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Summary 

Quaking aspen (Populus tremuloides) from Colorado was pulped at the
Forest Products Laboratory by the groundwood, sulfite, neutral sulfite
semichemical, and sulfate processes. Magazine coating-base papers were
made with the groundwood and sulfate pulps in the furnish. The results
show that aspen grown in this locality is equivalent to that grown in the
Lake States for pulp and paper manufacture.

Introduction 

Aspen and cottonwood are plentiful in the Southern Rocky Mountain area
but have not been used as sources of pulpwood, even though these same
species are widely used for this purpose in the Lake States. This abun-
dance of aspen and cottonwood in the Southern Rockies is shown by the
net volume of about 3.12 million board feet of live saw timber on commer-
cial forest lands aloneyg or nearly 8o percent of the volume in the Lake
States. In Colorado and New Mexico the total volume of these woods is
about 2.58 million board feet. The wood of these species grown in the
Rocky Mountain area is probably as suitable for papermaking as that grown
in the Lake States, but there is a possibility that some physiological
differences attributable to locality of growth could affect their useful-
ness. This report discusses pulping and papermaking experiments on aspen
wood obtained from Colorado and compares the results with those previ-
ously obtained from Lake States aspen.

1Maintained at Madison, Wis., in cooperation with the University of
Wisconsin.

Forest Service. Timber Resources for America's Future. U. S. Dept.
Agr. Forest Resource Report No. 14, January 1958.
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Descri Lion of the Woo d

Approximately, one cord of aspen, cut in the vicinity of Kremmling, Colo.,
was supplied to the Forest Products Laboratory by the U. S. Forest Serv-
ice Regional Office at Denver. The shipment (No. 3336) consisted of
89 peeled logs, 4 feet in length. Disks cut from 20 randomly selected
logs had the following average physical characteristics:

Density (moisture-free weight and green volume) 20.8 lbs. per cu. ft.

Diameter	 6.8 in.

Rings per log	 46

Rings per inch of radius	 13.6

Since the wood was received without bark, positive identification was not
possible but it most probably was quaking aspen (Populus tremuloides).
The density of the wood in this sample was within the range of aspen
grown in the Lake States.

Groundwood Pulping 

The groundwood pulping was done at the Forest Products Laboratory with
the experimental 3-pocket grinder. The grindstone is 54 inches in diam-
eter and 8 inches wide. Two stones were used in the experiments, one of
90-grit aluminum oxide abrasive and the other a natural sandstone. The
groundwood pulps were screened on a flat-plate screen having slots
0.008 inch in width. The pulp test sheets of about 115 pounds base weight
(ream of 500 sheets, 25 by 4o inches) were tested by TAPPI standard
methods. The screen analyses were made on an Appleton Selective screen.
Data on the grinding of the wood and tests of the pulps are given in
table 1. For comparison, data on two typical groundwood pulps made from
Lake States aspen are included in the table.

By varying the pressure of the wood on the grindstone and the condition
of the grinding surface, pulps ranging rather widely in strength proper-
ties were obtained. Pulps produced in grinder runs Nos. 974 and 975
using a grindstone with a medium dull grinding surface were not much dif-
ferent in energy consumption per ton of wood ground and in pulp proper-
ties, even though made at different grinding pressures. They were also
comparable to a pulp made from Lake States aspen at an intermediate pres-
sure (grinder run No. 931). The similarity of the Colorado and Lake
States aspens for groundwood pulping is shown further by comparing grinder
run No. 980 (Colorado) with No. 943 (Lake States), both made with nearly
the same grinding pressure and stone surface condition. The high freeness
of the Colorado aspen pulp indicates it might be advisable to grind the
wood on duller surfaces than was used in this experiment.
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The net effect of increasing pressure as the stone becomes duller is
shown in grinder runs Nos. 982, 983, and 986. The energy consumption
was reduced markedly with each step increase in pressure. The screen
analysis indicates an increase in the percentage of longer fibers and
the pulp strength remained high and relatively constant. As was reported
for Lake States aspens the most favorable grinding conditions appear to
be obtained by the use of high pressure and a dull grinding surface.

The pulps from grinder runs Nos. 982-and 996 were used in making coating-
base paper.

These experiments show aspen from Colorado as represented by this sample
will produce about the same quality of groundwood pulp as aspen from the
Lake States.

E2211LELaLELE

A duplicate pair of small-scale (0.8-cubic-foot-capacity digester)
calcium-base acid-sulfite cooks were made on the aspen from Colorado
using a liquor containing 1.14 percent combined sulfur dioxide and 5.47
percent total sulfur dioxide. The cooking time was 9.5 hours, of which
3.5 hours were at the maximum temperature of 125° C. The average of the
yields of screened pulp obtained was 55.5 percent based on moisture-free
material. The average of the permanganate numbers of the pulps was 12.3.
The cooking data and average chemical analysis of the two pulps are given
in table 2. The pulp strength data are given in table 3. Both tables
contain data on a pulp with about the same permanganate number obtained
from a sample of Lake States aspen.

