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Summary

Groundwood, sulfate, and sulfite pulping experiments were made on samples of
northern whitecedar and tamarack from northern Wisconsin, representative of
material available for pulpwood.

Groundwood pulp obtained from the cedar was comparable in strength proper-
ties with that made from spruce. However, its yellowish-brown color, which
apparently was caused by a high percentage of dark-colored heartwood, did
not respond to the normal treatment with bleaching chemicals. Unbleached-
cedar groundwood could be used in darker colored paper and board, but it ap-
peared that bleaching it for use in white paper would not be practicable.

The cedar required longer cooking by the sulfite process, and the yield of
pulp was 2 to 3 percent lower than that of spruce. The strength value of the
unbleached pulp was high. The yield of sulfate pulp obtained from the cedar
was 3 or 4 percent lower than that obtained from jack pine of similar grade,
but its strength was equal to that of jack pine.

The tamarack groundwood pulp was similar to southern pine groundwood pulp,
except that its color was darker. The pulp was easily brightened to the
level required for newsprint by bleaching it with peroxide or hydrosulfite
in a single-stage treatment.

1
-This report previously issued as a Pulp and Paper Division report of limited

distribution.

Maintained at Madison, Wis., in , cooperation with the University of Wisconsin.
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Like the cedar, the tamarack required longer cooking and gave a slightly lower
yield by the sulfite process than did spruce. Its strength was much lower than
that of spruce. Tamarack sulfate pulp was found to be about like jack pine
sulfate pulp, with generally higher tearing resistance. Though yields on a
weight basis by both chemical processes were relatively low, this wood will
give high yields per cord because of its high density.

Introduction

Northern whitecedar and tamarack have been used for pulp manufacture in the
Lake States for many years, but only in small quantities because of the avail-
ability of other softwoods with generally better pulping qualities. Because
of heavy cutting for lumber and pulp and inadequate regrowth, the decline in
the supply of the better conifers has now become a matter of much concern.
The cedar and tamarack swamps have been cut less heavily, and so these woods
are increasing in volume. More use of them could relieve the drain on other
softwoods, as well as be a hell.) in improving forest management, especially
in areas where they grow in mixed stands with other softwoods.

This report deals with the pulping of these two woods by the groundwood,
sulfate, and sulfite processes, and the kinds of paper in which they can be used.

Test Material

Approximately 1 cord of each of the two woods was shipped to the Forest Products
Laboratory by the Lake States Forest Experiment Station. The trees had been
cut in the vicinity of Wausau, Wis., and the bark removed from the 8-foot logs
before shipment. The wood was practically air dry when received. The moisture
content ranged from 15 to 20 percent (based on the weight of the wood and
moisture).

Northern Whitecedar (Thuja occidentalis)

The physical characteristics and chemical constituents of the northern white-
cedar sample are given in table 1. The average density of 19.1 pounds per
cubic foot (based on the weight of the moisture-free wood and its volume when
green) is lower than that of any of the coniferous woods now used for pulping.
The sample contained a large amount of heartwood, an important factor in
determining the quality of the wood for groundwood pulping.

Tamarack (Larix laricina)

The data on tamarack from this sample are in table 1. In contrast to the
cedar, the density of this wood was 30.6 pounds per cubic foot, much higher
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than most of the northern softwoods used for pulping. In average age, number
of rings per inch, and volume of heartwood, the tamarack was much lower than
the cedar.

Experimental Procedures

Groundwood Pulping

The experimental grinder used for these tests has 3 pockets, each 16 inches
wide, and takes blocks of wood 6 inches long. The pulpstone is 54 inches in
diameter and 8 inches in width. A sandstone was used. The nearly air-dry
wood was impregnated with cold water under air pressure before it was ground.
About 50 pounds of wood (estimated moisture-free weight) were ground in each
experiment.

Sulfate Pulping

The sulfate digestions were made in a stainless-steel, tumbling autoclave of
0.8-cubic-foot capacity and equipped with a steam-heated jacket. The digester
was charged with 5 pounds of chips (estimated moisture-free weight) and 2.4
gallons of cooking liquor. After a digestion was completed, the chips were
emptied from the autoclave into a drain box, then defibered in water in a
tank equipped with an electric stirrer.

