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Summary

Experiments at the Forest Products Laboratory have demonstrated that
molded plastics can be made from high-yield wood pulps in which little
or no phenolic resin has been incorporated. A comparison of plastics
so made with pulp plastics containing as much as 40 percent of phenolic
resin by weight indicated some loss of ultimate tensile and compressive
strength and lowered resistance to water absorption, but improved
toughness. The most promising of the plastics containing no resin
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 considerably improved.
Plastics of moderate strength and good water resistance were also pro-
duced by the addition of small amounts of water -soluble phenolic resin
or nonphenolic resins.

Introduction

In previous work on pulp-reinforced phenolic plastics, 2 it was found that
the resin content of groundwood plastics could be greatly reduced and
yet produce a pulp plastic comparable, except for water resistance, to a
pulp plastic containing 40 percent of resin. The study of low-resin-
content mixtures was therefore extended to include a variety of high-
yield pulps.

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

-2-"Pu1p Reinforced Plastics, ' Forest Products Laboratory Mimeograph

No. R1461.
Rept. No. D1483 -1- Agriculture-Madison



Matﬁ:ﬁe rials

A variety of aspen and spruce pulps and a neutral sulfite semichemical
pulp from a mixture of black tupelo and sweetgum were used in these
experiments. The aspen group consisted of a neutral sulfite semi-
chemical pulp, a chlorinated and extracted modification of the same
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 experimental
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 flui’dity,
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 in
this study for comparison purposes. Water-soluble phenolic resins,

a resinous byproduct from a wood rosin refining operation, and a soda
spent-liquor lignin were used in some plastics. The powdered and
water-soluble phenolic resins used for some of the plastics and the
resinous byproduct from the wood rosin refining operation used in -
others are commercially available materials. The lignin used was an
experimental material recovered from the spent liquor produced in

the soda process for making paper pulp.

Equipment and Procedure

Except as otherwise noted, the plastics tested were made by suspending
the pulp, powdered phenolic resin, and zinc stearate (1 percent of the
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 8-1/2 inches in diameter in a pressure-forming apparatus.
The resin content was calculated on the basis of the oven-dry weight of
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
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at 24° C. (75° F.) and 50 percent relative humidity for at least 24
hours before being molded. The materials with a high resin content
were molded between cauls for 13 minutes at 160° C. (320° F.) and
drawn hot. The products containing little or no resin were also
molded between cauls for 13 minutes, but the molding temperature
was increased to 180° C. (356° F.), pressures of 4, 000 pounds per
square inch were used, and the panels were chilled before the pres-
sure was released to prevent blistering. Although the h1gher molding
temperature favored the moldability and improved the water resist-
ance of the product, it is probable that lower pressures might have
been adequate with some compositions. The method used to make
these plastics is described in greater detail elsewhere. 2

Testing of Plastics

Strength properties were determined on specimens taken from one to
four nominal 1/8-inch=thick panels of each pulp plastic. In general,
the number and type of specimens taken from each panel were as
follows: two tensile specimens, two compression specimens to deter-
mine the elastic properties, four compression specimens to determine
ultimate strength, five toughness specimens, and two water-absorption
specimens. Tests other than toughness were made according to the
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 Laboratory
intermediate capacity toughness testing machine.

The properties of the pulps and the corresponding plastics are given
in tables 1 and 2. A comparison between the phenolic plastics contain-
ing about 40 percent of resin and the corresponding resin-free pulp
plastics shows that the latter products had decidedly lower ultimate
tensile and compressive strengths and, usually, considerably lower
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 had
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.  No. D1483 o



Compreasive-yield stress and proportional-limit stress values
obtained were, on the other hand, almost invariably higher for the
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 lack
toughness and water resistance when compared with the average pro-
perties of the respective aspen and spruce groups. Neutral sulfite
semichemical plastics Nos. 152 and 153, on the other hand, have both
strength and toughness but again have somewhat high water absorption.
Plastics Nos. 211 and 212, in which pulps produced from water-cooked
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, 229, 215,
216, 185, and 214E in table 2) which were high in toughness and relatively
low in tensile and compressive strength but varied from extremely poor
to fair in water resistance. With respect to water resistance, plastics
Nos. 215 and 214E, prepared from milled water-cooked chips, were
decidedly the best of the resin-free plastics.

The water resistance of all the resin-free pulp plastics may be greatly
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 with
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 improved
the finish and permitted colored surfaces to be readily obtained.

Resinous materials other than powdered phenolic resin were added to
certain high-yield pulps to aid in water resistance and moldability. By
using as little as 14 percent of water-soluble phenolic resin, as with
plastic No. 171, excellent water resistance was obtained in a neutral sul-
fite semichemical plastic. Sixteen percent of a resinous byproduct from
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 percentages
of phenolic resin, but have the advantage of lower cost.

