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Abstract

Various resin systems and quantities of
resin and a glass yarn scrim were investigated
to determine whether they improved stiffness
and linear stability of dry-formed, medium-
and high-density hardboards. The following
resins were used : A low-viscosity (penetrat-
ing) and a medium-viscosity (typical bonding
type) phenolic, separately, in combination, or
viscosity-modified; atwo-part epoxy resin; and
a powdered thermoplastic resin either
separately or in combination with the low-
viscosity phenolic. Increasing the quantity of
phenolic resin improved both wet-formed and
dry-formed board properties but at a
diminishing rate with the increase. The low-
viscosity phenolic or a combination of the low-
and the medium-viscosity phenolic resulted in
the best boards.

The powdered thermoplastic resin in
combination with the low-viscosity phenolic
resin provided boards with good wet and dry
properties. If analyzed on a total cost basis,
this combination of resins has potential as a
substitute for phenolic resin. The epoxy

/ system was difficult to handle because of its

high viscosity and the tackiness of the fiber
after resin was applied. Board strengths were
low. The glass yarn scrim pretreated with
phenolic resin and bonded to each side of the
hardboard mat was highly effective, especially
in reducing board linear movement with
changes in moisture.
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RESIN SYSTEMS AND

GLASS REINFORCEMENTS

TO IMPROVE DRY-FORMED HARDBOARDS

By

P. E. STEINMETZ, Mechanical Engineer
Forest Products Laboratory,' Forest Service

U.S. Department of Agriculture

<.Introduction

As availability of high-quality timber and
related wood products decreases, the need for
quality substitutes that are economically
competitive is obvious.

Characteristics of wood fiber base
hardboards make them desirable for specific
uses. However, their expansion into new
product areas has been restricted due to
insufficient stiffness and dimensional stability.

Improved stiffness in high-density and
medium-density hardboards will enable the
boards to be used to a greater extent as
structural components. This is desirable
because hardboards inherently use wood fiber
efficiently -- whether from logs or from forest
or urban residues. Prior work at the Forest
Products Laboratory indicated that improved
boards could be made by combining different
types of phenolic resin to take advantage of the
best characteristics of each type.

Glass fibers or yarns are characterized by
their high strength and stiffness. Because of
these properties they have been used as
reinforcements in plastic laminates that have
resulted in exceptionally strong and stiff
composites. It is generally known that linear
stability can be improved if glass fibers are
added to paper and hardboard furnishes. The
inherent strength and the stiffness of these
glass fibers, however, have not been realized
because of inadequate bond between wood
fibers and glass fibers.

This study was undertaken to determine
how the following conditions affected board
properties--particularly stiffness--of medium-
density and high-density hardboards: In-
creasing quantity of phenolic resin; substitut-
ing other binders for the phenolic resin; adjust-
ing viscosity of the phenolic resin; using adual

phenolic resin system; substituting a less
expensive binder for varying portions of the
phenoic resin; or adding glass yarn scrim to
form hardboard sandwich combinations.

Experimental
Fiber

Aspen fiber commercially prepared and
obtained without additives was used for all
boards except boards with ponderosa pine
fiber that were combined with glass yarn scrim.
The fibers of both wood species were obtained
after pressurized disk refining and drying to 25
percent moisture content.

Resins

Two water-soluble board-type phenolic
resins, a low-viscosity resin and a medium-
viscosity resin, were used. They were diluted to
24 percent solids for spraying onto the fiber.
The low-viscosity resin was a low-molecular
weight, penetrating type with an “as shipped"
solids content of 77 percent, and when diluted
had a viscosity of 11 centipoises. The other
resin was a commonly used medium-viscosity
with an “as shipped” solids content of 48
percent, and when diluted had a viscosity of 28
centipoises.

A two-part epoxy resin system was used;
both parts were at 100 percent solids blended
in a 1:1 volume ratio. The combined viscosity
was 576 centipoises with a curing time of 5to 7
minutes at 350° F.

