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Dry Film Gluing in Plywood Manufacture

By RAY SORENSEN,! LOUISVILLE, KY.

BeTTER PLYWoOD ADHESIVES NEEDED

HE limitations of recognized plywood adhesives have been

a severe handicap to the veneer and plywood industries,

seriously retarding their development of known and
promising plywood types and products. The recognized com-
mercial wood adhesives in the United States, until within the
last two years, might be termed wet glues, and consist chiefly of
either animal or vegetable matter. All of these fluid glues,
animal, vegetable, casein, albumin, soya bean, and their com-
binations, have been found inadequate to meet the wonderful
opportunities in the plywood fields immediately ahead.

Partly for this reason, and partly because of inefficient pro-
motion, the veneer and plywood industries have been severely
restricted in their growth, while the metal and synthetic sheet
material industries, with broader vision, have made big inroads
into the well-recognized woodworking fields. It is a truism that
an inferior but well-promoted product will often be accepted in
place of an intrinsieally better product that is not well presented.
It is seldom possible to find new uses or new fields for plywood
products because of the lack of proper adhesives and the dearth
of necessary industrial research. It has been well said that
plywood is no stronger than its glue line, and a glue of limited
scope is a severe handicap in every way.

It is a fact that today, and for some time to come, the facilities
for producing plywood are far in excess of the demand, and
unless new uses and new fields are found, the industry faces a
drastic curtailment of volume. Consequently it is incumbent
on the industry to carefully analyze and evaluate all new materials
offered to determine to what extent the old limitations are over-
come.

PLywoop ProarEss AssureD BY DRY GLUE FiLm

The ideal wood adhesive is one which is of a uniform quality,
which can be laid or spread in an even coating, which gives a
perfect glue bond, and which can be applied economically. Dry
glue film stands ready to meet all of these conditions in an effi-
cient way. The dry glue film process eliminates many complica-
tions that beset the manufacturers of fine veneered work because
dry glue film is simpler to apply than wet glues; in fact, all of the
untidy and unpleasant mixing and spreading operations in wet
gluing are wholly removed from the plywood factory by the
use of dry glue film. Properly manufactured glue film contains
in each square foot of surface precisely the same quantity of
glue, of equal quality, of uniform composition, of exactly the
same bond strength, and of the same standard thickness.

The entire industry is certain to benefit greatly by the intro-
duction of dry glue films for the fabrication of veneers, non-
porous substances, and insulating materials into a new and wider
range of plied-up combinations. The extent of the benefit to
the industry will depend upon the degree that this dry glue film
overcomes the known limitations of the commonly used wet glues.

ProsrEM oF Woop MoisTuRE IN PLywoop GLuiNG

The industry has long known that warping, winding, and twist~
ing in plywood is greatly influenced by the moisture content of the
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wood. It is also true that the strength of plywood varies widely
with its moisture content. Only when properly dried wood is
used can an acceptable product be obtained. It is much easier
to dry the individual plies before gluing, such as lumber cores,
veneer cores, or outer veneers, by an efficient and reliable drying
process, than it is to dry the jointed, glued, and veneered plywood.

When using fluid glues containing a high percentage of water,
which we have termed wet glues, these problems will be par-
ticularly great. The percentage of water contained in glues
cannot be kept uniform nor can it be kept within certain limits.
There is no possibility of regulating the influence of moisture
on the glued plies. How deep the glue moisture penetrates into
the plies to be glued depends greatly on the structure, dryness,
thickness, density, and temperature of the wood, as well as on
the consistency and composition of the glue. It is of prime
importance in gluing to have not only even spreading, but also
standard quality and predetermined consistency of the glue.
It is known that many variations occur when glue is mixed in a
plywood factory, regardless of the care exercised in its prepara-
tion.

The industry has been aware of the many disadvantages of
wet glues and has tried to find or to perfect ways of evaporating
part of the glue moisture after spreading and pressing, but with
only mediocre success. These endeavors have inevitably opened
the field to the development of the dry glue film.

EARLY DEVELOPMENT OF DRY GLUE FiLm

In the early development of dry glue film it was discovered
that it was impractical to produce a dry glue film having as a
base the ordinary wood adhesives. The possibilities of dry glue
films have had the attention of various individuals for a number
of years, and as a result a dry glue film has been gradually de-
veloped, improved, and finally marketed.

The adhesive power to wood of phenol-formaldehyde con-~

'densation products has long been known, but their general use

37

or commercial application has been prevented because of the
expense or cost.

-The qualities offered by phenolic resin as a wood adhesive
were quickly recognized, and attention was then turned to the
application of the resin product, whether as a colloidal solution,
dry film, or powder. Many attempts were made by industries,
both in this country and in Europe. About nine years ago a
German research and chemical manufacturing company set out
to perfect the use of phenolic resin as a commercial wood ad-
hesive, which meant bringing it to the simplest form of applica~
tion and within a cost range for general adoption by the plywood
industry. The final result, after seven years of research, was
the development of a phenolic resin dry glue film. Dry glue
films have proved to be very simple, clean and quick in their
application, and to eliminate many of the disadvantages unavoid-
ably involved in the wet glues of today.

Because it is the first scientifically manufactured form of
adhesive which at all times has the correct quantity and quality
of glue, and sets up for the first time a scientific method of ply-
wood manufacturing, it presents a distinetly new method which
promises to revolutionize the present form of applying and
using wood adhesives. There being but one dry glue film com-
mereially recognized and used today, it may be considered
typical of a class that is in the development stage.

As mentioned before, the industry has long felt the need of
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better adhesives which would permit it to seek new uses and new
fields for its products. 1t has been repeatedly shown that many
new outlets for plywood are necessary in_order to enable the
industry to continue its sturdy progress. The newly developed
dry glue film answers this need and permits the industry to
proceed to enter these new markets.

