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Summary

Experiments at the Forest Products Laboratory have demonstrated tha t
molded plastics can be made from high-yield wood pulps in which littl e
or no phenolic resin has been incorporated . A comparison of plastic s
so made with pulp plastics containing as much as 40 percent of phenoli c
resin by weight indicated some loss of ultimate tensile and compressive
strength and lowered resistance to water absorption, but improve d
toughness . The most promising of the plastics containing no resi n
appeared to be those produced from pulps obtained by milling water -
cooked chips . By coating the surfaces of the pulp mats with resin be -
fore molding them, their water resistance was cousidea :raibl-5r a proved.
Plastics of moderate strength .and good water resistance .were also pro-
duced by the additio .of small nn ounts of water -ss©it'Le phenol* resin
or nonphenolic resins .

Introduction

In previous work on. pulp-reinforced phenolic plastics, - it was found tha t
the resin czsit'ent of groundwood plastics could be .greativy redwood and
yet produce .a pulp plastic comparable, except for water resistance, to . a
pulp plastic containing 40 percent of resin . The study ot£ L -res- n-
content mixtures was therefore extended to imam:de a variset of 1aagh-
yield pulps .

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

-"Pulp Reinforced Plastics, " Forest Products Laboratory •Mimeograp h
No . R1 461 .
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Materials

A variety of aspen and spruce pulps and a neutral sulfite semichemica l
pulp from a mixture of black tupelo and sweetgum were used in thes e
experiments . The aspen group consisted of a neutral sulfite semi -
chemical pulp, a chlorinated and extracted modification of the sam e
pulp, a groundwood pulp, and a water-cook pulp . The spruce group
consisted of an acid sulfite semichemical pulp, a• water-cook pulp and
a groundwood pulp .

The chlorinated and extracted pulp was obtained by treating aspen
neutral sulfite semichemical pulp with 16 percent chlorine and a 7 per .-
cent caustic soda solution. This pulp was included as an example of a
completely delignified, yet relatively high-yield product. - The ground -
wood pulps were made in the Forest Products Laboratory experimenta l
grinder and the others by milling the treated wood chips in a double =
rotating disk mill ; All pulps were evaluated and used as prepared, . • No
further processing was used or required .

Two powdered phenolic resins, one of high and one of medium fluidity ,
were used. The high' fluidity type worked well in the plastics with a
low resin content, but was found not to be generally applicable for plas-
tics with a high resin content . The resin of medium fluidity was there -
fore used in the plastics with a high resin content which are included i n
this study for comparison purposes . Water-soluble phenolic resins ,
a resinous byproduct from a wood rosin refining operation, and a sod a
spent-liquor lignin were used in some plastics . The powdered and
water-soluble phenolic resins used for some of the plastics and th e
resinous byproduct from the wood rosin refining operation used i n
others are commercially available materials . The lignin used was an
experimental material recovered from the spent liquor produced i n
the soda process for making paper pulp .

Equipment and Procedur e

Except as otherwise noted, the plastics tested were made by suspendin g
the pulp, powdered phenolic resin, and zinc stearate (1 percent of€th e
mixture) in water at about 1 percent consistency . A wetting agent was
used to aid in dispersing the powdered material . The stuff was formed
into a mat 8-4/2 inches in diameter in a pressure-forming apparatus .
The resin content was calculated on the basis of the oven-dry weight o f
resin retained in the mixture . The wet mat was dried in a forced circu-
lation oven at 35 ® to 40* C . (95 ® to 104® F .) for 24 hours and conditioned

s
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at 24° C. (75° F .) and 50 percent relative humidity for at least 2 4
hours before being molded . The materials with a high resin conten t
were molded between cauls for 13 minutes at 160° C . (320° F .) and
drawn hot. The products containing little or no resin were als o
molded between cauls for 13 minutes, but the molding temperatur e
was increased to 180° C . (356° F .), pressures of 4, 000 pounds pe r
square inch were used, and the panels were chilled before the pres-
sure was released to prevent blistering . Although the higher molding
temperature favored the moldability and improved the water resist-
ance of the product, it is probable that lower pressures might hav e
been adequate with some compositions . The method used to make
these plastics is described in greater detail elsewhere . 2