Rept. No. D1483 4.



In some instances, these compositions may be laminated instead of
being molded from a pulp mat. Thus, a resin-filled paper was made
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 was

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-laminated
flat panels. The properties of the plastic thus obtained were:

Property Value

Tensile str en&h

MaxEuUmm, . o oo oo wo s 60 550 85 5 08 e e g essa 18,900 p. s.
Proportional-limit stress......ccoc00s0000. 6,900 p.s.i
Modulus of elasticity......c0c. o 5 s e 6w and 2,000,000 p. s.

Edgewise compressive strength

Maximum. . .cocccocscoscsocoasssesssosas 17, 200 p. 8. i.

Proportional-limit stress................ 3,300 p.s.i.

Modulus of elasticity....ccooccuscoocooos 1, 800, 000 p. s. i.

Toughness (FPL).......cccc00cooancen . 16 inch-pounds per inch of
width

Water absorption...... O S . 1.3 percent

The reason why high-yield pulps, with or without small amounts of

resin, can be readily molded into plastic-like substances has not been
determined. For example, the chlorinated and extracted neutral sulfite
semichemical aspen pulp, which is practically devoid of lignin, molded

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
content is high in comparison with that 6f 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,
thp 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 as

a plastic binder. If wood is pressed under the same conditions used with
these pulps, however, some transformation, accompanied by considerable
darkening in color, takes pla,ce, and a pla,stm -like product is formed 3

iSeborg, R. M., Millett, M. A., and Stamm, A. J., "Hea,t=-stab111zed,
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 simrilar effect occurs when the wood is reduced
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 the
product. Still further improvement is obtained with pulps from water-
cooked chips, since considerable lignin is liberated during cooking, and
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 the
cellulose that would be caused and the possible polymerization of the
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, particularly
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 preforms
would be necessary. To mold flat panels, however, the pulp might be
formed into boards on equipment similar to that used in making insulating
board. Such potentially low-cost products may need little or no improve-
ment fpr some commercial uses.

Rept. No. D1483 -6~
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Table 2.--Certein properties of plastics made fram high-yield pulps with or without resins