Sulfite Pulping

Sulfite pulping experiments like the sulfate pulping tests were made in tum-
bling,0.8-cubic-foot digesters with indirect heating. The same volumes of liquor
and of chips were used in all digestions. Therefore, the ratio of gallons of
liquor to pounds of wood was greater for the cedar wood than for the tamarack
because of its lower density. Because both the cedar and tamarack were nearly
air dry, the chips were lightly steamed in the digester before the cooking
liquor was introduced, to increase their moisture content and so help the
diffusion of the chemicals into the wood.

Screening

All pulps were screened on a diaphragm-plate screen. The plate used for the
sulfate pulps had slots 0.012 inch wide (12-cut), and the plate used for the
groundwood and sulfite pulps had slots C.008 inch wide (8-cut). Inasmuch as
the digesters were emptied by dumping the contents instead of blowing them
out, the first screenings of the sulfite pulps were mildly stirred in water
by mechanical means to simulate the action that might occur if they were blown
and "pumped to the screen." They were then rescreened. In the tabulation
of the data, "hard" screenings are those retained on the plate in the second
screening, and "soft" screenings are those which passed the plate in the second
screening.
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Bleaching

Small-scale bleaching tests were made to determine the response of the cedar
and tamarack groundwood pulps to one-stage treatments with peroxide, hydro-
sulfite, and hypochlorite. The dosage of chemicals and other experimental
details are included in the tabulated data.

Testing

Standard TAPPI pulp testing procedures were followed. The only test made for
which there is no standard is the Bauer-McNett screen classification test
used on the groundwood pulps.

Pulping of Northern Whitecedar

Groundwood Pulping

The data for three groundwood pulping experiments are given in table 2. The
pulps ranged in Canadian Standard freeness from 43 to 140 milliliters, within
which groundwood for use in printing papers, such as book and newsprint, is
manufactured. The strength of the pulps was as high or higher than that of
typical commercial pulps of the same freeness. The data indicate that the
amount of energy consumed would be comparable to that consumed in commercial
practice. Because of the high proportion (67 percent) of dark-colored heart-
wood in the wood, the color of the groundwood was yellowish brown and the
brightness in the low range of 36 to 39 percent.

Bleaching experiments on the cedar groundwood pulp are summarized in table 3.
The response to bleaching was not good. Calcium hypochlorite and hydrogen
peroxide were better than sodium hydrosulfite for bleaching, but the bright-
ness obtained with the normally used amounts of these chemicals was only
52 percent.

The experiments indicated that unbleached cedar groundwood pulp could be
used in large amounts in papers and boards where color is unimportant and ,
perhaps mixed in small amounts with other groundwood in lighter colored papers,_
but that it would not be practical to bleach it for use in white papers.

Sulfate Pulping

The sulfate pulping experiments made on the northern whitecedar consisted of
a series of digestions made with from 17.5 percent to 30 percent of total
chemical, based on the weight of the wood. A constant sulfidity of 25.5
percent was maintained in the cooking liquor. The cooking conditions are
given in table 4.
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The yield of moisture-free screened pulp decreased from 46.6 to 39.1 percent
of the weight of the moisture-free wood as the amount of chemical was increased.
Similarly, the amount of screenings decreased from 2.8 to 0.1 percent. The
screenings appeared to be mostly the remains of small knots.

Handsheets made from the pulps were relatively light colored compared with most
kraft pulps. Judged by the permanganate numbers, cedar pulped to about 40 per-
cent yield with 28 to 30 percent of total chemical would be fairly easy to
bleach. One digestion (No. 3453) was cooked an additional hour in an effort
to lower the permanganate number. The longer cook did reduce the permanganate
number, which indicated a reduction in the amount of bleaching chemical that
would be required without reducing the yield of unbleached pulp.

As noted in table 5, the cedar pulps required more beating time to reach the
same freeness level than did the commercial jack pine sulfate pulp used for
comparison. The cedar pulps had slightly greater tearing resistance and
tensile strength, about the same bursting strength / and almost two times as
much folding endurance as did the jack pine pulp. The slight strength
superiority of the cedar pulp 'could be due to its higher sheet density.

Sulfite Pulping

The northern whitecedar was cooked by the calcium-base sulfite process.
Conditions known to be suitable for pulping spruce were used, and are included
in table 6.

Compared with black spruce cooked under similar conditions, the cedar cooked
more slowly, and required perhaps 2 hours longer than the pulps cooked for
easier bleaching. The yields of pulp were several percent lower than those
of spruce cooked. similarly. The best unbleached cedar pulps were strong,
though not as strong as the best spruce sulfite pulp (table 7). Their bright-
ness was also lower than that of spruce. The lower strength values of pulp
No. 1430Y, which had been cooked for 8 hours, are believed to be the result
of overcooking.

