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This invention relates to an improved methods: 
for bleaching chemical wood pulps. 
Warious multi-stage methods have been pro 

posed for bleaching chemical wood pulps, using 
Calcium hypochlorite in: one: or more stages;and.: 
alkaline peroxide in, one or more others. The. 
present invention, relates to such prior processes: 
in Which. One or more treatments of; the pulp is 
With a Calcium compound, i.e. g.: calcium hypot: 
chlorite, precedes a treatment, with: alkaline.9 
peroxide, and particularly to, an improved modia. 
fication, of Such processes; whereby, increased: . 
bleaching efficiency is realized: : 
An object of the invention is to provide anime: 

proved method of bleaching chemical woodpulps.: 
A further object is to provide a modification of . 
prior nulti-stage methods for tibleaching such'. 
pulpSin Wolving a treatment.With a calcium.com';. 
pound in a stage, prior to that in which the put 
is treated. With an alkaline:peroxide Solutionib 
Which modification Substantially better bleach 
ing results. A particular object is to provide an is 
improved multi-stage:method, for bleaching:kraft.c. 
pulp in which an alkaline:peroxide: bleaching: 
stage follows one or more earlier stages in which: 
Calcium hypochlorite is used: Still, further obli: , 
jects Will be apparent from the following:descrip-3. 
tion.: ; 
The present invention'is based on the discovery: 

that, inst the 2nultiStage: bleaching of chemical 30, 
WOOd pups; Substantially, better bleaching results: 
are obtaiaed;if the pulp is acidified internaediates: 
anaearlier Stage (or stages) in which the pulp is i; 
treated swith a calcium compound, and a subs:. . 
Sequent-stagesin which it is treatedwith alkaline:35 
perOxide: Thesin proved: results includeia higher. 
and morestablerdegee of brightness...Furthers. 
more; the efficiency of the alkaline peroxide treats, 
ment: is Substantially improved by: such inters. 
mediate ;-acidificationa: Aceordingly, githers above: 40 
objects are accomplished in accordance with they 
invention-by...acidifying the chemical pulp after 
it has been...subjected to a treatment with a cars. 
cium compound, and before,it is treated with ants. 
alkaline...peroxide. solution. 45 

Acidification. Of the pulp maybe effected by: 
intimately-contacting...the pulp, withanaqueous, 
Solution-of-an-acid-in-such, amounts; and concen 
trations that the resulting, mixture will berdis 
tinctly acid, i. e., have a pH not greater than 6 
Generally the pulp. Will be slurried with the acid 
Solution abut...any other convenient- or desired; 
methods of obtaining intimate, contact may: 
used....Any-acidor...acid-yielding-material; whic 
will produce, the required-acidity. may be used $55; 

50 ; 

2 
The invention is further illustrated by the folls 

loWing examples. 
Eacample: 1. 

The pulp samples used in Examples, to 4 
Weretaken from various stages of a mill bleach. 
ing process. in which kraft, pulp from northern...: 
mixed hardwoods is bleached in conventional . 
manner in two separate stages, employing in each 
about 2% of active chlorine (based on the dry. 
Weight"Of the pulp) in the form of calcium hypo 
chlorite at a pulp consistency of about 12%. 
The pulp is washed with water after each bleach 
ing Stage. Washed pulp from the first stage had 
an air-brightness of 64.5 and an oven.brightness 
of 575. Washed pulp from the second stage. 
had air, and Oven brightnesses of 75.0. and 675, 
respectively... 

(a) Washed. pulp from the first stage of the , 
above mill proceSS. Was bleached at, a pulp cons. 
Sistency of 12% with an alkaline peroxide bleach. 
Solution containing 0.05% Epsom salts, 5.0%. 41.68 
Bé, Sodium-silicate (containing 8.9% Na2O,29%. 
SiO2 and the balance water), 1.33% sulfuric acid 
and 2.0% sodiumperoxide, all based...on, the dry, , 
Weight of the pulp. A beaker.containing a slurry, 
of the pulp and bleach liquor was...placed in ang. 
Owen. The temperature of the slurry.rose...in 2. 
hours from 70 to 160°F. Since at this point, the 
residual active oxygen content...was only 1997, ..., 
of that Originally, added, bleaching was...discon-s. 
tinued and the air and oven brightnesses were 
found to be 71.0 and 67.0, respectively. The pH, 
of the slurry" during...the peroxide bleach ranged. 
from about 10.5 to 10.8. 

