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EACHING PROCESSES FOR THE 
PRODUCTION OF MECHANICAL AND 

CHEMImMECHANICAL PULPS OF HIGH BRIGHTNESS 

Double-stage b leach ing  i s  most cos t -e f fec t i ve  

B Y  S. DESSUREAULT, S. LAFRENIERE,  M.C. BARBE, C. LEDUC, A N D  C. D A N E A U L T  

HEET DRICHTNESS iS one of the mOSt 
important quality criteria of print- S ing and writing paper grades on the 

market. In addition to surface finish, the 
sheet must be free of dirt and it must be 
bright with the right bluish shade. The 
sales price of printing and writing paper 
grades is directly related to the sheet 
brightness, Fig. 1. With the exception of 
telephone directory, all other paper 
grades fall within a narrow band when 
the sales price is plotted as a function of 
ISO-brigh tness. 

The sheet characteristics required on 
the market for printing and writing 
grades are achieved by the papermaker 
by adjusting paper machine and calen- 

dering/coating conditions as well as by 
changing the furnish composition, that 
is, the ratio of mechanical to chemical 
fibre content, fillers, additives, and so 
on. it is well known to papermakers that 
the mechanical o r  chemi-mechanical 
pulp content decreases when higher 
quality printing and writing grades are 
produced. The current levels in each of 
the grades may vary appreciably. 

Figure 1 illustrates the average per- 
centage of mechanical fibres in the fiir- 
nish. To increase the content o f  these 
pulps in the high value added grades, 
the mechanical pulps must have the 
right combination of fibre morphologi- 
cal characteristics. In addition to these, 

C hemical/Process 
Maximum 
Brightness Gain References 
(Spruce/Balsam) 

Sodium sulphite (NagS03) 
Chips 6 points 
lnterstage 4 points 
Refiner 2-3 points 
Latency Chest 2-3 points 

Hydrosulphite (Na2S204) 
.I Low consistency 3-4% 6-7 points 
.I Medium consistency 10-1 2% 7-9 points 
.I Refiner 10-11 points 

Peroxide (H202) 
.I Chips 16-18 points 
.I lnterstage 16-18 points 
.I Rejects 16- 1 8 points 
.I Post refining 

16-1 8 points 
16-1 8 points 
16- 1 8 points 

Oxidation-reduction (H202 - Na2S204 or NaBH4) 
.I PY, BP 18-20 points 
.I PBP, PYP 18-20 points 
.I BPP, YPP 18-20 points 

.I Single stage MC or HC 

.I Two stage MC - MC 

.I Two stage MC - HC 

22 
22 
23 
23 

7,24 
8 
7 

25 
1 
26,27 

15, 20, 30, 32 
15-20, 3 1 
15-20, 31 

2-4, 24, 29 
2,4,5 
2,4,6 
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( 1  ) Wood species 
(2) Wood age/dead/decayed wood 
(3) Bark content 
(4) Metal profile content 
(5) Quality of fresh water and paper machine disc filter white water 
(6) Prehwter temperature (TMP) 
(7) Pulp sulphonation levels (CTMP, CMP) 
(8) Washing efficiency of interstage washing presses 
(9) White water recirculation strategy in the pulping plant 
( 1  0) Fresh water consumption in the mill 
(1 1) Washing efficiency of presses in the bleach plant 
(I 2) Peroxide charge on pulp 
(1 3) Alkalinity of buffer solution 
(1 4) Pulp consistency: in tower in single stage bleaching 
(1 5) Pulp consistency: in P I  and P2 towers in double stage bleaching 
(1 6) Recirculation strategy of the residual peroxide 
(1 7) Mixing efficiency 
(1 8) Reaction time and temperature 
(1 9) Pulp neutralization after bleaching 
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Wood species Spruce/balsam 

DCM extractives in wood (%) 
Reaction bin 

1.8 

Temperature ("C) 95 
Retention time (min.) 30 

Temperature ("C) 115 
Preheoter 

Retention time (min.) 3 

Impregnation chemicals Na,SO,(%) 3 
DTPA (%) 0.4 

Specific energy at 150 mL CSF (MWhlodmt) 2.35 
Pulp production (odmt/day) 485 
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an important criterion is evidently the 
brightness and shade of these pulps. 

It is currently recognized by all that a 
breakthrough in bleaching technolog)' is 
needed to surpass the current plateau 
level of 80 to 82% ISO-brightness that 
exists when bleaching spruce/balsam 
CTMP mixtures. Aspen BCTMP pulps, 
however, can be produced at a brightness 
level of85 to 86% ISO. This explains the 
current success of these pulps in printing 
and writing paper grades [ 1 1. 

Several bleaching processes or bright- 
ening practices have been proposed or 
are currently used to improve niecliani- 
cal pulps brightness. Tliesr are listed in 
Table I with some typically achievable 
brightness gains. 