Types and Grades of Dry Glue Film

The dry ({]Iue, film, as marketed today, might well be termed a
sheeted synthetic or phenolic resin film because, as mentioned, it is
a phenol-formaldehyde condensation product. The film is to be
had in various weights, to meet a wide ran_?e of requirements,
For example, what'is termed a standard film which meets all
ordinary conditions as an adhesive for plywood, is a 60-gram
film.  This means that over a gwen area the film contains by
weight 40 grams, of resin and 20 grams of paper, which is the
carrier re%_wed in producing the “film. This paper or carrier
must be thin, porous, and fibrous, o, as to Permlt a uniform
|mpregnat|on of adhesive on both sides. It must be tough
engugh not to break in handling and so porous that under the
influénce of heat and pressuré the adhesive will thoroughly
penetrate the carrier and eliminate any tendency for the qlue
Joint to separate. Film can be furnished with a greater or less
amount of resin, according to the requirements demanded as an
adhesive and the type of materials to be laminated., The shear
values resulting from such variations are shown in Table 1

TABLE 1 SHEAR VALUE OF TEGO GLUE FILM BOND
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In case more than 40-gram coatinq is required, as in gluing metal
to wood, it is practicable to use two sheets of dry Tilm glue in
each joint. - While this does not double the bond ‘strength, still
It does result in a substantial increase, as shown in Table 2.
It is frequently advisable to use double layers where the surfaces
are rough, requiring more glue bulk, or where veneers vary
sllﬁlhtly In thickness. ~ ° _

he"standard width is 51 in,, but can be made up to 82 in.
Rolls will average over 3900 ft in length, and a 51 in. X 3900-ft
rollﬂwnl weigh 225 Ib crated, containing approximately 17,000
sq ft.

Application of Dry Film Glues

The assembling of veneer into pIE/wood,with dry glue film
methods demands an entirely different technique than'that which

has heen commonly emploP(ed with the usual wet glues. The
drE/,fllm glue, being'a phenolic resin, is th_ermoPIastlc and thermo-
se tmq, which now permits the fabrlcatmﬁ of plywoods without
the introduction of water into the carefully dried veneers, as is
necessary with the wet glues. _ _

The, film glue_ being thermoplastic and thermo-setting, the
bond is accomplished ‘with heat and pressure, requiring-a hy-

Chart 1 Influence of Temperature on Glue Film Joints
Gl 10% mo Vie In.,.S-POIy Birch 2 1o )

ed at oisture content in in time, wit . per sq in
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draulic hot plate press, With.the application of both heat and
pressure at the same time, as is had uniformly with the modern
type of hydraulic hot plate presses, the resin film ,poIYmenzes
and becomes both insoluble in water and chemically inert.
This method of producing a bond with the dry film glue might
be termed “vulcanizing,” and has for the first timé set up a
laminated panel in which the fibers of the adjacent plies are
brought directly in contact with one another. In fact_the
adjacent plies _mlght be said to be welded to each other. Thus
the bond obtained has in reality converted the several original
plies into an ultimate panel of solid material, and this has been
done without the internal stress and strain which is often so
troublesome. o . .
The dry glue film process eliminates the expensive redrying
methods ‘which have to follow gluing with wet glues. "The
industry has spent a_great deal of time and money to set up
[)roper methods for this subsequent redryln(_i necessary to remove
he glue moisture, Waoods vary in their structure and density,
making it impossible to accurately control the drying process,
which 1s often the cause of distorted plywood and checked faces.
Inasmuch as the dry glue film is only 0.005 n. thick, entirely
new demands must be made as to the pressure required. The
hydraulic hot plate presses must be designed and built to new
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standards of accuracy as to the deflection of its. members. The
maintenance of proper temperatures on the entire surface of the
plates is of extreme importance.

Relation of Heat, Moisture, Pressure, and Time

When gluing with dry glue film there are four variables to be
considered, namely, temperature or heat, moisture, pressure, and
time. Al are close_l% related to one another in Producmg a
satisfactory hond with resin adhesives, but it is best to consider
the influence of each factor separately. The strength value
of each of these variables in relation to the others has been
accurately determined and charted. The accomganym charts

, 2, 3, 4 show definitely the strength of the bond obtained
when varrylng the factors and PYOV? conclusively that the lami-
n_a_tmﬁ of plywood with dry glue film may be cansidered a scien-
tifically controlled process, A careful Study
variables are repeated, the value or strength of the_bond obtained
comes within close limits, if the samé or similar woods are

used.
1 Influence of Temperature or Heat. ] > |
being a phenolic resin and thermoplastic, requires “a definite
amount of heat and a predetermined time to set up or produce
po%/merlzatlon. o _ _
Jhart 1 clearly indicates the influence of heat for a given
Berlod of time, and demopnstrates the greater shear values of the
pond as the temperature is increased. ~ In preparing these charts
it will be noted that certain standard time, pressire, moisture,
and heat factors have been established, to show relative com-
parative values with one another. The construction of the

Chart 2 Influence of Moisture Content of Wood on Glue
Film Joints
Ji«lIn., 3-P1y Birch

(Glued at 130 C, 28‘&5’. pmﬂlmé i%ofimn%nolﬁ%'earl)o%t.fd line is film 14 days

( [ of the series of
charts will readily show that when the samie combinations of

The dry glue film,
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Chart3 Influence of Pressure on Glue Film
Jie In., 3-Ply Birch

Glued i in time, with 10% moisture gontent in yeneer. Datte
I(mes are es]tB e[mer immersion. %lﬂlllfnnes are 8ry tests be¥0re |mmer5|on3

Blim]%d used is a 3-ply panel, Jie in- thick, all plies Vi6in.
The solid line indicates the strength of the bond when testmq
the_plywood in a dry State, having an average moisture conten
of 710 8 per cent. "The dotted line indicates the strength after
soaking in water at room temperature for 48 hr. It will be
noted that while the value obtained when testing the bond after
soakm& Is somewhat lower than the dry test, this does not
mean that the glue line has weakened to this extent, but rather
that the tensile strength of the fibers of wood are lower in a wet
state. It is also a fact that the shear value of the dry glue film
bond always increased when redried after soaking. ,
In studying this chart it will be readily observed that the in-
crease of temperature in a given time materially increases the
strength of the %Iue bond. ~ For instance, a panel glued at a
temperature of 100 C for 10 min at a pressure ‘of 284 Ib
Rer sq in. and with a moisture content of 10 per cent,
as a shear value of 66 Ib per square inch. With all other
factors remaining the same and the heat increased to 140 C,
the shear valug increases to 396 Ib per sq in.  The same increase
is proportional to a_lesser extent in the wet test. Increase of
Eeat in a given period of time always produces a better glue

