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The present invention comprises a method of joining
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pleces of wood.

Various processes for gluing or adhering together
pieces of wood such as lengths of timber to form longer and/or
wider lengths of timber, of wood veneers to form plywood and so

forth are known.

_One type of glued connection which is widely used in
the timber processing industry is the finger-joint. This joint
is made by a process whereby wedge-shaped fingers are machined
into the end or side-grain of the pieces of timber to be joined,
adhesives developed for joining timbers are applied to the
exposed faces of the fingers, the fingers on any two pieces of.
wood are mated so that the protruding fingers on one piece of
timber will slide into the groox..re's cut on the other piece, and
end pressure is applied so that the wedge-shaped fingers "lock"
together. "The end pressure will also supply sufficient lateral
pressure to the adhesive between the sloping faces of. the~
fingers that the adhesive will satisfactorily bond the two
pieces of timber +together with " sufficient strength and
reliability that the resulting piece will be usable in load
bearing situations. Finger-jointing is widely used to produce
longer, finger-jointed lengths of good qua.litiz_ timber from wood

having an unacceptably high number of defects.
In the :z_)fqauction of conventionally finger jointed
timber the lengths of timber are sawn from the log, kiln dried

or air dried, and then sections containing defects such as



One type of glued connection which is widely used in the tinber processing
industry js the finger-joint. This joint is nmade by a process whereby
wedge- shaped fingers are machined into the end or side-grain of the pieces
of tinber to be joined, adhesives developed for joining tinbers are
applied to the exposed faces of the fingers, the fingers on any two pieces
of wood are mated so that the protruding fingers :on-one piece of tinber
will slide into the grooves cut on the other piece,_and end pressure is
applied so that the wedge-shaped fingers "lock" to HasTBeen Rafl Br essur e

w |l also supply sufficient lateral pressure to the en the
sloping faces of the fingers that the adhesive will bond
the two pieces of tinber together with syfficient strength a

reliability that the resulting piece will be usable in |oad bearing
situations. -Finger-jointing is wdely used to produce

knots etc are cut from the lengths of timber and discarded
leaving short lengths of high grade by timber. These lengths of
high grade timber are then finger jointed to product continuous
lengths of timber which are finally cut to reguired length for

commercial sale.

The practice described is successfully used in many
areas and has the advantage of producing long lengths of high

grade timber from mixed lengths of low grade timber.

This conventional finger-jointing process described
above requires seasoned timber i.e. dried to a moisture content
below fibre saturation point before joining and preferably at
around 12% moiéture content, to achieve the required strength
and reliability. The timber may be seasoned by air drying, or
by a drying process such as kiln drying. Air drying is suitable
in some situations but the time involved being many .weeks
precludes its use in favour of a drying process such as kiln
drying in many cases. By comparison with seasoned timber;
unseasoned timber (i.e. freshly cutlwood from logs or partially
dried after cutting) can have a moisture content of from 30% up
to 200% on an oven dry basis. It is desirable to avoid the
necessity of drying.wood before jointing. When long lengths of
wood are dried it includes all defects which will be
subsequently cut from the long lengths and be discarded. It is
often the practice for producers of finger jointed material, fox
example, to buy in low grade, unseasoned, wood and kiln dry it
before manufacture. The proportion of defects in low grade

timber. can be high and in defect removal the wastage factor can
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unaccept ably hi gh nunber of defects.

conventi
t he | og,
such as

finger-jointed | engths of good quality tinber from wood

havi ng an

In the production of

onally finger jointed tinber the |engths of tinber are sawn from
kKiln dried or air dried, and then sections containing defects

-2- knots etc are

cut fromthe I engths of tinber and di scarded L
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exceed 50%, effectively doubling the cost of the dry timber

before jointing. It is impractical to remove defects before
drying because it would then be necessary to kiln dry short

lengths of defect free timber under mechanical restraint.

Thus, before finger-jointing, in the production of
conventionally ‘finger-jointed timber, the lengths of timber
after sawing from the log are kiln-dried or air-dried, and then
sections containing- defects such as knots etc are cut from the
lengths of timber leaving short lengths of high grade, dry
timber. These short lengths of high grade timber are then
finger-jointed to produce continuous lengths of timber which are

finally cut to required length for commercial sale.

With other techniques for Jjoining pieces of wood it
would be desirable to glue thé wood when in the unseasoned
state. For example, in the manufacture of plywood the wood
veneers are genérally dried before being bonded together, and in
the joining pieces of wood to form longer or larger pieces with
joint types other than finger joints, such as by lamination for
example, it may also be desirable to be able to élue the pieces
together before drying, to reduce handling of the wood for

example.

Seasoned timber is required for finger jointing and
other applications because the adhesives most often used are
soluble in water. Free water present in the cell lumens of
unseasoned timber can flow into the newly made joint, mix with

the as yet uncured adhesive, and the adhesive can then dissolve



| eavi ng short |engths of high grade by tinber. These | engths of high grade
timber arge then finger jointed to product continuous |engths of tinber
which are finally cut to required length for conmercial sale.

The practice described is successfully used in many areas and has the
advant age of producing long | engths of high grade tinber from m xed

| engt hs of | ow grade tinber. Thi s conventional finger-jointing
process described above requires seasoned tinber i.e. dried to a noisture

content below fibre saturation point before joining mﬁds@&ﬁ%abl y at

around 12% noi stur.e content, to achieve the required s eplaced
reliability. The tinber nay be seasoned by air drying, g -
process such as kiln drying. Air drying ii sui tabl e
into the water and migrate away from the joint. By the time the
adhesive has cured naturally, the joint is lacking in adhesive

has insufficient adhesive present and a very weak joint results.

It is an object of this invention to provide an
improved or at least alternative method for adhering together

pleces of unseasoned wood.

In broad terms the invention may be said to comprise a

method for joining pieces of unseasoned wood comprising joining

the pieces of wood with an adhesive formulation of a
sufficiently high molecular weight or wviscosity to avoid
adhesive degradation or migration in situ in the joint by
moisture from the wood during forming and curing of the joint,

or to achieve a sufficiently high molecular weight or viscosity

“ which will cure in a time .sufficient to avoid adhesive
degradation or migration in situ moisture from the wood during

forming and curing of the joint.

Where the pieces of wood are joined by finger jointing
the method includes removing defect material from.longer lengths
of wood containing defects to produce shorter lengths of higher
grade, unseasoned timber and then finger-jointing the shorter

lengths of unseasoned timber with the adhesive.

Where a high molecular weight or viscosity adhesive is
employed it may be produced by ageing an adhesive formulation of
conventional wviscosity and/or molecular weight so ' that

preferably less than 50% of the normal pot 1life of the



In some situations but the time involved being many weeks precludes its
use 4 n favour of a drying process such as kiln drying in many cases. By
conpari son with seasoned tinber, unseasoned tinber (i.e. freshly cut wood
fromlogs or partially dried after cutting) can have a noisture content of
from30%up to 200% on an oven dry basis. It is desirable to avoid the
necessity of drying wood before jointing. Wen long | engths of  wood are
dried it includes all defects which will be subsequemnisisyectinds BEMm®SIhdag | ong

| engt hs and be discarded. It is often the practice:fo finger
jointed material, for exanple, to buy in low grade; u Emlﬂ d and
kiln dry it before manufacture. The proportion of:de rade

ti mber can be high and in defect renoval_t§q_mastage factor can

adhesive remains. Adhesives suitable after ageing that may be
employed are any adhesive formulations that will age to the
required viscosity and molecular weight including formaldehyde
based adhesives such as resorcinol formaldehyde, phenol
formaldehyde, and urea formaldehyde. Additional hardener or
accelerant or other additives; such as ammonium chloride and
boric acid for example, may be added to the adhesive formulation
to accelerate ageing. Preferably a retardant is added to reduce
the rate of ageing, that is to increase the subsequent pot life
of the adhesive, once the adhesive formulation has aged to the
required viscosity and/or molecular weight for use in the method

of the invention.

The adhesi&e may have a viscosity in the range of 7000
to 10,000 centipoise. However, adhesives having a viscosity
outside this range hay be empléyed. The adhesive may have a
lower viscosity but the adhesive should have a sufficiently high
viscosity to reduce tﬁe solubility and prevent migration away
from the joint due to the presence of moisture. The viscosity
of the adhesive may be higher provided that the viscosity of the
adhesive is not so high that the adhesive may not be properly

coated on the wood fingers.

Preferably where a high molecular weight and/or
viscosity adhesive is employed which has not been produced by
aging a lower molecular weight and/or viscosity adhesive
formulation, an adhesive formulation having a base polymer which
is a highly branched or high molecular weight linear polymer is

employed. These types of polymer are gemnerally desolubilised on



- 3- exceed 50% effectively doubling the cost of the dry tinber before

jointing.,, It is inpractical to renove defects before drying because it
woul d then be necessary to kiln dry short |engths of defect free tinber
under mechani cal restraint. Thus, before finger-jointing, in

t he production of conventionally finger-jointed tinber, the |engths of
tinmber affer sawing fromthe |og are kil n- drled .or. alr-drled and t hen
sections containing defects such as knots etc are cut from the
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dilution with water. Suitable examples that may be mentioned
are melamine urea formaldehyde in particular and resorcinol
formaldehydes that have added a branching agent such as urea or

melamine.