Three bleaching chemicals are cur- 
rently commonly used: sodium sulphite 
(Na,SO,), sodiiini liydrosulphite 
(Na,S,O,, subsequently designated a s  Y 
in this study) and hydrogen peroxide 
(H,O,, subsequently dcsignated ;IS P i n  
this study). Another Iileacliing chemical 
has also been proposed [2-6] i n  multi- 
stage bleaching scqiience 
hydride (NaBH.,, subsequently dcsig- 
nated as B in this study). The use of this 
bleaching chemical, however, has not 
received commercial acceptance. 

several brightening practices, such as die 
addition of sulphite on chips in the refiner 
or in the latency chesi have been used for 
many years to solve briglitncss problems 
associated with the mills' use of old wood in 
the winter and the spring. Brightness gains 
of 2 to 6 points can be achieved. 

The use of hydrosulpliite in upilow 
bleaching towers at low consistency, in 
pipes, in chests or as in recently proposed 
disc refiners [7] or at medium consis- 
tency [8] offers several berielits. These 
practices do not allow for the bleaching 
of mechanical and chemi-mechanical 
pulps to high brightness values, which 
are desirable for their use i n  printing and 
writing grades (80 to 85%+ ISO). 

Peroxide, however, is currently the 
most favored bleaching chemical as it 
allows pulp to be bleached LO high 
brightness levels. Numerous studies and 
commercial practices confirm that 
brightness values of 80 to 82% IS0 caii 
be reached with spruce/balsam CTMP 

reached with aspen CTMP, CRMP-i and 
APP using peroxide in one or two stages, 
interstage or on chips [ 1,15,20,25] 

In previous studies [24] we have 
reported resula on multi-stage bleaching 
sequences involving peroxide as an oxidiz- 
ing agent and another bleaching chemical 
as a reducing agent. I t  was shown that scv- 
era1 sequences caii also produce high- 
brightness pulps. It  was concluded, on  the 
basis of the total peroxide consumed in 
these different process alternatives, that 
the sequence in two-stage peraxide fol- 
lowed by liydrosirlpliite (Pu) and the 

-..I-.. - - A  - r o c  _-  Ohm , P A  ... ~ 1- ~ 
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seauence in three-starre livdrowlriliitc- dut e huh-111 irrh tiles\ nulo\. Proce\\es u ,  
peroxide-peroxide (WP) were the most 
effective sequences in terms of the maxi- 
mum brightness levels achieved, pulp yel- 
lowness and bleaching cost+. 

Another study [3] showed that C T M P  
pulps responded in different ways - 
after bleaching with different chemical5 
under different sequences - t o  commer- 
cial dyes which are normally added in the 
paper making process to achicve the 
right yellow shades in the iinal sheet. I t  
was concluded that the two-stage bleacli- 
ing sequence of peroxide followed by 
hydrosulphite, was the most cost effective 
sequence after dye addition 

This paper compares several bleaching 
sequences which are currently used to pro- 

< I  < 1  1 .  

which may be irsed in  integrated mills, such 
as singlc-stage peroxide I~leaching (1') ;I( 

high consistency (HC) and at medium coil- 
sistency (MC),  witliand without recyclingof 
thc residual peroxide, are compared with 
the dortble-stage bleaching sequence ofper- 
oxide lidlowed by hydrosulphite (PY). 

Subsequently, we compare bleaching 
es which can be used in  markct 

piilp mills such a s  double-stage pel-oxidc 
bleaching (PP) at medium consistency in  
each bleaching stage (MC-MC) and at 
tnetli~un consistency in the lirst s ~ g e  and 
at  high consistency in  the second stage 
( M C - H C ) .  Both processes are siibsc- 
quently compared with the sequence o f  
peroxide followed by hydrosulphite (PY). 

M N  WRE 
PRESS 

UNELEAWIED 
PULP 

H.D. 
TOWER 
12 z 

TO CLOUDY 
WHITE WATER - 

CHEST WHITE WAER 

FRESH WATER 
TO CLEAR 

W T E  WATER 
CHEST 

requii'ctiic.nt x i d  1)le:tcliing cost, we luve 
tlonc. tlctailed inass balance calc\il;itions 
of all the blcacli p1;iiits using the (;EMS 
sinittla~ioii package 1'01. wliich I a b o ~ ~ ~ i ~ o ~ ~ y  
1)lc~xIiing rcsulrs ohtainetl l i ) c  a c o n -  
in e i-r ial C T M  1' s prucc/ balsam in i xtu rc 
were rised as the input daca. T h e  pro- 
ccsscs ;ire cornp;rrcd i n  ternis of  ISO- 
brightness olmincd a1 ii given c1iemic;il 
cliarge or bleaching costs, the in;ixiiniiiii 
ISO-In-ightness values olitai tied, t h r  ycl- 
Ion. shade 01' t l i c  piilps and their I r i i n i -  

nositv. ISO-briglitncss results alier tlier- 
mal rcversion ;ire also presented. 

OESULTS 
Several variables affect chemical con- 

s u m p  ti o n in si n gI e- and d ouble-stage 
peroxide I~leach plants. These may be 
related to the nature of the raw materials 
and their spccial ch;ii-actci-istics, t11c 
I-efincr pulping p1;int operating condi- 
tions, concept and selection o f  equip- 
ment, the specific chemistry of the 
bleaching chemicals used and the oper- 
ating conditioiis, selected equipment 
and concept ol'the bleach plant. T a l k  I 1  
lists these variables. 