ond.
In the manufacture of d(rjy_ glue film the resin has been pre-
cured to a definite point, and'it will be observed on all the charts
that a temperature no higher than 140 C has been shown, Tests
have proved that no material increase in the bond is found at
temperatures beyond 140 C, but any increased temﬁeratu_re
above this has no detrimental effect upon the curing of the resin.
The wood itself is the item that must be kept in mind when
employing high temperatures.  The gluing temperature of 140 C
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Chart4 Influence of Time of Pressure on Glue Film Joints
lued at 284 | i and 105k mostine Full line is d
éy\%oda ttes%. tb%le[reds qlilnne"igm%Ir)éwo%dmt?elsstcu erl?£ecron4 nﬁ'r imumerlsqf(;nl.s A
emperatures are given in Centigrade.
requdlred for dry glue film does not damage the quality of the

wood,

This has been Broved by a number of tests, especially those
of Professor Dr. Otto Gerngross of the Technical University of
Berlin, as shown in Table 3.” While the table refers only to birch
and fir, these are taken as typical of the hardwoods (deciduous)
and the softwoods (coniferous). It is to be noted that both
species have a stren?th increment of more than 10 per cent due
to simultaneous heaf and ﬁressure. The heat alone on the hirch
does not alter the strength value, but heat alone on the fir will
carry the stren?th value'to that of combined heat and pressure.
This is due to the natural rosin content of the coniferous wood
that is equalized and hardened by the heat.

TABLESR FERSIE QrAE0d Y 0F (NB TP VEREERSURE:

pecimens teste{i' &)d%in. X 4in. X sm in. Birch and Fir veneer
emé)erature 40, L .
ressures and tensile strength given in Ib per sq in.

B ) Tensile Strength

. Sgecmc Time,  Before After

Dec uouSpflgllgrsdwoods) pressurés — min fieat heat

ConiEilrF(Jguﬁs::(gg%f.\:l:vl """ L T R

I oo B B B
gréAsg,aB}elgeF |°nm (%pn%[aeny' “Sperrholtz,” 1930 (S-382) by Prof. Otto Gern-

When gluing with dry film glue it is always safer to employ
the higher temperatures, but seldom over 140 C. This usually
dege s on the type of material to be laminated.

Influence of Moisture Content in Wood. Methods of

gluing with dry glue film differ from those of ordinary wet
glum? because the_natural moisture in the wood is not increased
y que water. Experiments have shown that, regardless of
the yi)e of glue used, warping and wavy surfaces in lumber
core plywood” are not only calsed by irregular thickness and
resistance against compression bK the core, but that they also
occur if the moisture content of the core exceeds 5 to 6 per cent.
This limit of moisture content, however, does not apply to cross-
banding and outer veneers.

It will be noted from chart 2 that the shear value or bond
strength depends to a great extent on the moisture content of
the veneers, A careful’study of the chart shows the bond that
can be obtained when using & dry glue film that is several months
old, which is the average age 0fthe film when used. This is
indicated by the solid line, while the dotted line represents the
bond obtained when using a freshly manufactured film about
ten to fourteen days old. ™ _ N

A certain amount of moisture is necessary to plasticize the
resin, and this moisture may come either from a freshly made
glue film or from the veneer. Consequently it is important to
requlate the moisture of the veneer within safe operating limits.
The chart indicates that freshly made glue film must be_ used
where veneers are substantially less than 4 per cent moisture
content, but that even better joint strength 1S obtainable from
aged glue film when the veneer is between 4 and 12 per cent
m.c., Which is the normal condition found in veneer as stored
in the average warehouses. It is obvious that this eliminates
the ordinary Tedrying reguwed prior to wet gluing.

Experience has proved that the most uséful medium for the
moisture  necessary in plastlmzm%_dry glue film is the cross-
banding in 5-ply construction. This i3 50 situated in the assem-
bling operation”as to supply the reguwed moisture to the dry
glue'film adjacent to both thé core and face. It has been pointed
out that excessive moisture in a lumber core is dangerous, and
it is apparent that surplus moisture in face veneer'may result
In open joints or hair lines and checks. _

[t might be mentioned that in glumg very fraglle face veneers,
such as highly figured crotches and burls; tests have shown a
moisture content of about 6 per cent to_be the most satisfactory.

3 Influence of Specific Pressure.  The pressure applied on
the surface of the Flgwood is the specific gluing pressure, or, as
itis freguentI)( called, the platen pressure’in pounds per square
inch and should not be confused with the higher pump pressure
that is required. The application of pressuré with dry ?Iue film
is no different than when gluing with wet tglues, except that wet
gluing usually requires 75°to 150 Ib specific pressure, while dry
%Ium ranges from 150 to 250 Ib and in some instances up to

00 b per'sq in. The amount of pressure exerted on a panel
d?pend% on the density of the wood and the construction of the

wood.

plylt_ls also indicated on chart 3 that the strength of the glue
line increases with additional pressure. The maximum pressure
depends upon the compression loss in plywood thickness that
can be allowed. Some woods and synthétic boards will crush
under 50 Ib, while denser woods and non-porous synthetic prod-
ucts will permit greater pressure, Consequently” the adhesion
on the softer products will not be as great as on the harder
materials. The average compression pércentages on the com-
moner woods are given in Table 4. , _

4 Influence of Time of Pressure. ~ The time requlred to com-
plete the bond, which is often referred to as gluing time, is
ﬂ$nerally understood to be the time_that elapses, after obtaining

e correct specific pressure and until the reopenmgt of the press.
It is also essential that the temperature of the plates is secured
before closing the press. The gluing time depends chiefly upon
the time necessary for the heat to” penetrate from the Steam-
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heated platens, through the aluminum cauls, the outer veneer
ﬁndt crosshanding, or'to the film farthest from the source of
eat.

Mention has been made of using aluminum cauls. They
retard the penetration of heat but a"very few seconds and are
used to facilitate the handling of the stock in and out of the

ress.
F_) Chart 1 readily indicates that a strong bond can be obtained
in 3 min when employing temperatures in excess of 130 C. The
ordinary 13ie-in., 5-ply construction as is commonly manufac-
tured for tops, requirés an avera(h;_e of 12 min to complete the
bond. It will be noticed from this chart that the increase of
time materially increases the strength of the glue line.

TABLE 4 COMPRESSION FACTORS IN PLYWOOD
onstrlf ion:. 3-ply. .