1Maintained at Madison, Wis., in cooperation with the
University of Wisconsin.
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A thermoplastic resin, adimethyl therylate
derivative, was obtained in dry pulverized
form. The resin was mixed with water to a 24-
percent solids content forapplyingto the fiber:
its viscosity in the water suspension was 30
centipoises

Glass Yarn Scrim

The glass yarn scrim used in most of the
boards weighed 2.3 ounces per square yard.
Fifty-four yarns per foot were in the principal
direction; 8 yarns per foot in the cross
direction. Heavier and hghter yarns with
different weaves were tried in preliminary
board trials. but their cost-performance
relationship was not as favorable as the yarn
used. Preliminary board experiments also
showed that the resin on the wood fiber even at
the high levels was insufficient to give a
satisfactory bond between the glass yarn and
the wood fiber

In preliminary trials with different types
and amounts of pretreatment resin for the
glass scrim it was established that about 16
percent of an alcohol-soluble phenolic resin
based on the treated weight of the glass was
required to give optimum bond. With less resin
or other types of resin. the board failure in
bending was a result of shear between the
glass and the wood fiber network.

Application of Resin

The resins were applied to the fiber in a
rotating drum by a sprayer with a fan-shaped
nozzle; the pattern of spray was directed at the
falling fiber brought past midpoint by internal
baffles. Two batches of fiber were treated and
mixed together or four batches when the high-
density and the medium-density furnish had
the same resin content for each resin or resin
combination. When the penetrating-type
phenolic resin was used in combination with
another resin, it was sprayed first, except In
one series in which the two phenolics were
mixed together, and sprayed in a single step

The quantity of resin added was based on
the dry weight of chemical and expressed as a
percentage of the weight of dry fiber

The treated fiber was dried to a moisture
content of about 10 percent in a circulating air
atmosphere at about 90° F. The fiber was
stored overnight in a plastic bagin acontrolled
environment of 70° F and 50 percent relative
humidity (RH).

Boardmaking

Three mats, 14 by 14 inches, were formed
representing each board type using a “banjo”
type former. The forming box has monofil-
ament strings at 1/4-inch intervals in both
directions. The treated fiber was placed on this
mesh network. The strings were then alter-
nately displaced in the horizontal plane al-
lowing the fiber bundles to be separated and
fall through to a metal caul below. To densify,
the mats were cold pressed, then hot pressed
for 6 minutes at 385° F tothickness. They were
given no further heat treatment

The treated glass scrim was applied to
each surface of the preformed wood fiber mats
prior to prepressing. Two layers of yarn were
applied to some mats. Preliminary mats were
formed by placing the glass scrim at various
locations throughout the mat as it was being
formed, but the most efficient usg of the glass
was noted if it was applied to the surface

Board Evaluation

All of the boards were conditioned for 30
days at 50 percent RH and 72° F before testing
Dry-board flexural strength, tension parallel to
surface, and internal bond were determined
according to ASTM methods < Wet-board
strengths were determined after 8-day immer-
sion in water. Stiffness properties were calcu-
fated from data for bending and tension

Length and thickness changes were deter
mined on nine specimens (6 inches by 1/2
inch) from each set of boards representing all
resin systems. combinations, and modifica-
tions and on six specimens (6 inches by 12
inch) representing the different glass-con-
taining boards.

After initial conditioning, at 50 percent RH
and 72° F the following were exposed simulta-
neously for 30 days: One-third of the speci-
mens of each type, at 80 percent RH and 80° F;
one-third at 90 percent RH and 80° F, and one-
third to immersion in water 1inch deep to allow
all samples to reach equilibrium conditions
Length and thickness were recorded before
and after each of these exposures Stainless
steel balls. 1/8-inch diameter, were embedded
with epoxy glue in the ends of each specimen
to eliminate errors In measurement due to
edge compression or crushing

‘American Society for Testing and Matenals 1975
Standard methods of evaluating the properties of
wood-base fiber and particle panel matenials ASTM

D 1073 In ASTM standards. Pt 16




The tests on the boards with glass yarn
scrim were conducted in the direction with the
greater number of glass strands.