Preferably the adhesive employed is a formaldehyde
based adhesive. Preferably in one case the formaldehyde based
adhesive comprises at least one hydroxy or amino functionalised
aromatic component. Examples of such components include phenol,
aniline, resorcinol, catechol, phloroglucinel, +tannin, and

flavinoid compounds, and the like.

Preferably in another case the formaldehyde based
adhesive comprises amino formaldehyde condensate. Examples of
such adhesives include. urea formaldehyde, melamine formaldehyde

and casein formaldehyde.

Particular examples of adhesives ' are formulations
comprising resorcinol formaldehyde, phenol formaldehyde, phenol
resorcinol formaldehyde, nurea  formaldehyde, phencl urea
formaldehyde, ¢tannin £formaldehyde, melanine férmaldehyde or
melamine urea formaldehyde. Phenolic adhesives are preferred
and most preferred are resorcinol formaldehyde and phenocl

resorcinol formaldehyde.

The adhesive may be applied by any conventional
technique for adhesive application in finger jointing or other

wood joining techniques, at usual application rates.



| engt hs of tinber |eaving short |Iengths of high grade, dry tinber. These
short Iengths of high grade tinber are then finger-jointed to produce
continuous lengths of tinber which are finally cut to required I ength for

comerci al sal e. _ Wth other techniques for joining pieces of
wood it would be desirable to glue the wood when in the unseasoned state.
For exanple, in the manufacture of plywood the wood Vveneers are generally

dri ed before being bonded together, and in the-10|n|ng pi eces. of wood to
formlonger or larger pieces with joint types ot@§ fﬁifln er joints,

such as by lamnation for exanple, it may alkso be %’able to
e wood for

glue the pieces together before drying, to reduce
Whether the adhesive formulation is a high wviscosity

exanpl e. -7 -

molecular weight formulation or not, preferably the adhesive is
contacted with a cure promotor chemical which increases the rate
of cure of the adhesive on forming of the joint. Preferably the
cure promotor chemical is applied to wet one or both of the
bonding surfaces of the wood, such as the fingers in a finger

joint, prior to application of the adhesive.

It is known in the art that adhesives can be
formulated in two parts which are brought together when the
adhesive is to be used or cured. For example, an adhesive
system can comprise a reactive component kept prior to use at a
pPH suitable for minimum curing, and a second adhesive component
compatible with the first part and which when contacted
therewith in use renders the combination high reactive towards
adhesive curing. It is known that adhesive curing rate is
dependent on pH. Because of adhésive pot-life considerations,
the pH range is normally held f£rom approximayely pE 1 to 8, in
particular for fast curing adhesive férmulations. The
formulation of a two-part adhesive is an undesirable
complication, and we have found thateapplicatibn of a simple
pre-treatment chemical to one (or optionally both} of the
bonding surfaces will achieve the samé result as when using a

formulated two-part adhesive system.

Alternatively however, the cure. promotor chemical
could be contacted with the adhesive by being injected or added

into the adhesive supply line immediately before application of



Seasoned tinber is required for finger jointing and other applications
because the adhesives nost often used are soluble in water. Free water

present in the cell lunmens of wunseasoned tinber can flowinto the newy
made joint, mx with the as yet uncured adhesive, and the adhesive can

t hen di ssol ve _ 4 into the
water and migrate away fromthe joint. By the tine the adhesive has cured
naturally, the joint is |acking in adhesive has insufficient adhesive :
present and a very weak joint results. ‘ , This Sheet Has 4 OF
THE | NVENTI ON It is an object of the present invent | ggat e
one of nore di sadvantages of the prior art. Accor di E@l Hct of

the present invention there is provided agmethod of joinin

unseasoned wood,

conprising the steps of applying to the mating surface of

at | east one of the pieces of wood anmonia or an am ne or am ne derivative
conpound in solution, Qr chromc acig oy sodjpum per.i odat e %pphi

for mal dehyde bER®d2hATE¥FvECL GRENEC

pi eces of WOOdya Qi FaREhAY hBRE for example.

One class of preferred cure promotor chemical is basic

chemicals (pH>7)} which will react on contact with the adhesive

to change the nature of a conventional adhesive to a fast curing

adhesive.

One class of preferred cure promotor chemicals
comprise ammonia or an amine or amine derivative compound.
Preferably the ammonia or amine or amine derivative is applied
in solution at at least 10% by weight, but ammonia could be
applied as a gas to the wood surfaces as it will solubilise on

contact with wood moisture.

Another class of preferred cure promotor chemicals is
organic acids such as low molecular weight carboxylic acids i.e.
carboxylic " acids having a molecular weight below 300 and most
preferably below 150, applied in solution of at least 50% by
weight and preferably at least 80% or above by weight, including
formic acid and trichlorocacetic acid. In common usage it is
undesirable to contact wood with strong acids as these can cause
degradation of the wood material. We have found that certain
acidic pre-treatment chemicals can be used effectively at the

high concentrations, to achieve rapid curing.

BAnother class of preferred cure promotor chemicals is
Lewis and Bronsted acids, preferably comprising a transition

metal ion component such as chromium applied as chromic acid,

ge) n g
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mati ng surfaces of the pieces of wood together to formthe joint, and

al l o ng the adhesive to cure. According to anot her aspect of the
present invention there is provided a nethod of joining pieces of tinber,
conprising the steps of applying anmonia or am ne or an am ne derivative
conpound in solution, or chromc acid or sodium periodate to the mating
surface of at |east one of the pieces of wood, applying a fornal dehyde
based adhesive to the mating surface of at |east one of the pieces of wood,
and bringing the mating surfaces of the two pieces of wood together to form
the joint and allow ng the adhesive to cure. - Ac s Bhieetdlat Bees Répidced

anot her aspect of the present invention there is provi f
produci ng finger jointed tinber, conprislqg_the st eps fect
material fromlonger |engths of wood contadlning defects to produce shorter
| engt hs of hi gher grade, unseasoned tinber; applying amonia or an am ne or
am ne derivative conpound in solution, or chrom c acid or sodium periodate
to the fingerszdic srltaastlwieivs s23éspj ke $bef Liksod, RabprtpeRgeiass of

f or mal dehyde b Y - Lhe. fi of Jeasi, O f_ st ieces of
wood, bringi ng&?’ﬁ% p? ?ﬁ‘%‘s %8%’9?%?2 %%Ao‘;&g?;é%lées og‘%rﬁgogéﬁdggg?%%at %‘efrgﬁir?n t he
joint, and al | conaeptraeiashesicieas 09CUr formic aciMerteridlimmpacanice adisy,

wei ght or viscosity adhesive is enployed it nay be produced by agei ng an
adhesi ve formuf3t %A LF%onventional viscosity and/or nol ecul ar wei ght so
that preferably I ess than 50% of the normal pot |ife of the

After application of the cure promotor chemical and
most preferably where the cure promotor is an acid such as
chromic acid Cr (V1), the bonding surfaces of the wood may be
surface dried. By "surface dried” in the context of this
invention is meant that the mating surfaces of the wood are
heated without heating of the body of the pieces of wood. For
example in the case of finger jointing where surface drying is
employed the surface of the fingers are heated without treating
of the body of the wood beyond the fingers. Surface heating for
a time in the range of 30 to 120 seconds is preferred, by

blowing hot air over the wood surfaces, for example.

After jointing, the joined pieces of wood may then be
dried, for example by artificial drying or simply by air
seasoning. For example, after defect removal and
finger-jointing of the timber with the method of the invention,
the unseasoned finger-jointed lengths of timber may then be kiln

dried.

Wood with a moisture content that would conventionally
be  regarded as too high for successful jointing by gluing or
adhesion can be bonded before drying by the method of the
invention. By unseasoned wood is meant wood having a moisture

content in excess  of 30%. Particularly



adhesive remai ns. Adhesives suitable after ageing that may be enployed

are any adhesive formulations that will age to the required viscosity and

nol ecul ar wei

resorcinol formal dehyde, phenol fornmal dehyde, and urea formal dehyde.
Addi ti onal hardener or accelerant or other additives, such as ammbni um

chl ori de and
formul ati on

t he adhesi ve,

to accel erate ageing. Preferably a rétBrigfhest HasB theddo
reduce the rate of ageing, that is to increase the life

once the adhesive fornul ati on has aged ed
vi scosity and/or nol ecul ar weight for use in the nethod

ght including forml dehyde based adhesives such as

boric acid for exanple, nmay be added to the adhesive

- 10 -

preferred is wood having a moisture content in excess of the
fibre saturation point of the wood i.e. at the fibre saturation
point the cell walls are saturated with water and moisture is
present around the larger fibres of the wood. The method can be
used with wood having a moisture content in excess of 50 or even

100%. .

With finger jointing or other processes wherein
defects are removed from lower grade timber and the remaining
wood is Jjointed to form larger pieces, the method of the
invention enables defects to be removed from the green timber
before further processing so that defect wood is not further
processed. In the case of drying for example, energy is not
wasted in drying defect material. The method of the invention
also makes available to unseasoned timber products such as
framing the benefits of upgradiﬁg by finger-jointing. For wood
which does not require defect removal such as veneers which are
cut from logs to form plywood, the process enables the veneers
to be bonded together immediately after cutting while still in
the green state, so that it is not necessary to season and then

bond the veneers, so that handling is reduced.