Pulping of Tamarack

Groundwood Pulping

A dull stone surface was used in the first two groundwood pulping experiments
on tamarack (grinder runs Nos. 1147 and 1148, table 2). The pulp made at the
lower grinding pressure (run No. 1148) was lower in freeness than most commercial
groundwood pulps, while the pulp made at a higher pressure (run No. 1147) was
slightly higher in freeness and within the range of commercial practice. Its
strength was average. The stone surface was burred lightly, and another pulp
(run No. 1159) was made which had still higher freeness but its strength was
lowered a little. The consumption of energy was reasonable for all the pulps.
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The brightness of the tamarack groundwood was below or near the lower limit
of the range of groundwood pulps used for making newsprint, but it responded
readily to bleaching with peroxide or hydrosulfite in single-stage treatments.
Grinder run No. 1160 was made under conditions duplicating run No. 1159 to
obtain fresh pulp for bleaching tests. The details of the bleaching experi-
ments are given in table 3.

Sulfate Pulping

An increase in the amount of sulfate pulping chemicals from 17.5 percent to
27.5 percent of the weight of the wood caused the yield of tamarack pulp to
decrease from 48.4 percent to 40.7 percent (table 4). The lowest percentage
of chemicals gave inadequate pulping, as shown by the high amount of screen-
ings, 7.4 percent, and the high permanganate number, 311.9. Kraft-type pulp
of satisfactory quality and the highest yield of screened pulp (44.6 percent)
in the series was obtained with 20 percent of chemicals. A pulp suitable for
bleaching was made with total chemicals equivalent to 25 percent of the weight
of the wood; the yield of screened pulp was 41.7 percent, and the permanganate
number was 19.4. The yields of pulp, based on weight of moisture-free materials,
were a little lower than those obtained from similarly cooked jack pine, but
on a basis of pounds of pulp per cord or cubic foot they were appreciably
higher because of the higher density of the tamarack.

The outstanding strength characteristic of the tamarack sulfate pulps was their
tearing resistance (table 5). The tearing resistance was higher than that of
jack pine and lower than that of southern pine. The kraft type of tamarack
pulp had the best bursting strength and breaking length, whereas the bleaching-
grade pulp had the best tearing resistance and folding endurance. The bursting
strength of the kraft-type tamarack pulp was about equal to that of a similar
grade of jack pine pulp. It could be used in making high-grade wrapping paper
and, if mixed with jack pine pulp, would improve the tearing strength as com-
pared to paper made with jack pine pulp alone.

Because of similar pulping characteristics, tamarack and jack pine could be
cooked together provided proper adjustments are made for the change in weight
of wood in the digester caused by the difference in their densities.

In comparison with tests made on samples of western larch (Larix occidentalis),
this sample of tamarack required more chemical for pulping, gave lower yields,
and produced pulps that were a little higher in bursting strength and a little
lower in tearing resistance.

Sulfite Pulping

The tamarack, like the cedar, required more time than black spruce to obtain
an easy bleaching sulfite pulp, and the yields were several percent lower
(table 6). The strength of the tamarack sulfite pulps was lower than that
of the cedar sulfite, as well as that of black spruce sulfite (table 7).
The color of the tamarack pulp was darker than that of spruce sulfite and
similar to that of the cedar pulp. Tamarack sulfite pulps with the higher
permanganate numbers were dirty.
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Table 1.--Physical tests and chemical analysis on northern 
whitecedar and tamarack from Wisconsin

Species 	  Northern : Tamarack
whitecedar

Shipment No 	 • 4324	 : 4325

Physical tests:1–
Diameter 	 inches:	 6.4	 :	 4.7

	years:	 93	 :	 43Age 	
Rate of growth 	 rings per inch:	 28.9	 : 19.1
Specific gravity2 	 	 .306 :	 .491

Density 	 lb. per cu. ft.: 	 19.1	 :	 30.6
Heartwood (diameter) 	 inches:	 5.2	 : 13.3

(volume)  • 	 percent:	 66.7	 24.9

Chemical analysis:Y.- 	 •
Lignin 	 percent:	 29.8	 25.8
Holocellulose 	 percent:	 58.9	 :	 60.4
Alpha-cellulose 	 percent:	 43.6	 : 43.3
Pentosans 	 percent:	 13.6	 :	 8.6
Solubility in:	 :	 •.
Alcoholbenzene 	 6.0	 :	 3.6percent:
Ether 	 percent:	 1.4	 :	 1.5
1 percent sodium hydroxide 	 percent:	 12.9	 : 18.2
Hot water 	 percent:	 5.3	 :	 10.1

Ash 	 .5	 •.	 .	percent:	 .3

1
P- hysical tests made on disks cut from 19 cedar logs and 50

tamarack logs. Average values include all logs in the
samples unless otherwise noted.