I n  this study we have used a coinmei'- 
cia1 spruce/balsam C T M P  to  establish 
the bleaching response in terms of the 
intrinsic wood characteristics. The high 
initial pulp brightness is attributed by the 
mill to efficient woodland procedures, 
high v ~ t c r  iise ani: ejtireiiiciy higii pitip 
cleanliness in terms of dirt count 

To take into consideration the vari- 
ables involved with the refiner pulping 
plant's operating conditions and other 
specific conditions in the mill, in conjuiic- 
tion with the bleacli plant's specific 
bleaching conditions and white water 
1-ecircdation strategies, we lime taken iin 

approach that consists of simrilating an 
entire C T M P  plant and bleach plant using- 
the GEMS computer simulation package. 

In previous articles this approach was 
used to compare different process alter- 
natives with pines [5,9,10,11]. Figure Y 
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illustrates the process flow diagram of 
the CTMP plant with interstage washing 
that was used in the present study. The 
chemical pretreatment and refining con- 
ditions are given in Table 111. In this pro- 
cess the fresh water is added i n  the 
bleach plant at  the end of the process 
and countercurrent washing is used. The 
sewer points are at  the fourth-stage 
cleaner of the reject treatment plant, at 
the interstage washing presses and at the 
chip washing system. 

The bleach plants evaluated in  the 

to 9. Each of these plants was added to 
the refiner plant of Fig. 2. Laboratory 
resuIts of KO-brightness as a function 
of peroxide added and consumed, as 
well as hydrosulphite charge, were used 
as the input data in the mass balance 
calculations. The effects of sodium sul- 
phite and dissolved organic solids were 
taken into consideration. The relation- 
ship between peroxide and dissolved 
organics present in the white water was 
taken from another study [28], i n  
which the fol lo rv i  ng em pi rical equation 

present study are represented in Figs. 3 was derived: 

UNBLEAMED WLP 

14 

UNBLEACHED 
WW 

l M N  WRE 
PRESS 

I l r  

TO CtWDY 

CHEST 
WHITE WATER - 

TO CLEAR 
MITE WATER 

CHEST 

TI3 P A P E R  
MACHINE 

I) PAPER MAMME 
WHITE WATER 

FRESH 
WATER 

% peroxide=0.0092 COD (kgjodht) 
EO-brightness gain( %) 

The stoichiometric equation of the 
oxidation of sodium sulphite into 
sodium sulphate, in the presence of per- 
oxide, was used to take into account the 
effect of the sodium sulphite carry over 
from the refiner pulping plant: 

Nays03 + HyOy -+ N+SO4 + HyO 

Comparison of bleaching processes for 
integrated mills: Several peroxide 
bleaching processes can lie used for 
bleaching mechanical and chemi- 
mechanical pulps in integrated mills. 
Single-stage. peroxide bleach plants, 
operating at either high consistency (25 
to 30%) or at medium consistency (1  2 to 
18%), constitute LWO main options. The 
experimental rcsrilts 0 1  Fig. I O  cle;ii-ly 
show the advantage of  bleaching at high 
consistency ovcr medi um consistency. 
Less peroxide is requii-ed, p;irticul;irly ;I( 

high brightness values. This leads to an 
appreciably loivei- bleaching cost t o  
reach a given brightness level. 

For a given bleaching cost, the pulp 
yellowness is appi-ecialily lower for the 
pulps bleached at high consistency. The 
luminosity of the pulps is also higher at 
any given be value. High-consistency 
bleaching can also lead to tlie highest 
maximum EO-Ix-igh tness values. 

Figure 10 shows niajor savings in  per- 
oxide cost for those mills currently 
bleaching in the mediiiiii-consistency 
range if the bleaching consistency of the 
plant were increased with tlie addition of 
the proper dewatering device with a 
high-consistency shear mixer. 

Another option that we have been 
asked to comment upon, several times, is 
the merit of  adding a reco\w-y press at 
the outlet of the mediiim-consisteiIcy 
tower and reusing Lhe residual peroxide 
in the same tower. A higher residual is 
always obtained with medium-coiisis- 
tency bleaching. This process is illus- 
trated in Fig. 6. Results from Fig. 10 
demonstrate that this option does not 
constitute a cost-effective solution to 
reducing the overall bleaching cost. Sav- 
ings are not substantial. Although some 
peroxide is recovered, there is a limit to 
the amount that can be reintroduced in  
the tower. Furthermore, this peroxide 
liquor solution also contains appreciable 
amounts of dissolved solids which impair 
the bleaching efliciency of tlie tibres. 

For the production o f  certain spe- 
cialty paper grades of high brightness 
such as SC/LWC, it may lie preferable to 
bleach the mechanical or chemi- 
mechanical pulp at high consistency and 
use a washing stage after bleaching, Fig. 
4. The press after the bleach plant allows 
for washing out the silicate and other dis- 
solved solids from the pulp before send- 
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ing it to the paper machine. The benefits 
of this approach were discussed previ- 
ouslyin papers on pine bleaching [9,12]. 
The main objective is to remove niateri- 
als which are known to alter sheet quality 
and upset paper machine runnability 
[13]. We estimated in our study that 
there are approximately 45% loivei- total 
dissolved solids at  tlie paper machine 
when a washing stage is added after 
bleaching and when the pulp is ivashed 
with 30 ms/odt of clean fresh water. 
These results will be presented i n  ;I 

future study[l4]. 
As a result of our previous work [ S ; l ) ,  

we have found it interesting to initstigate 
the bleaching sequence of peroxide fol- 
lowed by hydrosulphite (PY), Fig. '7. Exper- 
imental results were obtained for different 
peroxide charges and for charges of 0.5, 
1 .O and 1.5% hydrosulphite. 