Testing of Plastic s

Strength properties were determined on specimens taken from one t o
four nominal 1/8-inch-thick panels of each pulp plastic . In general ,
the number and type of specimens taken from, each panel were a s
follows : two tensile specimens,- two compression specimens to deter -
mine the elastic properties, four compression specimens to determin e
ultimate strength, five toughness specimens, and two water-absorptio n
specimens. Tests other than toughness were made according to th e
methods outlined in "Federal Specifications for Plastics, Organic :
General Specification (Methods of Tests) L-P-406, December 9, 1942 . "
The toughness tests were made on the Forest Products Laborator y
intermediate capacity toughness testing machine .

Results

The properties of the pulps and the corresponding plastics are give n
in tables 1 and 2 . A comparison between the phenolic plastics contain-
ing about 40 percent of resin and the corresponding resin-free pul p
plastics shows that the latter products had decidedly lower ultimat e
tensile and compressive strengths and, usually, considerably lowe r
proportional-limit stress values in tension . On the other hand, the
toughness values increased . The plastic flow of the resin-free mate-
rials, as measured, was practically nil, and the resultant plastics ha d
relatively poor water resistance.

By the addition of 10 to 15 percent of resin, plastics intermediate in
ultimate strength, toughness,, and water resistance were obtained .

Rept.•N-o. D1483

	

-3-



Compressive-yield stress and prop' ortional .limit stress value s
obtained were, on the other hand, almost invariably higher for th e
plastics containing little resin than with those of high resin contents .
In a few cases the proportional limit stress in tension was also higher .
The high-fluidity resin used in the lower-resin products may have
been a contributing factor in these effects .

Groundwood plastics Nos . 113 and 160 (table 2) are strong but lac k
toughness and water resistance when compared with the average pro-
perties of the respective aspen and spruce groups . Neutral sulfit e
semichemical plastics Nos . 152 and 153, on the other hand y have both
strength and toughness but again have somewhat high water absorption .
Plastics Nos . 211 and 212, in which pulps produced from water-cooke d
chips were used, have good water resistance and moderate strength .
The neutral sulfite semichemical pulp which had been delignified by
chlorination and caustic soda extraction produced a plastic (No . 157 )
which, though not water resistant, has very high toughness and excep-
tional elongation in tension before rupture .

Pulps molded without resin produced plastics (Nos . 169, 167 9 229, 215 ,
216, 185, and 214E in table 2) which were high in toughness and relativel y
low in tensile and compressive strength but varied from extremely poo r
to fair in water resistance . With respect to water resistance, plastic s
Nos. 215 and 214E, prepared from milled water . cooked chips, wer e
decidedly the best of the resin-free plastics .

The water resistance of all the resin-free pulp plastics may be greatl y
improved by surfacing them with small amounts of resin . Coating the
pulp mats With water-soluble phenolic while wet, as in the cases of plas-
tics Nos . 198 and 189B, or surfacing them with paper impregnated wit h
phenolic resin before they were molded, as in the cases of plastics Nos .
213 and 214C, was found to be effective . The latter method also improve d
the finish and permitted colored surfaces to be readily obtained .

Resinous materials other than powdered phenolic resin were added t o
certain high-yield pulps to aid in water resistance and moldability . By
using as little as 14 percent of water-soluble phenolic resin, as wit h
plastic No. 171, excellent water resistance was obtained in a neutral sul-
fite semichemical plastic . Sixteen percent of a resinous byproduct fro m
wood rosin refining was used in plastic No . 225 . In plastics Nos . 186,
226, and 187 approximately 15 percent of lignin was used . In general ,
these nonphenolic materials are less effective than equivalent percentage s
of phenolic resin, but have the advantage of lower cost .

c
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In some instances, these compositions may be laminated. .instead,of
being molded from a pulp mat . Thus, a resin-filled paper was mad e
from the neutral sulfite semichemical pulp (No . 5083 N in table 1) ,
which contained 11 percent of powdered phenolic resin. The powdered
resin used in this pulp was added in the beater before the- stock wa s
run on-'the paper machine . The resin-filled paper was molded at 180° C .
(356° F.) and 4, 000 pounds per square inch to form cross-laminate d
flat panels . The properties of the plastic thus obtained were :

Property

	

Value

Tensile strength

	

-

Maximum	 18, 900 p . s, i .
Proportional-limit stress ;	 6, 900 p . s . i .
Modulus of- elasticity . °	 2, 000, 000 p . s . i .