Results
Type of Resin

At a particular resin level, the phenolics
resulted in the highest strength, the greatest
stiffness, and in the most satisfactory perform-
ance of board dimensional properties. The
low-viscosity phenolic generally performed
more satisfactorily than did the medium vis-
cosity. This probably resulted from sufficient
resin being available for a portion to be ab-
sorbed into the fiber to stiffen it and keep
moisture from being absorbed and for a por-
tion to remain on the fiber surfaces to provide
bonding between fibers. This response was
also evident in the dimensional properties of
the two phenolics (tables 1 and 2).

The epoxy resin did not provide effective
strength and stiffness to the boards, although
dimensional properties were similar to those
of the boards with medium-viscosity phenolic
resin. The ineffectiveness of the epoxy iesin
may be due in part to the high viscosity (576
centipoises) that made this resin difficult to
distribute uniformly on the fiber -- at least with
our spraying system. This resin was tacky, and
it was difficult to form the mat without fiber
clumps. To improve spraying consistency,
epoxy resins with lower viscosity than used
here should be considered in future work.

With equal resin content, the medium-
density boards with powdered thermoplastic
resin had dry stiffness properties equivalent to
the low-viscosity phenolic resin boards

In the high-density boards, bending
modulus was higher with the thermoplastic
resin, whereas tensile modulus was higher
with the phenolic. However, strength proper-
ties of both medium- and high-density boards
were somewhat lower with the thermoplastic
resin than with the phenolics; linear stability
likewise was lower. The boards with thermo-
plastic resin retained 25 to 35 percent of their
dry strength and stiffness after soaking in
water compared to 50 percent or more for the
boards with phenolic resin The cost of the
thermoplastic resin 1s one-fourth to one-third
that of the phenolic resin. On an equal cost
basis, that is 12 percent thermoplastic versus 4
percent phenolic resin, dry strength and stifi-
ness, thickness, swell, and water absorption
were improved with the thermoplastic resin

The wet properties and the linear stability,
however, were not as satisfactory with the
thermoplastic resin.

Phenolic-Thermoplastic
Combinations

Combinations of the low-viscosity phe-
nolic and the thermoplastic resins were used
successfully to provide boards either with dry-
board strength and stiffness comparable to an
all-phenolic resin board at a reduced binder
cost or with improved overall properties at the
same binder cost.

In the high-density boards with equal
quantities of the phenolic and the thermo-
plastic resins, the dry bending strength and
stiffness were comparable or greater than in
the all-phenolic treated boards (figs. 1 and 2).
This was achieved at a reduced total resin cost.
However, the wet-board strength properties
were somewhat lower. Butwhen comparingon
an equal resin/cost basis, for example, 4 per-
cent phenolic versus 2 percent phenolic plus 6
percent thermoplastic resin, the boards with
the resin combination were improved in all
properties--even wet-board properties and
dimensional stability. The range of improve-
ment varied from a low of 7 percent for in-
terna!l bond to a high of 60 percent for tensile
modulus after water soaking (table 3)

Similar trends were noted in the medium-
density boards in which powdered thermo-
plastic resin was substituted for the low-
viscosity phenolic resin (table 4). Comparing
boards with 4 percent phenolic plus 8 percent
thermoplastic resin to boards with 8 percent
phenolic resin, the wet-board and dry-board
mechanical properties (figs 3and 4) and linear
stability were comparable or improved over
those of the all-phenolic-treated boards
Indications are that all properties wou'd be
improved if additional thermoplastic resin had
been used to give a more equitable cost
comparison

