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Introduction

With the advent of Plastics came the knowledge
that an extender or filler should be added to them to make
them cheaper and also to impart to them desirable proper-
tles which they did not themselves possess. -

Because of 1ts abundance, purity, low price, and
satisfactory ohysical properties, wood flour soon became
the leader in the field of plastic fillers. Within recent
years, oractically every possible type of vegetable and
mineral filler has been used. Some of these are carbon,
mica, ashbestos, corn stalks, peanut shells, and wheet
straw. TUsually when some filler material, other than the
generally accegted wood flour is used, it is to impart some
special property to the molded »nroduct. Nica might be
added to increase the electrical resistance of the product,
asbestos to improve the heat resistance or insulation pro-
perties. 'here cheapness is of prime importance some mat-
erial such as corn stalks might be used. All of these
fillers, however, impart undesirable vropertics along with
thel r desirable ones. The mica, for instance, would make
its parent product very brittle, and the ashestos introduces
special problems of molding and preform technique. Disre-
garding, however, the specific cases In which special pro-
verties are desired, the trend in research has been to find

a filler which will exceed standard wood flour filler in



1ts general and average physical properties, taking into
account, of course, such factors as cost, purity, uniform-
ity of oroduct, and availabflity.

It 1s usually agreed that of all the physical
and mechanical properties considered, impact resistance is
the most important and needs most improvement. It 1s the
purpose of this repoft to determine the vhysical and mech-
anical proverties of a plastic extended with a new type of
wood flour filler and to compare these results with those
obtained from a »nlastic filled with the standard commercial
type of wood flour filler. TDecause of its inherent nature,
it 1s hoped that this tyno of filler will increase the impact
strength of the plastic in particular.

Before going into any test procedure it might
be well to point out the limitations of any data on strength
vproperties of molded rhenolic plaestics obtained with stand-
ard specimens and standard methods of testing. Specific data
of this type, as in this case, 1s usually obtained in accord-
ance with methods of testing established by the American
Society For Testing Materials. (1)

Manufacturers acknowledge that a "molding mater-
ial, which on standard test pleces seems superior, may show
up in actual production as being inferior to another material
which on standard test nieces reveals a lower order of deslir-

able properties". (2)

#Nurbers in italics refer to Ikiterature cited and will be found
in bibliogravhy.



These discrepancies encountered in actual pro-
duction are attributed to peculiarities of design, size,
shape, and variations in molding conditions and not to in-
herent differences in the test materials. It is, of course,
the main purvose of any report to make vossible a wise and
equitable use of the data obtained to the industry concerned.
It is with this thouéht in mind that this note in introduced.
If results brought out by this report seem excessively in-
clined, there is sufficient reason to believe that they will
2lso be so inclined if and when nut to practicel use. There

is, however, no definite assurance that this will be the case.



Preliminary Study

Woodflour's greatest inﬁerent weakness 1is the
low impact stfength it imperts to its narent plastic. The
commercial type of woodflour filler is made on a hammermill
grinder and the resultant oroduct lacks 2 definite fibrous
structure. It is because of this lack of fibrous structure
that a wood-flour filled plastic has a low impact strength.
lir. Veharg (3) points out that a flour prepared on an altri-
tion mill would have a more fibrous structure and consequently
would be better for molded piastic products requiring a high
impact strength.

"hile doing plastics research at this University
1t occured to ¥r. L. A. Pa£ronsky that a fibrous wood-flour
could be produced by running a board through a jointer'ori
planer at right angles to the grain. Freliminary experiments
showed such a flour'actually obtainable. The author was then
delegated to carry on a more thorough investigation of this

type of flour.

|
|

|
u’

2 ——

Planing At Right Angle ) Standard Planing
To Flbers .
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PROCEDURE

Preparation of Flour

The jointer used was a six inch bench type jointer.
The species of wood was white pine (Pinus lambertiana). The
depth of cut was adjucted so that a desirsble sire of fiber
was obtained. By measurements with a machinists micrometer
the most desirable depth of cut was found to be between .002
and .005 inches. Thc size of fiber 1s elso determined by
the rate of feed and the speed of the cutter.head. Since the
feeding was done manually, the operator maintained what he
considered a reasonably fast, safe, and not too tiresome rate
of feed. lNaintaining this feed speed as much as possible,
three cutter head sreeds were tried. The highest feed pro-
duced & fiber too fine for the purpose. The lowest feed v»ro-
duced e lorger fiber in general and a number of very large
torn fibers, probably from the ends of the board. For the
rate of feed speed used, the medium cutter head s»eed (7100
r.pem.) was found most desirable. In actual production, of
course, the hishest sneeds concurrent with sood results could
be used. The flour was collected in a clean man and was mfxed

to account for amy varilations in cutting.

MIXING
It was decided that three proportions of resin and
flour combinatiosns should be tested. The resin used was Dur-

ite S-2692, a phenol-formeldehyde molding resin. A medium



texture comrmercial type of wood flour filler was used eas a
control. The medium texture being defined as all vassing
through a nurber 50 sieve and being retained on a number 200
sieve. The control flour also wns white pine, but in this
case was Pinus strobus. The difference betwecn P. strobus
and P. lambertiana can be considered insignificont ss far as
their effect cn the phrsical snd mechanicel oronerties of
trhe vnlastic is concerned.

The proportions of resin and flour in the mixtures
1z glven below. These mixtures will be referred to, herein-

aftcr, by their numbers.

Type of Flour Mixture No. 9 Resin % Plour
Comrmercial 1‘ 30 70
" 2 40 60
" 3 50 50
Fibrous 4 30 70
" 5 40 60
" 6 50 50

Proper pronortions of resin and flour were weighed to
give a batch weighing two pounds. This mixture wns nrlaced in
a hall miil and was mixed for 10 minutes + 1 minute. After
this preliminary dry mixing it is customary to commound the
mixture on 2 Thropp mill. This corpounding operation heats
the resin to a plastic stage and coats the individual fibers
with resin. It also advences the polymeriz-tian to some ex-

tent, depending on the tempersture of the rolls and the com-



pounding time. After the compounding overation, the mixture
of resin and flour is in 2 herd sheet-like form and must,
therefore, be ground, on an ~ttrition or harmermill, to proper
size for molding operations. Decause grinding of this sort
would break the long fibers of the flour being tested, an al-
ternstive method of conting the fibers with resin had to be
adovted. This method was an acetone mix.

