a f t  m i l l .  The combined bleach p l a n t  s e a l  tank 

overf lows would be t r e a t e d  wi th  2,000 mg/L lime, t h e  op t imal  l e v e l  f o r  



pol lu tan t  removal, i n  a scheme similar t o  t h a t  a t  the  Hodge plant .  Bench 

s c a l e  r e s u l t s  showed various parameters t o  be reduced a s  follows: t o x i c i t y ,  

86%; c o l o r ,  85%; and COD, BOD, and TOC approximately 60%. It was f e l t  t h a t  

considerat ion of lime f o r  po l lu t ion  con t ro l  a t  a given m i l l  would depend upon 

comparison with o the r  poss ib le  methods f o r  t h a t  p a r t i c u l a r  s i t e ,  

Eaton, e t  a 1  (1982) reported t h a t  calcium, aluminum, and i r o n  ions  could 

a c t  s y n e r g i s t i c a l l y  t o  remove more co lo r  than e i t h e r  one could alone. This 

would al low a r e l a t i v e l y  small  dosage of i o n s  which could even be recovered 

and recycled 

Enzyme Pretreatment 

Schmidt and Joyce inves t igated  the  f e a s i b i l i t y  of u t i l i z i n g  peroxidase t o  

improve p r e c i p i t a t i o n  of color  by lime from pulping and bleaching e f f l u e n t s  

(Schmidt and Joyce, 1980). Because one of the major f a c t o r s  inf luencing t h e  

p r e c i p i t a b i l i t y  of  color  bodies lime is molecular weight, it was reasoned t h a t  

any process capable of increas ing t h e  average molecular weight should be a b l e  

t o  e f f e c t  corresponding increases  i n  co lo r  removal with lime. The a b i l i t y  of  

peroxidaae t o  polymerize phenolics made t h i s  enzyme a candidate f o r  t r e a t i n g  

co lo r  bodies; these  molecules a r e  derived from l i g n i n  with some phenolic 

groups being re ta ined.  Enzyme use was, the re fo re ,  envisioned as a 

pretreatment p r i o r  t o  lime addi t ion .  

Two types of wastewater were s tudied,  One was pulping e f f l u e n t  t h a t  had 

previously undergone biological  t reatment,  The other  consis ted  of co lo r  

bodies t h a t  had survived lime p r e c i p i t a t i o n  from combined a l k a l i n e  e x t r a c t i o n  

and decker e f f l u e n t s .  This l a s t  ma te r i a l  represented molecules r e s i s t a n t  t o  

removal, due,  i n  p a r t ,  t o  t h e i r  having a low molecular weight. 

The e f f e c t  of enzyme treatment on molecular weight d i s t r i b u t i o n  i n  



e f f l u e n t s  was first examined, Treatment with 25 mg/L horseradish  peroxidase 

and 9 m~ H202 f o r  12 hours a t  pH 6 caused a s l i g h t  but s i g n i f i c a n t  s h i f t  

toward t h e  higher  molecular weight range (MU 4 5,0001, as determined by g e l  

permeation chromatography, f o r  both e f f l u e n t  types.  Lime can almost 

completely remove c o l o r  bodies with molecular weights  g r e a t e r  than 5,000 

(Dugal, e t  a l ,  1975). This s h i f t  was 5.5% of t h e  t o t a l  peak a r e a  f o r  

b io log ica l ly - t r ea t ed  m a t e r i a l ,  and 8% i n  l ime- t rea ted  samples. For t h e  

l a t t e r ,  t h e  t r a n s f e r  was mainly from t h e  middle molecular weight range 

(1,00O<MW< 5,000).  Lime p r e c i p i t a t i o n  was conducted on samples of 

b io log ica l ly - t r ea t ed  pulping e f f l u e n t ,  p r e t r e a t e d  with 2.5 mg/L peroxidase and 

2.5 1124 H202. This  pretreatment  allowed 94% c o l o r  removal a t  a lime dosage 

t h a t  gave only about 10% removal from non-pretreated samples. 

It was concluded t h a t  t h i s  work was encouraging i n  demonstrating t h a t  t h e  

lime p r e c i p i t a b i l i t y  o f  co lo r  bodies of  pulp m i l l  e f f l u e n t s  can be enhanced by 

an enzymatic t reatment  t h a t  increases  the  propor t ion  of higher  molecular 

weight spec ies .  Such a t reatment  might be considered e i t h e r  f o r  achieving  

g r e a t e r  co lo r  removal a t  a s p e c i f i c  lime a d d i t i o n  o r  f o r  reducing the  amount 

of  l ime required f o r  a s p e c i f i c  co lor  removal. The s tudy did not at tempt t o  

eva lua te  the  t e c h n i c a l  o r  economic f e a s i b i l i t y  o f  a mi l l - sca le  process.  

Because of t h e  d i f f i c u l t i e s  encountered i n  t h e  use  of H202 and t h e  added 

expense of  t he  chemical,  the recommendation was made t h a t  f u r t h e r  work 

u t i l i z e d  the  similar enzyme laccase .  

Campbell ahd Joyce (1983) continued these  s t u d i e s  using the  l accase  

enzyme. It was found t h a t  t h e  app l i ca t ion  of t he  enzyme re su l t ed  i n  a weak 

response and t h a t ,  i n  gsne ra l ,  addi t ion  of the enzyme could not be 

accomplished economically. 



Resin Separat ion and Ion Exchange 

Resin separa t ion  and ion exchange have proven t o  be e f f e c t i v e  co lo r  

removal processes. They both r e l y  on adsorpt ion f o r  t h e i r  t reatment success ,  

although by d i f f e r e n t  mechanisms. Ion exchange u t i l i z e s  the d i f f e r e n c e s  i n  

a t t r a c t i v e  f o r c e s  between i o n s  t o  remove substances.  A given ion  is displaced 

from an inso lub le  exchange mate r i a l  by a d i f f e r e n t  ion  i n  so lu t ion ,  The 

a t t r a c t i v e  f o r c e s  between the  new ion and the  exchange mate r i a l  being g r e a t e r  

than those between the  displaced ion and t h e  exchange mater ia l .  Resin 

separa t ion does not use any i o n i c  a t t r a c t i o n  fo rces ;  it r e l i e s  on t r u e  non- 

i o n i c  adsorbtion. The organics a r e  removed from the waste stream p r i n c i p a l l y  

by van der Waal's forces .  

The operat ion o f  both processes is similar. The waste stream is passed 

through a bed of t h e  resin mater ia l ,  t r e a t e d  e f f l u e n t  is then removed while 

the  unwanted substances remain i n  the  bed (Figure 11).  Since these  a r e  

column-type r e s i n  adsorption processes,  the  waste stream must first be 

c l a r i f i e d  t o  remove any mater ia l s  which might plug o r  i n h i b i t  the  flow of 

wastewater through t h e  res ins .  Other p re t r ea tmen t8  might i n c l u d e  tempera ture  

o r  pH a l t e r a t i o n s  depending on the type and c h a r a c t e r i s t i c s  of the  r e s i n  being 

employed, along with the  c h a r a c t e r i s t i c s  of t h e  waste stream being t r e a t e d ,  

A r e s i n  separa t ion process was developed by Rohm and Haas Co. i n  which a 

polymeric adsorbant was used f o r  the  treatment of a combination of the c a u s t i c  

e x t r a c t  and ch lo r ina t ion  e f f l u e n t  from a k r a f t  mill's bleach p lan t .  Rock, 

e t  a 1  (1974) reported r e s u l t s  of the  t e s t i n g  of t h i s  system, Color removals 

o f  70-95%, BOD reductions of 31-55%, COD reductions of 31-575, and suspended 

s o l i d s  removal averaging 78% were observed. The system employed sand f i l t e r s  

for suspended s o l i d s  removal followed by the  r e s i n  treatment. When the  
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adsorptive capac i ty  of the  r e s i n  was reached, i t  was backwashed with f i l t e r e d  

e f f l u e n t  and regenerated with the  m i l l ' s  white l iquor .  The spent  regenerant  

was then used i n  the  pulping system and the  colored organics  were even tua l ly  

burned i n  t h e  recovery furnace,  The bleach p l a n t  ch lo r ina t ion  and e x t r a c t i o n  

waste streams were mixed t o  allow treatment of  the  more highly colored 

ex t rac t ion  s t a g e  by reducing t h e  pH t o  l e s s  than 3.0 a s  was required by t h i s  

process. 

A s i m i l a r  system was developed by Broddevall (1976) using a phenolic ion  

exchange res in .  S u f f i c i e n t  a c i d i c  ch lo r ina t ion  s t a g e  e f f l u e n t  was mixed wi th  

bhe c a u s t i c  e x t r a c t i o n  s t a g e  effluent t o  reach a pH of 2.0. This s o l u t i o n  was 

re ta ined i n  tanks u n t i l  approximately 50% of t h e  l i g n i n  degradation products  

had p rec ip i t a ted  due t o  i n s o l u b i l i t y  i n  low pH so lu t ions ;  f loccu la t fon  agents 

were sometimes added. The p r e c i p i t a t e  was then separa ted ,  dissolved by a 

convenient a l k a l i  so lu t ion  from the  mill and incorporated i n t o  the recovery 

system e i t h e r  a t  t h e  evaporators o r  d i r e c t l y  a t  the  recovery furnace. The 

a c i d i c  e f f l u e n t  from the  separa t ion process was fed through one o r  more 

phenolic-based r e s i n  columns. The r e s i n s  could be washed with aqueous Na2SOy 

t o  remove ch lo r ides  p r i o r  t o  e lu t ion  with a mill-generated a l k a l i  stream. 

This  allowed r e c i r c u l a t i o n  through the  recovery system without t h e  

chlor ides .  The reported r e s u l t s  claimed a co lo r  reduction,  on an i n i t i a l  

co lo r  l e v e l  of 15,000 Pt-Co Uni t s / l ,  of 99+%. 

A bleached k r a f t  m i l l  i n  Skogall,  Sweden, ha s  been operat ing la f u l l - s c a l e  

i o n  exchange system f o r  t r e a t i n g  bleaching wastes s i n c e  1978. Excellent  

r e s u l t s  have been reported i n  both decolor iza t ion and de tox i f i ca t ion  by 

Lindberg and Lund (1980) and Borjeaon and Lindberg (1981). A unique treatment 

system was u t i l i z e d .  In  the C-E-H-D-E-D bleaching sequence, the  p lan t  is a 



closed system from t h e  hypochlor i te  s t a g e  t o  the  l a s t  c h l o r i n e  d ioxide  

s tage.  Using countercurrent  washing t h e  El s t age  wash was f i l t e r e d  t o  remove 

f i n e s  and f i b e r s ,  passed through an ion  exchanged r e s i n ,  and then used a s  wash 

water f o r  t h e  c h l o r i n a t i o n  s t age .  The c h l o r i n a t i o n  s t a g e  e f f l u e n t  was a l s o  

t r e a t e d  by an ion  exchange r e s i n .  This system r e s u l t e d  i n  a decreased volume 

of  e f f l u e n t ,  a  90% reduct ion  i n  c o l o r ,  and an almost 100% reduct ion  i n  

t o x i c i t y .  The r e s i n  bed system was operated i n  a very unique manner, a 

semicontinuous system being used. The r e s i n  bed i tself  was t r anspor t ed  from 

one loca t ion  t o  another  f o r  t h e  i n d i v i d u a l  s t e p s  involved i n  t h e  e l u t i o n ,  

c h l o r i n a t i o n  stage adsorpt ion ,  e x t r a c t i o n  s t age  adsorpt ion ,  and backwashing. 