Amount of Phenolic Resin

Board properties generally improved with
increased phenolic resin, but not necessarily
Iin direct proportion to the percent increase of
resin. The improvements were greater for
given resin increases when compared under
wet conditions than under dry conditions. For
example, comparing the high-density boards
with 8 percent phenolic to those with 4 percent
phenolic, the increase in dry-board bending
modulus and in tensile modulus were 10 per-
cent and 25 percent, respectively, whereas
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Figure 1. -- Relationship of modulus of elas-
ticity (bending) of high-density hard-
boards to resin content (phenolic (P)
resin, powdered thermoplastic (T) resin,
and combinations of the two).
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Figure 3. -- Relationship of modulus of elas-
ticity (bending) of medium-density hard-
boards to resin content (phenolic (P)
resin, powdered thermoplastic (T) resin,
and combinations of the two).
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Figure 2. -- Relationship of modulus of rupture
(MOR) and tensile strength (TS) of high-
density hardboards to resin content
(phenolic (P) resin, powdered thermo-
plastic (T) resin, anc combinations of the
two).

(M 144 689)

6 000N It s — e

TESTED

5,000 - W [Jorr 4
— [Jwer

4,000 -

3,000 |- T "1

2,000} ©| v e

41000 | 4

¢ £

B B - >
1P -O(T) 8XP)-4(T) 4(F-&(T) OPL&T) 8P-OT)
RESIN CONTENT (pct)

MOR

1 wor
L WMOR |
=k

MOR

rs
7

MODULUS OF RUPTURE AND TENSILE STRENGTH (167in%)

Figure 4. -- Relationship of modulus of rupture
(MOR) and tensile strength (TS) of
medium-density hardboards to resin
content (phenolic (P) resin, powdered
thermoplastic (T) resin, and combinations
of the two).

(M 144 686)