Plaatic: Pulp type :Reain content : Type of resin :Molding : Propertiaal
No., : :based on total: .pressure‘
] ] oven dry t : Water :Specific: F,P,L. 2 Tensilon % Edgewise compression
H 1 weight of L] 1 absorp- gravity .‘ i
{ :  mixture H : thdon in: 0 f-meceaoeay Ultimati :Propor= :Modulus: Ultimate sPropor-:Modulus
H 1 1 | + 2k ot tFlatwige 'st:rength.ticmal : of sgtrength:tional : of
s : : : hours=: s1/8 inch : : limit : elas- : : limit : elas-
: : : H t] tthickness: 'B‘treas ticity H s@tress :tieity
i Percent : ! P.s.d. ;Percent. In. lb. P.s.i. : P. s.-.. 1,000 ¢ P.n.-. P.l.i.; 1,000
: : = H tper ioch ¢ H t pas.d.t : ! PuBui,
H : H : : width H H z i H
Aspen
150, :Neutral sulfite : 1 :Medium-fluidity pow- : 1,500 : 1.8 : 1.37 : 15 : 19,100 : 5,300 : 1,500 : 18,400 : 2,000 : 1,300
¢ semichemical d ¢ dered phenolich, g E H 2 H 5 ¥ H 3 H
153 & Doueserennnsat 11 'High-fluidity powdered: 4,000 : 6.0 : 1.42 : 24 : 15,800 : 6,200 : 1,500 : 14,200 : 2,900 : 1,500
1 H ¢ phenolic | H H H H B g 5 : H
169 Passainisneld 0 : : 4,000 ;: 26,0 : 142 : 33 1 10,500 : 2,700 5 1,600 : 10,100 f.sesacetossonss
6  :Neutral sulfite g 39 iMedium-fluldity pow- 1,000 : 2.3 & 137 & 21 ¢+ 16,300 : 4,700 : 1,300 : 16,000 : 2,000 : 1,200
: semichemical(chlom: : dered phenolic 1 [ H ] H t 4 ] t H
: inated, caustic. ex-: : : : : : : ] '
: tracted) : : ’ : H H : : : : 3 : H
5T & DOl wssomarens 13 sHigh-fluidity powdered: 4,000 : 13.7 : 1.k6 : L2 : 14,600 : 4,500 : 1,600 : 11,800 : 3,400 : 1,400
1 ! phenolia, ! H E 5 t & H $ s H
167 Do snsansnt 0 1 : 4,000 :135.0 : 1.kl 4o t 8,500 : 2,100+ 1;100 & 65000 bevwss sstewis os
Wk Growmdvsed %0 Medium-flufdity pows § 1,000 ¢ 1.6 : 1.34 9 :15,800 : 5,600 : 1,500 : 17,300 : 2,500 : 1,100
1 ¢ dered phenclic 3 1 g 3 3 8 t % 3
160 Dy gosssssonvasnd h .High-fluidity powdered: 4,000 : 4.8 : 1,40 11 : 15,800 : 8,100 : 1,500 : 13,100 : 3,500 : 1,500
1 : phenolic H 3 H : % H H : :
229 DOuvsvunsnnnsnensd 0 : k000 :17.9 : 143 : 11 ¢ 9,100 : 3,400 : 1,500 : 6,200 : 3,800 : 1,400
186 Disiewansanihunisl 14 'Soda-procese spent~ 4,000 : 5.1 : L.kl 9 : 10,700 : 4,600 : 1,400 : 10,900 : 3,200 : 1,300
+ liquor lignin { i - § 7 i 3 i i
198 Dssepsesessnesal 13. 'Watex\-soluble pheno’]inz k,000 : 2,1 : 1l.40 1 Teeosoersloncenselasresse? 11,000 teesnvsetasanans
210 ;Water coalk 39 °Medi\m-flu1d:lty POV 2,000 : 1.2 : 1.36 12 : 17,200 : 4,200 : 1,500 : 17,300 : 2,400 : 1,300
! : dered’ nolic H ' H H :: H : H
212 s PURN = G | 12 'H.‘I.gh-fluidity pcmde:red. L,000 : 2.8 1.k1 14 : 13,600 : 3,900 : 1,700 : 13,300 : 3,100 : 1,600
H : phenolic H H H % 3 ¥ g z
215 3 ;- P PR N | 0 : 4,000 : 6.3 : 1l.h2 18 : 9,200 : 3,600 : 1,500 : 9,800 : 3,600 : 1,400
225 ¢ Plivaiaaninsiannl 16 iWbad Faein refining 2,000 : 3.7 : 1.h0 12 : 8,300 : 3,200 : 1,400 : 11,000 : 3,800 : 1,300
i H : byproduct H $ > : x [/ H z H
226 Diasssnanannnal 15 :Soda-proceas spent- 4,000 : 3.8 1.k0 12 : B,000 : 3,700 : 1,300 : 9,900 t...bss.f 1,300
liquor lignin
Bleck Tupelo end Sweetgum
149  :Neutrsl sulfite ! ko Med:lum-flu:ldity pow- 1,500 : 1.9 : 1.3 : 12 : 17,500 : 6,200 : 1,400 : 18,600 : 1,600 ,300
: pemichemicnl H : dered phenolic ] H H = H % H H H H
152 & Pediwsiswivn sad 1k High-fluidi‘r.y powdered: 4,000 : 5.4 : 1L.h2 : 18 + 14,700 : 7,500 : 1,500 : 14,800 : 3,900 : 1,500
: : ¢ phenolic 3 1 H 3 3 L t H : H
216 DO iiidiaines 0 : : h 000 : 37.9 : 1.2 : 27 10,300 : 3,000 : 1,500 & 10,200 fessssseiorasoes
t 3 B H H $ H H 1 3 : 3
bl Dliiin unavant 14 Hater-solubleplanuog : b,000: 1.9 : 141 : 9 t 12,600 : 7,100 & 2,000 : 17,000 : 6,400 : 1,800
1894 : Do. Y 2 :Watersoluble phenolic2 T 4,000 : 9.6 : 1.4k : 18 : 10,600 : 2,200 1 2,000 : 10,400 : 3,500 : 1,500
1898 : Do. 10 Water-soluble phemolicd: 4,000 ; 3.0 : 1.53 : 10 : 11,400 & 5,600 1,600 : 16,200 :
213 ¢ D6y ssivers woernis 6 :Spirit-soluble 5,000 : k.1 t.seaee..r 2B : 11,700 : 2,900 : 1,600 : 11,400 :
] 3 3 phanoliez & (S H : 2 H H : 1 %
187 1 Doamwasvaies 1 :Soda~process- spent- 4,000 : 9.0 : 1.3 : 13 + 10,300 : 2,900 : 1,600 : 11,700 :
] % : liguor lignin ¢ T (] T t 3 - g H
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Table 2.--Certain properties of plastics made from high-yield pulpe with or without resins (continued)

Plastic: Pulp type tResin content @ Type of resin :Molding : Pz-operi:ienal
No. sbased on total: tpressure:

H : oven dry : i : Water :Specific: F.P.L.2 : Tension : Edgewlse campression

H : weight of H : sabgorp-:gravity :tc : - :

| ¢  mixture 5 5 :tion in: temumen=== Ul imate ;Propor=- :Modulns :Ultimate :Propor-::Modulus