In Fig. 1 I ,  results are compared for 
the PY bleaching sequence with t i r e  sill- 
gle-stage peroxide (P)  bleaching 
sequences at  high and niediuni coiisis- 
tency. Results for the I'Y sequence tising 
1.0% hydrosulphite charge haye Iiccn 
plotted on this figure. It  can be seen that 
brightness values systematicall!. 1 to 3 
points higher are obtained with the PI' 
bleaching sequence at a given pcroxidc 
charge or  bleaching cost. The PI'hleach- 
ing sequence is, therefore, the niost cost- 
effective bleaching sequence. At a given 
bleaching cost the bleached pulps from 
the PY sequence are less yellow. The 
luminosity, as a function of be, is also the 
highest for the PY bleaching sequence. I t  
may be concluded, therefore, that this 
bleach plant may constitute an interest- 
ing option for those mills already bleacli- 
ing with hydrosulphite and where the 
cost of hydrosulphite is lower than that 
of peroxide 
Comparison of bleaching processes for 
market pulp mills: It is usual practice for 
market pulp mills to use peroxide as a 
bleaching chemical in two successivy 
stages. Either bleaching tower can oper- 
ate at medium consistency (MC-\IC) as 
shown in Fig. 8, or the first toiver can 
operate at medium consistency and the 
second one  at  high consistency (MC- 
HC) as shown in Fig. 9. In our study, we 
have used laboratory results as input data 
to compare both of these processes. The 
time and temperature used in.each stage 
were set according to comniercial prac- 
tice. An optimum alkalinity defined ;IS 

NaOH + 0.11 Na,SiOi (w/wfibre) ol' 1.2 
to 1.0 in H 2 0 2  (W/W) was applied in  
each bleaching stage in accordance with 
current practice [15-19]. The split i n  tlie 
total peroxide charge between tlie first 
and second stages was set as 1/5 and 4/5. 
This split is based on average values 
obtained in the operation of a two-stage 
peroxide bleach plant when all tlie fresh 
peroxide is added in the second stage 
and the residual peroxide from the sec- 

ond tower is recirculated to the first 
tower. This corresponds to the lowest 
total charge and bleaching cost. 

Figure 12  compares results for tlie 
double-stage peroxide bleaching pro- 
cesses (MC-MC) and (MC-HC) with the 
I)ero"ide-hydrosulphite bleaching pro- 
cess (PY). I t  is seen that the double-stage 
bleaching sequence (MC-HC) is more 
cost-effective than the (MC-MC) 
sequence. This finding agrees with a pre- 
vioris study using a GEMS computer sim- 

ulation [20]. However, this study had 
only demonstrated a slight superiority of 
the (MC-HC) bleaching sequence over 
the (MC-MC) sequence. 

Greater differences exist between 
both processes when the contribution of 
sulphite and dissolved solids on peroxide 
consumption are taken i n  to considera- 
tion. Furthermore, in o u r  experience, 
tlie use of medium consistency in the firsf 
stage allows the recovery of inore residual 
peroxide from the last stage of bleaching 
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and, therefore, allows bleaching at high 
brightness values at lower cost. 

One  question of interest to many is 
whether or not a double-stage peroxide 
bleach plant is required to reach high 
brightness levels or to effectively obtain 
lower bleaching costs. The question 
always arises when i t  is realized that the 
equipment required represents a high 
capital cost investment. I t  can be seen 
from Fig. 13 that the maximum bright- 
ness achieved with a single-stage perox- 
ide bleach plant at high consistency is 
comparable to that achieved wi th  a two- 
stage bleach plan1 (MC-HC). However, 
the bleaching cost to reach a given ISO- 
brightness value ofa doulile-stage per-ox- 
ide bleach plant (MC-HC) is appreciably 
less than for single-stage bleaching. par- 
ticularly a[ high brightness levels. 

Due  to the high brightness gains o f  
the PY bleaching sequence, we have 
found i r  interesting to coinpat-e those 
results with those of  the best single-stage 
(HC) and the best double-stage pet-ox- 
ide bleach plants (MC-HC). I t  can be 
seen from Figs. 12 and 13 that higher 
maximum brightness gains are achieved 
with the I'Y sequence and it  is also more 
cost effective. Furthermore, the 
bleached pirlps are appreciably less !.el- 
low compared with those from double- 
stage peroxide sequences. 