The method of the invention is further illustrated by

the following examples.

Example 1

Ten finger-jointed samples were made up by cutting the

separate pieces of the unseasoned stock having a mean moisture

of



of the invention. The adhesive may have a viscosity in the
range of 7000 to 10,000 centi poise. However, adhesives having a
viscosity outside this range nay be enpl oyed. The adhesive may have a

| ower viscosity but the adhesive should have a sufficiently high viscosity
to reduce the solubility and prevent mgration away fromthe joint due to
the presence of noisture. The viscosity of the adhesive may be higher -
provided that the viscosity of the adhesive is not s gh t hat the

adhesi ve may not be properly coated on the wood fi ngeE: hetH"SBee“Re laced

Preferably where a high nol ecul ar weight and/or visco Hl’ I
enpl oyed whi ch has not been produced by aging a | ower ght
and/ or viscosity adhesive - 11 -

content of 90% by weight to 335 mm lengths, machining finger
profiles on one end of each length using Leitz 10/10 mini joint
cutters in a Iouis Eichmann finger-jointing machine with
automatic clamping of samples and passage of the sample past the
rotating cutting heads. A batch of xesorcinol formaldehyde
resin was mixed up using standard formulation (4 resin:l
hardener by weight). Viscosity was measured using a Brookfield
viscometer and found to be between 3000 and 4000 centipoise at
20°%. a period of time was allowed to pass until further tests
showed viscosity had reached 7000 centipoise. This adhesive was
then applied to one set of fingers and the set of fingers with
adhesive on were mated to another set of fingers with no
adhesive. Clamping forces parallel to the grain direction were
applied to the plain ends of the now joined lengths of timber,
at a stress of 5.5 MPa, by pressing between the plattens of a

universal testing machine.

The samples were dried at ambient temperature for a
period of approximately 6 days and then conventionally kiln
dried at 70°C until the samples were at approximately 12%

moisture content.

The samples were tested in bending, on the flat, (i.e.
minor dimension as the specimen depth), over a span of 600 mm,
with load heads located 200 mm apart centered on ﬁidspan. The
results showed that a mean bending strength (Modulus of Rupture
MOR} of 62.3 MPa was obtained with a standard deviation of 11.1

MPa at a mean moisture content at assembly of 90%. Calculations



formul ati on, an adhesive fornul ati on having a base polynmer which is a

hi ghly branched or high nol ecul ar weight |inear polynmer is enployed. These
types of polymer are generally desol ubilised on

- 6- dilution with water. Suitable exanples that may be nmentioned are
nel ami ne urea formal dehyde in particular and resorcinol formaldehydes that
have added a branchi ng agent such as urea or '

is Sheet Has Been Replaced
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according to New Zealand Standard 3616:1978 would assign these

finger-joints an allowable bending stress of 13.3 MPa.

Example 2

Sixteen finger-jointed samples were made up as in

Example 1 from stock at 92% by weight mean moisture content.

The freshly cut fingers on one piece from each joint
were dipped in a solution of ammonium hydroxide (specific
gravity 0.880). Freshly mixed R15 resorcinol formaldehyde
adhesive was applied to the other set of fingers and the set of
fingers with adhesive on were mated to the set of fingers which
had been dipped in ammonium hydroxide. Clamping forces parallel
to the grain direction were applied to the plain ends of the now
jointed lengths of timber, at a'stress of 5.5 MPa, by pressing

between the plattens of a universal testing machine.

The samples were dried in the laboratory at ambient
temperature for a period of approximately 6 days then dried in a
conventional kiln at 70°C for 6 days until the éamples were at

approximately 12% moisture content.

The samples were tested in bending, on the flat (i.e.
minor dimension as the specimen depth)}, over a span of 600 mm,
with load heads located 200 mm apart centered on midspan. The
results showed that a mean bending strength (Modulus of Rupture
MOR) of 67.8 MPa was obtained with a standard deviation of 5.7

MPa. Calculations according to New Zealand Standard 3616:1978



mel am ne. Preferably the adhesive enployed is a fornmal dehyde
based adhesive. Preferably in one case the fornal dehyde based adhesive
conprises at |east one hydroxy or am no functionalised aromatic conponent.
Exanpl es of such conponents include phenol, aniline, resorcinol, catechol,
phl orogl uci nol, tannin, and flavinoid conpounds, and the |ike.

Preferably in another case the formaldehyde based adhesive conprises
am no fornmal dehyde condensate. Exanples of such adhesives |nclude urea

f or mal dehyde, nel am ne fornmal dehyde and casein formm
Particul ar exanpl es of adhesives are formulations " m”, "
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wonld assign these finger-joints an allowable bending stress of

19.1 MPa.

Example 3

Sixteen finger-jointed samples were made up as in

Example 2 from stock at 149% by weight mean moisture content.

The freshly cut fingers on one piece from each joint
were dipped in a solution of 5 molar triethanolamine. Freshly
mixed R15 resorcinol formaldehyde adhesive was applied to the
other set of fingers and the set of fingers with adhesive on
were mated to the set of fingers which had been dipped in
triethanolamine. The samples were clamped, subsequently dried
and tested as in Example 2. R

The results shéwed that a mean bending strength
(Modulus of Rupture MOR} of 59.7 MPa was obtained with a

standard deviation of 3.97 MPa.

Example 4

Twenty finger-jointed samples were made up as in
Example 1 from stock having a mean moisture content of 78%. A
solution of 5% chromic (V1) acid was sprayed on to the freshly
cut surfaces of the fingers on each piece, then the fingers were
flash dried, using a hot air gun for 30 seconds per piece, so
that the tips of the fingers reached about 100°C, the base of

the fingers reached about 50°C, but solid wood lcm in from the



conprising resorcinol formal dehyde, phenol fornmal dehyde, phenol resorcinol
for mal dehyde, urea f or mal dehyde, phenol urea formal dehyde, tannin

f or mal dehyde, nel am ne formal dehyde or el am ne urea formal dehyde.
Phenol i ¢ adhesives are preferred and nost preferred are resorcinol

f or mal dehyde and phenol resorcinol formal dehyde. The adhesi ve
may be applied by any conventional technique for adhesive -application in
finger JOlntlhg or other wood joining techniques, aﬁh#§%%hh§8&%h§%ﬁ&?n

T

base of the fingers did not change in temperatunre appreciably
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from the ambient temperature of 20°C. There was no significant
drop in moisture content of the fingers. Freshly mixed RI15
resorcinol formaldehyde adhesive was applied to one set of
fingers and the set of fingers with adhesive on were mated to
another set of fingers with no adhesive. Clamping Zforces
parallel to the grain direction were applied to the plain ends
of the now joined lengths of timber, at a stress of 5.5 MPa, by

pressing between the plattens of a universal testing machine.

The samples were dried in a force air drier at ambient
temperature for a period of approximately 4 weeks until the

samples were at approximately 12% moisture content.

The samples were tested in bending, on the flat.(i.e.
minor dimension as the specimen depth), over a span of 600 mm,
with load heads located 200 mm apért centered.on midspan. The
results showed that a mean bending strength (Modulus of Rupture
MOR) of GI.C MPa was obtained with a standard deviation of 12.2
MPa%. Calculations according to New Zealand Standard 3616:1978
would assign these finger-joints an allowable behding stress of

13.1 MPa.

Example 5

Twenty finger-jointed samples were made up as in
Example 1 from stock having a mean moisture content of 78%. A
solution of 90% formic (V1) acid was sprayed on to the freshly

cut surfaces of the fingers on each piece, then the fingers were
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Whet her the adhesive formulation is a high viscosity

nol ecul ar, wei ght formul ation or not, preferably the adhesive is contacted
with a cure pronotor chem cal which increases the rate of cure of the

adhesive on formng of the joint. Preferably the cure pronotor chem cal
applied to wet one or both of the bonding surfaces of the wood, such as

the fingers in a finger joint, prior to application of the adheswe

It is known

to use at a

in the art that adhesives can be
are brought together when the adhesive is to be useﬂlln?hemuhﬂ!kenfm
prior

exanpl e, an adhesive systemcan conprise a reactive ﬂ"mmﬂ" ""ﬂ
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flash dried as in Example 4. Freshly mixed R15 resorcinol
formaldehyde adhesive was applied to one set of fingers and the
set of fingers with adhesive on were mated to another set of
fingers with no adhesive. The samples were clamped,
subsequently dried, and tested as in Example 4. The results
showed that a mean bending strength (Modulus of Rupture MOR) of

49,5 MPa was obtained with a standard deviation of 6.21 MPa%.

Example 6

Five pairs of slips were made from unseasoned
(moisture saturated) radiata pine, otherwise complying with the
requirements of British Standard 1204:Part 2. The bonding
surface of one pine slip in each pair was dipped in a solution
of ammonium hydroxide (specific gravity 0.880). Freshly mixed

resorcinol formaldehyde adhesive was applied to the bonding

‘surface of the other pine slip of each pair and the two pine

slips were mated. Clamping forces were applied to these pine
slips according to British Standard 1204:Part 2. The samples
were conditioned for five days in a conditioning cabinet
operating at 25°C, and 65% R.H. The samples were tested in
shear according to British Standard 1204:Part 2. The results
showed a mean failure shear force of 1.9 kN with a maximum of

2.0 kN, and a minimum of 1.8 kN.