Edgewise comp-reasive strength

Maximum . . . „	 17, 200 p. i.
Proportional-limit stress	 3, 34-0 p. s . i .
Modulu'e of elasticity	 1, 800, 0O p. s . i .
Toughness (FPL)	 16inch-pounds per , inch of

width
Water absorption	 7 . 3 percent

The reason why high-yield pulps, with or without small amounts o f
resin,, can be readily molded into plastic-like substances has not bee n
determined° For example, the chlorinated and extracted neutral sulfit e
semichemical aspen pulp, which is practically devoid of lignin, molde d
to a fairly dense, coherent product (plastic No. 167, table 2) . The molda-
bility of this pulp may possibly be due to the fact that its hemicellulose '
context is high in comparison with that of ordinary chemical pulps . It
would not be expected that hemicellulose, or any carbohydrate, as a bond-
ing agent would contribute in large measure to water resistance . In fact ,
thh plastic has the high water-absorption value of 135 percent .

	

-

Plastics with a low water-absorption value were obtained when aspen
groundwood pulps were employed, even though the lignin in wood is con-
sidered chemically combined with the hemicellulose and not available a s
a plastic binder . If wood is pressed under the same conditions used with
these pti.lis, however, some transformation, accompanied by considerabl e
darkening in color, takes place, and a plastic like product is formed . 3

Seborg, R. M. , Millett, M. A. , and Stamm, A . J. , "Heat-stabilized,
*Compressed Wood - (Staypak)" Mechanical Engineering 67, No . 1 : 25 ,
January 1945 . Also FPL Report No . 1580 .
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It is logical to suppose a similar effect occurs when the wood is reduce d
to the form of a mechanical pulp. It is conceivable that a partial separa-
tion of the lignin from the hemicellulose occurs during the molding opera-
tion and that this "activated" lignin contributes to the moldability of th e
product. Still further improvement is obtained with pulps from water-
pooked chips, since considerable lignin is liberated during cooking, an d
the weakening of the bond between the fibers allows better defibering than
is possible with groundwood. More drastic cooking, it is believed, prob-
ably would not give an improved product because of the degradation of th e
cellulose that would be caused and the possible polymerization of th e
Separated lignin to a more infusible state .

Conclusions

The experiments described, while exploratory in nature, indicate that
high-yield pulps have definite possibilities as plastic bases, particularl y
for low-cost . products . From a raw-material standpoint, at least, con-
siderable reduction in cost over high-resin-content plastics is indicated .

Further investigations of cooking procedures, pulp processing, and, mold-
ing compositions are, of course, needed to . bring about desired improve-
ments . The necessity of cooling the molds before drawing the plastic
would in some cases be a disadvantage, . especially with shaped articles .
Also, since flow is generally limited, accurate and uniform preform s
would be necessary . To mold flat panels, however, the pulp might be -
formed into boards on equipment similar to that used in making insulatin g
board. Such potentially-low-cost products may need little or no improve-
ment fpr some commercial uses .

-Dept . No . D1483



I 4-,0 C4a a, 1C
0

OlI 0 >:O\ ' NZ "
0

4.8 05
'f la.

to

	

c,o F t-r--cuH

E

	

CO 1

a, to

	

o.P60 C 1 0I

	

F .
0: r:

Cl)

	

o o 0. .

	

.

	

.ooo a.° a-1

	

cu H JMC)

.}' .

I C

0 0 0 0

C a0 I

	

a,0 g::'A,S
(000 1

r{ 00 0
m

4> 0
rl

	

0

	

m0a,m1 F

He' a",

a•■D

*4 an

El

PI

a) z

o

CU

s
.