A certain amount of acetone was placed ina 500 cc.
beaker snd a decided unon amount of resin flour mixture was
adlded and stirred comnletély. Ilixing of this type, although
1t does not advance the nolymerization stage of the resin, coats
the individuel fibers with resin so thot uniformity of mix-
ture 1s insured throushout the preforming and molding overotions,
anc no separation of flour and resin is nossible. To decrease
the bulk factor of the control mixtures it was found expedient
to pass the molding powder through 2 number 12 sileve after it
had dried completely. It was impossible to do this with the
new type of filler hecause of the fiher length.

The ratios of resin & flour mixture and acetone used
were as Tollow=:

100 ecs. of acetone per 0.2 vounds of mix number 1

" n n n t 0.2 n n n " 2
n n n tt " 0.25 n " n n 3
" n " n " 0.1 n 1 1" f 4
n" " n " " o . 15 tt t " A 5
n ] f t H 0.2 1] n " " 6



PREFORK.ING

After the mixing with acetone, apd conseguent dry-
ing, the vowder was ready for preform&ng and molding. Three
types of zpecimens were molded, a bar 3/8" x 1/2" x 5", a bar
1/4" x 1/2" x 5", and e disk 2" in diemeter and 1/8" thick.

The bars were first preformed in a specially con-
structed mold under 8,000 pes.i. in 2 Riehle testing machine.
(Figure 1). The weight of powder necessary to produge 2
specimen of a desired size was found by experimentation. This
amount variled with each of the three mixes, because of thelr
difference in specific gravity. In most cases, however, this
difference was taken care of by the allowed tolerances of dim-
ension. The following weigﬁts of powder were found to give

the proper dimension.

Mixture lumbers 3/8" Bars 1/4" Bars 2" Disks
1 and 4 21 gms. 13.5 gms. = 9.0 gms.
2 and 5 21 gms. 13.5 gms. 8.8 gms.
3 and 6 20.5 gms., 13,0 gmse. 8.5 gms.

Except for the fact that the new type flour, because
of 1its high bulk factor, was more difficult to weigh and
handle in the preform mold, no difficulties were encountered
in the bor preforming operations.

No preforming overation was needed for the disks
molded from the control flour. The flour was compact enough
S0 that it fit in the chase of the mold with ease. The fibrous
flour, having a higher bulk factor, had to be preformed. A

viece of cluminurm sheet was shaped to form e shim for the









chase of the mold (Figure 2). This allowed for tre necessary
difference in size between the preform.ahd the mold. A wooden
plunger was turned to fit this shimmed hole, and the preform-

ing operation was carried on as usual.

MOLDING |
The molding wgs‘doﬁé thAn Elmeé 20~ton, hand‘cpegr
ated, hydraulic press (Figure 3). The mold for the bars‘ﬁas
designed so that five bafsxébuld be molded at the samevtimé.

These bars were numbered'erm;l tqZS in the following manner.

Because the press waé not designed for\holding a8 mold of this
type;‘uneven temperature distfibutions_were encountered. It
was noted that bar No. 3 always turned out better than bars

2 and 4, and that bars 2 and 4 wéfe better than bars 1 and 5.
The defective bars appeared not to have enough resin in them,
1.e., the ends and centers of the bars were mostly loose wood
'flour filler. The bars, howvever, all had the same arount of
recir in them. The reason for the defective anvercrcnce vas
thet the 1 and & cavities 2peorrertly dld not becoie hot enou h

vith e resultant slow flow of rezin ancd o defective spcciren.
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The specimens were molded at a tanperaﬁure of 320°F. + 5°F.,
and a pressure of 2500 é.s.i + 500 p.s.i. for 10 minutes. V
These conditions were chosen as a mean to satisfy conditions
prescribed by the American Soclety For Testing laterials and
those sugcested by the »nroducers of the resin. It may be

noted here that those specifications set forth by the American
Society For Tésting Materials on plastics were followed through-
out these tests a2s much as was possible with the equipment at
hand .

Except for the afofementioned incomplete flow of resin
in some bars due to uneven temperature distributions, no mold-
ing troubles such as blistering or.excessive flash formation
were encountered. A zinc stearate nowder was used to lubricate
the molds so that the specimens woulé not stick excessively.

Molding temperatures were recorded, tliroughout each 10
minute molding veriod. TFizure 4 is 2 semple of such a temver-

ature veriation chart.



Testing Data

Specimen No. ..3=3.._.

UNIVERSITY OF MICHIGAN

/0-A

% loss in wt. on initial drying

Water absorption in 24 hrs.

Original Wt. (gr.) ....8.6208 . ..
Date and time placed in oven .___.. 2220
Date and time removed from over ..2120
Conditioning time ..2% hours
Conditioning temp. (F.) ...122°% ...
- Wt after conditioning (gr.) ...8.6130....

% 10SS in Wt oo

Form 5876 1-42 1M

Conditioned wt. (gr.) ... 85120 ...