Figure I4 compares the brightness 
loss after thermal reversion. I t  can be 
seen that the brightness reversion of all 
the pulps bleached with peroxide fall on 
a common line as a function of the ISO- 
brightness of the pulps before reversion. 
An appreciable brightness loss is 
observed at high brightness levels. The 
pulps bleached following the PY 
sequence exhibit far less brightness rever- 
sion. I n  Fig. 14, we have plotted the 
results obtained for pulps bleached \\.itti 
the PY sequence in which different per- 
oxide and hydrosulphite charges of. 0.5, 
1.0 and 1.5% were used. The pulps 
bleached following the PY sequence 
exhibit less brightness reversion. I t  i\.ould 
appear that the hydrosulphite bleaching 
stage stabilizes the pulp brightness for 
peroxide addition above 4%. 

The following conclusions can be 
drawn from this work: 

Single-stage peroxide bleaching at 
high consistency is a more cost-effectke 
process than peroxide bleaching at low 
consistency. 

Minor benefits in bleaching cost :ire 
obtained witli the recovery of the resid- 
ual peroxide with a press at the outlet o f  
a medi u in-consist enc y bleach i ng plan t 
compared to highconsistency bleaching. 
It is evident that far greater benefits are 
obtained by modifying the plant to 
bleach at high consistency. 

T 269 4 

A double-stage peroxide bleach plant at 
medium consistency followed by high 
consistency (MC-HC) is a more cost- 
effective bleaching process than a dou- 
ble-stage peroxide bleach plant with both 
stages at medium consistency (MGMC). 

Comparable maximuin brighiness is 
achieved in single-stage peroxide bleach- 
ing at high consistency compared to doli- 
ble-stage peroxide bleaching at mecliinn 
consistency i n  the first stage and high 
consistency in the second (MGHC). 

'The hleacliing cost to reach a given 
1SO-liriglitiiess value of a double-stage 
perosidc blcacli plant (MC-HC) is lower 

larly at liigli brightness levels. 
The bleaching sequence of peroxide 

than for single-stage Iilraching, p' d l  - t l C W  ' 

CDS/kg* 

Hydrogen peroxide ( 1  00%) 1.27 
Sodium silicate (41 %e) 0.22 
Sodium hydroxide (1 00%) 0.41 
DTPA (40%) 1.20 
Magnesium sulphate (100%) 0.38 
Sulphur dioxide ( I  00%) 0.30 
Sodium hydrosulphite ( I  00%) 2.02 

( * ]  I US$ = 1 2 CD$ 
Source. (33, 34, 35 and supplier's Iitera- 
turej 

I 
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followed by hydrosulphite (PY) allowed 
for achieving the highest maximum ISO- 
brightness. This sequence is also the 
most cost-effective bleaching sequence 
studied. It  produces pulp of high lumi- 
nosity and lowest yellow stage. 

The pulps bleached following the PY 
sequence exhibit less brightness rever- 
sion after thermal treatment compared 
to pulps bleached in one or two stages I 

with peroxide only, particularly at high 
peroxide charges. 

A chemi-thermomechanical spruce/ 
balsam pulp from an eastern Canadian 
newsprint and specialty grade mill was 
used in this work. The pulp was excep- 
tionally clean and free of bark. The ini- 

tial brightness of the pulp was 68% ISO. 
The brightness reported was measured 
with an Elrepho spectrophotometer. 
Measurements made with Filter nos. 8,9, 
10 and 11 were used to calculate the 
parameters of the CIE LAB reference sys- 
tem. A detailed description of the exper- 
imental procedures followed for pulp 
washing and pretreatment, bleaching, 
interstage treatment, residual peroxide 

+ --*- 
"'I 
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measurement, sheet making and ther- 
mal reversion treatment conditions can 
be found elsewhere [21]. The chemical 
charges, bleaching temperature, time, 
consistency and total alkalinity are given 
in Table V. 

OCKNOWLEDGEMENTS 
The authors thank Sophie Janknecht, 

Daniel Bergeron, Mavi Pizolitto and 
Francine Chain-on for their technical assis- 
tance in the experimentation and prepara 
tion of this manuscript. The financial assis- 
tance of Kvaerner Hymac in the form of a 
scholarship given to StPphan Lafreniere is 
also gratefiilly acknowledged. 

OEFERENCES 
I .  BARBE, M.C., DESSCREA1!LrT, S.,JANKNEC:HT, 
S. T h e  futiirc of ;~spen BCTSII’: hhrket t r c ~ ~ d s  a l d  
technologies. Preprints, 1900 P;ni P‘icific P;ipcr 
Conference, V;inconver, 11.1-15-0 to 1-1.5-24. 