(b). A second sample of washedpulp from the . 
first stage of the mill process was slurried (at..., 
about 2% consistency) with water-containing hy 
drochloric acid in an amount, equal to 3.0% hy 
drochloric acid of about 35% strength, based on. 
the dry Weight of the pulp.. The resultingslurry. 
had a pH ranging from about 2.0 to 2.6. After. 
abeut 10 minutes, the pulp was washed thor 
oughly With Water then. Subjected to an alkaline... 
peroxide bleach. under the same conditions as: 
in (a) - above. The residual active, oxygen con 
tent was still 44% after 5 hours in the loven, at 
Which time the temperature. had risen to 1809. F. 
After this 5 hour period, the air and oven-bright. 
nesses of the pulp were 79.5 and 775, respectively. 

Eacample 2 
(a):Example : (a) was repeated: using -pulp 

from the Second stage:of the milliprocess. After 
2 hours in the oven; the temperature of the slurry's   



2,668,095 
3 

of pulp and peroxide bleach liquor had risen to 
160° F. Because the residual active OXygen Con 
tent then was only 12%, bleaching was discon 
tinued. The air and oven brightnesses of the 
peroxide bleached pulp were 74.5 and 69.5 re 
spectively. 

(b) Example 1 (b) was repeated using pulp 
from the second stage of the mill process. After 
5 hours in the oven, the temperature was 180° F. 
and the residual active oxygen content was 44%. 
The final air and oven brightnesses of the pulp 
Were 82.0 and 79.5, respectively. 

Eacample 3 

A sample of washed pulp from stage one of 
the above mill process was acidified as in EX 
ample 1 (b), except that 2.5% hydrochloric acid 
was used. The pH of the acidic slurry ranged 
from about 2.6 to 3.0. The acidified pulp was 
washed, then bleached with alkaline peroxide as 
in. Example 1 (b) except that no sulfuric acid 
was added to the bleach liquor, the Silicate and 
sodium peroxide contents were reduced to 2.0% 
and 1.0%, respectively, and the slurry of the 
pulp in the bleach liquor was heated on a hot 
plate instead of in an oven for 1 hour. During 
this time the temperature rose to 200 F. and 
the pH ranged from about 11 to 11.3. The residi 
ual active oxygen content at the end of the 
treatment was 5%. The air and oven bright 
nesses of the bleached pulp were 76.0 and 74.5, 
respectively. 

Eacample 4 
Example 3 was repeated using washed pulp 

from the second stage of the mill process. Here 
again, the final temperature during the peroxide 
bleach was 200 F. and the residual active oxygen 
content after hour WaS 5%. The final air and 
oven brightnesses were 80.0 and 78.0, respec 
tively. 

In the preceding examples, brightnesses were 
determined using handsheets prepared from pulp 
Slurries acidified. With dilute Sulfuric acid to a 
pH of 4.5 at 0.3-0.5% consistency. Brightnesses 
were measured using a General Electric Re 
flectometer, which measures brightness on a 
Scale ranging from 0 for minimum reflectance to 
100 for maximum reflectance. “Air' bright 
neSSes Were determined using handsheets dried 
at atmospheric temperature. “Oven' bright 
nesses were determined after drying freshly pre 
pared handsheets for 1 hour in an oven heated to 
105 C. (221 F.). The smaller the difference 
between the air and oven values for a given 
Sample, the greater is the stability of the bright 
ness of that sample. 
The results of Examples 1 and 2 show that the 

final peroxide bleach is much more effective if 
preceded by acidification. They also show that 
preacidification substantially and effectively de 
CreaseS peroxide decomposition in the final 
bleach. These observations hold for pulp from 
either the first or second hypochlorite stage of 
the mill process. However, it will be noted from 
Example 2 that whereas the brightness of pulp 
from the second stage was increased only sightly 
by the peroxide bleach in the absence of preacidi 
fication, the brightness increase from the final 
peroxide bleach was very substantial when the 
pulp was preacidified. These results accord with 
general experience in applying the present in 
vention, i. e., that the value of the acidification 
treatment increases the more the pulp has been 
contacted previously with calcium compounds. 
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4 
Thus, the invention is most advantageously ap 
plied to pulp which has been previously subjected 
to a plurality of calcium hypochlorite bleaching 
stages, or previously contacted in Several Stages 
with calcium compounds, e.g., with calcium coin 
taining liquors recycled from various stages of 
commercial processes. Repeated contact with 
calcium-containing liquors appears to be particul 
larly harmful to bleaching in a subsequent al 
kaline peroxide bleach, unless the latter is pre 
ceded by the present acid treatment. 