This system was thus  c y c l i c  and had many advantages over  a  system u t i l i z i n g  

s t a t i o n a r y  r e s i n  beds (F igure  12). 

Sethuraman and Raymahashay (1975) tested c l a y s  f o r  p o s s i b l e  app l i ca t ions ,  

as ion exchange m a t e r i a l  for  c o l o r  removal. The c l a y s  t e s t e d  were k a o l i n i t e  

and montmorillonite . I n i t i a l  adsorpt ion  o f  c a t i o n i c  dye was similar f o r  both 

c l a y s  but  t he  montmor i l l i te  continued adsorpt ion  a t  a reduced r a t e ,  poss ib ly  

due t o  i n t e r l a y e r  c a t i o n  exchange. Adsorption was found t o  be c o n t r o l l e d  by 

t h e  na tu re  and c a p a c i t i e s  o f  t h e  a v a i l a b l e  ion  exchange s i t e s .  The r e s u l t s  

i nd ica t ed  c a t i o n i c  exchange sites were more abundant than an ion ic  s i t e s  on 

both c lays .  

A study of  c o l o r  removal by adsorpt ion  on cross l inked  polymers was 

performed by Samuelson and Wennergren (1977). The s tudy included anion 

exchange r e s i n s  a s  well  a s  non-ionic r e s i n s .  A decrease i n  c o l o r  removal was 

repor ted  f o r  a l l  t h e  r e s i n s  s tudied  as t h e  flow was increased  through t h e  

r e s i n  bed. Increases  i n  e f f i c i e n c y  were noted a s  p a r t i c l e  s i z e  was 

decreased. The anion exchange r e s i n  was found t o  be t h e  most e f f e c t i v e  of t h e  





r e s i n s  s tud ied .  A disadvantage o f  t h i s  r e s i n  was t h a t  i t  requi red  an 

a d d i t i o n a l  t rea tment  a f t e r  e l u t i o n  t o  lower t h e  pH t o  depress  t h e  s o r p t i o n  of  

ch lo r ide  ions .  

Aluminium Oxide 

A b i su lpha te  m i l l  opera t ing  i n  West Germany (Figures 13 and 14)  is 

p resen t ly  ope ra t ing  a f u l l - s c a l e  aluminium oxide adsorpt ion  system f o r  

t reatment  of t h e  pulping and bleaching wastes. Ul l r i ch  (1978) discussed t h e  

s t a r t -up  and ope ra t ion  of t h i s  p l an t .  The e f f l u e n t  from t h e  C-E-P-H bleaching 

sequence was c l a r i f i e d  of  f i b e r s  and o t h e r  s o l i d  matter .  The pH was adjus ted  

using d i l u t e  HC1 and then t h e  waste stream was s e n t  t o  the  adsorpt ion  

towers. The towers were f i l l e d  wi th  g r a n u l a r  a c t i v a t e d  alumina (r-A1203). 

The f l u i d  followed = upflow p a t t e r n  and, a f t e r  deco lo r i za t ion ,  it was s e n t  t o  

t h e  b i o l o g i c a l  t rea tment  p l a n t ,  which u t i l i z e d  a c t i v a t e d  sludge. The 

aluminium oxide was regenerated by burning o f f  t h e  organics  i n  an i n d i r e c t l y  

heated r o t a r y  k i l n .  It was found t h a t  t h e  c o l o r  removal from t h e  e f f l u e n t  was 

caused not  only by adsorpt ion ,  but  a l s o  by l i g n i n  p r e c i p i t a t i o n  caused by 

manipulation of  t he  pH i n  the  towers. If t h e  temperature d i d  not  exceed 8 0 0 ' ~  

i n  t h e  k i l n ,  t h e  regenerated adsorbent  had t h e  same adso rp t ive  power a s  f r e s h  

aluminium oxide. Resul t s  repor ted  were 96% co lo r  removal, and 35% and 71% 

reduct ion  i n  BOD and COD, r e spec t ive ly .  

Adsorption on Wood 

Poots ,  e t  a 1  (1978) took a novel approach t o  the  problem of  c o l o r  

removal. Shavings of  spruce wood were used a s  an adsorbant.  Tea ts  using a 

b a s i c  dye were c a r r i e d  out  a t  d i f f e r e n t  dye concent ra t ions  and d i f f e r e n t  wood 

p a r t i c l e  s i z e s .  The t e s t s  i nd ica t ed  t h a t  t h e  mechanism 

complex. F a i r l y  l a r g e  q u a n t i t i e s  of  wood were required 

of adsorpt ion  is 

compared t o  o the r  







adsorbants, but i t  was s t i l l  r e l a t i v e l y  inexpensive due t o  the  much higher  

cost  of o the r  adsorbants. Another advantage was t h a t ,  s i n c e  it was not  

necessary t o  regenera te  the  adsorbant, t h e r e  was no a d d i t i o n a l  waste stream t o  

be t r e a t e d  and t h e  wood could be  burned a s  a fue l .  

Membrane Processes 

Membrane processes involve passing t h e  wastewater stream t o  be t r e a t e d  

over a membrane f i l t e r  (Figures 15 and 16). The membrane al lows t h e  water and 

other substances of low molecular weight t o  pass through, but r e t a i n s  the  

molecules of h igher  molecular weight. This is e s s e n t i a l l y  a process of 

separa t ion and concentrat ion.  The substances of l a rge  molecular weight a r e  

concentrated i n  one stream while t h e  more d i l u t e  stream of t r e a t e d  water holds 

most of the  low molecular weight chemicals. The r e j e c t i o n  e f f i c i e n c y  of these  

processes is dependent on the  pore s i z e  of the  membranes being used and t h e  

pressure a t  which the  system is being operated. Tight membranes; Le.,  those 

with r e l a t i v e l y  small pores, r e j e c t  a l a r g e r  f r a c t i o n  of the  molecules i n  t h e  

waste stream than do loose membranes. However, the t i g h t e r  membrane must be 

operated under higher pressures t o  ob ta in  s a t i s f a c t o r y  water flux r a t e s .  

Although the  opera t ional  p r inc ip les  a r e  the  same, the re  is a d i s t i n c t i o n  

made within t h e  category of membrane processes. Excluding the  d i a l y s i s  

processes, the  membrane processes a r e  separated i n t o  u l t r a f i l t r a t i o n ,  

character ized by loose  membranes and low opera t ing pressures ,  and reverse  

osmosis, character ized by t i g h t  membranes and high opera t ing pressures.  

Reverse osmosis (RO) membranes may be designed f o r  s a l t  r e j e c t i o n ,  t h e  loose r  

u l t r a f i l t r a t i o n  membranes (UF) a r e  not capable of very high s a l t  r e j ec t ion .  

Thus, ch lo r ides  a r e  passed through t h e  UF membrane with the  f i l t r a t e .  This 

p e r m i t s  the concentrate from UF systems t o  be d i r e c t l y  fed i n t o  the  recovery 
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process without  t he  problem o f  cor ros ion  comonly  a s soc ia t ed  with ch lo r ides .  

A major disadvantage t o  membrane processes has been t h e  need f o r  pre- 

t reatment  t o  a d j u s t  pH and temperature t o  p r o t e c t  t he  s e n s i t i v e  membranes. 

Mutamore, e t  a 1  (1975) descr ibed  ope ra t ing  e f f i c i e n c i e s  of a polymeric 

u l t r a f i l t r a t i o n  membrane which d i d  not  r equ i re  the pre-treatment necessary f o r  

most c e l l u l o s e  a c e t a t e  membranes. P i l o t  p l a n t  d a t a  y ie lded  COD and c o l o r  

removals o f  60% and 709, r e spec t ive ly .  Calcula t ions  f o r  computer s imula t ion  

t o  o b t a i n  optimum opera t ing  parameters were a l s o  mentioned. Fremont (1980) 

developed a UF system t h a t  u t i l i z e d  a polysulfone membrane coated wi th  a 

polyethylenemine for color removal from pulp and paper e f f l u e n t s .  Color 

removals f o r  a f u l l - s c a l e  opera t ion  were est imated t o  be 92% a t  44 p s i  and 94% 

a t  100 p s i ,  with f l u x  rates i n c r e a s i n g  with pressure .  

Two zirconium-based RO membranes and a polysulfone UF membrane were 

compared by P o r t e r  and Edwards (1977). It was noted t h a t  a s  p a r t i c l e s  b u i l t  

up on t h e  membrane s u r f a c e ,  t h e  e f f e c t i v e  pore s i z e  was reduced and t h e  

membrane funct ioned s i m i l a r  t o  one of a t i g h t e r  design. This caused a 

decrease i n  f l u  and an i nc rease  i n  p a r t i c l e  r e j e c t i o n .  Stream v e l o c i t y  was 

usua l ly  r e l i e d  upon t o  d i s r u p t  p a r t i c l e  bui ld  up,  but  backwashing was needed 

r o u t i n e l y  t o  keep the  membrane functioning a s  designed. While a l l  membranes 

of fe red  good co lo r  r e j e c t i o n ,  t h i s  comparison served t o  highlight d i f f e r e n c e s  

based on membrane design. 