Example 7

One pair of slips was made from unseasoned (moisture

saturated) radiata pine, otherwise complying with the

S

fornulated in two parts which



pH suitable for m nimum curing, and a second adhesive conponent conpatible
with the first part and which when contacted therewith in use renders the
conbi nati on high reactive towards adhesive curing. It is known that
adhesive curing rate is dependent on pH Because of adhesive pot-life
considerations, the pHrange is normally held fromapproximtely pH 1 to
8, in particular  for fast curing adhesive fornmul ati ons. The

formulation of a two-part adhesive is an und$si able co i cation,
and we have found that application of a sinple pret t o Hal to
one (or optionally both) of the bonding surfaces wl ﬂ sane
result as when using a fornulated two-part adhesive

Al ternatively however, the cure pronotor_ghepical could be contacted with

t he adhesive by being injected or added

requirements of British Standard 1204:Part 2. The bonding
~ surface of one pine slip was dipped in a solution of
triethanolamine (5 molar}. Freshly mixed phenol resorcinol
formaldehyde adhesive was applied to the bonding surface of the
other pine slip and the two pine slips were mated. The samples
were clamped, subsequently dried and tested as in Example 6.

The results showed a failure shear force of 1.8 kN.

Example 8

Three pairs of slips were made from unseasoned
{(moisture saturated} radiata pine, otherwise complying with the
requirements of British Standard 1204:Part 2. The bonding
surface of one pine slip of each pair was dipped in a solution
of tetramethyl ammonium hydroxide (5 molar). Freshly mixed
resorcinol formaldehyde adhesive was applied to the bonding
surface of the other pine slip of each pair and the two pine
slips were mated. The samples ﬁere clamped, subsequently dried
and tested as in Example 6. The results showed a mean failure
shear force of 1.9 kN with a maximum of 2.1 kN, and a minimum of

1.7 kN.

Example 9

Ten finger-jointed samples were made up as in Example
1 using stock at a mean moisture content of 107%. A solution of
0.5 mole/litre sodium periodate was sprayed on to the freshly
cut surface of the fingers on each piece. Freshly mixed R15

resorcinol formaldehyde adhesive was applied to one set of



into the adhesive supply line inmedi ately before application of

t he adhesive to the wood, in a finger jointing or ply-wod manufacture

pl ant for exanpl e. One cl ass of preferred cure pronotor
chemical is basic chenicals (pH>7) which will react on contact with the
adhesive to change the nature of a conventional adhesive to a fast curing

Sheet Has Been Repl
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fingers and the set of fingers with adhesive on were mated to
another set of fingers with no adhesive. Clamping forces
parallel to the grain direction were applied to the plain ends
of the now joined lengths of timber, at a stress of 5.5 MPa, by

pressing between the plattens of a universal testing machine.

The samples were dried in a force air drier at ambient
temperature for a period of approximately 4 weeks wuntil the

samples were at approximately 12% moisture content.

The samples were tested in bending, on the flat (i.e.
minor dimension as the specimen depth), over a span of 600 mm,
with load heads located 200 mm apart centered on midspan. The
results showed that a mean bending strength (Mecdulus of Rupture
MOR) of 47.3 MPa was obtained with a standard deviation of 7.2
MPa. Calculations according to New Zealand Standard 3616:1978
would assign these finger-joints an allowable bending stress of

10.9 MPa.

Example 10

Ten finger-jointed samples were made up as in Example
1 using unseasoned (moisture saturated) radiata pine. ¥
solution of 90% formic acid was sprayed on to the freshly cut
surface of the fingers on each piece. Freshly mixed urea
formaldehy@e adhesive was applied to one set of fingers and the
set of fingers with adhesive on were mated to another set of
fingers with no adhesive. Clamping forces parallel to the grain

direction were applied to the plain ends of the néw'joined



adhesi ve. One cl ass of preferred cure pronotor chem cals
conpri se anmoni a or an am ne or am ne derivative conpound. Preferably the
anmonia or amne or amne derivative is applied in solution at at |east
10% by wei ght, but ammonia could be applied as a gas to the wood surfaces
as it will solubilise on contact with wood noi sture. , Anot her
class of preferred cure pronotor chemicals is organic acids such as |ow
nol ecul ar wei ght carboxylic acids i.e. carboxylic acids having a nol ecul ar
wei ght bel ow 300 and nost preferably bel ow 150, appl.i§de s 50k Réplaowd of at

| east . 50% by weight and preferably at | east 80% or .
including formc acid and trichloroacetic acid. In a i's
- 18 ’

lengths of timber, at a stress of 5.5 MPa, by pressing between

the plattens of a universal testing machine.

The samples were dried in a force air drier at ambient
temperature for a period of approximately 4 weeks until the

samples were at approximately 12% moisture content.

The samples were tested in bending, on the flat (i.e.
minor dimension as the specimen depth), over a span of 600 mm,
with load heads located 200 mm apart centered on midspan. The
results showed that a mean bending strength (Modulus of Rupture
MOR) of 47.3 MPa was obtained with a standard deviation of 7.2
MPa. Calculations according to New Zealand Standard 3616:1978
would assign these finger-joints an allowable bending stress of

10.9 MPa.

Comparative Example A - Unseasoned Wood

From a random sample of sawn anti-sapstain dipped,
unseasoned 100 x 50 mm radiata pine timber twenty finger-jointed
650 mm lengths were manufactured by cuntting the éeparate pieces
of the unseasoned stock to 335 mm lengths, and machining finger .
profiles on one end of each lengths using Leitz 10/10 mini joint
cutters in a Louis Eichmann finger-jointing machine with
automatic clamping of samples and passage of the sample past the
rotating cutting heads. Freshly mixed resorcinol formaldehyde
adhesive was applied to one set of fingers and the set of
fingers with adhesive on were mated to another set of fingers

with no adhesive and clamping forces parallel to the grain



undesirable to contact wood with strong acids as these can cause
degradation of the wood material. W have found that certain acidic
pre-treatnent chemicals can be used effectively at the high
concentrations, to achieve rapid curing. Anot her cl ass of
preferred cure pronotor chenmicals is Lewis and Bronsted acids, preferably
conprising a transition netal ion conponent such as chrom um applied as

chrom c acid, This Sheet Has Been Replaced

RN
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direction were applied to the plain ends of the now joined
lengths of timber, at a stress of 5.5 MPa, by pressing between

the plattens of a universal testing machine.

The samples were dried in a forced air drier at
ambient temperature for a period of approximately 4 weeks until

the samples were at approximately 12% moisture content.

The samples were tested in bending, on the flat (i.e.
minor dimension as the specimen depth), over a span of 600 mm,
with load heads located 200 mm apart centered on miaspan. The
results showed that a mean bending strength (Modulus of Rupture
MOR) of 38.9 MPa was obtained with a standard deviation of 17.3
MPa at a mean moisture content at assembly of 101%.
Calculations according to New Zealand Standard 3616:1978 would
assign these finger-joints an allowable bending stress of 2.5
MPa. .

Comparative Example B - Seasoned Wood

As an example of the strengths obtained using the
usual process on seasoned timber finger-jointed test samples
were made using the above method except that this time the
timber had first been seasoned to a moisture content of

approximately 15%.

The results showed that a mean bending strength
{Modulus of Rupture MOR) of 55.8 MPa was obtained with a

standard deviation of 9.9 MPa at a mean moisture content at



-9- zinc salts, alumniumsalts, and the like. A further class of cure
promotor «chem cal is volatile organic acids applied at high concentrations
such as 90% formc acid, trifluoroacetic acid, and the |ike.

After application of the cure pronotor chem cal and nost preferably where
the cure pronmotor is an acid such as chromc acid & (V1), the bonding

surfaces of the wood may be surface dried. By "surface dried" in the
context of this invention is neant thaf the mating surfaces of the wood
are heated without heating of the body of the pieces of Eégnple

in the case of finger jointing where surface drying |sThl

surface of the fingers are heated without treating
- 20 -

assembly of 15.8%. Calculations according to New Zealand
Standard 3616:1978 would assign these finger-joints an allowable

bending stress of 12.6 MPa.

The foregoing describes the invention including
preferred forms and examples thereof. Alterations and
variations to the method of the invention as will be apparent to
those skilled in the art are intended to be incorporated in the

scope hereof, as defined in the following claims.



of the body of the wood beyond the fingers. Surface heating for a tine
the range.of 30 to 120 seconds is preferred, by blow ng hot air over the
for exanpl e. After jointing, the joined pieces

wood surf aces,

in

of wood may then be dried, for exanple by artificial drying or sinply by

air

seasoni ng.

For exanpl e, after def ect r enoval and

finger-jointing of the tinber with the nethod of the inventien, _the
unseasoned finger-jointed | engths of tinber may théﬂ @ﬂ' iln dried.
c

Wod with a noisture content that woul d convention¢|
hi gh for successful jointing by gluing or adhesion
drying by the nethod of the invention. By unseasoned wood Is "nmednt * wood

havi ng a noi sture - 21 -

1. A method of joining pieces of unseasoned wood,

comprising joining the pieces of wood with an adhesive

formulation of a sufficiently high molecular weight or wviscosity

to avoid adhesive degqradation or migrationm in situ in the joint
by moisture from the wood during forming and curing of the joint,
or which will cure to achieve a sufficiently high molecular
weight or viscosity in a time sufficient to avoid adhesive
degradation or migration in situ by moisture from the wood during

forming and curing of the joint.