*8utdeids 2103J2q 19y3ia801 peXIm SUTSIY —

/9
*o3Touayd £37sodsya-mnypem 10 djisvidomiayl I3
*HY 3u@d1ad G I¥ UOTSUIWIP UO paseg i
‘san{ea (enpiAjpuj 2A7) WO1J PeIPTNOTED UOTIPFIPA JO 8IUIFIFJJP0D 21¢ easayjuaied uj sanTep c
*8kep ¢ 103 (HYM) A3ITPTUNY 2AFILT21 YO®a I® PRUOTITPUOD WNTIQITINbI "
*(Z 210u3003 “I1%31 239) L£0T 4 WLSV 03 Buypiodoe paisa3 pue 3223 d7qnd 1ad spunod (9 jO AIFsuap 03 paisn(pe sanep i
(5°9) ({599 14 (Z°%¢) (9°22) (L°92) (z°z1m) 9 11)
<9 92" = = = e 0Le 006 0S0*9 016 0z9*11 1 0
(0°8) (L) (6°€1) (s*9) (9561 (1°8) (0°6)
8¢ sT* == —= == == 00$ 006 €L 0z0‘t oSt zT e\m v
6 7) (z*9) (s°9) (%°91) 9°8) (8°8) °9)
9°s 87" == = == = 0zs 000°T 0%€‘9 0z6 oLz'1t 8 v
67 (€°82) (€°91) (6°6) (€701) (€°11) (1°6)
8°S (44 = i = == 0TS 0%0°T 029°L 0S0°T ote‘zt Q\N 8
(6°5) ) (v°12) (0°8) ©0 (8°8) (s*o1)
€9 T = = o == oLy 086 0S6°‘9 0%0°‘T 0z9°11 f 8
(L°6) (9°6) (9°$1) (s°5) (r°s) (0°8) (s'9)
95 81" == == == et 0zL 080°‘T 06€°“L 0%0°T 0TS 1T, 0 (48
/5 INIKLVANL DITONIHd TVRA
(L°2) 9°9) (8 1) (9°81) (6°11) (Lrz1) (€°z1) €°s) (1°9) (0°6) (8°21)
0°¢ (148 0£Z 0Ts‘T 06¢ 0LT'E 0Lz 0T8 oTL'e 08 01%‘9 Y 4
(8°0) 50 (€°8) (¢3829) (z°8) (L7 o1) ©°2) (1°52) (L12) ()] (5°5)
0°8 0z* 0€£Z oLyt 0€e 086°C oLz 008 08Z‘¢ 0s9 00¢L°S 0 ]
(€£°9) ") @t (8°11) (A40) (9" €1) (6°21) 0°'1) s*5) (5" €T) (1°81)
9°¢L 124 091 oLt o1g 06Z°C 0Lz 0z8 0%0°€ 088 oTL'S 8 0
(°9) (0°€) (z°6) (6°9) (9°9) (5°6) (1°61) -y (L) (v°8) (3249
9 61" 09¢ 0ST‘Z 099 0L6°¢ 062 088 osYy 068 0sz'tL 9 z
(9°5) (8°2) (€ 1) (0°s1) (9°91) (€°z1) (€°z9) (z°11) (€°L1) (8°9) (9°s1)
6°% 61" 08¢ 0L0°¢ 09¢% 06" 092 0€8 0sL'y 0€0‘T 0L6‘s N /)
27 (s°€) (1°8) (5°s1) (€°L1) (L z2) (1°9) (5°€2) (¢°9) (1°67) (5°92)
§'s L{1°0 0Ly 059°¢ 008 0ET*S 0L 000°T oLL's ozt ovzL Y 8
/< SNOILVNISWOD JILSVTdOWNIHL-JITONIHd
N.=:nu N...«\nu N.nu\nu N.u.-\.:
EET] EEX] 000'T TUF/A1 000°T 2 SH/A1 TSl 000°T  FUF/AT 000°T 7 SF/a1 EET] EEr
K31o138RT2 882118 K3yo13sera 2anadnx puoq A37o7388T2 883138 K3pd73880T2 2anidna
saundTyl YiBua] JO SNTNpON WNWIXEY JO SNThPOK JO SNINPOY TPUIIIU] JO SNINPO} WNUIXEY JO SNINPON JO SNINpoy
= T Buypusq oyaeas T uoysusy  ~— Bujpueq ofa®is
:ubwwmnwm-mw e uojsua]l Fpuaq oF3els uoysual v FpuUeq JF3ITIS s¥tousyd
samyon y3ItA /s I133eA Uy uoyslammy Aep-g 1933¥) 3I9M £7] m.-!.uo K3180987A-n0T