2
M- oisture-free weight and green volume.
3
Average for the 25 logs that contained heartwood.
4
–Chemical analysis made on samples of chips used for chemical

pulping. Percentages based on moisture-free wood.



.A CCca a)

it) 0

1,
4-'

•.	 •• ••

La

••
4 ,
-

P+

Dl

Q tr•
01 01 Al

• •	 •
C() 0 \ r-1

C41 lf \
0 \

rR

ON

• • • •• ••

to	 N
OD HI

581E-1

.-4.1d, ••.•
f1I .046'

t 11 51
Fi .;21

[0 Cf) d
I
t?'

05

6

5.4tu. •	 c0 	 \ .0
• 81	 _-,- _1- ty-,• •	 •o

•• •• ••
)	 0 0 001

N 0'
c.'101 01

`j4	
c

0 \ \ 0 C-
r,/ (Y)

01 ,1)
•D	 II •

O

If \
Cfl N O./
0

H al 0)t- t-o 0 0

In UN it...-

CO CO CO
r-4

CO CU N
• •	 •

ON
HI H

C\10

\ \ 0

••

0 0.1 1-1

0 0rn H
Crs

(4'

ON-g-in.	 •	 •

0

3.0
.413 7 rr's

0.1

443 ON OI
• • •

LIN UN
1-4	 rC--el

C-
O 0 0

'O CO

'A NN  

•13 1.- A
1/S1I3 [.•!-
H A H

cn
• •	 •

t- LI, UN
•

1.41 tr,k0

in 0 0
0.1.	 r-

(Aa,11.r.
-I -I (;)

0 0 0 0
rn-1- -1-

0

oi a. CO --13
NO lf \ If UN

-1. ON_1- en

OD en 0\ ‘.0
• •	 •	 •

0 0 0 0
0 t- 'ID 0
N 0 0 er-••
fel 0/

••	 .•

ON 0.1

N al

If'. Cr)

••

• .
0'.-1

8 CO ON
1-1

•

•

•

C

5 '.i.,
k 0-1

cri
PI

.0	 .8

.-,	 q

.
...,

1p.,	 ▪ 	 40:1 to	 a)
Ol 9------.. 3-,H	 1.r.	 44

4 1	 0.1	 ti.

	

OS	 44
}"F	 GOw

	 0
.0 F4	 4-,	 0

o a.)	 CI
0 cH	

a 4)5,-4

O v0 0

P \ 	
0 -P0	

m.0 0	 UN	 I
0ad 0 Oa) 3

0
o •0 gO \ .0	 3.
o .--)	 0.)	 o
3-, H	 1--, 4.
5:'	 0,9 .1 .2.	

P.
	

404a)	 a.)
44 ON C.)	 0	 0)
4' UN IA	 330	 F.4mg U{

Hi. lieH9 0cr.
0.) 05 -I'	 Pe	 ED
CiS	 0	 kr,

a,
P.

	

F4 ''''	
..

VD 0	 tr)	 01	 03	 Pe
44

tql	 }a	 N '''')	 P.

!41 31'
O ,v -I-3.	

40
4'	

0

40
111	 4--1-r'l	 !	

4-1

3	

1,14	 t1

/ rd.d.,4 d, ..

14' g IA	
r'12'	

CV
F4o.,	

... 2  itm.
A	 8	

..,.4	 P.	 dia:, 	 0	 'N	 +3
. -J-1+3. 01	 01	 0

	

,a . 3 3- ,	 t I - 1	 . 0	 4 i PI u	 2 '. q )P - '

	

0 4-,	 4,	 F.4

5
I	 1,11

V g '1=1 	 W	
0	 l'

4.,	 FA	 0	 Q1

O a.P g	 i21	
e!
F4	 0-I	

CF•n 	 .0	 0	 rl

O }	 40 " 0
0 4-1 . 4	 4-4

(1.,	
,	 i2.,'	 1	 ..- 	 E

-'-'• 2 Z	 5
ra -1 g	 1	 .2	 Lt,2 	 ,.,_,

01 0 H	 .1-1	 00▪O 0 g	 10

A

4

m H 	 00	 44	 01-1

CI
"-4HI I	 CAl2 rril--IP-' b-1 43tC) t•-•I CD i



rd
1:1

• ••

• •▪
cd 0
a)

A
a)

F-1

in ON al al
0\ ON

0 cE\ C' 	 0

•• •

0• H

a)

CO

0

•• •

in 0 01-1

•• •• •• •• • •• ••

	

O o 9 o	 o o o o o o
• •	 •

	

H at 0	 N Crl	 ai 0 is\

	

•• .. . • .	 .. .