2. A method as claimed in claim 1 wherein the adhesive
is a said adhesive formulation of a sufficiently high molecular
weight or viscosity which has resulted from extended reaction

during manufacture.

3. A method as claimed in claim 1, ‘including contacting
the adhesive with a cure promotor chemical which increases the
rate of cure of the adhesive on forming of the joint whereby the
adhesive will cure to achieve said high molecular weight or
viscosity in a time sufficient to avoid adhesive degradation or

migration from wood moisture.

4. A method as claimed in claim 3, wherein the adhesive

comprises a formaldehyde based adhesive.

5. A method as claimed in claim 4, wherein the adhesive

comprises an amino formaldehyde condensate adhesive.

This Sheet.Has Been Re
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excess of 30% Particularly

. «preferred is wood having a noi sture content in excess of the
fibre saturation point of the wood i.e. at the fibre saturation point the

cell walls are saturated with water and noisture is present around the
| arger fibres of the wood. The nethod can be used with wood having a
noi sture content in excess of 50 or even 100%

| gy

6. A method as claimed in claim 4, wherein the adhesive
also comprises at least one hydroxy or amino functionalised

aromatic component.

7. A method as claimed in claim 6, wherein said
component(s) is selected from the group comprising phenol,
aniline, resorcinol, catechol, phloroglucinel, tannin, and

flavonoid components.

8. A method as claimed in claim 4, wherein the adhesive
is selected from the group comprising resorcinol formaldehyde,
phenecl formaldehyde, phenol resorcinol formaldehyde, urea
formaldehyde, phenol urea formaldehyde, tannin formaldehyde,

melamine formaldehyde, and melamine urea formaldehyde, and casein

formaldehyde.
9. A method as claimed in claim 8, wherein the adhesive
comprises - resorcinol formaldehyde or phenol resorcinol
formaldehyde.
10. A method as claimed in c¢laim 4, wherein the cure

promotor chemical comprises ammonia or an amine or amine

derivative compound.

11. A method as claimed in claim 10, wherein the cure
promotor chemical comprises an at least 10% by weight ammonia

solution.

This Sh Been Reﬁatced '
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Wth finger jointing or other processes wherein defects are renoved from

| omer grade tinber and the remaining wood is jointed to forml arger

pi eces, the nethod of the invention enables defects to be renoved fromthe
green tinber before further processing so that defect wood is not further
processed. In the case of drying for exanple, energy is not wasted in
drying defect material. The nethod of the invention also nakes avail able
to unseasoned tinmber products such as framng the benefits of upgrading by

finger-jointing. For wood which does not require de val such as
veneers which are cut fromlogs to form pl ywod, th Hﬁ t he
veneers to be bonded together inmmediately after cut I n

the green state, so that it is not necessasy-to season and then bond t he
veneers, so that handling is reduced.

L,

1z, A method as claimed in claim 4, wherein the cure

promotor chemical is any organic acid.

13. A method as claimed in claim 12, wherein the cure
promotor chemical is an at least 50% by weight solution of

carboxylic acid having a molecular weight of less than 300.

14. A method as claimed in claim 12, wherein the cure
promotor chemical is an at least 50% by weight solution of a

carboxylic acid having a molecular weight of less than 150.

15. A method as claimed in claim 13, wherein the cure
promotor chemical is an at least 80% by weight solution of formic

acid or tricholoroacetic acid.

1s6. A method as claimed in claim 4, wherein the cure

promotor chemical is a Lewis or Bronsted acid.

17. A method as claimed in claim 16, wherein the Lewis or

Bronsted acid comprises a transition metal ion component.

is. A method as claimed in claim 17, wherein the cure

promotor chemical comprises chromic acid.

138. A method as claimed in claim 4 , Wherein the cure
promotor chemical is applied to the wood surface separately from

the adhesive.

Tl



The met hod of the invention is further illustrated by the follow ng
exaapl esa Exanple 1 Ten finger-jointed sanples were nade up
by cutting the separate pieces of the unseasoned stock having a nmean

noi sture '

This Sheet Has Been R, e
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20. A method as claimed in claim 4, wherein the moisture
content of the wood is at or in excess of the fibre saturation

point of the wood.

21. A method as claimed in c¢laim 4, wherein the moisture

content of the wood is at or in excess of 50%.

22. A method as claimed in claim 4, wherein the moisture

content of the wood is at or in excess of 100%.

23. A method as claimed in claim 4, wherein the adhesive

is cured without application of heat.

24, . A method as claimed in claim 4, wherein the pieces of

wood are joined by finger jointing.

25. A method as claimed in claim 19, wherein the pieces
of wood have resulted from the removal of defects from longer

lengths of wood.

26. A method of producing finger Jjointed timber,
comprising removing defect material from longer léngths of wood
containing defects to produce shorter lengths of higher grade,
unseasoned timber, applying a cure promotor chemical to the
fingers which increases the rate of cure of the adhesive on
forming of the joint whereby the adhesive will cure in a time
sufficient to avoid adhésive degradation or migration in situ
from wood moisture, applying an adhesive to the fingers the cure

time of which will be decreased by said reaction promotor



content of 90% by weight to 335 nm | engths, machining finger - profiles on
one<end of each length using Leitz 10/10 mni joint cutters in a Louis

Ei chmann finger-jointing machine with automatic clanping of sanpl es and
passage of the sanple past the rotating cutting heads. A batch of
resorcinol formal dehyde resin was mxed up wusing standard

formulation (4 resin:1l hardener by weight). Viscosity was neasured using
a Brookfield visconeter and found to be between 3000—and 4000. centi poi se
at 20[err]C. A period of time was allowed to pass gﬂ&h further tests

showed viscosity had reached 7000 centipoise. This l‘”’ﬁ‘myﬂ”}mﬁ
n were

applied to one set of fingers and the set of fingeéer
mated to anot her set of fingers with no -aghesive. Clanplng f'br Ces *paral | el
to the grain direction were

chemical, and forming the joint and allowing the adhesive to

cure.

27. A method of producing finger jointed timber
comprising removing defect material from longer lengths of wood
containing defects to produce shorter lengths of higher grade
unseasoned timber, applying an adhesive formulation to the
fingers of a sufficiently high viscosity or molecular weight to
avoid adhesive degradation or migration in situ from wood
moisture, and forming the joint and allowing the adhesive to

cure.

28. A method as claimed in claim 26, wherein the adhesive

is a formaldehyde based adhesive.

29. A method as claimed in claim 28, wherein the adhesive
is selected. from the group comprising resorcinol formaldehyde,
phenol formaldehyde, phenol resorcinol formaldehyde, urea
formaldehyde, phenol urea formaldehyde, tannin formaldehyde,
melamine formaldehyde, and melamine urea formaldehyde, and casein

formaldehyde.

30. A method as claimed -in claim 29, when dependent on
claim 20, wherein the reaction cure prdmétor derivative compound
comprises ammonia in solution or chromic acid. a solution of
ammeonia. _ -
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applied to the plain ends of the now joined | engths of tinber, at a stress
of 6.5 MPa, by pressing between the plattens of a wuniversal testing

machi ne. The sanples were dried at anmbient tenperature for a
period of approximately 6 days and then conventionally kiln dried at
70[err]C until the sanples were at approximately 12% noisture content.

The sanples were tested in bendi'ng, on the flat, (i.e. mnor dinension as
t he speci nen depth), over a span of 600 mm wth | oad heads | ocated 200 mm
apart centered on mdspan. The results showed that a nmean bending strength
(Modul us of Rupture, MOR) of 62.3 MPa was obtained with a standard
deviation of 11.1 MPa at a nean noisture content at assenbly of 90%

Cal cul ati ons

ABSTRACT

The invention comprises a method for joining pieces of unseasoned or
dried wood, by finger jointing or other joining technique. The woo&
may have a molisture content above the fibre saturation point of the
wood, and as high as 50% or 100% or higher moisture content. Aan
adhesive having a sufficiently high molecular weight or viscosity to
avoid adhesive degradation or migration from moisture in the wood
during forming and curing of the joint, or which will cure to
achieve such a sufficiently high molecular weight or viscosity
during forming and curing of the joint is employed. Optionally a
cure promotor or chemical which increases the rate of cure of the
adhesive may be used. Preferred adhesives are formaldehyde based
adhesives. Preferred cure promotor or chemicals are émmonia or
amine compounds, organic acids including low molecular weight

carboxylic acids, and Lewis or Bronsted class acids. -
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The present invention comprises a method of joining

pieces of wood.

Various processes for gluing or

adhering together -

pieces of wood such as lengths of timber to form longer and/or

wider lengths of timber, of wood veneers to form plywood and so

forth are known.

