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Abstract 
A clean portion of fiber suitable for 
bleaching was separated by centrifugal 
cleaning when a commercial aspen 
corrugating grade of neutral sulfite 
semichemical pulp and experimental 
pulps varying in yield were used. Re­
lations were also shown between yield 
of unbleached pulp, the chemical re­
quirements for pulping and bleaching, 
and pulp quality. 
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lntroduction 


This study was made at the Forest requirements for bleaching the clean 
Products Laboratory to determine; (1) fiber portion by one- and three-stage
if a bleachable fiber fraction could be processes, and the quality of the 
separated from a commercial cor- bleached pulps; and (3) possible advan­
rugating grade of aspen neutral sulfite tages of using unbleached pulp of lower 
semichemical pulp; (2) the chemical yield for producing the bleached pulp. 

Results and Discussion 

1. A commercial corrugating grade
of aspen neutral sulfite semichemical 
pulp like the one used in this study can 
be centrifugally cleaned satisfactorily
for the production of clean bleached 
pulps by the use of 12-, 6-, and 3-inch 
cleaners in series. The rejects, which 
could be as much as 50 percent in com­
mercial operation, would be usable in 
1 This work was done earlier in association 

with the late Ralph M. Kingsbury, chemist, 
Forest Products Laboratory. 

furnishes for corrugating media. 

2. Chemical requirements for bleach­
ing the cleaned corrugating grade pulp
by one- andthree-stage processes are 
normal for aspen semichemical pulps
of the same yield. 

3. Fully bleached pulps that are equal 
2 

Maintained at Madison, Wis., in cooperation 
with the University of Wisconsin. 
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in quality to those from unbleached 
pulps with yields as low as 65 percent 
can be produced from cleaned corru­
gating grade pulp providing the free­
ness of the corrugating pulp is as high 
as 500 milliliters, Canadian Standard. 

4. Cleaning treatments are essential 
to the production of clean, bleached 
aspen semichemical pulp regardless
of the yield of the unbleached pulp in 
the range of about 65 to 80 percent. 

5. One-stage bleaching with hypo-
chlorite and three-stage chlorine 
bleaching are about equally effective 
inbleaching the small amount of fiber 
bundles and minute specks remaining
in the centrifugally cleaned pulps. and 
a r e  somewhat more effective than 
bleaching with either sodium or hydro­
gen peroxide. 

6. Aspen semichemical pulps can be 
bleached in one stage to a higher de­
gree of brightness with hypochlorite
than with feasible amounts of sodium 
or hydrogen peroxide. The brightness
of the pulps bleached with sodium per­
oxide, however, receded only about 
one-third as much as that of hypo-
chlorite bleached pulps. 

7. The chlorine required in the three-
stage bleaching to about 85 percent 
brightness decreased linearly to 57 
percent as the yield of unbleached pulp
decreased from about 80 to 65 percent 
and the lignin content decreased as 
much as 50 percent. In one-stage
bleaching with hypochlorite and sodium 
peroxide, pulp brightness increased 
about 10 percent with decreasing yield
of unbleached pulp. 

8. The energy required for fiberizing
cooked chips and the amount of bleach­
ing chemicals required per ton of 
bleached pulp are directly propor­
tional to yield ofunbleached pulp. The 
amount of wood and pulping chemicals 
required per ton of bleached pulp are 
inversely proportional to the yield of 
unbleached pulp. 

9. The strength of aspen semichem­
ical pulps in the yield range of 65 to 
80 percent can be increased about 5 to 
20 percent by bleaching with the three-
stage chlorination, caustic soda ex­
traction, and hypochlorite process,
because of removal of lignin in the 
bleaching process. Little if any
change in pulp strength can result 
from one-stage peroxide or calcium 
hypochlorite bleaching, because of 
limited removal of lignin by these 
treatments (tables 1 and 2). 

10. The high brightness pulps show 
no consistent difference in strength 
over the range of about 65 to 80 per­
cent yield of unbleached pulp. The 
strength of the unbleached and one-
stage bleached pulps, however, is 
somewhat better for the lower yield
pulps than those in the upper yield 
range. 

Cleaning Treatments 

The appearance of the commercially
cleaned pulp showed that the 12- and 
6-inchcleaners remove practically all 
of the shives and a high proportion of 
the fine dirt particles. Recleaning
centrifugally with the 3-inch cleaner 
removed a small amount of dirt. 

Rejects from one pass of the experi­
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Table 1.--Strength values for certain commercial and 
experimental aspen unbleached semichemical 
pulps 

1Cleaned with 12- and 6-in. centrifugal cleaners in series at the mill and 
then with two 3-in. cleaners at the Forest Products Laboratory. The 
freeness before cleaning with the 3-in. cleaners was 260 ml., Canadian 
Standard. 

2Interpolated values. 
3Cleaned at the Forest Products Laboratory with two 3-in. cleaners in 

series. 
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Table 2.--Strength values for certain cleaned and bleached commercial 
and experimental aspen semichemical pulps1 

1Values for 300 ml. freeness are interpolated. 
2Ca(OC1)2 and Na2O2 signify 1-stage bleaches. 