Wet weight (gr.) _.8:8710 ..
% water absorption .....Y 00 .
Observations as to

warping, cracking, etc.: ........_.._...........
smooth- no defects

P

Specimen No._3-3

FIGURE 4

Date molded 12-17-46 Molding time
. (minutes) Mold temp. (F)
Wt. molding powder (gr.) __€.8 TBC >
) . .B.C. 216
Molding conditions_ 220 % 5°f. 3 318
2500 £ 500 peseie 4 319
10 minutes meolding time - 2) 520
6 321
7 322
8 323
9 325
10 325
Remarks: 11
12
13
14
Average 321

=

1"01ding Tecord Card Showing Temperature Veriation
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TE3TS ON PHYSICAL PROPERTIES

Water Absofption

Scope of test: This test covers the procecdure for determin-

ing the relative watgr absorption rate of t he molded specimens.
Just as the physical and mechanlical pronerties of wood are
affected by chanéés in moilsture Eontent, so are those of a
molded plestic rroduct. Changes in the molsture coﬁtent affect
the electrical resistance, appearance, spgcific gravity, and
various mechanical proverties. The effect on these vronerties
brought about by the ch:nges in moisture content due to water
ebsorption véries with the shape, surface condition (whether
molded or mechined), type of exposure, =nd the inherent proper-
ties of the plestic and its filler.

Apparatus: (a) An analytical balance, weighing accurately to

tenths of milligrams ( 1/10,000 gms.).

(b) An oven cavpable of maintaining a tempereture
of 122°F, + 5°F.

(¢) Circulating water bath capable of maintaining
a temperature of 77°F. + 5°F.
o (d) A micrometer measuring to an accuracy of one
thousandth of an inch (.001")

Soecimens: The specimens of molded plastic were 2" in dlameter

and 1/38" (.125") thick. Permissable veariation in thiclness vas
+ .007", The specimens were molded in accordance with the

molding procedure already set forth.

Conditioning: The svecimens were washed with vhite gas to remove
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any csrease that might change their water absorption properties.
Each specimen was then weighed and 1ts mean thickness recorded;
The specimens wers pleced in the conditlioning oven =2t a temp-
erature of 122 + 5°F. for 24 hours. The specimens were weished,
measured, and placed in the oven 2t ten minute intervals so

that each specireng was subjected to exactly the same drying
tire.

Praocedure: The conditioned srecimens were removed from the

oven at ten minute intervals, were welghed, and were placed on
edgze end entirely 1mmersed in the constant temperature bath.

At the end §f the 24 hours, the specimens were removed from the
woter at ten minute intervels, wived dry, snd weighed immediately.
Any changes in anearance such as checling or blistering were
noted at the time of welghing.

Calculstions:

The percentage increase in welght during immerzion was

calculated to the nearest .01 nercent as follows:

Tnerease in wt., percent = Wet wt. - conditioned wt. ¥
Conditioned weight

100
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i Water Absorption Test Results B o
Spec. Thiclt-| Orig. [Wtgey o Vet % Absom Aver-
No. | ness Wt. |oonattWeight | ption | are
1-1 ”312§*“ml§158 8.8122 ! 8.9950| 2.19 o
1-2 .123 '8.8142 |8.2038 | 8.9590| 1.76 | B

;ﬁwwﬂﬁjwmwﬁﬂﬂﬁﬁméﬂﬂfhﬁﬁmWMWWM
N SO I SR - - I S S

},zzlmmmwm_LiggwﬂaA7zzawTS,YGlQ - B.8840 11,06
2-2 .125 |s.6€21 ,8.6510 | €.7480 1.12 . |
2.5 | .2p |o.sees |e.s7sels.6ee0  0w0a | loa | |
A S

3-1 | .14 8.6208 |8.6150 | 8.6710| 0.67 |

3-2 | .125 |8.6250 |8.6182 | 8.67€0  O.67 |
3-3 116 |8.0400 8.0322 | 9.0904| 0.72  _0.69 | L
| 4- .123 [8.8556 |8.8518 9.0820 2,60 | .

«122

8.8820

121 |

+123

8.8015

8.8684 |

8.7909

8.8814

.124

8.8317

9.0950 |

9.0100 |
' 9.0350 |
8.9770 |

i e
H

0123

.118

8.2508

5 187730

8.2436

124

18,7263

~.123 8
|

8.7205

8.3250 | 0.99

S

!
|

_8.8030  0.97

I
!

i
e

1

'

|
.6305_,8.6254  £.7070  0.95

i

S
1

! 2.55 !
———————

0.97

- —
S
!
R D —
{
i
S
H -



Conclusion:

15.

We cen definitely conclude that the new fibrous filler

ebsorbs more water than does the standard cormercial type.

Trom the data sheet and the accormpanying graph we can see that

the hicher the flour content, .the greater the water absor»ntion.

This, however, is true of all vecetable filler materials.

Zxcent for the 707 filler, 307 resin combination, the

disks made with the commercial flour

filler ¢id not show any

signs of blistering or surface deterioration. The 707 filler

disks did have water blisters, 2s did all of the new flour

resin combinations. The severity of
vith the flour content and'the wa ter
tion in some of these disks was high
water effuced when the blisters were

‘ We can see that this new type

2
used wherever a low water absorption

the blisterinc increased
abtsorption. The a2bsorn-
enough so that beads of
nre ssed.

of‘ﬁlour could not he

rate is desired. Some

nroducts recuiring a low water cbsorption rate would be battery

3 1 a 1 ‘ .
cases, televhones, nand automobile distributor caps

[ 4

e must not conclude from this one test that the new

tyoe of filler is inferior to the standard commercial type.

It may, in all of the other tests, be far sunerior.

it does have a high water absorption
elimins ted from certain uses, there

products for which it can be used.

Zven though

rate, and 1s, therefore,

stlll are a »ultitude of
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SPECIFIC SGRAVITY

Scope of Test:

This method of test vrocedure 15 conducted to deter-
mine the specific gravity of the molded plastic. This method
of test is bosed on the displecewrent of an equal volume of
liquid snd the resultant change in weight of the specimen.

The 1liquid used wes water since a phenol-formaldehyde plastic
is unaffected by it; The specifiic gravity of plastics is ex-
pressed as the rstio of the weight of 2 given volume of mater-
jal at 25°C. (77°F.) to that of an equal volume of water at
the same temmerature.