TYd> uojsuawWiq Junowe puv uysay

fu
Yk

Yd--"€ TqeL

@paeoqpawy uads




+Buy4dpads 210329 13y32801 paxje SUlEIY /4
*2710uayd A1350267A-BNIPAT 10 Jyiserdomaayl I3 4
‘HY 3ua213d ¢ 1B UOJSUITIP UC peseg /n
*SANTEA [ENPTATPUT AT WO1J PIRILTNOTED UOFILTIEA jO SIUITDIFJJa0o ie sasayjualed uj sanyep \m
+8ep 0f 10j (H¥) AITPTENY 2AJILTa1 yOEd 3@ PIUOTITPUCD ENTIQITEnba 2
*(z @30ul00) ‘3I1xa31 998) ({07 Q@ WISV 03 Burpiodo® Paiseal pue 3333 27QNd 12d spunod ¢y jo A3JSuap 03 pelsn{pe sanyep \N
(Ts) (eTom) (€£°8) (29) (9°6) (2-91) 0°12)
L9 €T == e ma == 081 0Ly 0S5t 069 0%9°¢ 1 [}
(6°S) 0°¢) (9°01) 50 - ¢) (0 o1m) (8°91)
€S oz* = S == == 007 0zs 06L°¢ 08¢ 06€'9 m\w .
(@-s) (8°2) (6°5) (9°6) (6°0T) (x"o1) (1°6)
0°S 0z* == == e = 012 06% 005 ‘€ 0% 09¢°9 8 ]
() ") (5°81) (6°%) (77 0) (v°9) (7°8)
€S a0 == = b e 01z 019 005*% 019 0199 q\w 8
€°9) Q) (S°s1) (&3} (€ on) 6°7) %)
) 84 9T* == == == = () ¢4 0€¢ 012 019 0ze'9 8
(n°9) @) (6°81) (1°9) (8'9) (1-¢) €78 .
s°S " = = — 061 0$¢ ofE's 0Ls 0s%*s 0 1
AINIWIVINL DITONIH4 TVAd
- <]
58 ) (6°¢) (9°¢1) (zzn) €1 (1°92) (crzn) (€°02) (orom) (s z1)
19 (284 0sz 08E° T ore 0972 orT oLy 0052 0%% 09%° ¢ 0 8
(o) (1°s) (T°z2) (§°€1) (6°1) 9°%) (7" 12) (8°¢) (6°9) (80 (¢ro1)
"t (5 001 otv ost 0s8 /74 0%¢ 0s¢' 1 (1149 018°2 T 0
(®°9) (6°9) (C2 9 (8°s) (8°2) (6°1) (9°02) (®8°7) 9°5) ) (z°72)
€S 91" 092 0SE'Y 0%€ 0s€'z 09 09¢ 0617 009 0t 8 4 %
0°9) T 9°) (8°01) (1¢) (0°8) 1) (8°0) (0°2) (8- R) (e°o1) ;
8y AL 00€ 087°1 08¢ o1'¢e 0zt 06% 0682 0%S 095*" L] 8
(CAd 0] @) (6°81) (1°9) (8°9) (G &3] (€6)
s°s 21°0 'y == i = 061 05s ofe e 0Ls 0$9*S 0 2
SNOILYNIENOD D11SVIdOWNIHI-DTTONIHd
~.ﬂ«\n— N..:\n.“ ...::5 ~.=:£
EEZ] EEF} 000‘1 7U3/97 0001 FEuT/an S en 000°1 - ET/A1 000*1 Zeoiyay EEx] £
A3jaja8e1? 982118 K3yopasera #anjdna puoq A3j2318e1d 682138 Kiyopasera aanadna
esaundTyl YIBua ] JO ENINPOX EWNEIXWY JO SAINPON O SNTNPOK [PUIAIUL  Jo SNINPOK TNUIXEL O SNINPOK  jO SNTNPOKR
w4 3994 06-05 ~— ¥ajpuaq SyIvas T ysuay T Wujpuaq ojIeas
_ﬂlb“u ow.o.wmw. uoysual TPuaq dj3els Loysuag urpuag o738 sytousyd
21038708 YIgA 13430 K3JS0I8YA-AOT
\wb,-!u uoysuamyg JUNOWE pue® UTEIY




.

200
[ B moouus oF RuPTURE

[Amoouius oF ecasriciry - gemoinG

e

|
775

,

| [mooucus oF eLasriciry. rension

E}rensie srrencrr
150 -

‘pct/

E 125 sl
N |
N |
S |
€ 100
3 |
|
& ! {
: 75 =1
Q |
Q |
@ |
Q |
50 —
25
|
|
ol

—8-16 —
PERCENT RESIN CONTENT INCREASE

Figure 5. -- Relationship of wet property im-
provements of medium-density boards to
doubled amounts of phenolic resin.

(M 144 687)

wet-board property increases were 50 percent
and 100 percent, respectively (table 1).

With medium-density boards the wet-
board properties were improved most by
increasing resin content. For example, figure 5
shows that increasing the resin from 4 percent
to 8 percent more than doubled wet-board
bending strength, tensile modulus, and tensile
strength, and increased the bending modulus
by 70 percent. By contrast, increasing the resin
from 8 percent to 16 percent improved these
wet-board properties by 50 percent or less.