Ime ot Fressing @mm
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_ Again it s shown that the waterproofness of the lglue line
incréases with the gluing temperature and elapsed fime the
material remains under pressure.

Hydraulic Hot Plate Press

The hydraulic hot plate Fress IS not a recent development.
Its origins, as adapted to ﬂywood, date back some fifty ¥ears
in Europe. The modern hot plate press is the result™of the
Progresswe development of the plywood industry based on scien-
ific and practical research. The comparatively recent develop-
ment of drysqlue film has revolutionized this press industry. in
the United” States, since the low unit_pressure of wet gliing
processes permjtted a comparatively light-weight press, while
dry glump requires higher pressures and Sturdier presses.

1" Plafe Design, The modern hydraulic hot plate press for
high pressure is fitted with plates of special alloy steel having
good heat conductivity and high compressive strength. The
Steam channels, bored in the plates, are ac,curatelﬁ rilled and
properly spaced to_insure uniform distribution of heat on both
surfaceS, The maintenance of equal heat is essential in dry
glue methods and this tklpe of plate fuIIY answers these require-
ments. This js in contrast with the old_style plates used for
low pressure in _g|UInﬂ1_Wlth thermo-setting, wet glues, which
consisted of relatively thicker (2to 4.in.) sections with unevenly
distributed steam channels. The high’tensile strength of the
alloy steel Blates_perm_lts the, use of thinner, plates, “averaging
'la"in., substantially increasing press capacity. The surfaces
must be machined dccurately so that their parallelism insures
uniform pressure on the plywood, otherwise a serious variation
of thickness (crushing) and uneven glue bonds might occur in
the finished Plywoo . Step devices are provided to suspend

the plates in the open press.
2 Upﬁer and Lower Platens.  The press head, or the upper
platen, should be a one-piece heavy steel casting to insure a

maximum_ deflection of 0.003 in. The deflection in the cold
press is seldom serious since it is distributed over 30 in. of content,
or a clamped bale, while in the hydraulic hot plate press, there
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Chart5 Influence of Mold and Fungi on Different Plywood
Glues

(Dotted line, Wetlﬁ]lgevmhc%lgtglr%srsy. ﬁﬁ#lgllldgelsn, woettgrlgsesw hot press. Full

is usually but one panel between each Pa|r, of plates, or a content
of less than Lin., and the whole deflection may come in each
panel. The lower platen, or head, should also"be a_one-piece
casting and together with the plates should be well athe, and
guided during the opening and closing of the press o insure
against displacement.

3. Pump_ System.. The modern hot plate press must be
equipped with”a satisfactory hydraulic pum sP/stem to insure
rapid closing in not more ‘than_30 sec and also to maintain
accurate cotinuous pressure. The temperature of the plates
IS usuaIIK thermostatically controlled to maintain a constant
heat, The pump systeni should be so designed that after
reachwﬂg the maximum pressure it will ease off smoothly.

4 Mechanical or Manual Loading. While many of the
smaller presses are manually operated, as to loading and un-
loading, the Iar?er presses aré equipped with automatic charging
devices as illusfrated in Fig. 7. " In some instances the charqlnﬁ
equipment is designed to ‘operate simjlarly to the lumper Tiff.
This Fermlts the “loading and unloading"of the oRenlngs or
;‘dbaly- |grats,” of the charging device at the level of the truck or
able used.

5 Cauls.  Aluminum cauls, usually Vi« in. thick, are used
to facilitate the loading and unloadirig of the assembled ply-
wood. The aluminum Caul s a good conductor of heat, requiring
but a few seconds for attaining the temperature of the steam-
heated platens, espemaIIY when under pressure. ~ For this reason
the aluminum caul should not be used to retard the penetration
of heat, or to compensate for slow acting pump systems.

Technique of Processing

The preparation of the face veneer, cross bands, and cores does
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not differ from regular methods employed for ordinary wet
gluing, except as to the moisture content of cross bands and
face veneers.

1 Tapeless Face Jointing. A great deal of time and attention
has been devoted to discovering some means of eliminating the
paper veneer tape used in splicing face veneers and cross bands.
Attempts have been made to perfect a thin fibrous paper tape
to be applied to the under side of face veneers, so that when the
gluing operation is completed the surface of the plywood will
require no sanding other than the ordinary polishing for finishing
purposes.

As the plywood comes from the hot plate presses when glued
with aluminum cauls, the surface has a very high sheen or polish
and requires no sanding by the plywood manufacturer if the face
veneers are free of tape. Some recent developments have been
made in perfecting a tapeless veneer splicer as shown in Fig. 1.
This machine has been designed along the lines of the ordinary
veneer splicers. Prior to splicing the faces, the edges of the
veneers are coated with a good grade of animal glue and allowed
to dry. The glue is usually applied immediately after jointing
and before the pressure is released in the jointer. The veneers
are passed through the splicer and under heat units, which
redissolve the animal glue and set it. The speed at which the
stock can be jointed or welded depends on the number of spindles
built in the machine. For example, a four-spindle machine will
weld approximately 35 lineal feet of 1/1s-in. veneer a minute.

The elimination of taped faces will greatly reduce the cost of
plywood manufacturing, especially in the sanding departments.
It also permits the manufacture of plywoods, utilizing narrow
veneers, with absolutely waterproof joints, having no tape re-
maining under the joints to decrease the strength of the dry glue
bond. :

Development work is now being carried on to produce a veneer
tape manufactured from dry glue for use on the standard paper
tape veneer splicer.

2 Dimensioning the Dry Glue Film. There has been some
question as to the proper method of cutting dry glue film to
dimension sizes. This is clearly illustrated in Fig. 2. Usually
the operator cuts the film on the table, as shown, to multiple
dimensijons that will recut to several smaller sizes. The re-
cutting is completed on an ordinary veneer clipper. It is not
practical to attempt to cut the film to final size in single sheets
on a veneer clipper because of the extreme thinness of this film.
The film is supplied in various widths up to 82 in. wide; there-
fore the waste can be held down to a minimum.