parison of bleaching proc 
clienii-mechanical ptill~s. 
November 1988. p.89-98. 
3. LEDUC, C.. BARBE, M . C . ,  CAGNE, (:,, 
DANEAUL.T, C;. Blanchtvr et ;ispect,jainiitte des 
pates PCTM: impact snr Ies coiits de  l)l~incliinicnt, 
PreprinLs, 77th Anniiiil Meeting, Technical Scction. 
CPPA, Monti-eal. QC, January 28 t o  February I .  
1991, p. A l67.  
4. LEDUC. C., GAGSk. C.. BARBE, h4.(:., 
DANEAULT, C. Bleaching of clieini-niecliaiiiral 
pulps: a conlparison of oxidizing and reducing inid- 
tistage seqnences. Proceedings, TAPPI Pulping Con- 
ference, October 24 to 28. Seattle (1989). 
5. LIEBERGOTL N., HEITNER, C:. Mnltistage 
brightening of high yield and ultra high yield pulps. 
European patent application ,EP 0187477. 
6. BARBE, M.C., GAGSE. C., LEDUC, C., 
DANEAULT, C. Bleaching process for the produc- 
tion of high bright pulps. Patent pending. 
7. MUNROE, D.C.. TEODORESCU, G. Higher 
Brightness Mechanical Pulps with Sodiurn Iiydrosnl- 
phite: Successful mill operation. Proceedings, TAPPI 
Pulping Confei-ence. October 1990. p.271-290. 
8. McARTHUR, D.M. \\II.LOUGHB\i, A L ,  BALD- 
WIN, S.H., M’HI’TISG. P..\lediiiin Consistrncy 
Hydrosulphite brightening of Mec1i;inical Pulp. 
/’ap!iJa /’uti, \’ol.iO, So 6, p..i28-533 (1988) 
9. JANKNECHT. S.. DESSVREAULT, S.. BARBE, 
M.C. Review of Lobloll! pine niechanical and 
chemi-mechanical pulping: pnlp properties. proccss 
features and  pulp production costs. Proceedings, 
TAPPI Pulping Conference. October 14 t o  17, 
Toronto (1990). 
IO. BARBE, 1I.C.. DESSUREAULT, S..  

JANKNECHT, S. Review of mechanical and 
chemimechanica~ pine pulping. Preprints, TAPI’SA 
Conference, Johannesbnig, p345, (June 1990) 
11. BEAUDOIS, L.. DESSUREAUIT, S., BARRE, 
M.C.. LAVALLEE H.C. Treatment alteriiatii.ei G :  

refiner mechanical and chemi-mechanical pulp mill 
effluents. Preprints. i i t h  . inniial iMeeting, Techiii- 
cal Section, CPP;\.,lannai-v 28 - Febranty I ,  1901, 1). 
A 235. 
12. GAGNE, C..  B.\RBE. \I.C., KEh1ILlARD. B., 
LAPOINTE, hl.  Properties of nierh;iiiical and 
chemimechanical Jack pine pulps: Par-t IV: Bleach- 
ing studies. Pu//J Pupr  Can $11 (6): T’L2I-230 (lune 
1990). 
13. WEARIN(;, J.T.. B.iRBE, MC., OUCHI, h1.D. 
The  effect of white-water contamination o n  
newsprint pr0perties.J. Pulp Paper Sh, VoI.1 1, h’o.4, 
J l l S ,  (1985). 
14. DESSUREACLT, S., LiFRENIERE. S., BARBE. 
M.C. Comparison of bleaching processes for the 
production of mechanical and  chemimechanical 
pulps of high brightness. Proceedings. TAPPI Pulp- 
ing Conference. 01 Iando. Snvembei- 1991 

2. GAGNE, c., BARBE. M.c. ,  IMNEAULT, <:. ~ : O l i i -  

15. HOOK, J., WALLIN S., AKERLUND, G. Opti- 
mization and Contiul o r  two stage peroxide bleach- 
ing. Proceedings, 1989 TAN” Pulping Conference, 
October 1989, p.267-275. 
16. LACHENAL, D., BOURSON, L., LACHAPELLE, 
R. Blancliiment.jusqti’~ des niveaux de  blanclierii- 
tresClCves. ReuucA.7:f.tl, Vol. 42, no 8, octohre 1988 

17. LOUGHEED, M.. PRI.:SL.EY,J.R. The upgrading 
of a bleach plant: Mill experience with a two stage 

p.433 to 444. 

bleach plant retrofit. Proceedings, 1989TAPPI?ul& 
ing Conference. October 1989, p.261-265. 
18. CARMICHAEL, D. Bleaching mechanical pulp 
with peroxides: New processes, new products a re  
possible. Pnlp f’apr Can 89: I O ,  1988, p.39 to 42. 
19. LACHENAL, D., de CHOUDENS. C , ,  BOUR- 
SON, L. Bleaching of mechanical pulp to vet-y high 
hi-ightness. Proceedings, 1986 TAPPI Pnlping Con- 
ference, October 1986, p.5(i0-573. 
20. STRAND E., MOLDENIUS, S.. KOI’ONEN, R., 

P PP PY 

H C  M C  M C  H C  M C  M C  H C  M C  
P1 P2 P1 P2 P1 P2 

Consistency(%) 25 12 12 25 12 12 25 10 

Temperature(”C) 70 70 70 70 70 70 70 60 

Reaction time(min) 90 90 60 120 60 120 90 60 

DTPA (%) 0.4 

PH 10.5- 
12.0 

Na,SiO,(%) 3.0 

Epsom salt (%) 0.05 

9.26 

5&8 

NaOH (%) 0.86- 

H,O, (%I 1 2 3  

Na&O4(%) - 

0.4 

10.5- 
12.0 

3.0 

0.05 
0.86- 
9.26 

5&8 
1 2 3  

- 

0.4 0.4 0.4 0.4 

10.3- 11.4- 10.3- 11.4- 
11.3 11.9 11.2 12.0 

3.0 3.0 3.0 3.0 

0.05 0.05 0.05 0.05 
0.38- 2.54- 0.38- 2.54- 
1.58 7.34 1.58 7.34 

(1/5) (415) (1/5) (4/5) 
0.6-1.6 2.4-6.4 0.6-1.6 2.4-6.4 

- - - - 

0.4 0.4 

10.5- 5.5 
12.0 

3.0 - 

0.05 - 

0.86- - 
0.26 

1,2,3 - 
5&8 
- 0.5,1,1.5 

ISO-Bright ness Reversion (%) 
5 1  I 

4 -  

3 -  

2 -  

0 PP (12%, 12%) 

A PP (12%, 25%) 