After beating, and compared at the same freeness, the Colorado aspen
pulp was higher than the Lake States pulp in all strength properties; in
some properties the difference was appreciable. The brightness of the
unbleached Colorado aspen pulp was also higher than that of the Lake
States pulp though the reason may be attributed to the fact that the
latter had been processed before making the brightness determination.

Semichemical Pulping

Small-scale neutral sulfite semichemical pulps were made in duplicate on
the Colorado aspen. The average results of the two cooks are given in
tables 4 and 5, along with data for Lake States aspen neutral sulfite
semichemical pulp made under almost the same conditions. The yields and
chemical analyses of the pulps made from the two samples of wood are

Aiyttinen, Axel, Mackin, G. E., and Schafer, E. R. Experiments on the
Grinding of Quaking Aspen and Use of the Pulp in Printing Paper.
Forest Products Laboratory Report No. 1697, 1956.

Report No. 2180



nearly identical (table 4). The Colorado aspen pulp at 650 milliliters
Canadian Standard freeness was practically equal to the Lake States aspen
pulp in strength properties (table 5). At the lower freenesses of 450
and 250 milliliters, the Colorado aspen pulps were like the Lake States
aspen pulps in bursting and tearing strengths, but much better in folding
endurance and breaking length. The Lake States pulp was bulkier (had
lower density of test sheet) than the Colorado pulp at all freeness
levels. The brightness of the two pulps was about the same.

Sulfate Pulping 

The average data for the yields, permanganate numbers, and bleach require-
ments of pulps produced from Colorado aspen are shown in table 6 to be
practically identical to pulps produced under the same conditions from
Lake States aspen. Both unbleached and bleached pulp test sheets of
Colorado aspen were stronger and denser than those made from Lake States
aspen pulp when pulps beaten to the same freeness were compared. The
differences in folding endurances and breaking lengths were appreciable,
as were observed also for the neutral sulfite semichemical pulps.

A larger scale cook of Colorado aspen (digestion No. 4113) was made to
supply pulp for papermaking experiments. Though cooked to the same yield
and permanganate number as the small-scale cooks, the unbleached pulp,
beaten to the same degree of freeness, was a little stronger.

Papermaking 

Several experimental paper machine runs were made to produce magazine
coating-base paper from the Colorado aspen groundwood and bleached sul-
fate pulps. The furnishes and properties of the papers are given in
table 8. Data for a commercial coating-base paper are also included.

A paper (machine run No. 4691) consisting entirely of Colorado aspen
pulps--60 percent as groundwood pulp and 4o percent as sulfate pulp--was
equal to the commercial magazine paper in tensile strength, but was
weaker otherwise. Substitution of a commercial Douglas-fir sulfate pulp
for half of the Colorado aspen sulfate pulp (machine run No. 4692) raised
the tearing resistance to that of the commercial paper. When the stock
wasjordaned the bursting strength of the paper (machine run No. 4693)„ 
was raised to that of the commercial paper, but the tearing resistance
was lowered a little.

For machine run No. 3930, Colorado aspen groundwood pulp was mixed with
an equal portion of a commercial softwood sulfite pulp. The paper was
nearly equal in tearing, folding, and tensile strengths, but lower in
bursting strength than a paper (machine run No. 4303) in which the
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Colorado aspen groundwood was replaced with a commercial groundwood made
from one-third Lake States aspen and two-thirds spruce. This paper
(No. 3930), though higher in tearing resistance, was not .as strong other-
wise as the commercial coating-base paper.

Conclusions

Quaking aspen (Populus tremuloides) grown in Colorado and other localities
in the Southwest is a satisfactory wood for the production of pulp and
paper. The sulfite pulp was stronger than a comparable pulp made from
Lake States aspen. Pulps made by the other processes were practically
equivalent to those made from Lake States aspen.
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•

1.14
5.47

61.0

2
1
3
3.5

0.97
4.97

64.3

:••••••••••••••••

0•

•
•

• 0

• ••••••••• •• OOOOO •••••

:••••••••••••••••••••••

••••••••••••••• n •••40

••••••••••0.4
55.5

1.3
93.1
79.3
9.0

3.1
1.9

16.2
2.0

12.3

.,.percent:

...percent:

...percent:

...percent:

...percent:

...percent:

Screenings.. .......... • • • •

Screened
Chemical analysis:3.