P f i s t e r  and s j&tr&n ( 1978) used u l t r a f i l t r a t i o n  t o  c h a r a c t e r i z e  the  s i z e  

of co lo r  molecules from each s t a g e  of s eve ra l  three-stage bleaching 

sequences. The sequences evaluated were C-%-H, 0-C-E, and 0-D-E. Very l i t t l e  

of t h e  co lo r  a s soc ia t ed  with the  bleach p lan t  was of a molecular weight of 

less than 1,000. The only exception reported was i n  the  c h l o r i n a t i o n  s t a g e  of 



the  C-E-H sequences. The data  i l l u s t r a t e d  the  e f f e c t  t h a t  proper membrane 

se lec t ion  can have on the  e f f i c i e n c y  of a  treatment system, depending on t h e  

c h a r a c t e r i s t i c s  of the  waste stream. Claussen (1978) described the  

app l i ca t ions  and e f fec t iveness  of UF and RO processes i n  a s u l p h i t e  m i l l .  UF 

and RO processes were discussed a s  separa te  systems and as in tegra ted  

operat ions.  A treatment system was modeled t h a t  was capable of  60-80% c o l o r  

removal, depending on UF membrane s e l e c t i o n  (Figure 17) . 
Lundahl and Mansson (1979, 1980) described a UF system (Figure  17) t h a t  

has been i n s t a l l e d  t o  t r e a t  the  a lka l i - ex t rac t ion  s t age  04 a softwood kraft 

bleach plant .  This system, i n s t a l l e d  i n  Sweden, uses a cascade of  

u l t r a f i l t r a t i o n  modules equipped with polysulfone membranes. The cascade 

resu l t ed  i n  a lower f l u x  r a t e  f o r  each subsequent UF module, due t o  inc reases  

i n  the  concentrat ion from each previous module* The capac i ty  of  the  system 

was increased 7% by increas ing the temperature from 60°c t o  65%. Resins and 

f i n e s  amumulated i n  the  system and were washed out  by an automatic f i l t r a t e  

con t ro l  system. Fibers  had t o  be removed p r i o r  t o  UF to  prevent clogging of 

the system, less than 10 ppm were permissible i n  the  preconcent ra t ion  stage. 

The t rea ted  e f f l u e n t  could be reused a s  wash water i n  the  bleach plant .  The 

recycled water was a l s o  detoxif ied  by the C 1 0 2  i n  the bleach p l a n t  during the  

washing process. Recirculat ion of some of the  f i l t r a t e  t o  t h e  UF system 

allowed reduction of color  by 90%. Without r ec i rcu la t ion  the  maximum 

obta inable  reduction i n  color  was 86%. In  addi t ion  t o  color  removal, BOD was 

reduced by 251,  COD was reduced by 705, and acute t o x i c i t y  was reduced by 

50%. It was estimated t h a t ,  i n  conjunction with an aera ted  lagoon, reductions 

of up to  90% should be poss ib le  f o r  BOD, COD, and color  of a  t o t a l  k r a f t  m i l l  

e f f l u e n t .  





I r r a d i a t i o n  

Color removal by i r r a d i a t i o n  is obtained by i n i t i a t i n g  chemical r e a c t i o n s  

and chromophore breakdown with radia t ion .  Hof r e i t e r  and Fecht ( 1979) found 

t h a t  the  sedimentat ion p roper t i e s  of some hard t o  s e t t l e  papermaking e f f l u e n t s  

could be enhanced by gamma i r r a d i a t i o n .  The depolymerization of  s t a r c h e s  wi th  

high d i spe r s ive  power was accomplished with c o b a l t  60 rad ia t ion .  Th i s  

r e su l t ed  i n  reduced treatment i n  o the r  s t e p s  of t h e  system t o  maintain an 

acceptable  q u a l i t y  e f f l u e n t .  

Sameshima, e t  a 1  (1 975) s tudied  co lo r  qeduction on nine pulping and 

bleaching wastes us ing i r r a d i a t i o n ,  An u l t r a v i o l e t  mercury lamp was used as 

the  source of  r a d i a t i o n ,  It was observed t h a t  t h e  co lo r  of k r a f t  and s u l f i t e  

wastes darken upon i n i t a l  exposure, but t h e  co lo r  decreased a s  exposure time 

continued. Also, the  pH of a l l  of the waates i n i t i a l l y  dropped and then 

gradual ly  rose. It was hypothesized t h a t  t h i s  ind ica ted  the formation of 

a c i d s  i n i t i a l l y  and then t h e i r  subsequent degradatf on. The rate of c o l o r  

reduction was f a s t e r  f o r  s u l p h i t e  wastes than su lpha te  wastes. A decrease i n  

COD values was a l s o  observed. 

Ef fec t s  on i r r a d i a t i o n  performance by oxygen o r  a i r  bubbling and the  

r eac t ion  dependency on pH and temperature were discussed by Meguro, e t  a1 

(1976). I n  s t u d i e s  using a  high pressure UV-lamp f o r  i r r a d i a t i o n ,  i t  was 

reported t h a t  oxygen bubbling was t h e  most e f f e c t i v e .  Acidic and a l k a l i n e  

s o l u t i o n s  both exhibi ted  increased co lo r  removal e f f i c i e n c i e s  a s  compared t o  a 

n e u t r a l  pH of t h e  same solut ion .  The r a t e  of removal was a l s o  shown t o  

inc rease  w i th  temperature. The highest  co lo r  removal, 905, occurred a t  6 0 O ~  

and a pH of 12 using oxygen bubbling. A decrease i n  COD of 40% was a l s o  



recorded. Additions of rose  bengal and pe r ioda te  o r  ace ty l ace tone  and 

hydrogen peroxide showed increased  c o l o r  removal e f f i c i e n c y  as well .  

E l e c t r o l y t i c  Processes 

E l e c t r o l y t i c  processes ope ra t e  by passing a c u r r e n t  through a s o l u t i o n  

using an anode and a cathode (Figure  18). Oxidation and r educ t ion  r eac t ions  

occur which a l t e r  t h e  chemical n a t u r e  of  t h e  e l e c t r o l y t e .  Herer and Woodard 

(1976) repor ted  on an e l e c t r o l y t i c  coagu la t ion  process  t h a t  u t i l i z e d  hydrated 

aluminum ions  from t h e  aluminum anode t o  induce coagula t ion  (Figure  19). 

Hydrogen bubbles formed a t  t h e  cathode a ided  removal of  t h e  coagulated 

ma te r i a l  by f l o t a t i o n .  Tes t s  were run on c h l o r i n a t i o n  and e x t r a c t i o n  s t a g e  

e f f l u e n t s  from a k r a f t  bleach p lan t .  Color removal was shown t o  be pH 

dependent, with b e s t  r e s u l t s  occurr ing  between pH 4.0 and 6.0. Color removal 

a l s o  increased  with t h e  concent ra t ion  o f  aluminum ions.  The maximum observed 

removal e f f i c i e n c e s  were 92% and 99% f o r  t h e  c h l o r i n a t i o n  and e x t r a c t i o n  

s t a g e s ,  r e spec t ive ly .  

Oehr(1978) described a system which uses an e f f l u e n t  with high ch lo r ide  

content  a s  t he  e l e c t r o l y t e .  An inexpensive source of c h l o r i d e  such a s  s e a  

water can be  added i f  the  e f f l u e n t  t o  be t r e a t e d  does not  con ta in  t h e  required 

amount. The electr ical  cu r ren t  causes formation of c h l o r i n e ,  hypochlor i te ,  and 

c h l o r a t e  ions.  The c h l o r i n e  and hypochlor i te  oxid ize  o rgan ic  compounds and 

a r e  reduced t o  ch lo r ides  t o  begin t h e  cyc le  again. It was found t h a t  t he  

deco lo r i za t ion  r a t e  increased  with c h l o r i d e  content .  Also, it was noted t h a t  

temperature had no s i g n i f i c a n t  e f f e c t  on t h e  process;  t h e r e f o r e ,  no 

pretreatment  f o r  temperature adjustment would be needed. 

Electrochemical processes have not  been u t i l i i z e d  due, i n  p a r t ,  t o  

i n e f f i c i e n c i e s  i n  r e a c t o r  design. Gupta (1979) discussed t h e  advantages of a 
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new c a r  bon-fiber r e a c t o r .  Resu l t s  from t r i a l s  t r e a t i n g  a l k a l i n e  b leach  

e x t r a c t  from a k r a f t  m i l l  y ie lded  92% r educ t ion  i n  c o l o r ,  72% r educ t ion  i n  COD 

and e l imina t ion  o f  t o x i c i t y ,  as def ined  by Canadian s tandards .  Other 

advantages of t h e  process  were r epor t ed  t o  inc lude  low o p e r a t i n g  c o s t s  and a 

very small t rea tment  a rea .  

Act iva ted  Carbon 

Activated carbon has been u t i l i z e d  i n  water treatment  f o r  many years .  

Organics. r e spons ib le  f o r  c o l o r ,  taste, and odor can be adsorbed i n t o  t h e  

su r face  pores of t he  carbon p a r t i c l e s .  Once t h e  c a p a c i t y  o f  t h e  carbon ' s  

adso rp t ive  p r o p e r t i e s  is reached, t h e  carbon can be regenera ted  by a v a r i e t y  

of means. Regeneration removes the  adsorbed organics ,  t hus  f r e e i n g  t h e  pores 

f o r  a d d i t i o n a l  adsorpt ion.  

Two gene ra l  forms of  carbon are a v a i l a b l e  f o r  t rea tment  systems, powdered 

a c t i v a t e d  carbon (PAC) and g ranu la r  a c t i v a t e d  c-arbon (GAC). These terms r e f e r  

t o  the  p a r t i c l e  s i z e  of  the carbon i n  ques t ion .  The adso rp t ive  c a p a c i t y  i s  

dependent on t h e  su r face  a r e a  of t he  p a r t i c l e s  and t h e  s i z e  of t h e  s u r f a c e  

pores.  Although powdered carbon offers more surface area p e r  unit volume than 

t h e  g ranu la r  form, GAC has been used most ex tens ive ly  i n  t rea tment  systems. 

The gene ra l  design of a GAC system involves  a tower, e i t h e r  i n  an upward 

o r  downward flow conf igura t ion .  This  design n e c e s s i t a t e s  t h e  pre t rea tment  of 

t h e  water t o  remove any subs tances  which could become entrapped between t h e  

carbon p a r t i c l e s  and r e s u l t  i n  clogging of t h e  system. . PAC al lows t h e  carbon 

t o  be added d i r e c t l y  t o  the  e f f l u e n t  t o  be t r e a t e d  without  any pre t rea tment .  

The carbon is then  s e t t l e d  out  along wi th  t h e  o t h e r  subs tances  which comprise 

t h e  sludge. Reclamation and regenera t ion  are prac t iced  on both forms of 
, 

a c t i v a t e d  carbon. This  s t e p  enables  t h i s  type  of t reatment  t o  be economiclly 



competi t ive with a l t e r n a t i v e  t reatment  processes.  P o s s i b i l i t i e s  a l s o  exists 

f o r  t h e  on-s i te  gene ra t ion  of  a c t i v a t e d  carbon us ing  wood res idues  such as 

charcoal .  

I n  r e l a t i o n  t o  t h e  performance of  an a c t i v a t e d .  carbon being dependent on 

pore s i z e ,  Huang and G a r r e t t  (1975) made a s tudy  on c a p i l l a r y  blockage. 