] £ : : 24 2% Flatwise istrengtiktional : of :etrength:tional : of
: : : hoursS: :1/8 inch : : 1imit : elas- : : limit : elas-
: : 2 H sthickness: :etress :ticity : :gtress :ticity

Pus.le: 1,000 : Pug.i. ¢ PaBoi.: 1,000

: Fercemt : P.g.d. :Percent: ¢ In, 1b. P.e.di,
] : H : sper_inch : : : p.8.1.: H ! P.8.1.
H : H H ¢ width : H : H 5
Spruce
145  :Acid sulfite semi- 41 :Medium-fluidity pow= : 1,000 : 2,0 : 1.35 : 10 : 17,400 : 6,100 : 1,500 : 17,500 : 2,200 : 1,300
: chemical : : dered phenolic : : H 3 : { H 3 ] 1
156 Dosnevaends 15 :High-flui@ity powdered: 4,000 : 8.3 : 1L,.1 : 13 : 12,100 : b,400 : 1,500 : 9,600 : 3,100 : 1,500
: H : phenolic H H H : $ H : H H H
185 : DOuerosesasst 0 ! : 4,000 : 25,0 : 1,42 : 15 : 6,900 1 2,900 : 900 : 4,300 feceerocfacnneas
$ t 1 5 E £ 3 s 5 5 5 3 g
209 iWater cook : 39 :Medium~-fiuidity pow- : 2,000 ¢+ 1.2 : 1.36 : 10 : 14,500 : 6,000 : 1,400 : 18,100 : 3,000 : 1,300
: 2 ¢ dered phenolic 2 : : : £ = H = ' ]
DU Messeveniiuvena 13 iHigh-fluidity powdered: 4,000 : 2.7 : 1.38 : 13  : 11,500 : 3,400 : 1,600 : 12,800 : 2,200 : 1,400
H 1 ¢ phanolie { : : H : : H 3 i H
214E 1 Bosisaraninie 0 H t 4,000 : 6.8 : 1.39 : 20 : H
214C Phaiediviisemass 5 :Spirit-soluble r 4,000 1 2.6 1 LMl feeseenesst T
: i ¢ phenoli: 2 : 3 : : H
8  :Groundwood : 40 Medium-fluidity pow- ¢ 1,300 1 1.5 : 1.35 & 7 15,500 : 5,800 : 1,600 ¢ 17,100 { 2,700 : 1,300
H : : dered phenolic : H ¢ t I : : ¥ 3 H
113 = DO caiarese-ocasrmsniniaince 12 :High-fluldity powdered: 4,000 : 4.6 : 1.39 : T : 14,000 : 6,500 : 1,800 : 15,200 : 4,100 : 1,500
: L ¢ phenolic T H : : b H : S . ] H
Cammercial Phenolic Plastica§
Wood-£lour £illed : 50 : : 13k o+ 2 @ 7,100 : : 1,000 : 24,100 : 3,300 : 1,000
Sisal filled H L0 : : : 13% : 20 : 10,400 : 1,100 : 12,600 : : 1,100
Chopped-tire cord filled H 50 : : : 134 o 15 s 4,600 : 1,100 : 22,000 : 2,600 ¢ 900
Alrcraft-grade paper plastic: 35 : 5 : 140 : 19 3 27,200 : 1 2,700 ¢ 20,800 : 5,400 : 2,300
{cross-laminated) H : ] H H : : : : s g :

-]-'Properties were determined from specimens prepared, conditioned, and tested in accordance with Federal Specification for Plastics, L-P-406, Dec. 9,
1942, unless otherwise noted. Machined edges were not otherwlse finished prior to test, Compressive stress-strain properties were obtained by
testing a 1- by 4-imch specimen as e laterally supported colum. Ultimate compressive sirength was obtained by testing specimens 1 inch wide by
i/2 inch long in peirs, 1 inch apert and parallel. Velues represent the average for the indicated mumber of tests.

—Q-Speci.mens 1/8 inch thick, 2 inches square.

2Fores'a Products Laboratory intermediate-capacity toughness machine, unnotched specimen, 5/8 inch wide by nominal 1/8 inch thickness by 3-1/2 inches
long, tested over 2-1/2-inch span.

-&Elongati'cm immedlately before fracture, measured over a 2-inch gage length, ranged fram 0.8 to 4.9 percent.
2'I'he 1iquid resin was brushed on the surface of the wet pulp matse.

§’1‘he resin was dissolved in the water used to make the pulp suspension,

Z’I'he pulp mat was faced on both éides with sheets of resin-impregnated peper and molded.

éResultsi of tests made at the Forest Products Laboratory.
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