	

trq_...1- I	 a)

	

a)	 +a

	

MI -p	 .,-1	 MI

	

a) •,-I	 F-1	 a)

	

rd ci-n 	 0	 rd
0 r0 

	

0 En	 C.)	 0•	k 0	 0	 0F-1 rd

	

rd	 0(1)

i P.
r0

4C)

	

ig° 0	 -._.

	

9	 M
0

	

'yd, riZI	
0	 FA

	P 63	
rA	

rd
C.)	.• • 	 .. ..	 .. .

	

al --i-	 \.0	 COI	 I	 I	 I
	H (1-1 	 Li-.	 C--c0 co co oo

0\ 0\ 0\ 0\

	

or) c'- 	 cv-I	 (-I\

cr	 n121
1-1	 n-1 r-I--Is

•• ••

0 0
0 1.1-N

1-1

0

0\   

•• •

0 U-'

\  

• • • ••

0 • Cs- 0
EsN •	 0• H

0 0 0 0 0 ir\
CY\	 crl nD

• • •• •• ••

•• •• •• ••

LI\	 trn 0
Ln

. .
Lc\ 0\ ch

Tr\ H
0\ 0\

• 0rl
• •	 •

0 0 VID
H n-1

0-1_1- _1-

H

000 0 0 in 0
\-0 ON Crl \.0 \.0 N OTh

•• •• •• •• •• •• ••

88 8 8

•• •• •• ••	 •• ••

• cith 0 0 8

•• •• •• •• •• ••

0
Lrn 	 r-1 . .-1 CO LIN (Y1 a) +a

-P
H cvN 0\m 0 O\ 0\ cd	 k

In LC\ Lf \ '.0 Lc\ U-\ 0 0
• --I	 4-1
r-1
• n-f	 tli

	rci a) 	 0

	

0 ,0	 a)
	cd 4-) 	 0

k

	

n (1)	 a)

	

••---. $.4	 PiP.In rd..-t	 g qH	0) 	
.._,,

9 ':,	
01 .0 •

O
71

	

f.1 (1) •,-4	
g xi4 rN a; M 'd 0

W0 PI 4p3d	 F-1 gird •'-:-.1	'-.--..P.i Sibli

O 9 'A	 ---,_c' 0.°Q 	 r,,,., _p'4-1'
-1->
tic') 9:1 co -P	 In

FE 0

P.
A 0 M a.) p u 0 Pial .0 U.-1 a) Hal
Pi	 •,i	 -P ----- ni	 ;.• p

- a)	 0 • ,-1 -I-)

	

rd In	 j:4
-P al

CI
4 04 4iU -,i -P H

rn	 a)	 0 +-,
0

al+] ;-. g
.	 IVPE	 • 0 N ..q 119:1 ko -Po .t0: H>-. 4-5 H
0 • a)	 a) od k 1
t^; 0 0 Pi U -4-a 	0
,-4	 F-1	 H al aS	 EtiH	 a) A 1 c) tri A
•,-i •• P.	 PI cdxi .----•	 1-1 Ed	

4.) 
dr

Sd Pi in k -I-, H	 0 II)
-0al	 0. 4 I,' ' 

0 11O t-i •H
Ed 

Ps 0 00 0 3 040) .du

g-10 rt:SAI	
ti 0 -4-1 	in

-i-D	 rd FA
. 03 ca	 ,q .j 0	 .........-Ti	 •

	

-P	 4 IA
0	 4.)	 •••	 'H
0	 $4	 ----- is 'd 0d	 ,H 0	 a)

ai
0 al	 P. 0 W A 0	 t)v.	 1-1 +) 5	 5-1 LI 0	 Pi • r-I	 F–I
(I)	 a) s-1	 +3	 Cl.$