Adsorptive c a p a c i t i e s  were based on phenol adsorpt ion .  They repor ted  no 

reduct ion  of capaci ty  when t h e  carbon was exposed t o  p o l y e l e c t r o l y t e s  and c l a y  

m i n e r a l s i n  a  s lur ry- type  t reatment  system. However, humic a c i d s  d id  reduce 

capac i ty  due t o  competi t ive adsorpt ion.  It w a s  a l s o  noted t h a t ,  a l though they  

had no e f f e c t  i n  the t rea tment  s l u r r y ,  t he  c l a y  m a t e r i a l s  could cause blockage 

i n  a tower system. 

Activated carbon is not  s u f f i a i e n t  by i tself  f o r  t reatment  of 

wastewater. Therefore, it is used i n  conjunct ion with other processes t o  . 

o b t a i n  an acceptable  e f f l u e n t .  Cailahan and Pincine  (1977) discussed t h e  

ope ra t ion  of a municipal t reatment  p l an t  t h a t  t r e a t s  mainly a papermil l  

wastewater. The f a c i l i t y  u t i l i z e d  an a c t i v a t e d  carbon tower a f t e r  phys ica l  - 
chemical processes t o  improve t h e  o v e r a l l  performance of t h e  f a c i l i t y .  

Reductions in c o l o r ,  BOD and COD, along with an improvement i n  s ludge handling 

c h a r a c t e r i s t i c s  were r ea l i zed .  

A new treatment  system (Figure 2 0 )  has been developed by Wong, e t  a 1  

(1977). This  system, which uses a  combination of proven processes,  was 

employed to  deco lo r i ze  and de toxi fy  bleached k r a f t  wastes.  PAC was used i n  

conjunct ion  with a i r ,  alum, and p o l y e l e c t r o l y t e  t reatments .  The system was 

t e s t e d  on bleach p lan t  e f f l u e n t  and t o t a l  mill e f f l u e n t .  Along with 70.85% 

r educ t ion  i n  co lor  and e f f i c i e n t  d e t o x i f i c a t i o n ,  reduct ions  of  BOD and COD by 

20-40% and exce l l en t  handling c h a r a c t e r i s t i c s  f o r  t he  r e s u l t i n g  s ludge were 
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repor ted .  The amount of deco lo r i za t ion  and d e t o x i f i c a t i o n  by t h e  system i n  

r e l a t i o n  t o  t h a t  p red ic t ed  by a d d i t i o n  of i n d i v i d u a l  t rea tment  s t e p s  ind ica t ed  

s y n e r g i s t i c  e f f e c t s .  

Land Treatment - 

Treatment of wastewater by applying i t  t o  t h e  land  is a well-developed 

t rea tment  method (Figure  21).  The s o i l  acts a s  a f i l t e r ,  t r app ing  

contaminants a s  they pass  through it. The microorganisms i n  t h e  s o i l  use t h e  

t rapped ma te r i a l  as a s u b s t r a t e  and t h e  p u r i f i e d  water even tua l ly  seeps  down 

t o  t h e  groundwater. The most e f f e c t i v e  systems use i n t e r m i t t e n t  dosing o f  t h e  

t rea tment  area.  This  technique maintains aerobic  condi t ions  i n  t h e  s o i l  which 

provides a much b e t t e r  environment f o r  t he  degradat ion of  t he  waste 

c o n s t i t u e n t s .  It is a l s o  necessary t o  p r e t r e a t  t h e  waate stream t o  remove any 

s o l i d  t h a t  could c l o g  the s o i l  and r e s u l t  i n  anaerobic  condi t ions .  Land 

t rea tment  is a s i t e  s p e c i f i c  ope ra t ion  depending on s o i l  type ,  microbia l  

community, and waste c h a r a c t e r i s t i c s .  Skopintsev (1981) d iscussed  t h e  n a t u r a l  

deco lo r i za t ion  of organic  runoff  i n  d e t a i l .  

A l l  waste c o n s t i t u e n t s  a r e  not  a s s imi l a t ed  a t  the  same r a t e .  This  

r e s u l t s  i n  t h e  bui ld  up of some subs tances  i n  t h e  s o i l  over  a  period of 

t ime.  When the  accumulation o f  a  ma te r i a l  i n  t h e  s o i l  causes the  condi t ion  of 

t h e  s o i l  t o  drop below acceptable  s tandards ,  t h e  m a t e r i a l  is r e f  e r r ed  t o  a s  

t h e  land-l imit ing c o n s t i t u e n t  (LLC). A l a r g e r  land a rea  would be requi red  t o  

a c c e p t  t h e  given concent ra t ion  of t h e  L C  i f  t reatment  was continued a t  t h e  

same r a t e .  Overcash and Pa l  (1979) provide a very thorough d iscuss ion  

r ega rd ing  land d i sposa l  and determinat ion of  LLC ' a. 

A municipal waste t reatment  f a c i l i t y  i n  the  s t a t e  of New York began 

o p e r a t i n g  a  p l an t  which u t i l i z e d  land  treatment a s  t h e  f i n a l  s t e p  i n  i t ' s  
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t reatment  scheme i n  1936. Aulenbach, e t  a 1  (1975) descr ibed  t h e  system from 

its incep t ion  and t h e  modif ica t ions  made over  the  years .  Af t e r  s e t t l i n g ,  t h e  

wastewater is  passed through a t r i c k l i n g  f i l t e r .  Secondary sedimentat ion is  

followed by a p p l i c a t i o n  t o  a sand bed. These beds a r e  f looded s e v e r a l  t imes 

before they a r e  allowed t o  thoroughly dry;  they a r e  then recondi t ioned  by 

removing t h e  s u r f a c e  mat which forms dur ing  treatment.  Recent tests showed no 

s i g n s  of  p o l l u t i o n  seeping i n t o  t h e  water sources i n  t h e  a rea .  

Olsen, e t  a l  (1976) descr ibed  t h e  ope ra t ion  o f  t h e  f i r s t  f u l l - s c a l e  r ap id  

i n f i l t r a t i o n  t rea tment  system f o r  pulp and paper wastes i n  North America. 

This  p l a n t  a l s o  employed a p e r c o l a t i o n  system i n  which waste water was first 

ponded and then  allowed t o  seep  through t h e  s o i l  under anaerobic condi t ions .  

I n  a comparison of  t h e  two systems it was found t h a t  t h e  r ap id  i n f i l i t r a t i o n  

system provided more e f f i c i e n t  wastewater d i sposa l  pe r  acre. After  

c l a r i f i c a t i o n  and secondary t rea tment  by a e r a t i o n ,  t h e  waste was s e n t  t o  t h e  

i n f i l t r a t i o n  bas ins .  During ope ra t ion ,  it was discovered t h a t ,  a f t e r  a period 

of t rea tment ,  anaerobic condi t ions  tended t o  form. By plowing t h e  bas ins  and 

al lowing them t o  dry  completely, ae rob ic  condi t ions  could be re turned .  

Fac to r s  a f f e c t i n g  the  i n f i l t r a t i o n  r a t e  were discussed;  an average c o l o r  

reduct ion  of 60% was repor ted  f o r  the unbleached k r a f t  waste. 

Another f u l l - s c a l e  rap id  i n f i l t r a t i o n  system has begun ope ra t ing  i n  North 

America. A Canadian bleached k r a f t  m i l l  began p i l o t  s t u d i e s  i n  1977 and were 

s o  pleased wi th  t h e  r e s u l t s  t h a t  they begn a f u l l - s c a l e  ope ra t ion  i n  1981. 

Keenan (1981) described t h e  opera t ion  and proposed p o l l u t a n t  removal mechanism 

of  t h i s  t reatment  system. The s o i l  a t  t h e  s i t e  had a high content  o f  

l imestone.  After conventional  t reatment  the  e f f l u e n t  was pumped t o  one of 

seven i n f i l t r a t i o n  basins.  One bas in  was provided f o r  each day of' t h s  week t o  



provide adequate dry ing  and a e r a t i o n  o f  the  s o i l  between a p p l i c a t i o n s .  Ion 

p r e c i p i t a t i o n  is c r e d i t e d  with t h e  h igh  degree of success  r e a l i z e d  a t  t h i s  

s i t e .  During per iods  of high n a t u r a l  runoff  i n  the  s p r i n g ,  t h e  bas ins  w i l l  be 

allowed t o  adequate ly  dry out  t o  main ta in  t h e i r  co lo r  removal p r o p e r t i e s .  

Color removal e f f i c i e n c i e s  of 90% have been repor ted  (Anonymous, 1982). 

Amine Processes  

Amine e x t r a c t i o n  involves  t r e a t i n g  t h e  e f f l u e n t  wi th  an o r g a n i c  amine and 

a water immiscible so lvent .  The colored  organic  compounds are e x t r a c t e d  by 

t h e  amines and form a p r e c i p i t a t e .  Cent r i fuging  is used f o r  s e p a r a t i o n ;  then ,  

t h e  amines a r e  reclaimed by d i s s o l u t i o n  i n  a l k a l i .  The development of t h i s  

process has been hampered by t h e  l o s s  of  amine due t o  t h e  formation of  an 

emulsion throughout t h e  t rea tment  process  and by r e s i d u a l  odors  from organic  

so lven t s .  I n  an a t tempt  t o  a l l e v i a t e  t h e s e  problems, Svarz (1977) developed . 

an amine process  which uses  r e l a t i v e l y  small  amounts o f  a l k y l a t e d  and acy la t ed  

amines. The wastewater must be a t  a pH between 2.0 and 5.0. The a d d i t i o n  o f  

small  amounts of t h e  amine compounds complex with t h e  c o l o r  bodies  t o  form 

i n s o l u b l e  compounds. S e t t l i n g  o r  f i l t r a t i o n  can be used t o  remove the  

s o l i d s .  This  is not  an e x t r a c t i o n  process ,  thus  t h e r e  is no recovery of t h e  

amines. Color reduct ions  ranging from 80% t o  96% were r epor t ed  us ing  varying 

concen t ra t ions  of d i f f e r e n t  a l k y l a t e d  and acyla ted  arnine compounds. 

Concentrat ions and removal e f f i c i e n c i e s  depend on the  chemical composition of 

t h e  waste stream. 

Ozone - 
Ozone treatment  (Figure 22) has 

wastewater t rea tment  systems. Ozone 

d i s i n f e c t a n t ,  and more r e c e n t l y  a s  a 

been used f o r  many yea r s  i n  municipal 

has found numerous a p p l i c a t i o n s  as a 

deodorizer .  I n d u s t r i a l  wastewater 





systems have u t i l i z e d  ozone treatment a s  well.  Being a very powerful oxidant ,  

ozone is capable of oxidiz ing most organic compounds found i n  wastewater. The 

treatment process c o n s i s t s  of bubbling ozone through the wastewater t o  

maximize t h e  l iquid-gas i n t e r f a c e  f o r  b e t t e r  mass t r a n s f e r .  The e f f e c t s  of 

ozone occur r a p i d l y  and shor t  r e t e n t i o n  times a r e  usual ly  adequate, 

Ozone is an unstable  compound and t h e r e f o r e  must be manufactured on- 

s i t e ,  It has  not been a highly favored treatment option i n  the  United S t a t e s  

because ozone, unlike chlor ine ,  has no res idua l  d i s i n f e c t i n g  power. Once t h e  

e f f l u e n t  has been t r e a t e d ,  it is once again suscep t ib le  t o  contamination. The 

process does, however, increase  t h e  dissolved oxygen l e v e l  i n  t h e  e f f l u e n t  and 

is e f f e c t i v e  over a wide temperature and pH range. 