0 P (25%) 

V PY (25%, 10%) 

I I 
1 ‘  I I I I 

I I I I I 

75 76 77 78 79 80 81 82 83 84 85 
ISO-Brightness (%) 

T271 4 PULP & PAPER CANADA 95:7 (1994) 25 



VILJAKAINEN E., EDWARDS L.L. Optimization of 
peroxide bleaching systems. Proceedings, TAPPI 
Pulping Conference, Vol. 3, November 1987. p.497- 
503. 
21. LAFKENIERE, S. Optimisation de  sequences de  
hlanchinient de pBtes niicaniques e t  chimico-thei-- 
momicaniques. Tlikse de maitrise, Universiti- du 
Quebec a Trois-RiviPi-es, Trois-Rivikres, 1992. 
22. ALLISON, R.W. GRAHAM. K.L.. RICHARD- 
SOS, J.D. Effect of Pulping Conditions on the Per- 
&idc Bleachability of CTMP froin Radiata Pine. 
A/’/’ll;%, \ b l .  43, No. 2, March 1990, p.1 17-124. 
23. MATTE, D., GAULIN A. Blanchiinent de la pite 
thermo-mPranique B I’aide de sulfite d e  sodium. 
(:onfPrence terlinol~igique esticile, Mai 1987, p. I d .  
24.JOACHI.MIDES. T. Higli Brightness Mecliaiiical 
Pulps. Proceedings, I Y X S  TAPPI Pulping (:onlei-- 

ducing piilp uriiig pre-treatmeiit with stnl>ilixrs and 

?ti. STRUNK, M’,G., HII.I.S. C\‘.A.. KI~EIN, RII.. 
SFERRCZA. MI[. Higli Strength Sotiwood Reiects 
b y  Blracliiiig wiili PCI-nxide hcf(ire Relining. I’rck 
crcdings, 1Al’I’l Annual Meeting. Frliruary I I )XX, 

27. SFEKKAZZA. M.D., STKUNK W.G., 
El.L.,J.I?. HILIS. L V A ,  liL.EIN, K:l. Alka- 

line peroxide t r e a ~ n i c n ~  of’ Soii~l ieri i  I’iiic TMI’ 
rqjects. I’rocwxling\, TAI’I?I I’(ilpiiig (:oiilii-eiice, 

?8. l..\FKF.NIEKE, 
DESSCKE.AULT. S., I3A 
of  pulp washing i i i  peroxide lilcacliiiig, To I K  p i i l ~  

lished. 

BAKBE.  N.C. I%lracliing Icsponsc o f  niecliaiiical 
and clieini-iiierliaiiical p u l p  ol I’iiius ( h r i h e a  var 
Hondurenris”. ATCI’ C:oi ikrrncr I Y O O ,  Mexico. 

30. ME\R+XT, I?, KOUK, K.S.. I’RESI.E\:J.R. Higli 
bi-ightness CTMP. Mliicli nirdiuni coiisistency prw 
cess to clioose? I987 Intcrna~ioiial Mechanical Pulp- 
ing Conference. p.XI-H(i. 
31. BERGER, M.I., MEIER. I., SUSS, H.U., 
SCHMIDT. K. Two-stage Peroxide Bleacliiiig - 
Method of Choice for Mechanical Pulps. Proceed- 
ings, 1989 TAPPI Pulping <:onference. p.249-259. 
32. MEYRANT, I?, DODSON, M. High consistency 
bleaching: a iiius~ for high brightness targets? TAPPI 

dafiI)l.ation. U.S. I’aieni 4,849,053,July IX. 1989. 

p.4!)61. 

Octd,cr 19xx. p.(il7A‘2!) 

L“). (;.ayr.w, I>., I.EDLI(:, (:., JANKXKCHT, s.. 

.\la). 1990. 

J . . ~ ~ a n l l a l ~  1990. p.109-I 14. 

33. HARRIMAN CHEMSULT. Blenching Chrmirals 
June 11, 1992 
34 CIIEMICAL MARKETING RN’ORTYR Week June 9,1993.  

Ending April Srd, 1992. 
35. HARRIMAN CHEMSULT. BlmrIiiiig ClirmiraO 

Abstract: Several processes used for bleaching niecIianicaI and cIietiii-tiiecIi;iiiicaI I J L I I ~ S  i i t  