118r-2 Lc1 ,

	

H

00 0

2 U'■.1•

0 00 0
s.1 4S

N
0
M.3

a,

0 ,.SO O
rn
H

gig tfa'
•• •

•0 s.
0

	

8C."v. •
LY Id 5 2

g
a-1

60+' m

.a a
ao

m 01 .3

E. m 2 1a

	

1 'I
a 4-,
rci

co

. 1
o

O

	

a

0

	

0)

	

O .1

	

1

Ol d0 P. a, 8 1Z a Htoo 1 a Os 0 ooas 0-S
an' a; 750 to

WW1.*
I,-PO

1150 Cl) rn H
r-
0

CO
o

>-

	

o,
In

0Z•
If'7 l11

0LA

O
A

'2 0
O 0 0 O.
.4E fi o A

7a 1 a)
AA

00 0

1.4
.4 .4 a>
a El

60

gr-'
0.1 0

ao ao

o) a) a 0
4.,

as H'e
0o
OF

o 0)
4.

~

r-1 a-1
d 0

m''g"'o
0
to

4-1 M
o o

100F00 410 0

r F. 0M

	

V

o

a a 0 bC ‘O11 •cl ,D a :g ' 2, +a' oZ 00. z •EOSO 411

	

N

1



Table 2 .--Certainpropertiesof plasticsmadefromhigh-yieldpulps with or without realm!

	

Plastic :

	

Pulp type

	

:Resin content :

	

Type of resin

	

:Molding :

	

Properties)

	

No . :

	

:based on total :

	

:pressure :	 ■.	

	

: oven dry

	

:

	

: Water :Specific : F .P .L .2

	

Tension

	

: Edgewise compression

	

weight of

	

:abeorp- :gravity :toughness :	

	

mixture

	

:tiun la :	 :Ultimate :Propor- :Modulos :Ultimate :Propor- :Modulus
24 2

:

	

:Flatwise :strengtH.ttionsl : of

	

:etrength :tional : of
hours 2 :

	

loch 7

	

: limit : elan- :

	

: limit : else-

	

.

	

rotates tinity

	

;atress :ticity
	

•

	

	 • -
------- -------

	

Percent

	

:

	

: P .e .i . :Percent :

	

In lb

	

P

	

i

	

P i

	

1000 P.a i

	

P s i 4 1 000o-
=per inch

	

21,L .;
width 7

Ae~en

150 :Neutral sulfit e
semichemica l

133

	

Do	

169

	

Do	

146 :Neutral sulfit e
semichemical\(dOomo :
mated, cauetia, ex- :
tracted )

157

	

Do	 - -

167

	

Do	

144

	

:Groundwood

160

	

Do	

229

	

Do	
186

	

Do	

198	

210

	

Water cook

212

	

Do	

215

	

Do	
225

	

Do	

226

	

Do	

41

	

:Medium-fluidity pow- : 1,500 : 1 . 8
dered phenolicO

11

	

:High-fluidity poMdered : 4,000 : 6 . 0
phenolic

	

.
0 4,000 26 . 0

39

	

:Mediumfluidity pow-

	

1,000 : 2 .3
dered phenoli c

13

	

Olighfluidity powdered : 4,000 : 13 . 7
phenoj.ic

0, 4,000 :135 . 0

40

	

:Medium-fluidity pow= i 1,000 ; 1 .6
dared phenoli c

14

	

:High-flliidity powdered : 4,,000 : 4 . 8
phenoli c

0

	

4,000 17 . 9
14

	

:Soda-process spent-

	

: 4,000 : 5 . 1
liquor lignin

11

	

:Waters-soluble phenolic

	

4,000 : 2 . 1

39

	

:Medium-fluidity pow- : 2,000

	

1 . 2
: dered :pbenoli c

12

	

:High-fluidity powdered : 4,000

	

2 . 8
phenolic

: 4,000 : 6 . 3
16

	

:Wood rosin refining : 2,000 : 3 . 7
byproduc t

15

	

:Soda-process spent-

	

4,000 : 3 . 8
liquor lignin

1 .37 :

	

15

	

: 19,100 : 5,300 : 1,500 : 18,400 : 2,000 : 1,300

1 .42

	

24

	