Oxidation methods t o  decolorize an e f f l u e n t  r e l y  on t h e  a l t e r a t i o n  of t h e  

chemical s t r u c t u r e  of the color  forming bodies. These a l t e r a t i o n s  must cause. 
- - 

the  l i g h t  absorbance of the  bodies t o  s h i f t  out  of' t he  v i s i b l e  range. Nebel, 

et a 1  (1974) reviewed the bas ic  considera t ions  of ozone generat ion and its 

app l ica t ions  f o r  color  removal. Bauman and Lutz (1974) reported on t h e  

operat ion of an ozone p i l o t  p lant  f o r  the  color  removal from an in tegra ted  

bleached k r a f t  m i l l .  The t o t a l  m i l l  e f f l u e n t  was t r e a t e d  a f t e r  primary and 

secondary wastewater treatment had been completed. Applications of 30 t o  40 

ppm of ozone t o  t h e  wastewater r esu l t ed  i n  color  reductions of 60 t o  70%. 

Increases  i n  the  appl ica t ion concentrat ion did  not improve the  color  reduct ion 

s i g n i f i c a n t l y .  A 100% increase  i n  BOD was caused by ozonation, but the  

dissolved oxygen content t h a t  a l s o  resu l t ed  from the treatment was high enough 

t o  o f f s e t  the  BOD increase.  It was a l s o  found t h a t  the  color removal was 

dependent cn the quan t i ty  of ozone appl ied ,  i n i t i a l  co lo r ,  and COD, and on the  

suspended s o l i d s  concentration. 



Experimental s t u d i e s  l e d  Melnyk e t  a 1  (1977) t o  develop a process t o  

remove co lo r  from k r a f t  bleach p l a n t  e f f l u e n t s .  An ozone r e a c t o r  was designed 

based on experimental  d a t a  which r e l a t e d  c o l o r  removal r a t e s  t o  t h e  

concent ra t ion  of l i g n i n .  The d a t a  obta ined  from t h e  experiment showed an 

inc rease  i n  BOD when l e s s  than 50% o f  the  co lo r  was removed, but  an 

approximate 40% decrease  i n  both BOD and COD was observed when t h e  co lo r  

removal approached 90%. Experimental da t a  y ie lded  not  only a s t r o n g  

dependence of co lo r  removal on chromophoric l i g n i n  concent ra t ion ,  but a l s o  a 

r e l a t i o n s h i p  between ozgne concent ra t ion ,  mass t r a n s f e r ,  chemical r e a c t i o n  

rate, and a s l i g h t  c o r r e l a t i o n  t o  r e a c t o r  temperature. 

Process Modif icat ions 

Oxygqn Pulping, and Anthraquinone 

One method o f  reducing the  e f f l u e n t  flow t o  the wastewater t reatment  

p l a n t  is t o  reduce t h e  flow of waste streams i n  which r eayc l ing  t o  t h e  

recovery system is e i t h e r  not poss ib l e  o r  not f e a s i b l e .  With r e spec t  t o  c o l o r  

removal technology, t h e  main streams i n  t h i s  c l a s s i f i c a t i o n  a r e  t h e  ch lo r ide  

conta in ing  bleach p lan t  e f f l u e n t s .  Without making changes i n  the bleach p l a n t  

i t se l f ,  a technique t h a t  would decrease t h e  d ischarge  of c o l o r  would involve  

supplying the  bleach p l a n t  with a lower l i g n i n  content  pulp t o  bleach. This  
\ 

would r e s u l t  i n  fewer compounds which needed t o  be removed and correspond t o  

l e s s  co lor  discharge i n t o  t h e  e f f l u e n t s .  Pulping systems using e i t h e r  

anthraquinone o r  a method of oxygen pulping a r e  capable of accomplishing t h e  

necessary  pulp d e l i g n i f i c a t i o n .  

Oxygen involvement i n  t h e  pulping process may take  s e v e r a l  forms. McRean 

(1976) gives  a complete desc r ip t ion  of the  bas i c  p r i n c i p l e s  involved i n  
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s ingle-  and mult iple-stage oxygen pulping and d e l i g n i f i c a t i o n  processes. 

De l ign i f i ca t ion  by oxygen proceeds by d i f f e r e n t  mechanisms and r e s u l t s  i n  

d i f f e r e n t  pulp q u a l i t i e s  than conventional pulping processes. Gadda (1982a) 

used u l t r a v i o l e t  microscopic s t u d i e s  t o  i d e n t i f y  some of' t h e  d e l i g n i f i c a t i o n  

differences.  Testa involving the  use of  s e l e c t e d  add i t ives  i n  conjunction 

with soda-oxygen pulping were reported by Gadda (1982b). These tests a l s o  

u t i l i z e d  W-microscopic methods i n  the  determination of s p e c i f i c  d e l i g n i f i c a -  

t i o n  r e s u l t s .  Oxygen pulps may exh ib i t  e a s i e r  beat ing c h a r a c t e r i s t i c s ,  h igher  

sheet  dens i ty  and carboxgl content ,  and lower t e a r  s t r eng th  i n  r e l a t i o n  t o  

k r a f t  pulps. Chang, e t  a 1  (19741, i n  r epor t ing  these  r e s u l t s ,  a l s o  noted t h a t  

t h e  d e l i g n i f i c a t i o n  of soda-oxygen pulps was mostly dependent on t h e  a l k a l i  

charge and the  r e a c t i o n  temperature. However, t o  prevent unnecessari ly low 

pulp y ie ld  and s t r e n g t h  p roper t i e s  the temperature should be maintained l e s s  

than 120'~ and t h e  a l k a l i  charge maintained leas than 5%. . - -  

Oxygen d e l i g n i f i c a t i o n  is a more y ie ld - se lec t ive  process than k r a f t  

de l ign i f i ca t ion .  When an oxygen d e l i g n i f i c a t i o n  s t a g e  is appl ied  a f t e r  a 

conventional pulping process,  i t  is most e f f e c t i v e  when the conventional pulp 

is discharged a t  a higher than normal kappa number. Markham and Magnotta 

(1981) reported t h a t  t h i s  p rac t i ce  gave higher pulp y i e l d s  and r e s u l t e d  i n  a 

much e a s i e r  pulp t o  bleach, requir ing l e s s  chemical and fewer s tages .  This 

reduced the  e f f l u e n t  load i n  comparison t o  a conventional k r a f t  pulp bleached 

to  the  same brightness.  They a l s o  reported equal  o r  b e t t e r  bleached pulp- 

s t r eng th  p roper t i e s  f o r  t h e i r  kraft-oxygen system than those of conventional 

k r a f t  bleached pulp. 

Lund and Cook (1980) discussed the i n t e g r a t i o n  and operat ion of a f u l l -  

s c a l e  oxygen d e l i g n i f i c a t i o n  s tage  i n  a Canadian m i l l .  This i n s t a l l a t i o n  has 



* 
r e s u l t e d  i n  improved bleach p l a n t  p o l l u t i o n  l e v e l s  while  s imul taneous ly  

inc reas ing  pulp q u a l i t y  and b r igh tness  a t  reduced chemical cos t s .  Worster and 

Pudek (1973) a l s o  r epor t ed  improved e f f l u e n t s  due t o  oxygen pulping 

app l i ca t ions .  The co lo r  and t o x i c i t y  of  white  water  from t h e s e  processes  were 

found t o  be reduced o r  e l iminated  i n  r e l a t i o n  t o  conventional  k r a f t  l e v e l s .  

Yield inc reases  were a l s o  r epor t ed  without s u f f e r i n g  s t r e n g t h  l o s s e s  a t  

comparable kappa numbers. 

The. t ransformation from mi l l - sca l e  t r ia ls  t o  a  commercial i n s t a l l a t i o n  o f  

a medium consis tency oxygen/alkal i  d e l i g n i f i c a t i o n  system was repor ted  by 

Kleppe , e t  a 1  ( 1 98 1 ) . The i n i t i a l  p i l o t  p l an t  u t i l i z e d  an abandoned batch 

d i g e s t e r  f o r  t h e  oxygen r e a c t o r .  The system was designed t o  handle 150 tons  

of pulp p e r  day. The po lysu l f ide  pulp had a  kappa number i n  the  55-60 range 

and it was des i r ed  t o  reduce t h i s  t o  a range of  30-35. The system i n i t i a l l y  . 

used an abandoned- r e f i n e r  t o  mix t he  oxygen and a l k a l i  with t h e  pulp p r i o r  t o  

t h e  r eac to r .  Fu r the r  s t u d i e s  found t h a t ,  us ing  a  two-stage system, a  kappa 

number of 14 t o  15 could be reached with r e l a t i v e l y  s h o r t  r e t e n t i o n  times. 

S i n c e  t h e  a p p l i c a t i o n  only requi red  a  pulp i n  t h e  30-35 kappa nwnber range, a  

s i n g l e  s t age  system was even tua l ly  i n s t a l l e d .  A small d i f f u s e r  was i n s t a l l e d  

p r i o r  t o  t h e  oxygen/alkal i  mixer t o  d i s p l a c e  t h e  unoxidized l i q u o r  i n  t h e  pulp 

w i t h  oxidized l i q u o r  recycled  from the  wash u n i t  . This r e s u l t e d  i n  lower 

oxygen consumption and improved the  energy balance around t h e  r e a c t o r .  S ince  

mechanical t reatment  of pulp conta in ing  a l k a l i  was det r imenta l  t o  s t r e n g t h  

p r o p e r t i e s ,  it was necessary t o  add t h e  a l k a l i  near  t h e  o u t l e t  of t h e  mixer 

after t he  add i t ion  of the  oxygen. 

The e f f e c t s  and mechanisms of anthraquinone (AQ) and s i m i l a r  pulping 

a d d i t i v e s  a r e  well  known. Werthemann (1982) discussed t h e  mechanisms of 



anthraquinone and s u l f i d e  c a t a l y s t s  i n  a l k a l i n e  pulping. React ions and 

condensation products  due t o  AQ are reviewed by Cassidy, e t  a1 ( 1981 1, and 

F u l l e r t o n  and Fleming (1980). Crude t a l l  o i l  recovered from a soda/AQ process  

may have l e s s  odor and have more end uses  than  a k r a f t  crude t a l l  o i l  

according t o  Dimmell, e t  a1 (1982). It was repor ted  t h a t  t h e  e x t r a c t i v e s  are 

not  s i g n i f i c a n t l y  involved i n  t h e  AQ d e l i g n i f i c a t i o n  process.  Although t a l l  

o i l  y i e l d s  were approximately the  same, the  soda/AQ ta l l  o i l  was a more 

v e r s a t i l e  end product  due t o  t h e  absence of s i g n i f i c a n t  s u l f u r  i m p u r i t i e s  and 

t h e  r e s u l t i n g  h igher  a c i d  number. 