4 FPL 7 




mental pulps through the 3-inch clean- to remove shive-type material by rif­
er ranged from 9 percent for the low fling, because the amount of pulp was 
yield pulp to 15 percent for the high too small to use the large centrifugal
yieldpulp (table 3). It was necessary cleaners. 

Table 3.--Centrifugal cleaning data for experimental 
aspen neutral sulfite semichemical pulp1 

1Two 3-in. cleaners in series. 
2Unbleached. uncleaned pulp. 

Pulp Freeness and Brightness 

In the production of bleached neutral 
sulfite semichemical pulps of max­
imum brightness, it is necessary to 
maintain the highest freeness in mil­
ling that will provide adequate shive 
reduction (about 500 to 600 milliliters). 
This range became apparent in previ­
ous workonneutral sulfite semichemi­
cal pulps from mixed hardwoods. 3 It 
was found that the pulps refined to a­
3 McGovern, J. N., and Simmonds, F. A. 

Bleached semichemical pulps from mixed 
eastern hardwoods for use in high-grade bond 
paper. Tappi 36 (9): 385-390. 1953. 

bout 140 milliliters freeness required 
1 to 1.5 percent more chlorine (based 
on pulp) to bleach to 85 percent bright­
ness than when the pulp was refined 
to 250 to 550 milliliters. Similarly, 
the brightness of an aspen semichem­
ical pulp beaten to 260 milliliters free­
ness and bleached by a three-stage 
processwas 2.4 points lower than that 
for the same pulp beaten to 410 milli­
liters. 

Probably the lower brightness at the 
lower freeness was due to an increase 
in the bonded area of the sheets. This 
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is a decrease in the area of fiber sur­
face available for scattering the inci­
dent light. The final result is an in­
creased absorbance of light. This is 
essentially the explanation given by 
Rapsonforthe decrease in the bright­
ness ofbleached pulp during beating. 4 

Allowance should be made for a de­
crease in freeness during bleaching, 
which may be as much as 100 or 200 
milliliters. 

Bleaching Treatments 

Results of previous work at the Forest 
Products Laboratory show that the 
shives and dirt in aspen semichemical 
pulps can be bleached effectively with 
the three-stage chlorination process 
by using 30 to 35 percent of the total 
chlorine in the form of hypochlorite. 
However, the removal of shives and 
dirt by centrifugal cleaning is a more 
effective method. Furthermore, this 
treatment prevents the formation of 
"shiners" from bleached shives if the 
pulp is used for calendered papers. 

A distribution of chlorine somewhat 
more favorable to strength retention 
can be used in the three-stage bleach­
ing of centrifugally cleaned pulps. 

Strength, Cleanliness, and Pulp Yield 

The bursting strength increased about 
30 percent with decreasing yield of un­
bleached pulp from 80 to 66 percent, 
but tearing resistance remained es­
sentially the same. The cleanliness 
of the bleached pulps and the strength 
of the pulps after bleaching with the 
three-stage process showed that these 
qualities were independent of the yield 
of unbleached pulp. 

Cost Factors 

Wood, chemicals, and power require­
ments for the production of the bleached 
pulps given in table 4 can be used for 
calculating the cost per ton of bleached 
pulp at various yields of unbleached 
pulp. 

Procedure 


Commercial Pulp 
oratory. Some dirt and small shives 

A quantity of commercial aspen semi- remained in the pulp, so the pulp was 
chemical pulp that was cleaned cen- processed further with 3-inch cleaners 
trifugally with 12- and 6-inch cleaners at the Laboratory. The cleanliness of 
was obtained for bleaching experi- the unbleached pulp was improved by 
ments at the Forest Products Lab- this treatment. 
4 Rapson, W. H., Anderson, C. B., and Avon, 

G. L. The effect of beating on pulp bright­
ness. Pulp and paper Mag. Can. 60: T-167-
T-172, illus. June 1959. 
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Table 4.--Wood, chemicals. and power required per ton of bleached 
pulp at three levels of unbleached pulp yield 

1Chlorination, extraction, hypochlorite.

2Calcium hypochlorite.

3Unbleached pulp yield.

4Chips ready for digestion.

5 Moisture-free basis. 


The cleaned pulp was bleached in three 
s t a g e s  consisting of chlorination, 
caustic soda extraction, and calcium 
hypochlorite, and in one stage with 
calcium hypochlorite. The details of 
the bleaching treatments are given in 
tables 6 and 7. 

Experimental Pulps 

Unbleached pulps. --Three aspen neu­
tral sulfite semichemical pulps with 
yields of 80.5, 72, and 66.4 percent 
were produced at the Forest Products 
Laboratory. Pulping conditions and 
values for brightness and lignin con­
tent are given in table 5. The un­
bleached pulps were cleaned by screen­
ing through 12- and 8-cut flat plate 

screens followed by centrifugal clean­
ing in one pass through two 3-inch 
cleaners in series. 