It Will be noted that 1% peroxide with pre 
acidification gave much higher brightnesses in 
Examples 3 and 4, than did twice that amount of 
peroxide without preacidification in Examples l 
(a) and 2 (a). Also, 1% peroxide with preacidi 
fication gave substantially higher brightneSSes 
starting with pulp from stage 1 of the mill proc 
ess (Example 3), than did 2% peroxide without 
preacidification when starting with pulp from 
stage 2 (Example 2 (a)). 

Eacample 5 

A kraft pulp composed of about 80% northern 
Softwood (Spruce and fir) and about 20% 
northern hardwood (poplar), was used in this 
example after it had been partially bleached by 
a multi-stage method in a commercial pulp mill. 
The partial bleach involved in the following 
order: (1) a chlorination with about 5% chlorine 
at about 3 to 3.5% consistency; (2) a second 
chlorination at about the same consistency with 
about 2.5% chlorine, in which the pulp is al 
kalized after a few minutes with line to a pH 
of about 9 to li; (3) a caustic extraction using 
2% caustic at about 12% consistency and 180° 
F.; (4) an alkaline soak; and (5) a calcium 
hypochlorite bleach equivalent to about 1.5% 
chlorine for about 1 hour at 100° F. and 12% 
Consistency. In all of the above treatments, the 
Stated amounts of reagents are based on the dry 
Weight of the pulp. Also, the pulp was washed 
following each step. Samples of pulp pretreated 
in the mill in this manner had air brightnesses 
ranging from about 78-79 and oven brightnesses 
ranging from about 69-71. (In this case and in 
all Subsequent examples, the oven brightness was 
determined for handsheets which had been dried 
for 1 hour at 120° C. (248 F.) ) 

(a) A washed Sample of pulp partially bleached 
in the mill as indicated above was slurried at 
about 2% consistency with water containing 
hydrochloric acid in an amount sufficient to give 
the slurry a pH of 2.0. After about 10 minutes, 
the pulp was washed free of acid then bleached 
at 12% consistency at 160° F. and a pH of 11.3 
with a peroxide solution containing 0.025% Ep 
som salts, 1%. 41.6° Bé. sodium silicate solution 
and 1% sodium peroxide. After 1 hour, the 
residual active oxygen was 73% and the air and 
oven brightnesses were 84.3 and 81.1 respectively, 
After 3 hours, the residual active oxygen con 
tent was 60% and the air and oven brightnesses 
were 86.3 and 82.0, respectively. - 

(b) Example 5 (a) was repeated, omitting the 
acid pre-treatment. After only 5 hours the 
residual active oxygen content had dropped to 
10%, in view of which bleaching was discontin 
ued. The air and oven brightnesses were then 
83.0 and 77.7, respectively. 

(c) Example 5 (b) was repeated except that 
2% each of silicate and SOdium peroxide were 
used in the bleach liquor (pH 11.3). The residual 
active oxygen after 1 hour bleaching was only 
12% and the air and oven brightnesses were 85.0 
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and 77.3, respectively. The oven brightness in 
this instance using twice the amount-of peroxide 
Was substantially lower-than the value robtained 
in the same-time in Example: 5 (a) in which the 
pulp was preacidified. 

Eacample 6 
Pulp from the Source described in Example 5 

was bleached. Without preacidification at 12% 
consistency and 120°F. With a bleach liquor-con 
taining, 0.025% Epsom salts, 1%. 41.6°. Bé.-silicate 
and 1% sodium peroxide. Even at this."rela 
-tively low temperature the residual active oxy 
gen was only 15% after 1.5 hours, at which time 
the air and oven-brightnesses-Were 82.0 and 76.9, 
respectively. 