Apparatus:

A. An analytical balance capable of weighing accurately
to tenths of milligrams.

B. A van straddle for the bal=nce.

C. & circulating ailr oven capable of maintaining a
temperature of 1:2°F. + 5°7.

D. A dessiccator containing anhydrous calcium chloride.
Specimens:

The specimens for this test were cut from the 3/8" x
1/2" x 5" bars. The sides were made smeoth by £rimming so
that no rough surface remeined to entangle alr bubrles. The
specimen was of such a size as to fit conveniently in the
beaker and also to conform to A.S.T.M. specifications stating
that the specimen should welzh between one ond five :rams. A
specimen between four and five grams was chosen since it would

zive more accur-te results than a swmaller specimen.

L
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Conditioning:

The specimens were conditioned for a period of 48 hrs.
at a temperature of 122 + 5°%", The specimens were a2llowed to
cool iIn a dessiccator over anhydrous calcium chloride for a
veriod of et least 3 hours prior to actual tésting.

Procedure:

The specimen was tied to = fine wire which was hung
on one of the hooks of the van support. The specimen was
then weighed to the nearest 0.10 mg. This welght was called
"g", the weirht in n2ir. The specimen was i-mersed in the
beaker of distilled water raintained et a temperature of 77°
+ 0.2°F., all ~dhering air bubbles were removed with a camel's
hajir brush, and the second weisht was taken. This weight was
called "b", the weight in water.

Calculations:

The specific gravity of the plastic 1s calculated and

recorded as follows:

Specific Gravity, 25°/25°C. (77°/77°F.) = a
' a - b
Where:
A = weight in gms. of sampnle in air.

b

weight in gms. of sample in water, at 77°F.
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S __SPECIFIC GRAVITY DETEEMINATIOCNS

Spec. PVT. in Wte in Spec.

No. Air water Gravity AVe.
1-1-1 4.5490 1.2358 1.370

1-1-3 | . | 4.5865] 1.2520 1.375

1-2-3 | 4.7514 | 1.3195 . |1.284 | 1.377
2-1-2 4.2430 11,1330 11364

I Lo 3
2-1-3 4,2462 1.1454 11.369
: ' |

2-2-1 4,2058| 1.1335 11.%66 | 1.36€
3-1-1 4.2048 1.0864 1.348

3-1-3 4.2560| 1.0960 1.347

3-1-4 | "I'4.0040 1.0640 " 1.349 | 1.344
4-1-1 4.2504| | 1.156¢€ | 1.373

4-1-3 4.3324|  11.2180 1.391
4-2-3 | | 4.4675! 1.2568 1.391 | 1.38
_5=1-1 4,1101 1.1118 _11.370 '
5=1=2 4.1250| 1.1218 1.373 ~
_5=1-3 4,2962 1.1744 11.376 | 1.373
6-1-1 4.1029 1.0730 1.354

6-1-4 | 4.1968 | 1.09%0 1.352

6-2-1 4.1410 | 1.0670 1.347 | 1.351

I A
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Conclusion:

In most research projects, svecific gravity deterrin-
ations are made simply to give 2 rel-tive indlcation of a
material's weight per unit volume ratio. Very seldon is this
data put to any grect use. In the plostics irndustry, however,

th

o]

specific gravity of a certain filler might very well be

" the factor determining its acceptance for use. (2). This is
all because the plestics peonle buy thelr materials on a welght
basis and sell them on a volume basis. If they buy a light
filler they will obtain more articles per unit volume than if
they buy a heavy filler.

Svecific gravity determinations indicate that the new
wood flour filler gilves a2 more dense plastic than the commer-
cial type of flour. Since exactly the same amounts of flour
were used in both cases and similer preform and moulding con-
ditions were used, one would assume thet the specific cravities
would be similar. The difference must lie in the fact that
the fibrous filler compresses more than the commerclial type.
This is partly sccounted for in the fact that the longer fibers
tend to align themselves all in one direction and therefore are

more comnact. BEveryone mows that you can peclk more cons in a

e
e
¥

box if they are 2ligned correctly than if they are thrown
helter-skelter.

Asstming the costs of manufscturing the same for the
two tynes of fillers, the new tipe of filler would be more cxren-
sive to use. This cost difference, if slight, however, could
casily be ouvtwei-hed if the flour inperted any outstanding

physicel or mechanical nronerties to the plastic.
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HARDNESS

Scope of Test:

This method covers the procedure for detefmining the
indentation hardness of the specirens by means of the Rocl-
well hardness tester.

Apparatus:

(a) A standérd'Rockwell lardness "ester equipped with
a flat anvil.

(b) A conditioning oven capsble of maintaining a tem-
perature of 122° + 5°F.

(¢c) A desiccator containing anhydrous colcium chloride.

(d) Iicrometers reasuring to an accuracy of .001".

Specimens:

The specimens used for this test were the broken imvact
strength specimens. They met the requirerments of being 1/2"
wide and at least 1/4" thick. Although not having an area of
1 square inch, tests showed tlt results were not affected
since the specirens were thick enough so that no impression
showed on the reverse side, and were wide enough so that no
chinning or creeping resulted. The actusl area was .625 squore
inches.

Conditioning:

The snecimens vere conditioned at 122° + 5°7. for 48

¥

hours. TUnon removal from the oven they were cooled "n a des-

fccator over anhydrous calcium chloride for at least 3 houvrs.
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Procedure:

The specimens were first measured for thickness and
were then placed on the anvil of the testing machine. The
minecr load of 10 kilo rams was anrlied and the zero setting
on the gauvge made within 10 seconds. Irmediotely after the
zero setting was made, the major lo~d of 1.0 kilograms was
applied. The major losd wes applied Tor a pcriod of only 8
seconds to “revent creening and the possibility of the welght
arm resting on the link pin. The readingson the red scale
were taken‘to the nearest full scale division reached within

45 seconds of removing the major load.