Pi 	 C1) Of L-r". r–i
fcl ril	

F. c)	 Pi

%0	 • ).• Edcri 4 0 i-i rd
O -P° '4 •,. ! 14 m. 4, .,, 1 , ' 9-lc 	 ' '•

--• 1-

CO	 +a M

. :pH° +%1-1	 -23 48 0 .8 .1 al
En	 -P	 4-) aj	 ca

Pi co
rg 00	 cy) -1-	 .r.0 .;), g

P-1 0 0

	

+]	 al
0 +] 0 0 0 Et1 

id 
•H 0 0 4-)

0)	
W $61 .4	 id id -Pt, 	 q-i

o Pga

a)	 ci 

	 9 0 A -1-' V.
k • 	 +a PA
il- 	 S-i	 A	 F-1	 Pri	 rip 	 0 . I . ',..0 0	 ..-1 ,	 -.-, rd	 .0

	

0-8 0	 ,I.I'P• k 0	 Pi+DP n.0 	 a) -0 is a) 0 -0 .., 74 . rj
00	 Pi P4 irk 53a)	 Obj) -Li i-1	 ?•4	 Pi

-H	 0 •—• 0 k +3 0 .0 0O tr\	 1-1 -P	 Ed	 ..
Fl 11-.'	 Pi 0 N-I a) f-1	 N w 0

	

_.- 4–I rj PA d +,.+:1 0	 0 3
Cial	 0 i.\ 0 4	 -4 a) H
4-)	

in	 ,H. -P ci--i .	 0 -P

41 d rIL 4 .-__,	 0tld	 0	 0)	 w cd	 •O 0

	

a)
Ed A . .-I	 Al HH	 -P a)

m r-1	 Pi	 1.-i •	 FA

	

Uu ri...' E14)=1 cc13	 tij.) "ril 	 E• 2 0
0
O Pi 0 4-) FA 0 Pi q

.4	 r--1 0 01)	
g	 Fs

rd rd q is0 [PI r'l	 0 .4
al	 +'	

ril	 rid0
a) 0  o 0 a)

0 4-p C.)	 N 0. •sll 	 '1) au0	,I

-ff OJCI5 on'T 	 .--I'V

..-1

%.ocf

Cd Is

0
Pi

,01

0

cd

t4)
•S1

Fa

03

a)

a)

Fi

Fi
0

0

Ca
c1,1

rl
0
cd
a)

ta3

a)

0

(4r;

ri

S.4

H



c/a
•• •• •• •• • • •• •• •• •• ••	 • •• •• •• •• •• •• •• ••	 •• •• •• •• ••

.41. 06 00 06 00

1 0 a)
a) 0

-P-P	 rdu)	 .1-1 0
•0	

0 0
0

PLI
H 44 a)4-10000 P.1

rd a) rdH a) o
a) $-4

11-, 0
Pi

66 106 00

a)

a)

$.4

05

0

00 00 00 0* 00

44 I

Ir\MMUNHCOCO
• •	 •	 •	 •	 •	 •

0	 Cr) \ 0
Crl al al a/ H H

60 100 00 41. 60 00 66

-1- \O	 \C) crll0
• •	 •	 •	 •	 •	 •

C

00 00 00 00 06 00 OS 60 00 *0 66 00 0.1

	cC) ct) u-N	 Cr1 N H
i°°1 I

• •	 •	 •	 •	 •	 •

• 00	 0. 166 0 10 MO 4* O.

H LrN 0"1

\C) H t- u
 0-1- -1- A-a)

t- \O N crl H 1.r1
• •	 •	 •	 •	 •	 •

\OUNM N HMON

••

ci Q3•
Etic-j3

00 00 06 00 0. 06 00 .10

;-1
0 +3

C.)	 r 1 -P
crl oz  V, al0	 4)

GP:1

InLrOnininInin	 111 \ Lfl In 111
• •	 •	 •	 •	 •	 •	 •	 •	 •	 •

4-1 1-1 1-1 H	 r---1	 I-4 ,-1 1-1 1-1

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

•• •• •• •• •• •• ••	 •• •• •• •• ••

ONA- CV
1-1	 0 c0	 H LIN
CO	 t- \C) \C)

c0 0N 1-1
CO

CO	 k.0

rA CM CD tk.0 CV H
C) H CQ N-rA rA rA rA r4 rA rA

Or-INN CI
1-1 H	 I-I 1-1

• •	 •	 •	 •
1-1 0

cr1

0-d-u\NHt--mA- A- -1- LINA- A- Is-1
rl cr\mcncl\m“\

-P4u-N	 0\
0 0 0 0 ()