Lignin••••••••••••••••••
Holocellulose............
Alpha-cellulose..........
Pentosans......
Soluble in:

Alcohol-benzene...........percent:
Ether.....................percent:
1 percent Na0H............percent:
Hot water.......	 --percent:

Permanganate number................:

•• • • • • • • • • • •

••••••••••••••••••••••••

2.7
94.8
83.6
6.5

••••••••••
0.9

10.7
2.8

11.9

Table 2.--Calcium-base acid-sulfite pul in of Colorado and Lake States
uaking aspen to similar permanganate numbers

Pulping conditions and pulp tests Colorado aspen
(Digestions Nos.
1143yy 1144y)

Lake States aspen
• (Digestion No.

5187-I)
•

Pulping:
Cooking liquor:

Combined sulfur dioxide... ..percent:
Total sulfur dioxide........percenA.
Volumel......gal. per 100 lb. wood--:

Cooking schedule:
Room temperature to 105° C..
At 105 ° C...	 • • ••• • • 40 • .hr.:
From 105° to 125°
At 125° C.......... .........hr.:

Room temperature to 90° C.......hr.: •
At
From 90° to 148°

..0000:40

Pulp:
Yield: --

•..... • • ••••• • •••
••••••••••••••••••:

••••••••••••••••••:

••••••••••••••• •
•
•

At 148° C...	 •••••••••••

0. 5
0.5
5.25
0.25

-Includes moisture in the chips
-Based on moisture-free wood.

Based on moisture-freepulp.

Report No. 2180



co rd
co a)
a) rq

0
-P
r0
40 H

•H rf:1

4-19

•• •• •• •• ••

"ti

co
4-,

a)
a3

;-4

rd
01

• a3
rd

rCd	

-I-3

• (1)
• r0

-• P

0
P4	 -P
0

rd 	 -P 0
U)

• a)
CO	 -I-3 	 Pi

H a)
r0	 •	 r-1

0 C)	 H
4-3

;.4 	 a3
o
4-1 0 ro
reN	 rd

• •	 rd
ra

rot	 a3
LC\ 0
C\1	 a3	 0

-P
s's

a)	 rd
roo 	 4-, 	 (1)

O co
ei--1

• (1)
rd 0

4-3 	0	 a)	 $-1
co 0 4-3
O If\ 03
al	 H to
V) CH 0 ai

o p
CO

a)	 p4
-P

• (1)
4'46NA-1_1-1'1i

	
.	 ..	 •	 .

	

.	 .	 .	 .,

	

.	 ..	 .

	

.	 .	 •	 .

	

.	 .	 .	 •

	

.	 .	 .	 •
n.0	 .	 .	 N	 •	 .

	

n.	 .	 .....t	 .	 •

	

.	 .	 .	 .

	

.	 .	 .	 .

	

.	 .	 .	 .

	

.	 •	 .	 .

	

.	 .	
••	

.	 .
	•• •• •• •• •• •• 	•• •• — ••	 — — •• •• •• ••

I

(441 • I
0 4 Ch

VD4 N.-	 N-
01	 CO

• 1	 I

C.5

0
• •	 •	 •

• •• •• •• •• •• •• •• •• •• •• o• •• •• •• •• •• •• •• •• ••

4-3

(1)

C.)

;-4
a)

	

0 o o	 o o 0
r\c'	 o	 o	 o	 tr-\

a)	 0 4"	 N- CO
4-3 	 h	 h
a)	 co co

• '&;	
.• •• •• •• •• •• •• •• 	 •• •• •• •• •• •• •• • • ••

rd

	-1. 0 0	 H H 01(1)	 H	 CO	 t-1	 r-1	 .-t
H	 r-1	 r-1
r0
o
A• •• •• •• •• •• •• •• •• •• ie• •• •• •• •• •• •• •• •• •• •• ••

-11
a) a) al

• a)

RI P-1 0 1
‘,0

o
• •	

VD	 H	 trn
tf\• •

C.5
+1	 0

• ••  •• •• •• •• •• •• •• •• •• •• •• •• •• •• •• •• •• • • • • • •

a) a)
pw PI I

• a) C\I
•

N-
• •	

4- 4- in
• • •

P-1 r-1
-P
ra 0 1 ;-4	 0

• •• •• •• •• •• •• •• •• •• •• •• •• •• •• •• •• •• •• •• •• ••

	o 0 0	 0 0 0

	

C\I	 n	 CC)	 LC\	 LC\

	

14-1	 C\1	 K\

••	 • •6 •• •S	 •• •• •• •• •• •• •• •• •• •• ••	 •• •• •• •• ••

...---.