Zanel la ,  e t  a1 (1979) showed t h a t  t h e  a d d i t i o n  of  AQ t o  a pulping system 

d i d  not  i n c r e a s e  t h e  t o x i c i t y  of  t h e  e f f l u e n t .  No s i g n i f i c a n t  d i f f e r e n c e  were 

repor ted  i n  the  c o l o r  from the  bleach p lan t  because the  kraft/AQ and 

conventional  k r a f t  pulps were pulped t o  t h e  same kappa number. Zanel la ,  e t  a1 

(7979) a l s o  repor ted  on a similar experiment us ing  AQ and soda based pulping 

schemes. AQ has been documented as having f avorab le  e f f e c t s  on pulping 

ope ra t ions ,  such a s  increased  y i e l d  and decreased chemical consumption. 

Nomura (19801, Bla in  ( l 9 7 9 ) ,  and Holton and Chapmam ( 1977) all repor ted  t h e  

advantages of  AQ pulping. To r e a l i z e  the  b e n e f i c i a l  e f f e c t s  with regard  t o  

c o l o r  removal, t h e  pulp must be pulped t o  a lower than normal kappa number. 

Th i s  technique w i l l  a l l  ow t h e  same cons ide ra t ions  f o r  bleaching ope ra t ions  as 

employed f o r  oxygen d e l i g n i f i c a t i o n  t o  low kappa numbers. 

B leachab i l i t y  o f  AQ pulps  has been shown t o  be s i m i l a r  t o  t h a t  of 

conventional  pulps by McDonough and Herro (1982), al though it  was repor t ed  

t h a t  AQ a d d i t i o n  caused a small decreased i n  pulp b r igh tness .  On s t u d i e s  

pulping s e v e r a l  wood s p e c i e s  with and without  A Q ,  MacLeod, e t  a1 (1 982) 

recorded s l i g h t  y i e l d  advantages on bleached k r a f t  pulps using AQ. Although 



the  unbleached kraft-AQ pulps d i d  not  have t h e  s t r e n g t h  p r o p e r t i e s  of the  

unbleached k r a f t  pulp,  t h e  r e s u l t i n g  bleached pulps were equiva lent .  A l l  

systems w i l l  no t  b e n e f i t  from the  use o f  AQ. An a n a l y s i s  of  fou r  d i f f e r e n t  

cases was given by Virkola (1981) on t h e  f e a s i b i l i t y  o f  AQ addi t ion .  Each 

a p p l i c a t i o n  must be considered on an i n d i v i d u a l  bas is .  

Bleach P l a n t  Modif ica t ions  

Bleach p lan t  e f f l u e n t s  a r e  no to r ious  f o r  t h e  p o l l u t i o n  load  t h a t  they  

c o n t r i b u t e  t o  the t o t a l  m i l l  e f f l u e n t .  Many systems and techniques have been 

developed t o  t r y  t o  improve t h e  q u a l i t y  of t h e  e f f l u e n t s  without  adverse ly  

a f f e c t i n g  t h e  pulp s t r e n g t h  p r o p e r t i e s .  Bodenheimer and Enloe ( 1976a and 

1976b) presented a thorough d i scuss ion  of t h e  technology of bleaching and t h e  

p r i n c i p l e s  involved. They a l s o  included ope ra t ing  condi t ions  and e f f e c t s  of 

t h e  d i f f e r e n t  s t a g e s  employed i n  most modern bleach p lants .  The ma jo r i ty  of 

t h e  p o l l u t a n t s  come f r o m  the  first two s t a g e s  of a conventional  bleaching 

sequence. Much work has been done t o  determine t h e  c o n s t i t u e n t s  of t h e s e  

flows. Hardel l  and de Sousa (1 977) have even c l a s s i f i e d  such c h a r a c t e r i s t i c s  

as co lo r  and TOC according t o  molecular weight. Most of t h e  work involv ing  

reduct ion  i n  bleach p lan t  e f f l u e n t  loading  has been done with regard t o  t h e  

ch lo r ina t ion  and first a l k a l i  e x t r a c t i o n  s tages .  

Oxygen Bleaching 

Oxygen bleaching (Figure 23) has r e c e n t l y  received the  moat a t t e n t i o n  of 

a l l  of t h e  bleaching a l t e r n a t i v e s .  A s u b s t a n t i a l  amount of research  has been 

c a r r i e d  out  concerning the  bleaching technology of' oxygen systems. J a r r e h u l t  

and Samuelson ( 1978) concluded t h a t  oxygen s e l e c t i v i t y  decreased and oxygen 

consumption increased a s  the pulp cons is tency  was reduced t o  very low values 

i n  t h e  oxygen bleach s tage .  These r e s u l t s  were a t t r i b u t e d  t o  i n t e r f e r e n c e  by 





the  l a r g e  volume of  spent  cooking l iquor .  I n  a r e l a t e d  s tudy ,  El ton ,  e t  a 1  

(1980) determined t h a t  consumption and s e l e c t i v i t y  of  oxygen was optimal  a t  

medium cons i s t enc ie s  ( 10- 15%) . Higher cons i s t enc ie s  gave no a d d i t i o n a l  

b e n e f i t s  i n  t h e  ope ra t ion  of t h e  oxygen r eac to r .  Nasman and Annergren (1980) 

repor ted  r e s u l t s  of' similar t e s t i n g  which support  t hese  conclusions.  

P f i s t e r  and Sjostrom (1978) compared t h e  e f f l u e n t s  o f  0-C-E, 0-D-E, and 

C-E-H bleaching sequences. Molecular f r a c t i o n a t i o n  was performed on each 

stage f o r  organic s o l i d s ,  BOD, TOC, permanganate number, and color .  The 

oxygen sequences, although c o n s i s t i n g  of  d i f f e r e n t  r e s u l t s ,  both y ie lded  

impressive inprovements i n  t h e  co lo r  loading  of t h e  e f f l u e n t  compared t o  t h e  

conventional  c h l o r i n a t i o n  sequence. The 0-D-E sequence r e s u l t e d  i n  t h e  most 

impressive reduct ion  i n  co lor .  Experimentation by Carpenter ,  e t  a 1  ( 19%) 

showed that e f f l u e n t  loading  can be c u t  d r a s t i c a l l y  for a l l  of t h e  p o l l u t i o n  

cons ide ra t ions  by i n t roduc ing  an oxygen s t a g e  p r i o r  t o  a conventional  

bleaching sequence. The oxygen e f f luen t  does not con ta in  t h e  compounds which 

p r o h i b i t  the recovery of conventional  bleaching e f f l u e n t s  . By recovering j u s t  

t h e  oxygen e f f l u e n t ,  a softwood k r a f t  bleach p lan t  can r e a l i z e  reduct ions  i n  

c o l o r  of 859, BOD of 31$, COD of 61%, and ch lo r ides  of 40%. The reduct ion i n  

c h l o r i d e s  is due t o  a decreased chemical demand f o r  t h e  o r i g i n a l  conventional  

sequence. 

Many f u l l -  s c a l e  ope ra t ions ,  using some form of oxygen bleaching , a r e  now 

on-l ine.  Jamieson and Smedman (1973) repor ted  on t h e  ope ra t ion  of a 150 ton  

per day p i l o t  p l an t  using a 0-C-E-D-E-D bleaching sequence. A 92% br igh tness  

pulp  was produced while p o l l u t i o n  was reduced and s u b s t a n t i a l  chemical savings  

were r e a l i z e d .  A Swedish mill has incorporated an oxygen-extraction (OE) 

s t a g e  i n  t h e i r  bleaching system. Nasman (1981) described t h e  advantages of 



oxygen-extraction. It was reported t h a t  an OE s t a g e  can make a t h r e e  s t a g e  

bleach p lan t  as e f f e c t i v e  as a conventional f i v e  s t a g e  system. Using a D/C- 

O/E-D sequence, it is poss ib le  t o  bleach pulp t o  a 90 t o  91% GE br igh tness  

while saving a s u b s t a n t i a l  amount of bleaching chemical. 

S tudies  a r e  already underway t o  develop o the r  new bleaching methods 

u t i l i z i n g  oxygen. Abrahamsson (1981) used ni t rogen dioxide  and oxygen t o  

p r e t r e a t  pulp before oxygen bleaching. Retardation of  c s l l u l o s e  

depolymerization and lower content  

reported. Changes t h e  composition of  the  

the  f i n a l  bleached were 

spent  l i q u o r  were 

discussed. In  corresponding research,  Abrahamason and Samuelson (1982) 

reported on the  e f f e c t  o f  oxygen/hydrogen carbonate bleaching a f t e r  t h e  pulp 

was pre t rea ted  with n i t rogen dioxide and oxygen. 

Chlorine, Dioxide 

Chlorine dioxide has become a very popular bleaching chemical, as more 

a t t e n t i o n  is being paid t o  bleach p lan t  po l lu t ion  loads.  It has h i s t o r i c a l l y  

been applied i n  one o r  more pol ishing s t ages  t o  br ing the  pulp up t o  required  

br ightness  l e v e l s .  I n t e r e s t  has a l s o  developed i n  the  u t i l i z a t i o n  of c h l o r i n e  

dioxide as a s u b s t i t u t e  f o r  chlor ine  i n  the  i n i t i a l  bleaching stage.  Methods 

employing p a r t i a l  o r  complete s u b s t i t u t i o n  of ch lo r ine  have been developed i n  

hopes of improving the  q u a l i t y  of both the  pulp and the  r e s u l t i n g  e f f l u e n t .  