Captions for illustrations appearing on opposite page

Fig. 1 A Four SpINDLE TapreELEss VENEER SPLICER FOR EpGE

UnitiNg VENEER WiTHOUT THE USE OF THE CONVENTIONAL VENEER

TapE. TaE CHAIN Feep PriNcIPLE Is SHowN EMPLOYING STEAM

oR ErLecTricAlLY HpaTeEp RorLs FOR THE THERMO-SETTING
ADHESIVE

F1a. 2 MeTHOD EMPLOYED IN CUTriNGg THE DRY GLUE FiLm. THE
Curring TasLe Is MARKED OrF IN INCHES PO AsSIST THE OPERATOR
iN Curring THE FiLMm To ExacTt DiMENSION

Fig. 3 Tes SmvpLE, CLEAN, AND QUICK METHOD OF ASSEMBLING
THE VENEER, CorEs, AND Cross BanDs, PrIOR TO PrEssIiNg, Is
CLEARLY ILLUSTRATED

F1g. 4 TEE AssEMBLED PLYwooD PLACED IN THE OPENINGS OF THE
Hypravric Hor PraTe PrESs JusT PrIoR To THE FuLL CLOSING OF
THE PrESS

F1e. 5 ConTroL UNiT EMPLOYED ON A EUuropEAN HYDRAULIC HOT
PraTe PrEss, AUTOMATICALLY REGULATING THE TEMPERATURE,
SpEcIFIC PRESSURE, AND TIME OF PRESSURE

F1e. 6 ReEMoving THE ComprLETED PANELS FroM THE OPENINGS OF
THE HoT PLATE PrESS
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3 Laying the Film. The laying of the dry film is very simple
and requires a minimum time, as illustrated in Fig. 3. Piecing
of the film or lapping of the joints can be done to utilize the
small cuttings that might otherwise accumulate.

4 Loading the Press. As mentioned before, in loading the
press the stock is placed between aluminum cauls. Fig. 4
shows a press loaded and in the process of closing. The charging
of the different openings of the press, as well as the closing time,
should be done as quickly as possible. With modern pumps the
specific pressure required can be secured in 30 sec, avoiding any
pre-curing of the film by heat before pressure is effective. An
automatic control, regulating the pressure, temperature, and
time, is shown in Fig. 5.

5 Unloading the Press. The manual unloading operation
is shown in Fig. 6. In this instance aluminum cauls were not
used, due to the use of non-figured thick face veneers. Auto-
matic loading and unloading devices are extensively used in
Europe and are shown in Fig. 7. This equipment conserves
press time and reduces the labor of the press crew. During the
time of pressing, the moisture content of the veneer has been
reduced to some extent. It is a common thought that im-
mediately after the plywood is removed from the press, it begins
to take on moisture. This is incorrect, as it will continue to
give off moisture until the temperature of the plywood has
fallen below 100 C. To hasten the manufacturing time ply--
wood may be passed through a bath of water immediately after
coming from the press and allowed to temper for several hours
in bulk, after which it is placed on sticks and weighted for
equalizing temperature and moisture content.

ErrEcr oF CONTINUED HEAT WiTHOUT PRESSURE

The problem of limited press output is certain to occur as the
demand for dry glue film plywood increases. Two sheets of
plywood can be placed in each press opening, provided suitable
cauls are located befween as well as above and below the plywood.
Such a procedure is limited to plywood !/s in. and thinner and
will require only half as much additional time as a single sheet
of plywood, increasing the press capacity 50 per cent.

Another method of conserving press time is that of placing
plywood that has not been completely plasticized in the press
in heat-controlled kilns immediately after removal from press.
This has the effect of continuing the heat treatment to complete
plasticization in the kiln, after the pressure element has com-
pleted its function.

The results of a series of tests indicate that the pressing time
can be reduced at least one-half without sacrificing bond strength.
Table 5 shows the trends of such a procedure, with the press
conditions in the left-hand side of the table and the kiln condi-
tions directly across on the right-hand side.

ADVANTAGES oF DRY GLUE FiLMm

There are many advantages to be secured when laminating
with dry glue film. The process is simple and quick. The
assembling of the layers can be done in a suitable room near
the press, as the time between assembling and pressing is not
limited. Care can be exercised in assembling of the veneers
and cores, while the haste and rush now so characteristic of the
glue room operations is overcome,

The factor of time in gluing and conditioning plywood is
reduced from days to a matter of hours. This time saving assists
the manufacturer in meeting many urgent deliveries with utmost
assurance of perfect material.

Dry glue film permits the gluing of extremely thin, light-colored,
and porous veneers of all kinds without any staining effects.
Because of this non-staining quality the beauty of the wood is
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retained, finishing costs are lowered, and a rich, deep tone of these attacks. Other tests show no deterioration to the bond
artistic character Is produced. , . afterbelnéq exposed to the attack of mold and fungi for two Years.

The bond effected with dr @||U9 film resin is not _onIY water-  The old" theory that plywood must be made With a balanced
resistant, but is actually insoluble in water and chemically inert.  construction has been disproved. It is now possible to produce
Extensive tests have not_only shown the_glue line absolutely  2-ply panels with lumber core and face veneer with substantial
waterproof, but on redrymgI after immersion the bond always economy and showing no distortion. Many new forms of
shows increased strength.  Not only is the bond chemically inért  construction not herefofore possible  can be “developed when
but it is resistant and retardant t0 the attack of mold, fungi glum?, without introducing moisture into the veneer or lumber.
and bacteria. Tests show that termites and wood vermin will ~ After gluing, Plywoods ¢an be placed in hot water or steamed
not attack \})Iywood laminated with a phenolic resin film when  without injury to"the bond. This permits use of flat plywood
layers are Vsin. or thinner. _ construction jn the forming of bent and curved products, and the
_"Chart 5 shows the life of various wood adhesives when sub- resultln% work is very satistactory. L
{_ected to the attack of mold and fungl.z |t should be men- The dry glue film bond will not react, thus eliminating a
joned that the time shown in weeks for full decomposition of  corrosive attack. , . ,
the glues was partly_absorbed by the buﬂdln‘g up of the mold It also has the quality of extreme flexibility. There is no
cultdre.  This time is shortened when s_ubkec Ing the specimens  crystallizing and cracking, and the bond cannot be destroyed
to a culture of mold and fungi. For instance, in place of re- by distortion. .
qumn% approximately four weeks to decompose a casein glue The dry film |s,complete%¥ dissolved under pressure and heat
line when applied in"the cold method, the time is reduced to and for the first time has effected a bond which is stronger than
anrommater ten da¥s when subjected to a culture. It will the contracting and expanding power of wood, when subjected
also be observed that the hot plate press method of glum% with  to excessive moisture. ~ This i illustrated in Fl(\;/._ 8, showing a
wet glues not only increases their water resistance but also  3-ply flooring test, using 6 %in. oak face and Vie-in. chestnut
improves their resistance to the mold attack. This shows that  core” and back. The olter surface_ex[)anded in_a one year’s
all of the wet adhesives are subject to full decomposition, while  immersion test some 5 Per cent, while the glue side of the oak
the bond made with the film résin is 100 per cent resistant to ¥y|as tt)1e|dd to approximately original dimension by the dry glue
ilm bond.