.One type of glued connection which is widely used in

the timber processing industry is the finger-joint. This joint

is made by a process whereby wedge-shaped fingers are machined

into the end or side-grain of the pieces of timber to be joined,

adhesives developed for joining timbers are applied to the

exposed faces of the fingers, the fingers on any two pieces of

wood are mated so that the protruding fingers on one piece of

timber will slide into the grooves cut on the other piece, and

end pressure is applied so that the wedge-shaped fingers "lock"

together. "The end pressure will also supply sufficient lateral

pressure to the adhesive between the sloping faces of . the

fingers that the adhesive will satisfactorily bond the two

pieces of timber together with
reliability that the resulting piece w:Lll bé"

bearing situations. Finger-jointing is w;dély‘ u

" sufficient strength and

35 le in load

s%_ . to produce

P

longer, finger-jointed lengths of good quality timber from wood

having an unacceptably high number of d’gfec_its.’l"

g

. . “‘-”1:. " .
In the production of. conventiqpally. finger jointed"

timber the lengths of timber are sawn from the log, kiln dried

or air dried, and then sections containing defects such as

This is the repincement sheet
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The sfreskly cut fingers on one. piece fromeach joint were dipped in a
sol ution of ammoni um hydroxi de (specific gravity 0.880). Freshly m xed
R15 resorcinol fornmal dehyde adhesive was applied to the other set of
fingers and the set of fingers with adhesive on were mated to the set of
fingers which had been dipped in amoni um hydroxi de. C anping forces
parallel to the grain direction were applied to the plain ends of the now
jointed lengths of tinber, at a stress of 5.5 MPa, by pressing between the
pl attens of a universal testing nachige; The sanpl es were
dried in the |laboratory at anbient teénperature for a period of
approximately 6 days then dried in a conventional kiln at 70[err]C for 6
days until the sanples were at approximately 12% noi sture content.

knots etc are cut from the lengths of timber and dlsgfrded

leaving short lengths of high grade by timber. These lengths of

high grade timber are then finger jointed to product continudus

lengths of timber which are finally cut to required length for S

commercial sale.

The practice described is successfully used in many
areas and has the advantage of producing long lengths of high

grade timber from mixed lengths of low grade timber.

This conventional finger-jointing process described
above requires seasoned timber i.e. dried to a moisture content
below fibre saturation point before joining and preferably at
around 12% moisture content, éo achieve the required strength
and reliability. The timber may be seasoned by air drying, or
by a drying process such as kiln.drying. Air drying is suitable
in some situations but the time involved being many -weeks
precludes its use in favour of a drying process such as kiln
drying in many cases. By comparison with seasoned timber,
unseasoned timber (i.e. freshly cut wood from lbgs or partially
dried after cutting)} can have a moisture content of from 30% up
to 200% on an oven dry basis. It is desirable to avoid the
necessity of drying wood before jointing. When long lengths of
wood are dried it includes all defects which will be
subsequently cut from the long lengths and be discarded. It is
often fhe practice for producers of finger jointed material, for
example, to buy in low grade, unseasoned, wood and kiln dry it
before manufacture. The proportion of defects in low grade

timber can be high and in defect removal .the wastage faﬁtor can
This is the repiacemont sheet
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The -sanpl-es were tested in bending,r on the flat (i.e. mnor dinension as

t he speci nen depth), over a span of 600 mMmm with |oad heads | ocated 200 mm
apart centered on mdspan. The results showed that a mean bendi ng
strength (Mddul us of Rupture MOR) of 67.8 MPa was obtained with a standard
deviation of 5.7 MPa. Calculations according to New Zeal and Standard

3616: 1978 - 13 -

exceed 50%, effectively doubling the cost of the dry timber
before jointing. It is impractical to remove defects before
drying because it would then be necessary to kiln dry short

lengths of defect free timber under mechanical restraint. ke

Thus, before finger-jointing, in the production of
conventionally finger-jointed timber, the lengths of timber
after sawing from the log are kiln-dried or air-dried, and then
sections containing defects such as knots etc .are cut from the
lengths of timber leaving short lengths of high grade, dry
timber. These short lengths of high grade timber are then
finger-jointed to produce continuous lengths of timber which are
finally: cut to required length for commercial sale.

With other techniques for joining pieces of wood it
would be desirable to glue th;a ‘'wood when in the unseasoned
state. PFor example, in the manufacture of plywood the wood
veneers aré generally dried before being bonded together, and in
the joining pieces of wood to form longer or larger pieces with
joint types other than finger joints, such as by lamination for
example, it may also be desirable to be able to glue the pieces
together before drying, to reduce handling of the wood for

example.

Seasoned timber is required for finger jointing and
other &applications because the adhesives most often used are
soluble in water. Free water present in the cell lumens of
unseasoned timber can flow into the newly made joint, mix with

the as yet uncured adhesive, and the adhesive can then dissolve
This is the repiacemont sheet
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woul-d assign these finger-joints an a]loméble bendi ng stress of 19.1 Mra.
Exanple 3 Si xteen finger-jointed sanples were nmade up as in
Exanple 2 fromstock at 149% by wei ght nean noir4 She@ HEOBYeR Réplaced

The freshly cut fingers on one piece fromeach | ped in a
solution of 5 nolar triethanolamne. Freshly m ﬂ; Eino

f or mal dehyde adhesive was applied to the other set 0 and t he set
of fingers with adhesive on were nated to the set of fingers which had
been dipped in triethanolam ne. The sanples were clanped, subsequently

dried -4 ~

into the water and migrate away from the joint. By the time the
adhesive has cured naturally, the joint is lacking in adhesive

has insufficient adhesive present and a very weak joint results,

It is an object of this invention to provide an
improved or at least alternative method for adhering together

pieces of unseasoned wood.

In broad terms the invention may be said to comprise a
method for joining pieces of unseasoned wood comprising joining
the pieces of wood with an adhesive formulation of a
sufficiently high molecular weight or wviscosity to avoid
adhesive degradation or migration in situ in the Jjoint by
moisture from the wood during forming and cﬁring of the joint,
or to achieve a sufficiently high molecﬁlar weight or viscosity
which will cure in a time 'sﬁfficient to avoid adhesive
degradation or migration in situ moisture from the wood during

forming and curing of the joint.

Where the pieces of wood afe joined by finger jointing
the method includes removing defect material from longer lengths
of wood containing defects to produce shorter. lengths of higher
grade, unseasoned timber and then finger-jointing the shorter

lengths of unseasoned timber with the adhesive.

Where a high molecular weight or wviscosity adhesive is
employed it may be produced by ageing an adhesive formulation of
conventional viscosity and/or molecular weight so that

preferably less than 50% of the normal pot 1life of the

This is.the repicefent shael
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and tested as in Exanple 2. ‘ . The results showed that a nean
bendi ng strength (Mdulus of Rupture MOR) of 59.7 MPa was obtained with a
standard devi ation of 3.97 Mra. Exanpl e 4 Twenty
finger-jointed sanples were made up as in Example 1 from stock having a
mean noi sture content of 78% A solution of 5% chromc (V1) acid was
sprayed on to the freshly cut surfaces of the fingers on each piece, then
the fingers were flash dried, using a hot air gun for 30 seconds per
piece, so that the tips of the fingers reached about 100[err]C, the base
of the fingers Teached about 50[erri@ -but solid wood 1cmin fromthe

adhesive remains. Adhesives suitable after ageing that may be
_employed are any adhesive formulations that will age to the
required viscosity and molecular weight including formaldehyde
based adhesives such as resorcinol formaldehyde, phenol
formaldehyde, and ureé formaldehyde. Additional hardener or
accelerant or other additives, such as ammonium chloride and
boric acid for example, may be added to the adhésive formulation
to accelerate ageing. Preferably a retardant is added to reduce
the rate of ageing, that is to increase the subsequent pot life
of the adhesive, once the adhesive formulation has aged to the
required viscosity and/or molecular weight for use in the method

of the invention.

The adhesive may have .a viscosity in the range of 7000
to 10,000 centipoise. However, adhesives having a viscosity
outside this range may be empl&yed. The adhesive may have a
lower viscosity but the adhesive should have a sufficiently high
viscosity to reduce the solubility and prevent migration away
from the joint due to the presence of moisture. The viscosity
of the adhesive may be higher provided that the viscosity of the
adhesive is not so high that the adhesive may not be properly

coated on the wood fingers.

Preferably where a high molecular weight and/or
viscosity adhesive is employed which has not been produced by
aging —é lower molecular weight and/or viscosity adhesive
formulation, an adhesive formulation having a base polymer which

is a highly branched or high molecular weight linear polymer is

employed. These types of polymer are generally desolubilised on
Thia is, the repiacament sheei
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fromthe anbient tenperature of 20[err]C. There was no significant

noi st ur e

f or mal dehyde adhesi ve was applied to one set of

‘base of the fingers did not éhange In tenperature appreciably

content of the fingers. Freshly m xed RL5 resorcinol

drop in

fingers and the set of

fingers with adhesive on were mated to another set of fingers with no
Clamping forces parallel to the grain direction were applied

adhesi ve.
to the pl

ai n ends

dilution with water. Suitable examples that may be mentioned
are melamine urea formaldehyde in particular and resorcinol
formaldehydes that have added a branching agent such as urea or

melamine.

Preferably the adhesive employed is a formaldehyde
based adhesive. Preferably in one case the formaldehyde based
adhesive comprises at least one hydroxy or amino functionalised
aromatic component. Examples of such components include phenol,
aniline, resorcinol, catechol, phloroglucinol, tannin, and

flavinoid compounds, and the like.