Chlorine has a tendency t o  form a v a r i e t y  of undesirable organic 

compounds v i a  chlor ine  subs t i tu t ion .  Chlorine dioxide a c t s  t o  cause more 

d e l i g n i f i c a t i o n  and l e s s  s u b s t i t u t i o n  by chlorine.  The t o t a l  replacement with 

ch lo r ine  dioxide is genera l ly  more expensive than the  improved pulp and 

e f f l u e n t  considera t ions  would warrant. Rapson and Anderson (1978) discussed 

t h e  pH e f f e c t s  on the chlor inat ion s tage  i n  r e l a t i o n  t o  chlor ine  dioxide 



s u b s t i t u t i o n  (Figure 24) .  A s  l e s s  c h l o r i n e  was app l i ed ,  t h e  formation of  

hydrochloric  ac id  was reduced. This  i n  t u r n  r e s u l t e d  i n  a h igher  pH. It was 

found t h a t  above a pH of  1.4, v i s c o s i t y  decreased l i n e a r l y  t o  a pH of  2.7 

us ing  c h l o r i n e  alone. The i n t r o d u c t i o n  of ch lo r ine  d ioxide  inc reased  t h e  

v i s c o s i t y  over  t h e  e n t i r e  pH range,  but  t he  v i s c o s i t y  a l s o  began t o  dec l ine  

a f t e r  a pH of  about 1.8. Improved c o l o r  values were repor ted  f o r  i nc reases  i n  

c h l o r i n e  dioxide s u b s t i t u t i o n .  Reeve (1981) reviewed t h e  r e s u l t s  obtained by 

va r ious  r e sea rche r s  on s u b s t i t u t i o n  r a t e s  ranging from 0% t o  100%. 

I n  ex tens ive  experimentat ion by Belt, e t  a 1  (1981), t h e  advantages of 

va r ious  bleaching a l t e r n a t i v e s  were inves t iga t ed .  Conventional  bleaching 

sequences were compared t o  sequences involving oxygen pre-bleaching and 

var ious  l e v e l s  of c h l o r i n e  d ioxide  s u b s t i t u t i o n  (Figure  25). Resul t s  f o r  

s e v e r a l  d i f f e r e n t  p o l l u t i o n  parameters were discussed.  S u b s t a n t i a l  reduct ions  

were repor ted  f o r  c o l o r  due t o  inc reas ing  ch lo r ine  d ioxide  s u b s t i t u t i o n ,  bu t ,  

c o n t r a r y  t o  o t h e r  r e sea rch ,  no s i g n i f i c a n t  decreases i n  BOD l e v e l s  could be 

claimed. 

Hypochlori t e 

Hypochlorite a c t s ,  through oxida t ion  r eac t ions ,  t o  deco lo r i ze  and 

s o l u b i l i z e  l i g n i n  and o t h e r  i m p u r i t i e s  i n  pulp. The pH of t h e  hypochlor i te  

s t a g e  is usua l ly  kept  above 8 t o  prevent  undes i rab le  r e a c t i o n s .  Some degree 

of c e l l u l o s e  degradat ion w i l l  u sua l ly  accompany t h i s  process  r ega rd le s s  of t h e  

pH. Hypochlorite is a v a i l a b l e  i n  both sodium and calcium forms. Bleaching 

c h a r a c t e r i s t i c s  were shown t o  be dependent upon which form was used i n  t h e  

p rocess  by Akiyama, e t  a 1  (1980). Pulp p rope r t i e s  were not  repor ted  a s  

s i g n i f i c a n t l y  d i f f e r e n t ,  but calcium hypochlori te  was repor ted  t o  o f f e r  

i nc reased  pulp y i e l d ,  lower pH, and reduced e f f l u e n t  po l lu t ion .  







Despite  its tendency t o  cause degradat ion  of  s t r e n g t h  p r o p e r t i e s ,  

hypochlor i te  processes  have found many u s e s  i n  the  bleach p l a n t .  Milne (1981) 

described t h e  development and i n s t a l l a t i o n  o f  a hot-hypochlori te  stage i n  an 

1100 ton p e r  day bleached k r a f t  m i l l .  Br ightness  s t a b i l i t y  was inc reased  wi th  

t h e  CD-E-HE-D b leach  sequence. The inco rpora t ion  o f  t h e  hypoch lo r i t e  s t a g e  

with t h e  e x t r a c t i o n  s t a g e  r e s u l t e d  i n  a decrease  i n  f r e s h  water' requirements  

due t o  t h e  r educ t ion  o f  washers r equ i red  from f i v e  t o  four .  A process  aimed 

a t  t h e  r educ t ion  o f  c o l o r  from t h e  b leach  p l a n t  was developed by Gall and 

Thompson (1978). This process invo lves  t h e  u t i l i z a t i o n  o f  a s e q u e n t i a l  

ch lo r ine  d ioxide-chlor ine  t reatment  fol lowed by a buffered hypoch lo r i t e  stage 

and subsequent c h l o r i n e  dioxide t rea tment .  Addit ional  b leaching  stages could 

be incorpora ted  i n t o  t h e  sequences. From comparisons between a C-E-H-D 

sequence and t h e  D,-H,-D sequence, c o l o r  reduct ions  of  70% t o  90% and a y i e l d  

i n c r e a s e  o f  0.5% were repor ted  f o r  softwood. E f f luen t  c o l o r  was reduced by 

50% t o  70% with  a corresponding y i e l d  i n c r e a s e  of 1.0% f o r  hardwood pulps.  

Peroxide 

Bleaching with peroxides has  been performed s ince  the 1940's. According 

t o  Kindron (1978),  hydrogen peroxide is one of  t h e  most v e r s a t i l e  b leaching  

chemicals i n  use today and a l s o  t h e  most popular  peroxide. Among its noted 

advantages a r e  no in t roduc t ion  of  c h l o r i d e s  o r  ch lo r ina ted  o rgan ics  t o  t h e  

bleachery e f f l u e n t .  Another advantage inc ludes  opera t ion  a t  a wide range of 

pulp cons i s t enc ie s .  Replacement o r  s u b s t i t u t i o n  of c h l o r i n e  d iox ide  o r  

hypochlor i te  can r e s u l t  i n  chemical and energy savings  and a p o t e n t i a l  f o r  

improved pulp p rope r t i e s .  As pointed ou t  by McDonough (1977), d i f f e r e n t  

a p p l i c a t i o n s  can y i e l d  improved s t r e n g t h  c h a r a c t e r i s t i c s  over  c e r t a i n  

conventional  processes ,  p a r t i c u l a r l y  i n  t h e  t reatment  of high-yield pulps. 



Although t r a d i t i o n a l l y  used a s  an in t e rmed ia t e  o r  f i n a l  s t e p  i n  the  

bleaching process ,  peroxide has been considered a s  an a l t e r n a t i v e  t o  

c h l o r i n a t i o n  i n  regard t o  its environmental a t t r i b u t e s .  Ruhanen and Dugal 

(1982) have repor ted  encouraging r e s u l t s  us ing  peroxide i n  p lace  of c h l o r i n e  

i n  t h e  f i r s t  bleaching s t a g e .  Pulp having s t r e n g t h  p r o p e r t i e s  comparable t o  

conventional  bleaching was obtained by peroxide bleaching.  Acid pre t rea tment  

followed by peroxide t rea tment  was used t o  r ep lace  C-E-H and C-E s t a g e s  i n  

conventional  sequences. Recycle of e f f l u e n t  from t h e  s u b s t i t u t e d  peroxide 

s t a g e s  could r e s u l t  i n  s i g n i f i c a n t  co lo r  reduct ions  a s  compared t o  a C-E-D-E-D 

bleachery e f f l u e n t .  The p o s s i b i l i t y  of over  90% c o l o r  reduct ion concurrent  

w i th  40% BOD and 64% TOC reduct ions  was ra i sed .  Deoreaaes i n  c o r r o s i v i t y ,  

t o x i c i t y ,  and d isso lved  s o l i d s  were a l s o  mentioned. 

Ozone 

Recently ozone has gained prominence a s  a successor  t o h h l o r i n e  i n  pulp 

bleaching.  Singh (1982) s t a t e d  t h a t  t he  degradat ion of c e l l u l o s e  has been 

g e n e r a l l y  a s soc ia t ed  with ozone bleaching. A high pulp cons is tency  process 

under optburn condi t ions  could produce a pulp with most s t r e n g t h  p r o p e r t i e s  

being comparable t o  pulps  from C-E-H-D and C-E-H-E-D systems. The r e t e n t i o n  

time f o r  t h e  system was l e s s  than s i x  minutes,  but s l i g h t  depar tures  from t h e  

optimum condi t ions  could r e s u l t  i n  f i b e r  degradat ion.  Brightness  l e v e l s  up t o  

60-70 could be obtained by ozone alone,  without r e s u l t i n g  i n  severe y i e l d  and 

s t r e n g t h  lo s ses .  

Kubo, e t  a 1  (1977) repor ted  l i g n i n  l e v e l s  i n  bleachery wastewater were 

reduced due t o  t h e  d e s t r u c t i o n  of l i g n i n  xhich occurs  i n  ozone bleaching. 

Takagi and Kayama (1980) and Kamishima, e t  a 1  (1976) repor ted  s i m i l a r  r e s u l t s  

r ega rd ing  pulp q u a l i t y  and c h a r a c t e r i s t i c s  of ozone-bleached pulps. Pulps 



bleached a t  50% cons i s t ency  had improved bea t ing  p r o p e r t i e s ,  bu t  t h e  s t r e n g t h  

p r o p e r t i e s  were i n f e r i o r  t o  those of unbleached and convent ional ly  bleached 

pulps . 
Mult i s tage  ozone bleaching a l s o  o f f e r s  promise. Kobayashi, e t  a1 (1982) 

t e s t e d  pulps bleached by s ingle-s tage  and mul t i - s tage  ozone t rea tment .  The 

mul t ip l e  s t a g e  p rocess  was washed with water  between a p p l i c a t i o n s .  Ozone 

consumption was g r e a t l y  diminished i n  t h e  mul t i - s tage  process  due t o  t h e  

removal of ozone ox ida t ion  products  by washing. ~ o t h e n b e r g ,  e t  a1 (1975) a l s o  

conducted s t u d i e s  invo lv ing  s i n g l e  and m u l t i p l e  s t a g e  ozonation. I n  .. 
comparison wi th  convent ional  white b i r c h ,  bleached k r a f t  pulp, ozone bleached 

oxygen pulp r e s u l t e d  i n  b e t t e r  s t r e n g t h  p r o p e r t i e s ,  High b r igh tnesses  were 

a l s o  noted f o r  t h e  environmental ly s u p e r i o r  oxygen-ozone systems. 

Gas-Phase Bleaching 

Bleaching wi th  compounds i n  t h e i r  gaseous form is not new t o  b leaching  

technology, Oxygen and ozone a r e  both gaseous b leaching  chemicals and 

c h l o r i n e  vapor was used u n t i l  the  low-consistency technology was developed. 