_Dry glue film is very ad,aﬁtable for the glumt%, of crotch and
i . y .. highly |gured veneers In _either a 5-ply construction or a 2-ply
e fall be resistant to decomposition yeinforced face copstruction. It insures these veneers against

o A subjected to a culturg of the  checking because the adhesive bond is stronger than the expan-
riod of ten days. sive power of the wood. For the same reason it also eliminates

reparation of this article Naval Aircraft Specifications
ppPﬁ 1, 1933, rowdg' P
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the so-called hair-lining troubles which are so objectionable to
all plywood and furniture manufacturers. , _
nother interesting feature is that dry glue film has made it
possible to use the low-priced Western coniterous woods for core
materials, and veneer over them with a thin face (Vs6in.) veneer
without showing the effect of the underlying. grain in the coarser
woods. Absence of moisture In the gluing’is the chief factor in
making this possible. _
There are man)(] other advantages known, and jn the process
of development, should space permit their discussion.

Recent Adaptations op Plywood to New Products

The plywood industry has been eager to enter broader avenues
of trade, but up to the Present time the handicap. of the standard
wet glues has seriously retarded such expansion. The wide

rangfe of opportunities “for these newer types of plywood are
brigtly s%ggested._ .
1" Construction Trades. To the building trade, dryrhglue
e

film products offer a new material heretofore limited. T

increased use of Ferroclad materials to meet fireproof require-
ments has demanded an adhesive which will not corrode the
materials and will not crystallize and decompose under rapid
change of temperature and humidity. The adaptation of ply-

TABLE 5 EFFECT ON EIIEYAWqRDK?EﬁgNGTH OF CONTINUED

= _ (After removal from hot press)
euflcgressur&.\n press: 285 Ib per sq in.
0. ressure |

, ns . .
eariests. \ glt%rs%rgftlﬁnr ls%%%ﬁqir%n\)vat%r.at room temperature for 48 hr
¥emé),e|[filureg. eg C, automaticatly maintained
ime: Hrand'min o o
Pressmgr bsesfore kilning) Kilning (afteklrfenmoval from press)
g S S i - S S
vigh-, 321, 4 ”‘ﬁir w ﬂ 0—30 140 égg ggé
| I
221 264
S N A
123 271 328
0—5 130 igg 0—30 140 gg? ézg
171 124 275
-6 130 2}; % 0—30 140 2%2 éié
20 181 264 310
SR A A
3 251 208 297 287
i6.in., 3-ply, All Birch Plywood
%—lﬂgpyﬂﬁ %y 2? 0—30 140 éﬁg %gg
I
224 8 485 410
Same  Same Same Same 2— 0 90 igg %zg
3B 292
Same  Same Same Same 17— 0 90 %g% i@z
. . 429 41
gi6n., 3-ply, Al Birch Plywood .
0—16'”1% %}y &% 0—10° 130 m 33%
I
204 8 478 334

oSN A g press o n e of uner
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wood to the building trade demands that the bond shal] with-
stand all conditions of exposure, is not subject to vermin, ter-
mites, mold and fungi attack, is fully waterproof, and resistant
to rapid change in témperature, both wet and dry. A few sug-
gested uses are as follows:

Plywood roormF

Flush and panel doors

Venger faced synthetic fiber boards

Prefabricated Unit houses

Concrete forms _ _ _

Paneling with built-in electrical heating units

Wall paneling.

2 Automotive Industry. The automobile mdust_r% is always
searching for material of the greatest strength with the least
weight. “While plywood has Geen consideréd by designers in
the past, the lack of waterproofness and resistance to decomposi-
tion by atmospheric elements, such as wet and dry decay, has
retardéd its adoption by the industry. The dry résin film has
entirely overcome these difficulties and the designers are eager
to specify plywood for the following items:

Floors, sides, and roofs of refrigerated and ordinary trucks

Roofs, floors, and interiors of buses

Roofs, of closed passenger cars

Running boards and insulated floor boards

Batterly separators and containers, .

The plywood roof not only eliminates the deterioration now
s0.common but supPlles an unusual degree of rigidity.

The plywood battery separator and container offér a new and
repetitivé market to thie plywood industry.

3 Ship and Boat Building.  Due to the adyent of the dry
resin ?Iue film the entire ship"and boat building field is now open
for plywood utilization. Waterproof plywood made possible

Fig. 8 Showing That the Widthwise Swelling of 'VihIn,,

3-|§Iy Oak Plywood After 1 Year’s Submersion Is Held by the

Dry Glue Film Bond Against the Core, but Assumes Normal
Expansion at the Outer Surfaces

the fabrication of canoes, racing hulls and outboard motor boats
insuring greater strength and reduced weight. The new water-
proof plywood insures indefinite durablll)é under continuous
immersion, and the bond is not affected Dy oil, acid, or salt
water. Some of the watercraft applications are:

Canoes ,
Outhoard motor boats and racing hulls
Ship.bulkheads and partitions

Marine wall paneling

Ship furniture.

4 Aircraft. Innumerable tests in commercial and aircraft
laboratories, both here and abroad, have conclusively established
that the bond in phenolic resin Plywood is far superior in strength
and endurance to any type of plywood heretofore used.

The waterproofness “of the bond, the absolute resistance to
atmospheric elements, the tests that have proved the shear
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value of the bond to be the highest ever recorded, and the con-
tinuous increment of strength or frequent absorption of moisture
all strengthen the hold of plywood in aircraft industry.