15,800 : 6,200 1,500 : 14,200 : 2,900 1,500

1 .42 :

	

33

	

: 10,500 : 2,700 : 1,600 : lo,loo : 	

1 .37 :

	

21

	

: 16,300 : 4,700 : 1,300 : 16,000 : 2,000 : 1,200

1 .46 2

	

42

	

14,600 : 4,500 1,600 11,800 : 5,400 : 1,400

1 .41

	

40 8,500 : 2,100 : 1,100 : 6,000	

1 .34

	

9 15,800 5,600 : 1,300 : 17,300 : 2,300 : 1,100

1 .40

	

11

	

7

	

: .

15,800 : 8,100 : 1,500 : 13,100 : 3,500 : 1,500

1 .43 :

	

11

	

9,100 : 3,400 : 1,500 : 6,200 : 3,800 : 1,400
1 .41 :

	

9

	

7 10,700 : 4,600 : 1,400 : 10,900 3,200 : 1,300

I .40

	

14

	

: 	 :	 11,000 : 	 :	

1 .36 : 12

	

17,200 4,200 1,500 17,300 2,400 1,300

1 .41

	

14 13,600 3,900 : 1,700 : 13,300 : 3,100 : 1,600

1 .42 :

	

18

	

: 9,200 : 3,600 : 1,500 : 9,800 : 3,600 : 1,400
1 .40

	

12

	

8,300 3,200 1,400 11,000 3,800 : 1,300

1 .40 :

	

12

	

: 8,000 : 3,700 : 1,300 : 9,900 : 	 : 1,30 0

149 :Neutral sulfite
semi ohemica l

152 Do	 :

216.

	

Do	 :

171

	

,.

	

Do	
189A

	

Do	 :
189B :

	

Do	 :
213

	

Do 	 :

187

	

Do	

Black Tupelo and Sweetgum

40

	

:Medium-fluidity pow- :
dered phenoli c

14

	

:High-fluidity powdered :
phenoli c

0

	

:

14

	

:Water-soluble dsmLis6 :
2

	

:Water-soluble phenolicOu
10

	

:Water-sobAile phenolic.2 0
6

	

:Spirit-soluble

	

:
phenolic"

14

	

:Soda-process spent-

	

:
liquor lignin

12

	

17,500 : 6,200 1,400 18,600 1,600 : 1,300

18

	

14,700 : 7,400 : 1,500 14,800 : 3,900 1,500

27

	

10,300 3,000 : 1,500 : 10,200 : 	 :	

9

	

12,600 2 7,100 2,000 : 17,000 : 6,400 : 1,80 0
18

	

10,600 2,200 7 2,000 : 10,400 : 3,500 : 1,50 0
10

	

: 11,400 5,600 1,600 : 16,200 : 	 :	
24

	

11,700 2,900 1,600 11,400 	 :	

13

	

10,300 2,900 1,600 : 11,700 : 2,700 : 1,50 0

1,500 :

	

1 .9

	

: 1 .36

4,0005.4

	

: 1 .42

4,000

	

37 .9

	

: 1 .42

4,000 :

	

1 .9

	

7 1 .41
4,000 :

	

9 .6 1 .44
4,000 :

	

3 .0

	

: 1 .43
4,000 :

	

4 .1 . . . . . . . .

4,000 :

	

9 .0

	

: 1 .43
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Table 2 .--Certain properties of plastics made fromhigh-yieldpulps with or without resins (continued )

	

Plastic :

	

Pulp type

	

:Resin content :

	

Type of resin

	

:Molding :

	

Properties-

	

No . .