high hrightness levcls are conilmred: ( I )  single-stage peroxide bleaching (1’) at high consis 
tency (HC)  and at medium consistency (MC) with and witliortt recovery of  tlie residual perox- 
ide; (2) dotilde-stage bleaching seqiiences sncli as peroxide followcd by  liydrosttlphi~c (PU, anti 
doiil,le-stage peroxide 1)lcacliing (PP) at niediuni consistency in  each bleacliing stage (M(;- 
M<:) and ;it m r d i u n i  consistency in the first stage and at high consistency i i i  the second stagc 
(M(>HC). La1)oratoiy Ideacliing rcs~ilw obtained fbr a coninirrcial CTMI’ ptdp o f 2 1  s~~ri~ce/Ixi l -  
siini mixture were trscd as the input data for mass Iralance c;ilcul;itions which were doiie using 
the coiiipiitet- siniulation 1):ickage GEMS. The process Ilow diagrams with the wliitc water rccir- 
cu1;ttioii s~Iategy at’e tlcscril)ed. The processes are coniparcrl i n  terms o f  peroxide c1iarg.c. 
rcqiiired t o  1 . ~ 2 ~ 1 1  a given ISO-1,rigliuiess level. tlir es~iniatc~tl 1)lcacIiing costs, the niiixiniiini 
ISO-l,rightness valrics obtained a s  well as yellow shade, luminosity iintl I,riglirncss rwersion ol’ 
the 1)lracIicd pulps aftrr tliernial ~reatnient. 1 1  is sl iown t l i a t  t l i c  tlotil~lc-stagc. blc~acliiii~ 
seqiirnce using peroxide at  Iiigli consisrcnry in tlie lirst s~agc and liyrlrosiilphitr ac incdiiini 
consistc~ncy in the srcond (I’Y) is the most cost47ectivc process in addition to giving niiisiniinii 
;icliieval)le I)riglitncss (84.2% ISO), highest lnniinosity (I-* = 96.1 ), lowest yellow s1i;itlc ( I P  = 
5.51 ) and briglitncss rcvcrsion (Al.5%) after tl icrni~il  trc‘;iInietit. 

Reference: IIESSUKEAULT, S., IAFKENIERE, S., UAKBE, M.C., LEDUC, C., DANEAULI; 
(:. Uleaching processes for the production of nieclvanical and clieniiiiiecliatiical pulps of liigli 
1)riglitncss. /W/> /’a/ter Can 95(7) T264-%!. Uuly 1994). I’apcr presented at the I991 I’acilic. 
Coast-Western BrancliesJoint Conference of the Technical Section, CI’I’A, at Whistler, BC, oti 

May 16 to 18, 1991. Not to be reproduced without perniission. Manuscript received April 5, 
1991. Revised manuscript approved for publicatioii by the Review Panel February 22, 1994. 

Keywords: BLEACHING, BRIGHTNESS, CHEMICAL TREATMENT, CHEMIMECHANI- 
(’AL PULPS, COMPUTERS, COSTS, DITHIONITES, EQUATIONS, HIGH MELD PUL.I’S. 
HYDROGEN PEROXIDE, INORGANIC SALTS, LUMINOSITY, MECHANICAL PULPS, 
KEVEKSION, SlQUEN<;ES, SIMULATION. SCLPHUK <:OMI’OUNDS, WL.I.OWIN<;. 

- BRIEFLY - 
Fletcher Challenge Canada has 

announced that i t  expects to curtail 
riensprint production at its Elk Falls mill 
by approximately 12 000 tonnes over the 
next two months because of a shortfall 
in orders. This isequivalent to eight days 
of combined production of the three 
newsprint machines at the mill on Van- 
couver Island. 

- E N V I R O N M E N T  - 
FF SOUCY INVESTS 

FOR FUTURE 
RIVIERE-DU-LOUP, QC - FF SOUCY & 
Partners and Company Ltd. has 
approved the construction of a wastewa- 
ter biological treatment system in the 
amount of $13.5 million. The construc- 
tion of the activated sludge system is 

scheduled to begin in  August 1994 and 
bc completed i n  the fall of 1995, in  time 
for the company to meet the federal and 
provincial environment regulations. 
The engineering will be done by the 
firm BPR-GCnivel of Qui.bec City, QC:. 

- U N I O N S -  

STOM WORKERS 
FEARSHUTDOWN 

HALIFAX, NS - A report in  7’hr /;iiznn- 
rial I ’ d  inJune  said that the union r e p  
resenting 800 workers at two Stora For- 
est Products Ltd. mills in Port 
Hawkesbury, NS, fears the pulp opera- 
tions will shut down. At least $500 mil- 
lion in new technology is needed to 
ensure the long-term survival of any 
jobs. The company recently decided to 
spend $36 million on an enhanced treat- 
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ment plant for its newsprint side o n l y ,  i~ 
move the union says signals the end Poi 
tlie pulp operation. 

- C O N S T R U C T I O N  - 
AVENOR COWIROLS 
EFFLUENT QUALITY 

MONTREAL, QC - Avenor Inc. (lot 
merly CP Forest) is building a $35millioii 
effluent treatment system at its Gatineau 
QC newsprint mill. An engineer-procure 
construct (EPC) contract is in progrev 
with Aquaflow Division of Ahlstt o n 1  

Kamyr Inc. of New York supplying thc 
emuent treatment system. Cawan, a divi 
sion of SNGLavalin Inc., and ABGS Inc. 
are providing detailed engineering t c  
Aquaflow. The construction will be han 
dled by Kamy Enterprises Inc. 
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