Plywood of unusual strength as thin as 3-ply, /s in., is now
produced commercially for aircraft fabrication. This type of
material now available to the industry permits the manufacture
of aircraft at a reduced cost, with less weight, with increased
strength, with longer life regardless of atmospheric conditions,
and with a higher factor of safety. This will lead to greater
demands for plywood and will mean the ultimate increase of the
shear value of the glue bond in the present government and
commercial specifications.

In addition to the major applications by industry, there are
several outstanding combinaiions of dry glue film plywoods with
synthetic sheet products which enter too many fields to permit
such industrial classification.

5 Asbestos Clad Plywood. In the development of asbestos
slate, manufactured under various trade names, phenolic resin
plywood has again found many new applications.

Asbestos clad plywood, or plywood faced with asbestos slate,
glued with dry glue film, has introduced many new possibilities
for plywood for interior and exterior purposes. The slate can
be had in various thicknesses from /g in. up, and can be nailed
or riveted in a very satisfactory manner. As the slate is resistant
to acids and alkalies, is non-porous, is incombustible, and has a
smooth surface for paint or enamel, it may be used for either a
face or a cross band. If used as a cross band, it can be faced
with any type or thickness of fine veneers. With dry glue film
unusually thin veneers can be applied to the slate without danger
of staining the work. Tests show that the dry film bond is
stronger than the slate. A few of its many adaptions might be
listed as follows:

Wall paneling

(Interior or exterior)

Hospital interiors

Fireproof partitions

Greenhouse equipment

Telephone booths
Laundry equipment
Air-conditioning units
Electrical equipment
Elevator cabs

Lavatories and shower rooms Railroad freight cars
Laboratory equipment Ice cream cabinets
Kneading boards Refrigerators.

Steaming rooms

Rubber Vulcanizing Directly on Plywood. The vulcanizing of
rubber directly on plywood is a recent development which opens
another field for the veneer and plywood industries. The rubber
research laboratories have been eagerly searching for a suitable
wood product on which rubber may be vulcanized. It was
found that neither solid wood nor plywood glued with wet
adhesives would answer the requirements of the vulcanizing
process.

Successful vulcanizing of rubber to wood demands that the
wood shall not have more than 2 per cent moisture content, and
that it must withstand a heat from 850 to 380 F, under a specific
pressure of 250 Ib for a time of 20 to 30 min. It is immediately
realized that neither solid wood nor wet glued plywood can
meet such exacting demands. A dry glue film bond does not
deteriorate under this heat, and since it permits the manu-
facture of plywood with not more than 2 per cent moisture
content under 250 1b specific pressure, the new plywood answers
fully all the requirements for vuleanizing rubber to wood. Some
of the many uses for this type of material are as follows:

Desk tops Running boards (auto)
Rubber covered refrigerators Toilet seats

Table tops Chair and stool seats
Counter tops Caskets

Floor.boards (auto) Flooring and tile.

Other Plywood Products. Dry glue film plywood applications
for other new products, discussion of which space does not permit,
might be enumerated as follows:

Agricultural equipment Plywood milk racks
Brush backs Archery bows
Athletic equipment Golf shafts

Artificial blackboards
Wood-metal desk tops
Flameproof plywood

2- and 3-ply shipping containers
Foundry pattern stock

The phenolic resin bond of fret moldings from !/sx-in. and
3/e-in., 3-ply plywood has no injurious effect on the cutter heads
or punches and dies. It is surprising to note the volume that
can be made without renewing the cutting edges. The character
of the phenolic resin glue line does not dull saws, knives, and
cutter heads. ‘

Fret molding plywood
Tennis racket frames
Hockey sticks

Curved and bent plywood.

CONCLUSION

The development of dry glue film has introduced a number
of distinct and definite advantages which the wet glues have
not offered. The result is that new possibilities and applica-
tions for plywood are constantly being discovered and developed,
and the horizon of the plywood industry is thereby greatly
broadened.

Nore: Various U. S. patents are applied for and pending on
phenolic resin plywood, and prospective users should investigate
carefully.
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Discussion

CuarLEs B. NogRis.? Tixis is a valuable description of the
use of phenolic sheet glue, particularly the technical data in-
cluded in tables and charts. As Mr. E. H. Merritt has pointed

3 Mechanical Engineer, Haskelite Mfg. Corp., Grand Rapids,
Mich. Mem. A.S.M.E.
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out,dthe sheet glue process is only one of several processes of
R/Ilum%/lmade Tp055|ble by the development of phenolic resins.

r. Merritt favors a dry powder process. My company has
developed a process of gliing with which the sheet glue could be
used or, with the addition of some of Mr. Merritt’s eguipment, the
dry powder could be used. However, we prefer using the
phenolic resin in the form of a colloidal suspension in water.

In the process we have developed, the glue is spread upon the
veneers by means of a glue roll of the usual design. Sﬁeual rolls
and scraper bars are necessary, and the condition of the air sur-
rounding the rolls has'to be controlled. The veneer passes di-

Fia. 9

Fia. 11

rectly from the spreader into a simple surface drier which we have
designed. High-velocity air is ﬁassed over the surfaces of the
venéer in such'a way that even thin veneers (V4in.) are not dis-
turbed, FI%_9 shows the ?Iue spreader and the entrance end of
the drier. Fig. 10 shows the exit end of the drier. After the
veneers leave the drier they are ready for the qumF process. .
The gluing process is similar to the usual cold &umg process in
that a Stack of panels is formed and moved into fhe press. Thin
electric heating elements are piled alternately with the panels,

noleISIL-%@-i%iﬂﬂe%i,tlh%%?.enono Resins,” Trans. A.S.M.E., paper f
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so that each panel has two heatl_nq elements adjacent to it, ong on
each side.  The stack is moved irito,the press, pressure is applied,
and the heating elements are energized. The pressing operation
takes aboyt 20'min.  Fig. 11 shows one end of the press and the
prlllng mechanism for placing the heatlnﬂ elements upon the stock.

here is a similar unpiling device at the other end of the press.
Fig.. 12 shows the Pres_s-control apparatus, including an auto-
matic valve for controlling the pressure and an automatic device
for controlling the temperature. The apparatus shown makes
Q/an_els 8 ft long and 6 ft wide. It has an output of 3000 sq ft of

r-in. panel per hour. The full production possibilities of this

Fio. 10

Fig. 12

method of manufacturing panels are shown by plans of a IarEer
machine, which we have comPIeted. This Iar%ermachme makes
panels 10 ft square at a rate of 22,000 sq ft per fr. o

The author describes the ideal wood adhesive as “one which is
of a uniform guality, which can be laid or spread in an even coat-
ing, which FIVGS a perfect glue bond, and which can be applied
economically.” _There ar¢ also other requirements which it
should meet. There is almost an infinite number of possible
chemical combinations of phenol and formaldehyde. In ‘making
a phenol formaldehyde glue it is possible to end up with any one
of a great number of these compounds by slight changes in the
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temperature-time relations of the process. It is very unlikely
that the manufacturer of the glue will ever make two batches of
glue that are chemically identical. Luckily the user of the glue
is not interested in its chemical nature but in its physical proper-
ties. Uniform gluing results cannot be expected unless the
physical properties of the glue are uniform. The user should be
in a position to test these properties himself. The form in which
he receives the dry glue film makes this almost impossible. We
have developed simple physical tests which can be applied to the
colloid glue to tell whether the glue is suitable for our purpose.