Eacample 7 
Four washedpulp-samples from the Source de 

scribed in Example -5 were bleached at i50 F., a 
consistency of 12% and a pH of 13, tising a 
bleach liquor containing 0.012% Epsom Salts, 
10%. 41.6° Bé. sodium silicate and 1:0% sodium 
peroxide. Sample 1 was bleached without acid 
pretreatment. The remaining Samples were pre 
treated with hydrochloric acid in the manner 
described in Example 5. The amounts of 35% 
hydrochloric acid used, based on the Weight of 
the pulp were: 1.0% for sample 2, giving a pH 
of 4.8; 1.25% for sample 3, giving a pH of 3.5; 
and, 2.5% for sample 4, giving a pH of 2.5. After 
acidifying, samples 2,3 and 4 were washed free 
of acid then bleached as indicated. The residual 
active oxygen contents after 1.5 hours for Saraples 
1 to 4 were 1.1%, 22%, 35% and 46% respectively. 
Final oven brightnesses for Samples 1 to 4. Were 
7.6.7, 79.4, 81.1 and 80.9, respectively. 

Eacample 8 
(a) A pump sample from the source described 

in . Example 5 was pretreated with hydrochloric 
acid as described in Example 5 to a pH of 3.3. 
After 10 minutes at 60°F, the acid was removed 
by Washing and the pulp bleached at 190° F. and 
12% consistency using a bleach liquor containing 
0.05% Epson salts, 3.0%. 41.6 Bé. Sodium Silicate 
and 1.0% sodium peroxide. After 1.5 hours, the 
residual active oxygen content was 40% and the 
air and oven brightnesses of the pulp were 88.3 
and 83.3, respectively. 

(b) Example 8 (a) was repeated except that 
chlorine was substituted for hydrochloric acid 
as the acidifying agent in the pretreatment step. 
3%. Cle, based on the weight of the pulp, was 
required to give a pH of 3.3. After a peroxide 
bleach time of 1.5 hours, the residual active oxy 
gen content was 40% and the air and oven bright 
nesses were 88.3 and 83.2, respectively. 
The results of Examples 8 (a) and (b) show 

that chlorine can be used in place of hydrochloric 
acid in the acid pretreatment step with Substan 
tially identical results. In other experiments 
substantially the same as those of Examples 8 
(a) and (b), except that the peroxide bleach step 
was omitted, it was found that the acidifying 
treatment, using either hydrochloric acid or chlo 
rine, did not itself result in any substantial in 
crease in brightness, the maximum increase being 
at best about 1 point. 
While the foregoing examples illustrate appli 

cations of the invention in bleaching kraft pulps, 
the invention can also be applied advantageously 
in the bleaching of other chemical pulps Such as 
soda pulp, sulfite pulp and semi-chemical pulps. 
in the case of any of these chemical pulps, the 
acid treatment of the invention should follow one 
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6 
or more preliminary-treatments in which a cal 
citina compound, such as line or calcium hypo 
chlorite, is:tised, and will of course precede sa, 
Subsequentialkaline peroxide bleach. This acid 
treatment, is, however, particularly well suited 
for tSeinbleaching kraft (sulfate) "pulps which 
are normally darker in color and are more dif 
ficult to bleach to a high permanent brightness. 
Kraft pulps may be bleached to excellent and 
imore permanent brightnesses by the presentim 
proved process than is possible with correspond 
ing prior combination calcium hypochlorite-per 
oxide processes. Furthermore, the same degree 

- of brightneSS may be obtained by the present 
iprocess, aScompared to corresponding prior proc 
‘eSSes, employing Smaller: almounts of peroxide 
*or calcium hypochlorite, thus permitting a sub 
Stantial reduction in costs. Reduction in the 
amount of hypochlorite used is known to reduce 
pulp degradation. 
The invention is not restricted to processes 

temploying any specific number or types of steps 
except that the acid treatment must be interme 

: diate a treatment with a calcium compound and 
“a later treatment with alkaline peroxide. The 
scorianon practices of first partially purifying the 
pulp by prechlorination treatments, by alkali 
treatments, or combinations thereof, are includ 
ed, as are also combination partial bleaches using 
both Socium and calcium hypochlorites. Also, 
the alkaline peroxide bleach after the present 
acid treatment, may be supplemented by subse 
'quent treatments, e.g., with hypochlorite, per 
-Oxide and/or other treating agents, including 
reducing agents. 
AS previously indicated, any acid or acid yield 

ing Stabstance may be used in the acidification 
step which will give the required acidity. To be 
effective, the acidity should correspond to a pH 
no higher than 6. In most applications, acidities 
'corresponding to a pH of about 2 to 5, preferably 
2.5 to 4.0, will be used. Acidities greater than a 
pH of about 2 offer no particular advantages and 
increase eosts. Illustrative of suitable acidifying 