	>a	 H

	

K1	 1

	

..t	 N-
Hco

	

H	 H
n

0•

	

co	 a) •

	

o	 p4
• Z	 co M.--11	 ,
(1)	 al	 ro

	

Pi 0	 0	 0 (1)

	

co 0	 0 KI	 KI	 co 0 U) rel	 I'l

	

Cli 'H "---' -1-3 	 a) .,--1 co

	

-P	 co	 a)	 a)	 -P -I-3 a)	 a)	 a)

	

0 (0 -4. a)	 -4-3	 4-3	 a3 w c.)	 4-3	 -1-)

	

rd a) --1. r0	 ca	 cc)	 4-3 a) o	 co	 coal t)0 1-1	 a)	 a)	 Ca tiO ;--4	 a)	 a)
;-4 .r1 r-1	 124	 Cill	 •H 114	 P	 P

r

	

A	 a), g

	

--I .......	 ,,..	 ..,-,
O co0	 1--.1

di

Report No. 2180



•

♦
•

•

Table 4.--Neutral sulfite  semichemical .ulping of ,Colorado
and Lake States aspen to about the  same yield

Pulping conditions
and pulp analysis

Pulpingl

Colorado	 : Lake States
aspen	 :	 aspen

:(Digestions Nos.:(Digestions Nos.
: 1145y, 1146y	 970y, 997y,

•
	

1058Y)
• 	

Liquor charged:	 •
Concentration, Na003..	 .. ....•.gm. per 1 .:	 44.6
Concentration, NaHC0..	 .... ....gm. per 1.:	 15.93 
Volume..	 .	 .gal. per 100 lb. of wooda:	 4o.o

:
Chemical applied: 	 Na2S03..... ......percenta:

NaHC0 ............percenta:3 

•

Spent liquor, concentration, Na2S0—gm. per 1.:5 

46.1
16.0

40.0

	

15.0	 15.1

	

5.3	 • 5.6

	

10.7	 13.4

Time to 170°

Time at 170° C..

Yield of pulp...	 ........... 4.percent2:

Pulp Analysisl

Lignin.. •	 • • • • .. .•••••—••—percent:

• • • • • ••• • •.• • • • — .percent:

Alpha-cellulose... ••••••••••••••••••••• percent:

Pentosans.	 ............	 ••••• ...percent:

	

1.5	 :	 3

	

1. 5 	 1.4

	

76.4	 76.2

	

9.9
	

:.•••••••••

•
•

	82.9
	

82.0

	

63.8
	

63.0

	

19.0
	

17.0

••

.Chips steamed lightly for 1/2 hour before adding liquor.
2Based on moisture-free wood.

.Based on moisture-freepulp.
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..... • • • • • o• • • toTime at 170° C•••••••• 1.5 1.5•

0.3
55.9

0.9
54.4......percent:• • • • •Screened pulp........

.hr.:
•

Screenings••••.•••...,..•••••..••••.„.percent:

1.5
•
•

•• 0.5
• 54.9

Pulp

Yield:l

Bleach requirement, total chlorine- .percent:.

11.5

•

Permanganate number... • • • • • • • • • • • 0 • • • • • • • • • •	 10.6
•

Table .--Sulfate pulping of Colorado and Lake States quakin
aspen to similar yield and permanganate number

•

Pulping conditions	 Colorado aspen	 :Lake States
and pulp tests	 aspen

:Digestions:
2825X, :
2826X

Digestion: Digestions
4113 :2945, 2946,

:2947, 2948     
•  

• •   
• • • 

Pul in

Wood chargedl.	 . • .

Chemicals charged:1
Total chemicals (NaOH Na2S

Active alkali as Na20........

Chemicals consumed.....,..,

Time to 170°

: 100

•

• 100

••

17.5	 17.5

13.7	 13.7

30	 30
3.5:1	 3.5:1

••

92	 89
••

1.5
	

1.5	 •
	

1.5
•

Sulfidity....... .. .. .......	 ••
Liquor-wood ratio... ..........

. .lb.:.......

•

• . ....percent:	 17.5	 :

	......percent:	 13.7	 :

	

•...percent:	 30
3.7:1	 •

•

• .. •	 ....percent:	 93

•	 •

•
•

Based on moisture-free wood.
2–Based on total chemicals.

1
Total chlorine based on unbleached pulp.

-4For a brightness of 80 percent.
traction, hypochlorite).

2For a brightness of 83 percent. Three-stage bleach (chlorination, caustic soda,....
extraction, hypochlorite).

Three-stage bleach (chlorination, oxidative ex-
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SUBJECT LISTS OF PUBLICATIONS ISSUED BY THE

FOREST PRODUCTS LABORATORY

The following are obtainable free on request from the Director, Forest
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 Defects in Forest
Products and Decay in Trees

List of publications on
Glue, Glued Products,
and Veneer

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

List of publications on
Mechanical Properties and
Structural Uses of Wood
and Wood Products

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

List of publications on
Fire 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 Practice

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
six months. This is the only item sent regularly to the Labora-
tory'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. Each subject list carries descriptions of all
other subject lists.
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