111 irN In A-orN crN f( cr cr1

pq .-I a)	 14-n

.. .• .. ..
1-f; rd 0 i.0

	

H a) 0 H	 4i
a3 0	

r

U rd	 0
0 rd00	 al

fa	 rd1 	 CU .0 d	
U

CO 0 cid 0) cd	 0)

	

,4 C.) P 4	 44
U	 C)

*. .•	 os ..
,c1
a) 0

	

0 0	 al 0.4t -k() \C) u-\ in -I- ...- 	 t-\0\OLc\ In
tn R 5

	

d	 1

	

14	 CfN u1 t-- ON H cn cn
• •	 •	 •	 •	 •	 •

cfN LrN t- ON ,-I
• •	 •	 •	 •

rd	 0	 rA rA rA rA CM CM CM	 rA rA rA rA al

	

cd))	 -1ca -cil

	

O ;-.1	 0

	

Pi ci-r	 . ..	 •• •• •• •• •• •• ••	 •. - - •• .•

	

0 a)	 En
0

	

0	 HM	 ii-N0,1-\01iN00	 uN04.1-NOWN0 

;,4 La

	

-P	 r=14 al	 •10

	

cd	 1-1	 L-- 0 	 In C--	 0	 c-- 0 ai irn C--

	

W .,1	 r-i CV al al al cr
0
l 01 	 r-I al 01 al Ol

	

la4 0	 0

	

0	 cli.-, •• •• •• •• ••

	

•• •• • • • • 4 •	 •• •• •• •• •• .• ••
	1 	 rd	 .

	

H o3	 a)	 -1

	

••-1 -P 1:1 al CV PA	 H 0 0\ 00 k.C) Lc\ tr\	 H 0 ON 00 V..)

	

4-3 171 	 .--I DJ	 a)	 •	 •	 •	 •	 •	 •	 •
rlOr10	 114	 -I- 0\ 0-100 crN c0 00	 .4- 0\ 0•100 crl
0 0 4-) 0	 MM....1-.-11.1"\InIn	 MM-.1"..-1-tn

	

i-i 0	 H co0 00

	

CJ	 C)
•• ••	 •• e•	 •• •• •• •• •• •• ••	 •• •• •• •• ••

O H
00

4-)	 •u) 0
61)

	

qi	 4A
0

	

o	 a)
to••n

a)

	

a)	 ta
;-1 0 rl4-, .0 0

	

I	 El
(1)

r4 ?4-)
C1)
•ri
0 O H
f21 is1

 C)4-4 a)
o

+3 a) 0
i cf).H-P
•,--1 a) ca$4

nd
8

rA8 § $-1co 0
0 co 0

	

c4-4	 04

o5 1 rd
(I) -P

rd 0 0

	

S	 0cDai 0 F44-) a)

LnW.
+3 0 •

111

	

a.)	 cu
Cr) 

0

0L-
-P
0 a)

+3 +3 ad

$4a) a)
Al Pc "1	4-) 	 -PO a) 0

+3 03O

	

OPI 	 PI
0 0

:173I

	

.4
	 a)	 •

g tei'd r-1	0 	 0••n ••--- 4-)
rd
9
o

O 4-1 PI
0 H
• 0 .0

a.

H"3

+3

rg

to

,s1OO

0. 60 00 60 60

66 .6	 me 66 41.



• •• ••	 •• •• •• •• ••

••

CC)•

••

••
0
00

0
0

• • ••	 • •

-Pal I
MI 4-1

040a)
O 0 (r)

a)
r-I
O 0 11.)

rid a)
0 FAa)

• •

• •	 ••

74
(1)
4)

U,
a)4)
0

•• •• •• •• ••
0 0 0 0 8

0 00 cr,w 0-N

N0 ANA1
• • •• •• • • • •

8 8 8 8 8
u1

••	 •••

2 Crl

Lr1 0 0 UN tr..
HNN r1O

11-

. •• •..• r
l

••

• •	 •	 •
r-1 -11-1r1.-1
•• •• •• •• ••

it:R. L. R.	 o..T
• •	 .	 •	 •

1-1H1-11-1H
•• •• •• •• ••

• •	 •	 •	 .
1-1 r--1	 1-1
•• •• •• •• ••

•• •• •• •• ••

	

CO	 LrN

	

CfN ctrlCr1	 rel

— 4- tr.
4-	 -	 -
m rr1 C rf C r

•• •• •• • • • •

lan 0 ON 0\O ID\ 0 \ 0
• •	 •	 •	 •

•• •• •• •• ••

0 0 0.0 0

•• •• •• •• ••

0 0 0 0 0
0 \	 0 0 \

rl v-r

00 000
00 

00

.„
A A 2 2 2

	