- e TARDIESS TEST RESULTS e e
¥ Scale Readings o o i L
B Sppc. Thick- 1st gnd | 3rd. Ave g
‘ o ness Fdng. Fdng. | Rdng. ¢ 5 5
1aa ses (e |es e | er | | |
1-1es lmes os (o2 o4 e |
La-1s ace 04 (108 02 |08 0
Cobve. | L |97 | S
jﬁz-lfz .382 | 104 103 101 103 | | {
_2-0-3 366 % 104 102 (102 | 102 | ] ~L“‘
2-2-4 _|,407 104 105 106 i 105 | ;
o bve. | ,,L_ R SR 1' . . ' 103 | ‘ i
| 3-1-1 | .375 | 103 | 103 ilQ; iﬁmlosuw;, o
5-1-3 |.zeo 104|104 |06 | 104 |
s1-e e 05 02 102 [ee || L
. Ave. | 103 | |
é 4-1-1 | .371 109 104 109 | 107 . | _
4-p-1 |.%e2 |06 | 104 105 | 105 |
;‘4-2-5 L322 | 105 105 | 108 104 ; i
L_Ave. | i 105 |
| 5-1-3 |.eve 106 | lo6_ (107 106 | |

108

A ; —— 4o
-2-3 | «384 07 | 108 1107 107, j R i R S
Ave. 106 —
_€-1-% | .389 | 105 | 106 | 108 106 i.mww_,M“_Mwu
L 6-2-1 | 368 | 109 106 | 105 107 B
L 6=2-3 | . 368 | 109 100|108 109 i B
+_Ave. - 107 ‘ - ‘, -
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Conclusion:

Since tﬁere seers to be some unreasonable variation in
the results obta'ned, we shell not consider them as being
definitely conélusive. Since, hovever, there has been no pur-
poseful or knowingly accidental nisinterpretation of duota or
test orocedure, we can definitely say the results obtained cre
indicative of the relafive hardness factors of the tested plastic.

The plastic filled with the new type of filler 1s harder
then the commercial flour filled plastic. The hordness in-
creases with o decrease in flour filler content. This incrcase
“in hardness can be'explainediby the same reasoning given for
the increase in specific gravity. The new tyve of flller com-
presses more than the co:mercial filler giving a morc dense
and harder end vroduct.

There is no reason why batches 2 and 3 should have the
same hardness factors. Although a’l of the hardness factors
are rather close, these two batches would probably show a
difference if more tests were run. If we conclude that the
streizht line relationship shown by batches 4, 5, and 6 1is a
true one, then we can also assume that hatch number 2 is too
high and bsteh nurber 1 1s too low. Adjusting these two values,
we lheve a straight line reletionship with a slove equal to that
of the other three batches.

A hisher herdness fector, as shown by the new type of
filler, is a desirable proverty in a plastic. Ixeept in a

very few speclelized ceses, a herder rlastic is always a better
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plastic. Some people, on first thought, might think this

an erroneous conclusion, because they always associate hard-
ness with brittleness. The two factors are not corolleries,
howevef, and what effect the new type of filler has on brittle-

ness we shell have to see.
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MECHANICAL PROPERTIES

Compression

Scove of test:

This test is designed to deter:iiine the compressive
strength of the plastic under standard conditions of o»retreat-
ment and tecsting macﬁine speed. Comrressive strength is de-
fined as the maximum comoressive stress carried by a test spec-
Imen during a compression test.

Arpsratus:

(a) A 60,000 pound Fiehle Testing Nachine.

(b) A compression tobi for a»plying the losd to the
svecimen. This tool (figure‘S) was Cesigned so that the lond-
ing was truly axial, end so that the contact surfaces vere
flet and perallel with the ends of the specimens.

(¢) Nicrometers reading to an accuracy of 0.001".

(d) Circulating oir oven cavable of maintaining a tem-
perature of 122° + 5°r,

(e) A desicc-tor containing anhydrous calcium chloride.

Bpecimens:

The specimens vere orisms 1 inch in length, 1/2" wide,
and 3/8" thick. They were cut from the molded 5" bars. The
ends were wachined sc that they were parallel within 0.001".

Condit ioning:

e specimens were nreconditioned in a clrculating air
oven at a temderatuie of 122 + 5°F. for 48 hours. They were

cooled in 2 desiccator over anhydrous calcium chloride for 16
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hours prior to actual testing. The specimens were removed
from the cdesiccator one at a time for testing.
Procedure:

The specimens were measured for length, width, and
thickness, and were then placed in the compression tool. Care
was taken to align the center line of the specimen with the
center line of the pnlunier. The cross-head of the machine was
brought down until it contacted the plunger which contaected
the specimen. The load was 2pplied a2t a rate of .20" per min.
until the specimen ruptured; The maximum load was then re-

corded.

Calculations:

The compressive strength was calcule ted by dividing
the maximum load by the original cross scctional area of the

specimen. This strength is expressed in pounds per square inch.






Compressive stress in pounds per square inch

RESULTS QF COMPRESSION TEST

29.

Cross

Spec. |Length | Width | Thick~| §gct. Max. |Compr.
ness | Areg TLoad |Stress
l1-1-1 | .997 | .501 | .392 | .1964 | 4,665 | 23,752
 1-1-2 | .995 | .504 | .391 | .1971| 4,665 | 23,668
1-1-3 | .989 | .507 | .400 | .2028 | 4,775 | 23,545
| 1-2-1 | .999 | .501 | .403 . ,2019 | 4,760 | 23,576
1-2-2 11,000 | 505 | .408 | .2083 | 4,540 | 22,125
_Average 23,333
_2-1-2 11.000 L5033 | .382 .1921 | 4,835 | 25,169
2-1-3 | .995 | .506 | .385 | .1948 | 4,835 |24,820
| 2-2-1 |1.000 | .501 | .376 | .1884 | 5,445 28,901
2-2-2 | .999 | .503 | .372 | .1871|5,120 |27,365
| 2-2-3 | 999 | .508 | .374 | .1881|5,340 129,650
LAverage 27,181
3-1-1 | .998 | .499 | .385 | .1916 | 4,815 |25,130
-1-2 | ,997 | .501 | .380 | .1904 | 4,375 |22,978
| 8-1-3 | .996 | .501 | .386 | .1934 | 4,800 24,819
| 5-1-4 |1.000 | .495 | 4385 . .1906 4,900 .25,708|
§5-1-5 1.000 | .496 | .3P1 . 1800 4,560 24,126 .
;Ayeragei ;\ ‘ .R4,55¢ .
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—__RESULTS_QF COLPRESSIQNK TESTS (continued) o