Gas phase systems a r e  cha rac te r i zed  by s h o r t  r e t e n t i o n  times and reduced 

e f f l u e n t  volumes. CarPsmith, e t  a 1  (1977) presented  a d e s c r i p t i o n  o f  t h e  

p r i n c i p l e s  involved and t h e  equipment necessary f o r  t h e  opera t ion  o f  gaseous 

t rea tment  s t ages .  In s t ead  of  rep lac ing  t h e  convent ional  c h l o r i n a t i o n  s t a g e ,  
I 

i t  was repor ted  t h a t  it may be poss ib l e  t o  meet p o t e n t i a l  environmental 

cond i t ions  by u t i l i z i n g  a gas-phase system. Annergren, e t  a 1  (1977) proposed 

a c h l o r i n a t i o n  s t a g e  (Figure  26) t h a t  would f i t  i n t o  a closed system 

perspec t ive .  A c h l o r i n e  r e a c t o r  is descr ibed  t h a t  uses ch lo r ine  vapor t o  

bleach high-consistency pulp. Unbleached pulp wai t ing  t o  be admit ted t o  t h e  

r e a c t o r  absorbs r e s i d u a l  ch lo r ine  which may be vented from t h e  system. 
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Favorable r e s u l t s  a r e  p red ic t ed  f o r  water  consumption and p o l l u t a n t  

reduct ions .  

The g e n e r a l  opera t ion  of  a gas-phase system invo lves  f l u f f i n g  high- 

cons is tency  pulp i n  t h e  top of a r e a c t o r  and al lowing it t o  f a l l  through an 

upward flow of t h e  vaporized chemical.  Wong, e t  a l  (1978) descr ibed  s e v e r a l  

novel b leaching  processes  i n  which gaseous compounds were employed. The 

sequences t e s t e d  were C -E -D O-C -E D -POD O-D -E and O-C-E. The g x g'  g x '  &3 g '  g x '  

s u b s c r i p t  "gIt r e f e r s  t o  a p p l i c a t i o n  of the  chemical i n  its gaseous form and Ex 

r e f e r s  t o  a rapid-press  c a u s t i c  e x t r a c t i o n .  The r e s u l t s  i n d i c a t e d  t h a t  t h e  

O-D -E sequence produced t h e  l e a s t  amount of  c o l o r ,  BOD, COD and t o x i a i t y .  
g x  

It should be noted,  however, t h a t  t h e s e  r e s u l t s  a r e  based on t h e  complete 

r ecyc le  of  t h e  oxygen s t a g e  e f f l u e n t .  The D P-D sequence also r e s u l t e d  i n  g- g 

e x c e l l e n t  c o l o r  reduct ions  without  t h e  b e n e f i t  o f  e f f l u e n t  r ecyc l ing .  

Addi t ional  advantages of  gas-phase systems inc lude  compact p l a n t  s i z e ,  

e x c e l l e n t  bleaching c o n t r o l ,  and reduced chemical usage. 

Displacement Bleaching 

A displacement bleaching system (Figure 27) consists of a single 

bleaching  tower which is occupied by s e v e r a l  bleaching s t a g e s .  Bleaching 

l i q u o r  from one stage is disp laced  by t h e  incoming l i q u o r  from t h e  next  

stage. The d isp laced  l i q u o r  is recycled  and, i n  t u r n ,  d i s p l a c e s  t h e  l i q u o r  

from a previous  s t age .  Considerable savings  i n  bleaching time and c a p i t a l  

requirements  a r e  r e a l i z e d  by t h e  l a c k  of need f o r  washers between each 

s t a g e .  The turbulence c rea t ed  by t h e  continuous flow o f  chemicals through t h e  

f i b e r  a l lows f o r  f a s t e r  r e a c t i o n  r a t e s .  Space and equipment savings  a r e  an 

important  cons ide ra t ion  i n  a displacement bleaching ope ra t ion .  

The first commercial displacement bleach p l a n t  was began i n  1975 





according t o  a review of the  ope ra t ion  (Anonymous, 1976). The pulp q u a l i t y  

and chemical usage were repor ted  t o  be t h e  same a s  f o r  a conventional  

system, E f f l u e n t  p o l l u t a n t  d ischarge  was the  same a l s o ,  but  r educ t ions  i n  

water usage, power, and steam were poin ted  out .  Haas (1 978) descr ibed  a 

prototype p l a n t  i n  Finland which was bleaching  t o  over 90° C.E. br igh tness .  

It was of  t h e  same design a s  t h e  p l a n t  s t a r t e d  by Eastex i n  1975, Reduct ions 

i n  chemical consumption were r epor t ed  f o r  a similar Weyerhaeuser displacement  

bleach p l a n t  as compared t o  a conventional  system. The system's  developers  

a l s o  repor ted  s u b s t a n t i a l  reduct ion  i n  h e a t ,  energy, space,  and water 

requirments.  The reduced volume of e f f u e n t  r e s u l t e d  i n  a h igher  concen t ra t ion  

of the  p o l l u t a n t s ,  

The Rapsan-Reeve Closed Bleach P lan t  

As was pointed out previously, t h e  accumulation of  c h l o r i d e  ion which . 

would r e s u l t  if bleaoh p l a n t  l i q u o r s  were recycled would promote a t a s t e n t i t i c  

cor ros ion  o f  s t a i n l e s s  s t e e l  equipment i n  t h e  m i l l .  Thus, most mills are very 

r e l u c t a n t  to cons ider  such process  e f f l u e n t  recycl ing ,  

A t  t h e  Thunder Bay, Ontar io ,  m i l l  of Great Lakes Fores t  Products  Ltd,, 

t h e  Rapson-Reeve c l  osed-cycle bleach p l a n t  has been i n s t a l l e d  (Anonymous, 

1977; Reeve, e t  a1 1982). Seve ra l  process modif ica t ions  have been made t o  t h e  

conventional  C-E-D-E-D bleach sequence. These modif ica t ions  inc lude:  

1. s u b s t a n t i a l  replacement of c h l o r i n e  with c h l o r i n e  d ioxide  i n  the  

f i r s t  bleach s t a g e ,  

2. high temperature c h l o r i n a t i o n  i n  t h e  first bleach s t a g e ,  

3,  countercurrent  washing from t h e  bleached decker through the brown 

s t o c k  d i f  f u a e r  using recycled white water ,  

4. minimization of f r e s h  water  make-up, and, 

86 



5. i n s t a l l a t i o n  of the  salt recovery process (SRP) f o r  sodium ch lo r ide  

purging. 

A process flow shee t  f o r  the  f i l t r a t e  recovery m i l l  is presented i n  

Figure 28, while t h e  SRP is shown i n  Figure 29. 

The key u n i t  opera t ion  of  the  Rapson-Reeve scheme is the  SRP. I n  t h i s  

opera t ion ,  sodium ch lo r ide  is removed from t h e  white l iquor .  This is 

accomplished by p r e c i p i t a t i n g  sodium ch lo r ide ,  sodium carbonate,  and sodium 

s u l f a t e  from t h e  white l i q u o r  a f t e r  it has been concentrated by evaporation. 

The recovered NaCl subsequently becomes the feed s tock f o r  the  manufacture of 

ch lo r ine  dioxide o r  chlor ine ,  o r  is used as make-up s a l t c a k e  f o r  t h e  R-3 

process. 

Although t h e  Rapson-Reeve process continues t o  be t e s t e d  a t  Great Lakes 

Paper,  seve ra l  ope ra t iona l  problems have surfaced. One of t h e  major problems 

was t h a t  the re  has been an increase  i n  corrosion i n  the superheater  tubes i n  

t h e  recovery bo i l e r .  A t  one time, the  m i l l  had t o  be shut  down t o  replace t h e  

tubes.  Attempts t o  develop a workable system continue. 







ECONOMICS 

Because the  c o s t s  of co lo r  removal a r e  dependent on t h e  s p e c i f i c  u n i t  

processes used i n  a m i l l ,  i t  is not poss ib le  t o  e s t ima te  an "averagew c o s t  f o r  

color  removal. However, c o s t s  of some color  removal technologies a r e  shown i n  

Tables 8 and 9. Some i n v e s t i g a t o r s  have chosen t o  t r e a t  only t h e  first 

c a u s t i c  e x t r a c t i o n  s t a g e  because it conta ins  a r e l a t i v e l y  high propor t ion  of 

the  co lo r  i n  a r e l a t i v e l y  small  volume. Decolorizat ion of  the  f i r s t  c a u s t i c  

e x t r a c t i o n  s t a g e  may reduce t o t a l  color  discharged t o  t h e  environment by two- 

t h i r d s .  

If present  deco lo r i za t ion  c o s t s  are estimated t o  be on the  o rde r  of $10- 

20/ton pulp,  then deco lo r i za t ion  regu la t ions  may r equ i re  a s i g n i f i c a n t  

inc rease  i n  the  s e l l i n g  p r i c e  of  bleached pulp, c u r r e n t l y  about $350=400/ton 

pulp (~nonymous , 1 983 1. 

Even these  c o s t s  may be somewhat dubious s ince  it is assumed t h a t  t h e r e  

will be no e f f e c t  on m i l l  ope ra t ions  and t h e r e  w i l l  be no problems with  

r e t r o f i t .  For example, Wright, e t  a 1  (1974) r epor t  the  fol lowing problems 

with a proposed massive lime p r e c i p i t a t i o n  process: 

a. increase  i n  white l i q u o r  c l a r i f i c a t i o n  capac i ty  requi red ,  

b. l a r g e r  lime kiln needed, 

c ,  increased f u e l  consumption i n  lime k i l n ,  

d. increase  i n  mul t ip le  e f f e c t  evaporator capaci ty  requi red ,  and, 

e .  increase i n  recovery furnace capaci ty  requi red .  

These a r e  j u s t  some of t h e  problems involved i n  t h e  r e t r o f i t .  It must be 

remembered t h a t  a pulp and paper m i l l  is a l a r g e ,  complex, highly i n t e r a c t i v e  

opera t ion .  Per tubat ions  i n  one a rea  may have a l a r g e r  than expected impact i n  

another  area ,  



Table 8. 

Type ' 

Costs of Decolorization Alternatives for the First Caustic 
Extraction Stage Effluent 

Costa (1980 $ Basis) 

Percent Capital Operating Total 
Color Cost Cost Cost 

Scale Removal ($/ton) ($/ton> 

Ion Exchange 

Ultraf i l t ra -  
tion 

Polymeric 
Adsorbent 

Mill 
(300 tpd) 

Mill 87 
(54.7 tpd)  

Mill 
(625 tpd) 

Pilot Plant 

Pilot Plant 



Table  9. Costs of Decolorization Al ternat ives  f o r  the Total  M i l l  Eff luent  

Costs (1980 $ Basis) 

Percent Capital  Operating Total  
Color Cost Cost Cost 

Type Scale Removal ($/ton> ($/ ton)  ($/ton> 

Ozone 

Dispersed A i r  
F lota t ion 

Activated 
Carbon 
Adsorption 

P i l o t  Plant  85 1.0 4.0 5.0 - 
Laboratory 90 NR 6 9 NR 

Laboratory 9 1 2.3 10,8 13.1 

Laboratory 93 2.3 10.3 12*6 

P i l o t  Plant 80 2.2 7 8 10oO 

NR = not reported 
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