•• •• •• •• ••	 ••

	0 0 0 0 0	 03(.9

00010.0 C 0
1-1
•• •• •• •• ••

_TM cc;;2
HHHH P-1

• •	 •	 •	 •

	

•• •• •• •• ••	 • •

o -	 .▪ 0
0\0\0\0 \ ON• .	 •	 •	 •

	

•• •• •• •• ••	 • •
1-1 1-1 rl N 1-1

cr-1.4-LrNO\ 0

1-1 r-I r--1

	

•• •• •• •• ••	 ••
c0	 C.-A'	 Lf1
re1 al al C11 ▪• •	 •	 •	 •	 •

	

r1H rlrlrl	 r)

	•. •• •• •• ••	 .•

t-* \0 CO
\0 111 U\	 Ln,

• • •• •• •• ••	 ••

r— ON ON 0cc) cr14-

• • • • • •

1-1V6•\40 0 0 0 q\
LIN LC\ In.
rrl Crst Cr% •l Crl

cd

rd

CCrc

Fa

(1)

6
F-1

rd

co

Pi

cd

co

O

H I

Pi0
Fe
Pa

0

CI]

0
rl
0:3cd

rd •a) caO 0
O AH
rrlrd
00 -1-U

a) U\

•••a) .0

-P ri)
a)a) a)▪
.0 a)gzi

u) 0
HE-1

u; 5
cn

°.-1(1)
O ta

u)
a) a)-P
iya)	 •
-P
O3 +)

rf(1)2
rd

O a)

-1-)
cd

0 a)

- +3rd 0a) a)-I-) C.)
crl ;-1H a)
O pi

0
a) In
+3

rd	
U)) cocd

• a)
a)

P4 o cI-1rd
(1) N	 rd

• -P
a3
O

rd
43 0-P

a)-P
0 rd 	 rd

cd

—11P



Table 6.--The pulping of northern whitecedar and tamarack
by the calcium-base sulfite process 

•	 •

	Diges- : Time ati : Combined SO2 : Ferman- :	 Yield of pulp

	

tion : 130° C.- : 	 in spept	 : ganate : 	 - 	

	

No. :	 :	 liquor-	 :	 No.	 :	 Soft2	 •. Hard	 : Total
.

	

:	 : screenings : screenings :

	

:	 :	 :	 :	 •. :

: Hours	 :	 Percent	 :	 Percent :	 Percent : Percent

NORTHERN WHITECEDAR

	1423y :	 3.25	 :	 0.34	 :	 32.4 :	 (4)	 0.2	 : 51.4

	1427y : 
2
4.5	 :	 .23	 :	 25.7 :	 1.2	 .2	 : 48.8

	1422y :	 5.25	 :	 .18	 17.7 :	 (4)	 .1	 : 46.7

5

	

1426y : 6.75	 :	 .10	 14.2 :	 .4	 .1	 : 44.5

	

1430y ; 
28.0o	 :	 .05	 11.8 :	 (6)	 .2	 : 44.o

TAMARACK

	1425y :	 3.25	 :	 .40	 :	 27.5 :	 4.7	 1.8	 : 49.5

	

1429y :	 4.25	 :	 .29	 :	 22.4 :	 1.9	 .4	 : 47.7

	

1424y :	 5.25	 :	 .12	 13.4 :	 .2	 .4	 : 44.5

	

1428y :	 5.90	 -.08	 10.5 :	 .o	 .4	 : 45.4

1
C- onditions common to all digestions: Air-dry chips steamed 0.5 hour before

adding the cooking liquor (60 gallons per 100 pounds of moisture-free cedar,
6.15 percent total, 1.175 percent combined sulfur dioxide; 50 gallons per
100 pounds of moisture-free tamarack, 6.55 percent total, 1.345 percent
combined sulfur dioxide). Schedule: 2 hours to 110° C., 2 hours at 110° C.,
unless otherwise noted, and 2 hours to 130° C. Maximum pressure 80 pounds
per square inch.

2
Sander test.

3
Screenings readily reduced to fibers by light mechanical action.

4
Combined with the screened pulp.

5
- One hour at 110° C. instead of 2 hours.
6

Combined with the hard screenings.
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SUBJECT LISTS OF PUBLICATIONS ISSUED BY IhE

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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