5, agents' are hydrochloric, nitric and phosphoric 
acids, and chlorine. Acids "which give the more 
soluble calcium salts, such as hydrochloric acid, 
and chlorine are preferred. These will ordinarily 
and most conveniently be applied as aqueous 
Solutions at low pulp consistencies, e. g., 0.5 to 
5%, and at ordinary temperatures. However, 
pulp consistency and temperatures appear not 
to be critical with respect to the acid treatment 
and high or low consistencies and temperatures 
substantially higher or lower than ordniary may 
be used if desired. When using chlorine, tem 
peratures above about 100° F. are generally 
avoided, temperatures below about 80° F. being 
preferred. Under these conditions the chlorine 
functions primarily as an acidifying agent and 
does not oxidize or degrade the pulp to any Sub 
stantial extent. Prolonged contact of the acid 
with the pulp is not necessary, 5 to about 15 min 
utes being generally suitable. Longer times may, 

; however, be used. 
The bleaching and other steps of the prior 

processes to which the present acidification step 
is applicable may be carried out in any desired 
manner according to well-known procedures. 
Also, as is well known, the alkaline peroxide 
bleach which follows the acidification step may 
be practiced using any peroxygen compound 
which yields hydrogen peroxide in aqueous alka 
line solutions, examples of which are hydrogen 
peroxide, percarbonates, perborates, perphOS 
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phates and alkali metal peroxides. Because of 
its relative cheapness, sodium peroxide is pre 
ferred, although a combination of hydrogen per 
oxide and an aikali may be used with equally 
good results. Ordinarily, the alkaline perOXide 
bleach will be effected at a pH of 9.5 to 13, pref 
erably 10 to 12; and at temperatures of 100-200 
F., preferably 150-190° F. Higher or lower alka 
inities and temperatures may also be used. The 
various bleaching stages may be carried out at 
any pulp consistencies customary or desirable for 
any given process. 

I claim: a 
1. In a process for beaching chemical Wood 

pulps wherein the pulp is treated under alkaline 
conditions with a calcium compound yielding cal 
cium ions and then treated with alkaline per 
oxide, the improvement comprising acidifying 
said pulp intermediate said treatments, without 
simultaneously bleaching said pulp to any Sub 
stantial extent, with an agent from the group 
consisting of hydrochloric acid and chlorine to a 
pH not higher than 6. 

2. In a process for bleaching chemical Wood 
pulps wherein the pulp is treated with calcium 
hypochlorite and then treated with alkaline 
peroxide, the improvement comprising acidifying 
said pulp intermediate said treatments, without 
simultaneously bleaching said pulp to any sub 
stantial extent, with an agent from the group 
consisting of hydrochloric acid and chlorine to a 
pH not higher than 6. 

3. In a process for bleaching chemical Wood 
pulps wherein the pulp is treated under alkaline 
conditions with a calcium compound yielding cal 
cium ions and then treated With alkaline per 
oxide, the improvement comprising acidifying 
the pulp intermediate said treatments, without 
simultaneously bleaching Said pulp to any Sub 
stantial extent, with an agent from the group 
consisting of hydrochloric acid and chlorine to a. 
pH of 2 to 5. 

4. In a process for bleaching kraft pulp 
wherein the pulp is treated under alkaline con 
ditions with a calcium compound yielding cal 
cium ions then treated with alkaline peroxide, 
the improvement comprising acidifying said pulp 
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intermediate said treatments, without simu 
taneously bleaching said pulp to any Substantial 
extent, with an agent from the group consist 
ing of hydrochloric acid and chlorine to a pH 
of 2 to 5. - 

5. A process for bleaching kraft pulp compris 
ing partially bleaching said pulp with calcium 
hypochlorite, acidifying the partially bleached 
pulp, without simultaneously bleaching Said par 
tially bleached pulp to any substantial extent, 
with an agent from the group consisting of hy 
drochloric acid and chlorine to a pH of 2 to 5 
and further bleaching the pulp with an alkaline 
peroxide Solution. 

6. The process of claim 5 wherein the pulp is 
acidified to a pH of 2.5 to 4. 

7. The process of claim 5 wherein the alkaline 
peroxide bleach is carried out at a temperature 
of 150 to 190 F. and at a pH of 10 to 12. 

8. The process of claim 5 wherein the acidify 
ing agent is hydrochloric acid. 

9. The process of claim 5 wherein the acidify 
ing agent is chlorine. 

FRANCIS L. FENNELL. 
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