o

H

e e

592 [Lengtn | wiaen | TR ssct” | Yoxs |gomers
4-1-1 .999 «500 | .385 .1925 | 4,700 |24,416 i
[ 4-2-1 |1.000 | .504 | .369 | .1860 | 4,890 |26,290
L}-l-s 1.000 | .507 | .385 | .1952 | 4,990 |25,563
Lg-z—z 1.000 .505 | 366 .1848 | 4,375 123,674
| 4-2-3 |1.000 | .507 | .388 | .1967 | 4,710:! 23,945 | .
‘; Average ‘24.778
|
5-1-1  11.000 .504 | .373 .1880 | 4,925 [26,196 B}
5-1-2 1,000 506 | o374 .1892 | 4,850 |25,634
5-1-3 999 .505 | .381 .1924 | 5,040 |26,195 o
 5-2-2 1,000 .505 | 375 .1894 | 4,455 |23,522
| 5-2-3  11.000 «506 | .378 .1913 | 4,805 25,118
! Average 25,333
16=1-1 1,000 502 | ,378 .1897 | 4,500 |23,722 _
1 6=1-3 11,000 .507 | .382 .1937 | 4,990 |25,761
1 6=1-4 999 .497 | .385 1913 | 4,170 |21,798 | |
(| 6-2-1 | .997 501 | .376 .1884 | 4,385 (28,275 | i
. 6-2-3 [1.001 | .E06  .369 | .1867 | 4,500 24,103
laverage | _ . emER ,,
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Conclusion:

In general we may conclude thet the new type of filler
1s stronzer in compression than the commerciel filler. Although
the commercial filler did show a higher corpressive stress in
the 70-30 proportion, this proportion of filler and resin is
Seldom used in industry and has been ircluded here for exper-
Imental purposes oniy.. )

Upon examining the results and the included graph, we
Observe that ¥ the 60-40 proportion of filler andAfesin was
the strongest. The 50-50 and 70-30 proportions not having much
Cifference. TFor some inherent reason the 50-50 provortion of
filler #nd resin is a2lways weak in comrression. This fact is
Supnorted in e work done by Professors Kynoch and Patronsky
at this University in 1942 (9). If a 607 resin =nd 407 filler
corbination had been run, we probebly would hove found an in-
Crease in compressive strength equal to that of the 407 resin
and 607 filler combinstion. |

A high compressive strength is important in a nlastic
‘Since rost of the forces plastic articles are exposed to are
Comprescsive forcecs, or at least have components of comnressive

forces.
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FIEXURAL STRENGTE

Scope of Test:

This test covers the procedure for determining the
flexural properties of the plastic in question.
Apparatus:

(a) A Riehle Testing lachine with a2 constant rate of
Crosshead movement,vand in which the error for indicated loads
1s less than one percent. The loading nose of the testing
device (figure 6) has a radius of 1/8". The supporting erms
are of the round-nosed typve and have the same radius as the
1Oading device‘nose. These éupports are adjustable so that
the span-devnth ratio can be varied if necessary.

(b) A circulating air oven capable of mainteining a
temoerature of 122 + 5°F.

(e¢) A desicecator containing anhydrous calcium chloride.

(e) Micrometers reading to an accuracy of 0.001".
Specimens:

The specimens used for this test were the 5" x 1/2" x
1/4" molded bars. The span used was 4 inches which gives a
Span-denth ratio of 1€.

Conditioning:

A1l specimens were conditioned at 122 + 5°F. for 4& hrs.

after which they were dried “or a2t least 3 hours over enhrdrous

calecivm chloride.
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Procedure:

The width and thickness of each specimen was measured
2t midspan to the nearest 0.001". The spen length was constant
at 4 inches. The svecimen was properly alligned on the suvport-
ing arms and the loading nose was brought into contact with it.
The Ames dial was set at zero and the losd was anpliéd. The
rate of crosshend ﬁotibn in tkhis test was less than 0.05 inches
per mirute so that deflectlon gauge readings could he made
accuratély. Deflection readings were taken for each 10 vound
increrentsof load until the load resched 90 pounds. The in-
crements were then reduced to 5 pounds. Stresc-strain curves
were plotted from this data, and the mexirmum load was recorded.
Figuré 7 is an example of such a stress-strain curve.

Calculations:

The maximum fiber stress was calculated as follows:

S = J&PL

2bdd
"There: S = maximum fiber stress in pounds per square inch.
P = breaking vpoint in pounds.

Il

L distance between supports in inches.
b = width of beam in inches.
d = depth of beam in inches.