Dual Phenolic Treatment

The low-viscosity (penetrating) and
medium-viscosity (typical bonding) phenolic
resins were used in combination at the 12-
percent level. At this resin level, all properties
of the high-density boards were as good or
better than those of the boards with only the
typical bonding resin, with the exception of
bending strength of the 4-percent impreg-
nating plus 8 percent bonding resin applied
separately. Either 12 percent or 8 percent

penetrating resin and 4 percent bonding resin
mixed before application provided the greatest
improvement in all properties--15 percent
bending strength and 25 percent for both
tensile strength and linear stability (table 3).

The medium-density boards were most
improved by combining the 8-percent pene-
trating resin and the 4-percent bonding resin
(table 4). Stiffness was increased about 25
percent as was tensile strength if compared
with medium-viscosity resin only. Modulus of
rupture was increased 15 percent. Dimen-
sional stability increases were 25 percent for
linear stability and 20 percent for thickness
swell. Adding all penetrating resin (12 percent)
provided the best linear stability, but strength
and stiffness properties were reduced. This
indicates that, unlike the high-density boards,
the medium-density boards need bonding
resin to provide optimum properties.

Effect of Phenolic Viscosity

To provide different viscosities forasingle
resin, carboxymethyl-cellulose (CMC) was
added to the low-viscosity phenolic resin to
control the penetration of the resin into the
fiber.

Adding 1 percent CMC raised viscosity
from 11 to 30 centipoises and produced boards
with properties similar to the control board,
except for tensile strength and modulus that
were reduced. By adding 2 percent CMC,
viscosity was increased to 90 centipoises; this
adversely affected all properties. The reduc-
tions apparently were caused, in part, by the
inability--with the resin at high viscosity--to
treat the fiber uniformly. This was evidenced
by some resin spotting on the surface of the
boards.

Glass Yarn Scrim

Applying glass yarn scrim to the surface of
the hardboard effectively improved strength,
stiffness, and linear stability of the hardboards
(table 5). One layer of scrim applied to both
board sides constituted only 1 percent of the
weight of the medium-density boards, in-
creased the bending strength 35 percent, the
bending modulus 25 percent, and lowered the
linear movement 40 percent for a moisture
change of from 50 to 90 percent relative hu-
midity. Bending failure in dry-formed hard-
boards generally occurs on the compression
side. With the glass scrim the failure shifted
from a compressive to a tensile failure. This
had only a minor effect on compressive
strength and on modulus of elasticity in ten-
sion and compression. The use of two layers of
glass on each side rather than a single layer
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did not greatly improve the properties. The
results indicated that perhaps it would be
more advantageous to increase the amount of
resin on the wood fiber

The glass scrim had a greater effect on
stitfftness and linear movement of the high-
density boards than on that of medium-density
boards. The tensile modulus increased sub-
stantially but more surprising was the large
reduction in linear change with increases in
moisture This was a permanent effect, re-
peated cycling between a low and high hu-
midity did not alter the degree of stability
observed in the initial absorption cycle

In commercial operation, the pretreated
glass could be applied by feeding the glass
scrim continuously onto the moving wire
before laying down the fibrous mat and onto
the top of the mat after “scalping” the excess
buildup of wood fiber. No economic analysis
was made of the additional cost required for
this procedure

Conclusions

Based on the findings of this work, hard-
board stiffness and dimensional stability can
be improved by increasing phenohc resin
content, combining penetrating- and bonding-
type phenolics, or by bonding glass yarnscrim
to the board surface.

Powdered thermoplastic resin can be
substituted for phenolic resins under dry con-
ditions and can also be used as a partial re-
placement for a phenolic resin and still provide
good wet-board strength. stiffness, and
dimensional stability more economically

On an equivalent cost basis. phenolic-
thermoplastic combinations can be effective in
providing boards with mproved overall
properties.
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