Bleached pulps. --Bleached pulps in 
the brightness range of 84.5 to 87 per­
cent were produced with the three-
stage process used for the commer­
cial pulp (table 6). 

The amount of hypochlorite used in the 
last stage of each bleach was selected 
as adequate for bleaching residual 
shives and dirt, and low enough to 
avoid harm to pulp strength. For ef­
fective removal of chlorinated lignin 
in the extraction stage, sodium hy­
droxide was added to a pH of 11 to 12. 
Although the temperature during ex­
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Table 5.--Neutral sulfite semichemical pulping of aspen 


1 Chips steamed 0.5 hr. at atmospheric pressure before impregnating.
2 

36-in. double disk refiner. 

tractionis not critical, a higher tem- percent brightness were produced by 
perature was used in bleaching the one-stage treatments with calcium 
commercial pulp as a possibility for hypochlorite, sodium peroxide, and 
producing a cleaner bleached pulp. hydrogen peroxide. The conditions 

used in these treatments are given in
Slender shives not removed by the 3- table 7. 
inch cleaner and not completely 
bleached by the three-stage process, In the hypochlorite treatment, the high 
were removed by riffling with a cas- initial pH (about 11.5 to 12), is essen­
cade-type riffler. This was done be- tial for maximum brightness. The 
fore bleaching the 66-percent-yield moderate temperature and use of sil­
pulp, and after bleaching the 72- and icate solution help to maintain pulp 
80-percent-yield pulps. strength. 

Bleached pulps in the range of 68 to 78 Brightness recession values of the 
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Table 6.--Three-stage bleaching of aspen neutral sulfite semichemical pulps 

1Chlorination 1 hr. at 25° C., 2 to 2.5 percent consistence. 
2
Alkaline extraction 1 hr. at 10 percent consistence. Initial pH 11.1-12.4, 

final pH 10.2-12.0. 
3Hypochlorite stage: 4 hr. at 36°-38° C. and 10 percent consistence; pH held 

in the range of 8.4-10.4 with caustic soda. Percentages fo r  hypochlorite 
are in terms of available chlorine. 
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Table 7.--One-stage semibleaching of aspen neutral sulfite semichemical pulps 

1 Temperature and consistence were 35°-36° C. and 10 percent for hypochlorite, 
50°-51° C. and 13 percent for sodium peroxide, and room temperature and 30 
percent for hydrogen peroxide. The sodium peroxide and hydrogen peroxide 
bleaching solutions contained 0.05 percent of epsom salts based on pulp to 
stabilize the bleaching solution. 

2 The yield based on unbleached pulp was 99.5 percent. 
30.75 percent of sulfuric acid added. 
4 50 percent solution, cold steep process. 
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Table 8.--Recession of brightness of pulps after 
different bleaching treatments 

pulps after the different bleaching and bleached pulps was made according 
treatments are given in table 8. to TAPPI methods. 

Strength data for the unbeaten pulps,
Evaluation of Pulp Strength and for the beaten pulps, interpolated 

at 300 milliliters freeness are given 
The strength evaluation of unbleached in tables 1 and 2. 
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SUBJECT LISTS O F  PUBLICATIONS ISSUED BY THE 

FOREST PRODUCTS LABORATORY 

The following a r e  obtainable f ree  on request f rom the Director, Fores t  
Products Laboratory, Madison 5, Wisconsin. 

List of publications on 
Box and Crate Construction 
and Packaging Data 

List of publications on 
Chemistry of Wood and 
Derived Products 

List of publications on 
Fungus and Insect Defects 
in  Fores t  Products 

List of publications on 
Glue, Glued Products, 
and Veneer 

List of publications on 
Growth, Structure, and 
Identification of Wood 

List of publications on 
Mechanical Proper t ies  and 
Structural Uses of Wood 
and Wood Products 

Partial list of publications for 
Architects, Builders, 
Engineers, and Retail 
Lumbermen 

List of publications on 
F i r e  Protection 

List of publications on 
Logging, Milling, and 
Utilization of Timber 
Products 

List of publications on 
Pulp and Paper 

List of publications on 
Seasoning of Wood 

List of publications on 
Structural Sandwich, 
Plastic Laminates, and 
Wood-Base Aircraft 
Components 

List of publications on 
Wood Finishing 

List of publications on 
Wood Preservation 

Partial list of publications for 
Furniture Manufacturers, 
Woodworkers and Teachers 
of Woodshop Pract ice  

Note: 	 Since Forest Products Laboratory publications are so varied in subject, 
no single list is issued. Instead a list is made up for each Laboratory 
division. Twice a year, December 31 and June 30, a list is made up 
showing new reports for the previous 6 months. This is the only item 
sent regularly to the Laboratory's mailing list. Anyone who has asked 
for and received the proper subject lists and who has had his name placed 
on the mailing list can keep up to date on Forest Products Laboratory 
publications. 
lists. 

Each subject list carries 
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