The Modulus of Blosticity wes caleculeted as follows:

" 3
Ty = 1. (

4 v ad

v)



Where: E

<lv o o

B

]
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= modulus of élasticity in bending 1in pounds per

square 1inch.
dis tance between supports in inches.
width of beam 1in inches.
depth of beam in inches.
slope of load deformation curve in pounds per

inch of deflection.
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G -  FLEXURAL TEST RESULTS e .
j S = pounds per square inch.
; Eg= 1,000 pounds per squar‘émi—fi'c‘:_ﬂ. i
" Spec. | Width | Thick- | GLOSS | Max. | h8Xe o "
= Sect. w™{ber I Modulus o
No. ness | Ares Load | gtress ' Wlasticity
| (@) | (v) (P) (s) T (Bp) |
t_m_.m_._.,‘, o TR SRS SIS [N SO, !l
11-2-1 | .501 .241 | .1207 | Yo Resultd
1-2-2 | 4500 .242 | .1210 | 120 11,900 1,294
| _ | »1210 | e il
| 1-2-3 .500 | .243 | .1215 130 | 12,850 ' 1,307
(1-2-4 | .497 247 | J1227 | 115 111,311 ' 1,283
' 1-2-5 .499 .247 | .1232 | 120 11,707 1,388
| Average 11,942 1,317
2-2-1 500 .243 | .1215 | 95 9,390 1,471 |
T + e
2-2-2 | ,500 | .244 | .1220 100 9,836 1,169 |
0-2-3 | .502 | .244 | .1225 | 110 | 10,732 | 1,223
| 2-2-4 . 497 .246 | .1223 | 105 | 10,378 1,169
: , .
2-2-5 <497 .247 | .1227 | 110 10,819 1,106
%Average 10,231 1,229 |
!
| 3=2-1 .504 .237 | 1194 90 8,970 1,078 |
| 3-2-2 +506 .235 | .1189 | 100 9,966 1,122
 3.9-3 | .509 | .240 | .1222 | 110 | 10,611 1,123 |
T,_»__.__._F 2V IR SRR S — - - ‘T_MM ,.___{r,-- {
| 3=2-4 . 497 .246 | .1223 | 100 9,868 1,110 |
, .. Ll N SRR S —— - e .n_f..,__.,.,_._y.i_..._ [ S —
| 3-2-5 | .A499 | 4248 | .1237 i 115 | 11,183 | 1,093 |
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XUPAL TEST RESULT Sﬂgcggfipued)

?*Spec. Wiath |Thick- |CTOSS | Max. |piper HOdUIuE of
'~ Noe. ness | “pneq Load | gtpess Ela8t101ty
| (d) () (P) (s) (Eg)
}4:}-1 .459 o247 .1252 145w 14’146MM~WM~m;~1:??7WMEM i
4-1-2 | .so1 | .ese |l1ede |1ss 15,801 1,868
4-1-3 . 502 243 |.1220 | 130  |12,745 1,525 _
Eé;}ign”ﬁblﬁgs .248 !.1223 | 150 _ |14,950 & 11,386 )
34-1-5 .492 .250 1.1230 | 140 13,884 1,523
iAverage | | 14,209 1,486

i .

35-1-1 .500 .242 |.1210 | 140 13,884 1,498

?5-1-2 .502 | .242 |.1215 | 145 14,262 | 1,352

?;:i.s .503 | .244 |.1227 | 155 14,587 11,497

i§;1—4 <499 .242 |.1207 | 135 13,455 | 1,409

5-1-6 «502 .242 |.1215 | 135 12,786 1,776
‘Average 13,795 ' 1,439

!

6-1-1 +500 .245 |.1225 | 125 12,254 51 264
{5-1-2 .501 | .245 |.1227 | 130 12,683 11 290

‘e _1-3 | .505__ | .245 |.1232 [l25 12,09 t1,:2;11~ N
*6 1-4 “_L.498 | .250 |.1245 1125 (12,096 Fm,wwwA,l 253 |
6=1-5_ .99 J 051 |.12se | 140 18,420 | 1,810
pvesge .. 0 hese 1em

; i
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Conclusion:

The new type of wood flour shows a higher flexural
strength hoth in Maximum fiber stress and in Modulus of Elas-
ticity than does the commerciel filler. The flexural strength
however, decreases with a decrease in filler content which was
not true of either'the.compfessive strength or the hardness
factors. This is easlly understood however, since we know
that wood 1s a much more clastic material than pure phenol-
formaldehyde resin. The term ‘elasticity itself may be mislead-
ing, however, since it is the ability to resist bending and
not break that determines flexural streﬁgth.

Although plastics are not often used in e beam form
where they are exnozed to pure bending stresses, flexural
strength data 1z iwportant in the design of certein plasticd
articles for industrisl applicetionl'and as a relative means
of comperison where 2n all around stronger article is desired
tut no stress calculations are to be made.

Although the commercial type of wood flour 1s strohg
enough in flexural strength for almost all uses, some advantage
might be made of the still hizher flexural strength of the new

filler.
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IMPACT

Scope of Test:

This method of test is ;ntended to determine the rel-
ative susceptibility to fracture by shocﬁ of the‘plastic mater-
1al as indicated by the energy expended by a standard type of
Impact machine. The impact machine used in this test was of
the Izod type. The specimen is tested as a vertiecal cantilever
beam and requirecs a noteh in all cases. The notch is intended
to produce a standard degree of stress concentration.
Apparatus:

(a) Tzod impact machine (figure 8).

(b) Means of clamping the specimen so that it is at
90° with the supporting edge.

(c) Neans for determining the impact valué of the spec-
imen which 1is the encrgy expended in breaking it. This value
1s equal to the difference between the energy in the vendulum
blow and that remaining in the pendulum after breaking the
specimen.

(d) Circulating air oven capable of maintaining a temo-
erature of 122° + 5°F.

(e) Desiccator containing anhydrous caleium chloride.

(f) ¥ilcroreters reading to an accuracy of 0.001".
Specimens:

The test specimens conformed to the dimencions glven
In isure ©. The specimens were machined to these specifications

at the Tniversity Instrument chop. The neoteh was formed with






4/-B

NIWIIFTTS LIVIW/ NO
L07S WA, H0 7I¥LFqT

«LGQ Perre 8 Sog% 4$72 WU\. M\\ saIpRY /00 200" 3 oﬁ.l.o

; —1
NIw127dS LoV W/
6 7579/ | | .

< .
,\P|\N|Y~..A|.\\\|‘.._|A..|\\ >t :\NN

I
1
|
] i
]
]

\\\ .\\\ ' \\ .
\\ Jo18 A
7

7,06 L0

-

~
\
%
\'-1'—72 >




42,

a special type milling cutter so that it was straight, uniform,
and scratch free.