Preferably in another case the formaldehyde based
adhesive comprises amino formaldehyde condensate. Examples of
such adhesives include urea formaldehyde, melamine formaldehyde

and casein formaldehyde.

Particular examples of adhesives are formulations
comprising resorcinol formaldehyde, phenol formaldehyde, phenol
resorcinol formaldehyde, urea formaldehyde, phenol urea
formaldehyde, tannin formaldehyde, melamine formaldehyde or
melamine urea formaldehyde. Phenolic adhesives -are preferred
and most preferred are resorcinol formaldehyde and phenol

resorcinol formaldehyde.

The adhesive may be applied by any conventional
technique for adhesive application in finger jointing or other

wood joining techniques, at usual application rates.

g5 NOY 96
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of the now joined | engths of tinber,'at a stress of 5.5
between the plattens of a universal testing machi ne.

MPa, by pressingi
The

sanples were dried in a force air drier at anbient tenperature for a

period of approximately 4 weeks until the sanples were

at approxi mately

12% noi sture content. The sanples were tested in bending, on

the flat (i.e. mnor dinension as the specinen depth),

over a span of 600

mm with | oad heads | ocated 200 nm apart centered on m dspan. The results

showed that a nean bendi ng strength (Mdul us of Rupture

MOR) of 61.6 MPa

was obtained with a standard devi atirod of 12.2 MPa% Cal cul ations
according to New Zeal and Standard 3616: 1978 woul d assign these

finger-joints an all owabl e bending stress of 13.1 MPa.

Whether the adhesive formulation is a high viscosity
molecular weight formulation or not, preferably the adhesive is
contacted with a cure promotor chemical which increases the rate
of cure of the adhesive on forming of the joint. Preferably the
cure promotor chemical is applied to wet one or both of the
bonding surfaces of the wood, such as the fingers in a finger

joint, prior to application of the adhesive.

It is known in the art that adhesives can be

formulated in two parts which are brought together when the
adhesive is to be used or cured. PFor example, an adhesive
system can comprise a reactive component kept prior to use at a
PH suitable for miniﬁnm curing, and a second adhesive component
compatible with +the first part and which when contacted
therewith in use renders the coﬁbination high reactive towards
adhesive curing. It is known. that adhesive curing rate is
dependent on pH. Because of adh;sive pot-life considerations,
the pH range is normally held from approximately pH 1 to 8, in
particular for fast curing adhesive formulations. The
formulation of a two-part adhesive is an undesirable
complication, and we have found that application of a simple
pre—-treatment chemical to one (or optionally both} of the
bonding surfaces will achieve the same result as when using a

formulated two-part adhesive system.

Alternatively however, the cure promotor chemical
could be contacted with the adhesive by being injected or added

into the adhesive supply line immediately before application of



Exanple 5 Twenty finger-jointed sanples were made up as in
Exanple 1 from stock having a nean noi sture content of 78% A solution of
90% formc (V1) acid was sprayed on to the freshly cut surfaces of the
fingers on each piece, then the fingers were

the adhesive to the wood, in a finger jointing or ply-—wood

manufacture plant for example.

One class of preferred cure promotor chemical is basic
chemicals (pBE>7) which will react on contact with the adhesive
to change the nature of a conventional adhesive to a fast curing

adhesive.

One class of preferred cure promotor chemicals
comprise ammonia or an amine or amine derivative compound.
Preferably the ammonia or amine or amine derivative is applied
in solution at at least 10% by weight, but ammonia could be
applied as a gas to the wood surfaces as it will solubilise on

contact with wood moisture.

Another class of preféx:red cure promotor chemicals is
organic acids such as low molecular weight carboxylic a.cids i.e.
carboxylic - acids having a molecular weight below 300 and most
preferably below 150, applied in solution of at least 50% by
weight and preferably at least 80% or above by Weighi, including
formic acid and trichloroacetic acid. In common usage it is
undesirable to contact wood with strong acids as these can cause
degradation of the wood material. We have found that certain
acidic pre-treatment chemicals can be used effectively at the

high concentrations, to achieve rapid curing.

Another class of preferred cure promotor chemicals is
Lewis and Bronsted acids, preferably comprising a transition

metal ion component such as chromium applied as chromic acid,

e M*“’"‘ shedt
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f lash dri'ed as in Exanple 4. Freshiy mxed R15 resorcinol formal dehyde
adhesi ve was applied to one set of fingers and the set of fingers with
adhesive on were mated to another set of fingers wth no adhesive.
The sanples were clanped, subsequently dried, and tested as in Exanple
4. The results showed that a nean bending strength (Mdul us of Rupture
MOR) of 49.5 MPa was obtained with a standard devi ati on of 6.21 MPa%
Exanpl e 6 Five pairs of slips were made from unseasoned
(nmoi sture saturated) radi ata pine, géggjmdse complying with the
requirenments of British Standard 1204:Part 2.~ The bonding surf ace of
one pine slip in each pair was dipped in a solution of amoni um hydroxi de
(specific gravitz 0.880). Freshly m xed

zinc salts, aluminium salts, and the like. A further class of

cure promotor chemical is volatile organic acids applied at high

concentrations such as 90% formic acid, trifluoroacetic acid,

and the like.

After application of the cure promotor chemical and
most preferably where the cure promotor is an acid such as
chromic acid Cr (V1), the bonding surfac;as of the wood may be
surface dried. By "surface dried" in. the context of this
invention is meant that the mating surfaces of the wood are
heated without heating of the body of the pieces of wood. For

; example in the case of finger jointing where surface drying is
employed the surface of the fingers are heated without treating
of the body of the wood beyond the fingers. Surface heating for
a time in the range of 30 to 120 seconds is preferred, by

blowing hot air over the wood surfaces, for example.

After jointing, the joined pieces of wood may then be

~ dried, for éxample by aﬁificial drying or simply by air
seasoning. For example, after defect removal and
finger-jointing of the timber with the method of the invention,
the unseasoned finger-jointed lengths of timber may then be kiln

dried.

Wood with a moisture content that would conventionally
be regarded as too high for successful jointing by gluing or
adhesion can be bonded before drying by the method of the
invention. By unseasoned wood is meant wood having a moisture

content in excess of 30%. Particulérly

Tiis is- the repincemont shedk
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resdrci nol formal dehyde adhesive was applied to the bonding surface of the
other pine slip of each pair and the two pine slips were mated. C anpi ng
forces were applied to these pine slips according to British Standard

1204: Part 2. The sanples were conditioned for five days in a conditioning
cabinet operating at 25[err]C, and 65% R H The sanples were tested in
shear according to British Standard 1204: Part 2. The results showed a
mean failure shear force of 1.9 kNwith a maximumof 2.0 kN, and a m ni num
of 1.8 kN. Exanple 7 One pair of slips was nmade from
unseasoned (noisture saturated) radi¥ta pine, otherwise conplying with the

preferred is wood having a moisture content in excess of the
fibre saturation point of the wood i.e. at the fibre saturation
point the cell walls are saturated with water and moisture is
present around the larger fibres of the wood. The method can be
used with wood having a moisture content in excess of 50 or even

100s.

With finger jointing or other processes wherein
defects are removed from lower grade timber and the remaining
wood is Jjointed to form larger pieces, the method of the
invention enables defects to be removed from the green timber
before further processing so that defect wood is not further
processed. In the case of drying for example, energy is not
wasted in drying defect material. The method of the invention
also makes available to unseasoned timber products such as
framing the benefits of upgradiﬁg by finger-jointing. For wood
which does not require defect removal such as veneers which are
cut from logs to form plywood, the process enables the veneers
to be bonded together immediately after cutting while still in
the green state, so that it is not necessary to season and then

bond the veneers, so that handling is reduced.

The method of the invention is further illustrated by

the following examples.

Example 1

Ten finger-jointed samples were made up by cutting the

separate pieces of the unseasoned stock having a mean moisture

Tria is the repiaseinant shes)

D e Nov 100



- 16 - + requirenents of British Standard 1204:Part 2. The bonding
surface of one pine slip was dipped in a solution of triethanolamne (5
nolar). Freshly m xed phenol resorcinol fornal dehyde adhesive was
applied to the bonding surface of the other pine slip and the two pine
slips were-mated. The sanples were clanped, subsequently dried and tested
as in Exanple 6. The results showed a failure shear force of 1.8 kN

- 11 - -

content of 90% by weight to 335 mm lengths, machining fingex
profiles on one end of each length using Leitz 10/10 mini joint
cutters in a Louis Eichmann finger-jointing machine with
automatic clamping of samples and passage of the sample past the
rotating cutting heads. A batch of resorcinol formaldehyde
resin was mixed up using standard formulation (4 resin:1
hardener by weight). Viscosity was measured using a Brookfield
viscometer and found to be between 3000 and 4000 centipoise at
20°C. A period of time was allowed to pass until further tests
showed viscosity had reached 7000 centipoise. This adhesive was
then applied to one set of fingers and the set of fingers with
adhesive on were mated to another set of fingers with no
adhesi;e. Clamping forces parallel to the grain direction were
applied to the plain ends of tﬁe now joined lengths of timber,
at a stress of 5.5 MPa, by pressing between the plattens of a

universal testing machine.

The samples were dried at ambient temperature for a
period of approximately 6 days and then conventionally kiln
dried at 70°C until the samples were at approximately 12%

moisture content.