	

:based on total :

	

pressure :	

own dry

	

Water :Specific : F .P .L .2 :

	

Tension

	

: Edgewise compression

: weight of :

	

:absorp- :gravity 4toughnese :	 : 	
mixture :tion in :

	

:	 :UltSinatt :Propor- :Modulus1:Ultimate :Proper- :Modulus

	

4

	

24

	

:Flatwise :strengtb3.ttional : of :strength :tioilal : o f

hours-: '

	

:1/8 inch :

	

: limit : elas- :

	

: limit : elas -

	

:thickness :

	

:strew :ticity

	

:stress :ticit y:
	

▪

---------------------- : 	 :	 :
: P . :Percent :

	

2, 000 : 1',4.l, :

	

1,222

	

:per inch :

	

:
width

Spruce

1,000

	

2 .0

	

1 .35

	

10

	

: 17,400 6,100 ' ; 1,500 : 17,500 : 2,200 : 1,300

4,ooo

	

8 .3 ; 1 .41

	

13

	

: 12,100 : 4,4oo : 1,5oo : 9,6oo 3,100 : 1,500

4,000 : 24 .o

	

1 .42

	

15

	

: 6,900 : 2,900

	

900 : 4,300 :	 :	

2,00'0 ; 1 .2- : 1 .36

	

:

	

10 : 14,500 : 6,000 : 1,400 : 18,100 :
•
3,000 : 1,300

	

4,000 : 2 .7 : 1 .38 :

	

13

	

11,500 : 3,400 : 1,6oo : 12,800 : 2,200 1,4,00

4,000

	

6 .8

	

1 .39

	

20

	

: 7,400 2,300 1,200 : 8,400 :	 :	

4,000 : 2 .6

	

1 .41	

• 1,300 : 1.5 1.35 7 : 15,500 5,800 1,400 c 17,100 2,700 1,300

4,ooo : 4 .6 : 1 .39 S.

	

7

	

:
•
14,000 : 6,5oo : 1,8oo : 15,200 s 4,100 1,500

Ccmmercial Phenolic Plastice 8

	 6 : 1 .34 :

	

2

	

: 7,100 : 5,500 : 1,000 : 24,100 : 3,300 : 1,000

:	 : 3 .4 : 1 .33 :

	

20

	

: 10,400	 1,100 : 12,600 :	 : 1,100

	 : 1 .6

	

1 .34 :

	

15

	

: 4,600 : 2,700 : 1,100 : 22,000 : 2,600

	

900

	 : 2 .4 : 1 .40 :

	

19

	

: 27,200 : 9,800 : 2,700 : 20,800 5,400 2,300

-Properties were determined from specimens prepared, conditioned, and tested in accordance with Federal Specification for Plastics, 1-D-406, Dec . 9 ,

1942,'uhlees otherwise noted .- Machined edges were not otherwise finished prior to test . Compressive stress-strain properties were obtained by

testing a 1- by 4.-inch specimen as a laterally supported column . Ultimate compressive strength was obtained by testing specimens 1 inch wide by

1/2 inch long in pairs, 1 inch apart and parallel . Values represent the average for the indicated number of tests .

%pecim.ens 1/8 inch thick, 2 inches square . .

"Forest Products Laboratory intermediate-capacity toughness machine, ,notched specimen, 3/8 inch vide by nominal 1/8 inch thicknese by 3-1/2 inche s

long, tested over 2-1/2-inch span .

-Elongation immediately before fracture, measured over a 2-inch gage length, ranged from 0 .8 to 4 .9 percent .

The liquid resin was brushed on the surface of the wet pulp mats .

The resin was dissolved in the water used to make the pulp suspension .

IThe pulp mat was faced on both sides with sheets of resin-impregnated paper and molded .

Results of testa made at the Forest Products Laboratory .

-
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145 :Acid sulfite semi- :

	

4 1
: chemical

156

	

:

	

Do	 :

	

15

185 Do	 :

	

0
t

209 :lister cook

	

s

	

39
S•

	

Da	 c: 13
t

214E i

	

D.	 :
2140 :

	

D.	

2U

5

86 :Groundwood 40

113

	

Do	 12

Wood-flour filled

	

: .

	

50
Sisal filled

	

40
Chopped-tire cord filled

	

:

	

50
Aircraft-grade paper plastic :

	

35
(cross-laminated)

:Medium-fluidity pow- ' :
dared phenolic
High-fluidity powdered :
phenoli c

:Medium-fluidity pow-
dered phenoli c

:High-fluidity powdered :
phenoli c

:Spirit-soluble
phenolic?

:Medium-fluidity pow- t
dered phenoli c

:High-fluidity powdered :
phenolic

	

.

	

-
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