Conditioning:

Sveci~ens were conditioned in a circulating air oven
at 122°F. + 5°F. for 48 hours end were dried in a deslccator
over anhydrous calcium chloride for =t least 3 hours prior to
actual testing. |

Procedure:

Adjustments were made for friction end .windage, and the
width along the notch was measured. The specimen was rigidly
clamped in the clamping deﬁice with the center 1line of the notch
on a level-with the top of the cleswpinz surface, and the notch
facing the direction of the blow. The pendulum was released
with a trigger and the reading in inch pounds was taken.

Calculations:

Since the readin: s were in inch pounds and the impact
values are expressed as foot nounds per inch.of notch, it Was
necessary to make a conversion. This was done by dividing the
recorded reading by 12 and the obtained value a3ain by the

length of the notch.
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STH TIST RESULTS

o TMPACT STRIT .
e Aong ol I oot "
| h Note ¢ *
| 1-1-2 398 1.2 |0.100 | .251
E 1-1-3" .408 1.4 | 117 é .287 o
| 1-2-1 397 1.4 | .137 .295
é 1-2-3 412 1.6 | .133 323 |
@ 1-2-5 .386 | | 1.2 | .100 L e266 |
[ Ave. ; 02384
,,
|_2-1-2 382 1.2 100 262
; 2-1-3 .393 1.2 | .100 .254
i 2-2-1 . 366 1.3 | .108 .295 )
% 2-2-2 .363 1.2 | 4100 .275 B
E/ 2-2-4 .407 1.4 | L1117 .287
_Ave. .254
3=1=1 .375 1.1 | ,092 .245
| 3-1-2 .387 1.1 | ,002 | .239 |
| 3-1-3 .330 1.0 | .083 | | .218 <
Eﬁ 3-1-4 392 | 1.2 | .100 | .255 -
| 5-1-5 .395 ol .7 L 296
, Ave. | j. 1 | .250% }}}}} )
: i : i i
i , |
| | |
A R S
: g i




IFPACT TEST RESULTS (continued)
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| Spec.
No.

width
Along
Notceh

Inch
1bs.

Foot
1bse.

Ft.

1bi:/in.

of note

. 4-1-1

P St ASUY S

| 4-1-3 |

o371

2.1

175

« 395

2.1

« 175

471

«443

+— - ¢~
| 4=2-1 | 383 | 1.8 | .150 .392
. 4-2-2 382 | 1.9 | .158 | .413

e

Ave,

 4-2-3

382

2.0

| 186

434

«430

5-1-1

377

1.7

141

374

5=1-2

« 75

1.8

«150

«400

5-1-3

« 378

1.8

150

5=2-2

« 380

1.8

«150

+ 396

394

j
i 5-2-5 .384 1 1.8 | .150 .390
l Ave. 391
i
6-1-1 .387 1.4 | .117 .302
| 6-1-3 .389 1.6 | 133 a2
| 6-1-4 .378 1.8 | 150 .396 |
ee-1 | |.ses | | 16 |ase| [ eet |
 6-2-5 | _ 332 1.6 | 133 | 348
__ Ave. — N [ AN N g x.
f N — — e - 3 A r- o w? [
: | i
)
. R S S SR |
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Conclusion:

As previously stated in this revort, it was hoved that,
due to the 1inhercnt nhysical characteristics of the new tyne
flour, it would increase in varticular the impact strength of
the varent rlestic. After viewing the results of the test,
we can assuredly conclude thrt our particular goal in this
research has been reached. On the averagce of all three filler
resin corbinations, the new type filler exceeds, in imnact
strength, the commercial tyne by 467. Thiz fncrease of nearly
hslf the orisinal strength should certeinly suilt the needs of
most present day menufacturers.

As brouzht out by thls report one would thinl that the

industrielist finally has =

I
<

rencral purpose nlastic thot cen
be dropved without shattering. A word of caution as to.hasty
conclusions concerning the industrial application of this de ta
is due. Lccordinz to a work done by the onsanto Chemicel Co.
{(4), the enerzy measured by the Tzod type of Impact test often
obscures the true imprct resistance of the moterial by including
the encrgy absorhbed in tea;ing apart end throwings the broken
ends. The only significant nortion of encrgy is thot used in
fracturinz the specimen.

If any valucs obta'ned sre to be of any value In correl-
ating impact strength with other propefties or fundamental
nroverties of o naterial, svrecial machines or test methods

which measure energy only to rupture should be used.

‘.
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Since, however, the same machine and test methods were
used in testing both types of filllers, we con assume thot they
£ive us a relftive indicatlon of their impect proverties. If
special machines or test methods were used, both materials

would probably be affected in a like manner.
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GENERAL SUMIARY

An overall comparison of the effect of the new type of
fibrous filler, as compared to the o0ld commercial type, on
the physical and mechanical properties of a phenol formaldehyde
plastic is due. .

Relatively speaking, the effect of the new filler on
physical propertiles 1s.positive in 2all three tests considered.
The plastic with the new filler absorbs more water, is more
dense, and 1s harder. Only one of these increases is desir-
eble, however. An increase in water absorption 1s slways un-
desirable. As explained préviously, a filler that glves a
more dense product, is more expensive to the producer. The
increase in hardness and consequently to wear and abrasion
is a deslrable increase.

It may be noted that although the hardness of the plastilc
was increased, the impact strength did not decrease, but, on
the‘contrary, showed an increase of almost 50%. These increases
are very significant when considered jointly. An increase in
impact strength is always possible if the product 1s made sof ter
or more ductile. To increase both of these properties is truly
an addition to the strength and utility of the product and not
merely a modification of one vroperty at the expense of arother.

The increasecs in both compressive stfengtﬁ and flexural
strencth are 2lso significant as far as Indicating the over-
211 superior strength of the plastic filled with the new type

of filler.
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