Regarding the uniformity of glue spread, in using a liquid glue
we have at our command all the experience gained by the printing
industry in spreading inks uniformly. We find that we can ob-
tain very uniform spreads indeed. We also found that the dry
glue film made by the author’s company is not uniform in thick-
ness. Fifty measurements taken around the edge of a piece 18
in. long and 6 in. wide show an average thickness of 0.00229 in., &
maximum thickness of 0.0029 in., and a minimum thickness of
0.0020 in. This is a variation of 30 per cent above the average
and 12 per cent below.

A further requirement of an ideal wood adhesive is that it
should make as good a glue joint at the center of a thick panel as it
does near the face. If a thick panel is placed between the plates
of a hot plate press, the wood near to the plates is heated much
more rapidly than the wood near the center of the panel. There-
fore a glue line near the face of the panel is subjected to condi-
tions different from those of a glue line near the center of the
panel. The glue must be such that a good glue joint is obtained
under both these conditions. The author does not give any data
showing the properties of dry glue film joints made at different
rates of heating.

Another requirement of an ideal wood adhesive is that it should
give good results over quite a range of moisture content of the
wood. A plywood panel should be glued up at a moisture con-
tent which is the mean moisture content the panel will obtain in
use. For example, if a general purpose panel is to be made, it
may be used indoors or outdoors. Indoors in winter its moisture
content will probably drop to 4 or 5 per cent. Outdoors it
may reach a value of 20 per cent. The panel should be made,
therefore, at a moisture content of about 12 per cent in order that
the shear stresses developed in the panel at the low and high
moisture contents will not be great enough to cause failure of the
wood. Chart 2 of the paper shows that the dry glue film is
suitable for this purpose. In our process the water is dried out
of the spread colloid so rapidly by the surface drier that the mois-
ture content of the wood is not materially changed.

So far as we know there are only three reasons for the intro-
duction of phenolic resin glues into the plywood industry: the
greater strength of the glue joint, the greater water resistance of
the glue joint, and the immunity of the glue to attack by fungi
and bacteria. All other advantages claimed for the resin glues
are obtainable with the older forms of glues. The author
stresses the advantages of gluing with ‘““dry” glues rather than
“wet”’ glues, saying that the amount of water contained in glues
cannot be kept uniform and that there is no possibility of regu-
lating the influence of moisture upon the glued plies. We be-
lieve that these statements are an exaggeration of the facts.
We have been controlling these factors in the use of blood-albu-~
min glues for a number of years.

The warning that very excellent hot plate presses are necessary
for making plywood is timely. However, we do not agree with

the reason given regarding the extreme thinness of the dry glue
film,

An elementary discussion of the theory involved will show
the reasons for the need of very excellent presses when any kind of
glue is used. We can assume that the modulus of elasticity of
wood is 80,000. If we assume also the variation in the press of
0.003 in. that the author allows, we find that the variation in
pressure upon a plywood panel 1/, in. thick is 960 Ib per sq in.
That is, under normal gluing pressures certain parts of the ply-
wood receive no pressure whatever. If it were not for the fact
that wood becomes somewhat plastic whén it is moist and hot,
the steam platen method of gluing plywood could not be success-
ful. It is a precarious method at best. The process we have
developed has the advantage of the cold process method with
regard to pressures. Under the same condition of 0.003 in.
variation in the press, the variation in pressure is only 3 .b per
sq in., figured by the method outlined.

The impression is gained from the paper that it is not practical
to glue thick panels with the dry glue film if some of the glue lines
are near the center of the panel. This is a real difficulty that is
very often encountered with the use of phenolic resins. How-
ever, this difficulty can be overcome, and in fact is being over-
come in our factory.

We are in perfect accord with the author that the phenolic
resins make remarkable glues and that the dry glue film is a very
good glue indeed. We think, however, that the use of the colloid
overcomes some of the difficulties encountered in the use of the
other forms of the resin and that our gluing method overcomes
the difficulties inherent in the hot plate process.

A. J. Norron.® There are now three commercially developed
methods of using phenolic resin glue lines. In addition to the
film glue discussed by the author, there is the dry-powder method
of spreading resins which was discussed by Mr. Merritt in the
October meeting at Jamestown, and the method of spreading
the synthetic resin in colloidal form as was brought out by Mr.
Norris, of the Haskelite Company.

The colloidal method of spreading has proved satisfactory in
large-scale production and lends itself to commercial operation
very satisfactorily. The spreading equipment is slightly differ-
ent from that already used, and hot plate presses, steam or
electric, are the same as are used in any hot press gluing opera-
tion. The colloid lends itself to more widely diversified types
of application, due to the ease of spreading low or high amounts
of resin, and while it was not brought out at the meeting, we
have since shown that the colloid works successfully over a
lumber core under usual operating conditions. It was brought
out at the Chicago meeting that the use of the colloid on sheet
lumber might develop a panel core which would compete actively
with the lumber core in construction work.

Dry resin and colloid are manufactured by General Plastics,
Inc., and these products have sold under the trade name of
Durez.

With the three methods of using phenolic resin glue line, and
with the merits of such a glue line definitely established, there
seems to be no doubt of a distinet and revolutionary change
taking place in the lumber field.

§ Gteneral Plastics, Inc., North Tonawanda, N. Y.

Nore: Statements and opinions advanced in papers are to be
understood as individual expressions of their authors, and not those
of the Society.