The samples were tested in bending, on the flat, (i.e.
minor dimension as the specimen depth), over a span of 600 mm,
with load heads located 200 mm apart centered on midspan. The
result® showed that a mean bending strength (Modulus of Rupture
MOR) of 62.3 MPa was obtained with a standard deviation of 11.1

MPa at a mean moisture content at assembly of 90%. Calculations

Thie is the replacement sheet
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Exanpl e 8 Three pairs of slips were nade from unseasoned

(noi sture saturated) radiata pine, otherw se conplying with the
requirenents of British Standard 1204:Part 2. The bonding surface
of one pine slip of each pair was dipped in a solution of tetranethyl
ammoni um hydroxide (5 nolar). Freshly m xed resorcinol formal dehyde
adhesi ve was applied to the bonding surface of the other pine slip of each
pair and the two pine slips were -mated. The sanpl es were cl anped,
subsequently dried and tested as in Efanple 6. The results showed a nean
failure shear force of 1.9 kN with a faxi numof 2.1 kN, and a nini num of

1.7 KN Exanple 9
according to New Zealand Standard 3616:1978 would assign -these

finger-joints an allowable bending stress of 13.3 MPa.

Example 2

Sixteen finger-jointed samples were made up as in

Example 1 from stock at 92% by weight mean moisture content.

The freshly cut fingers on one piece from each joint
were dipped in a solution of ammonium hydroxide (specific
gravity 0.880). Freshly mixed R15 resorcinol formaldehyde
adhesive was applied to the other set of fingers and the set of
fingers with adhesive on were mated to the set of fingers which
had been dipped in ammonium hydroxide. Clamping forces parallel
to the grain direction were applied to the plain ends of the now
jointed lengths of timber, at a.stress of 5.5 MPa, by pressing

between the plattens of a universal testing machine.

The samples were dried in the laboratory at ambient
temperature for a period of approximately 6 days then dried in a
conventional kiln at 70°¢ for 6 .days until the samples were at

approximately 12% moisture content.

The samples were tested in bending, on the flat (i.e.
minor dimension as the specimen depth), over a span of 600 mm,
with load heads'located 200 mm apart centered on midspan. - The
results showed that a mean bending strength (Modulus of Rupture
MOR) of 67.8 MPa was obtaingd with a standard deviation of 5.7

MPa. Calculations according to New Zealand Standard 3616:1978
| This is.the repincemont sheet
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Ten finger-jointed sanples were made up as in Exanple 1 using-stock at a

mean noi sture content of 107% A solution of 0.5 nole/litre sodium _
periodate was sprayed on to the freshly cut surface of the fingers on each
pi ece. Freshly m xed R15 resorcinol formal dehyde adhesive was applied to
one set of - 17 - fingers and

the set of fingers with adhesive on were nated to

- 13 - -

would assign these finger-joints an allowable bending stress of

19.1 MPa.

Example 3

Sixteen finger-jointed samples were made up as in

Example 2 from stock at 149% by weight mean moisture content.

The freshly cut fingers on one piece from each joint
were dipped in a solution of 5 molar triethanolamine. Freshly
mixed R15 resorcinol formaldehyde adhesive was applied to the
other set of fingers and the set of fingers with adhesive on
were mated to the set of fingers which had been dipped in
triethanolamige. The samples were clamped, subsequently dried

and tested as:in Example 2.

The results showed that a mean bending strength
{(Modulus of Rupture MOR) of 59.7 MPa was obtained with a

standard deviation of 3.97 MPa.

Example 4

Twenty finger-jointed samples were made up as in
Example 1 from stock having a mean moisture content of 78%. A
solution of 5% chromic (V1) acid was sprayed on to the freshly
cut suTfaces of the fingers on each piece, then the fingers were
flash dried, using a hot air qun for 30 seconds per piece, so
that the tips of the fingers reached about 100°c, the base of

the fingers reached about 50°C, but solid wood lcm in from the
This is. the replacement sheet
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another 'set of fingers wth no- adhesive. G anping forces parallel
to the grain direction were applied to the plain ends of the now joined

| engt hs of tinber, at a stress of 5.5 MPa, by pressing between the

pl attens of a universal testing machine. The sanpl es were
dried in a force air drier at anbient tenperature for a period of _
approxi mately 4 weeks until the sanples were at approxi mately 12% noisture
content. The sanples were tested in bending, on the flat (i.e.
m nor di mension as the specinen depth), over a span of 600 mMm wth |oad
heads | ocated 200 nm apart centered o tm dspan. The results showed that a
mean bending strength (Mdulus of Rupture MOR) of 47.3 MPa was obtained
with a standard deviation of 7.2 MPa. Cal cul ations according to New

Zeal and Sbaseia?fl B8 6fing#gs did not change in temperature appreciably

from the ambient temperature of 20°C. There was no significant
drop in moisture content of the fingers. Freshly mixed R15
resorcinol formaldehyde adhesive was applied to one set of
fingers and the set of fingers with adhesive on were mated to
another set of fingers with no adhesive. Clamping forces
parallel to the grain direction were applied to the plain ends
of the now joined lengths of timber, at a stress of 5.5 MPa, by

pressing between the plattens of a universal testing machine.

The samples were dried in a force air drier at ambient
temperature for a period of approximately 4 weeks until the

samples were at approximately 12% moisture content.

The samples were tested in bending, on the flat (i.e.

minor dimension as the specimen-dépth), over a span of 600 mm,

~with load heads located 200 mm ap;rt centered'on midspan. The
results showed that a mean bending strength (Modulus of Rupture

MOR) of 61.6 MPa was obtained with a standard deviation of 12.2

MPa%$. Calculations according to New Zealand Standard 3616:1978

would assign these finger-joints an allowable bending stress of

13.1 Mpa.

Example 5°

Twenty finger-jointed samples were made up as in
Example 1 from stock having -a mean moisture content of 78%. A
solution of 90% formic (V1) acid was sprayed on to the freshly

cut surfaces of the fingers on each piece, then the fingers were

This is the replecemont sheot



would assign these finger-joints an allowabl e bending stress of 10.9 Mra.
Exanpl e 10 Ten finger-jointed sanples were nade up as in
Exanple 1 wusing unseasoned (noisture saturated) radiata pine. A
solution of 90% form c acid was sprayed on to the freshly cut surface of
the fingers on each piece. Freshly m xed urea fornmal dehyde adhesive was
applied to one set of fingers and the set of fingers with adhesive on were
mated to another set of fingers with no adhesive. O anping forces parall el
to the grain direction were applied f#s0_the plain ends of the now joined

flash dried as in Example 4. Freshly mixed R15 resorcinol
formaldehyde adhesive was applied to one set of fingers a&g the
set of fingers with adhesive on were mated to another set of
'fingers with no adhesive. The samples were clamped, - -
subsequently dried, and tested as in Example 4. The results

showed that a mean bending strength (Modulus of Rupture MOR) of

49.5 MPa was obtained with a standard deviation of 6.21 MPa%.
Example 6

Five pairs of slips were made from unseasoned
(moisture saturated) radiata pine, otherwise complying with the
requirements of British Standard 1204:Part 2. The bonding
surface of one pine slip in each pair was dipped in a solution
of ammonium hydroxide (specific gravity 0.880). Freshly mixed
resorcinol formaldehyde adhesi#e "was applied to the bonding
surface of the other pine slip of each pair and the two piﬁe
slips were mated. Clamping forces were applied to these pine
slips according to British Standard 1204:Part 2. The samples
were conditioned for five days in a conditioning cabinet
operating at 25°Cc, and 65% R.H. The samples were tested in
shear according to British Standard 1204:Part 2. The results
showed a mean failure shear force of 1.9 kN with a maximum of

2.0 kN, and a minimum of 1.8 kN.

Example 7

One pair of slips was made from unseasoned (moisture

saturated) radiata pine, otherwise complying with the

Thie s the repiacemont shast
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| engt hs of tinber, at a stress. of 5.5 MPa, by pressing between the

pl attens of a universal testing nmachine. The sanpl es were
dried in a force air drier at anmbient tenperature for a period of
approximately 4 weeks until the sanples were at approximately 12% noi sture
content. The sanples were tested in bending, on the flat (i.e.

- 16 -

requirements of British Standard 1204:Part 2. The bonding
surface of one pine slip was dipped in a soluti&g of
triethanolamine (5 molar). Freshly mixed phenol resorcinol
formaldehyde adhesive was applied to the bonding surface of the B
other pine slip and the two pine slips were.mated. The samples

were clamped, subsequently dried and tested as in Example 6.

The results showed a failure shear force of 1.8 kN.

Example 8

Three pairs of slips were made £from unseasoned
{(moisture saturated) radiata pine, otherwise complying with the
requirements of British Standard 1204:Part 2. The bonding
surface of one pine slip of each pair was dipped in a solutibn
of tetramethyl ammonium hydroxide (5 molar). Freshly mixed
resorcinol formaldehyde adhesi&e was applied to the bondiﬁg
surface of the other pine slip of each pair and the two pine
slips were mated. The samples were clamped, subsequently dried
and tested as in Example 6. The results showed a mean failure
shear force of 1.9 kN with a maximum of 2.1 kN, and a minimum of

1.7 kN.

Example 9

Ten finger-jointed samples were made up as in Example
1 using-stock at a mean moisture content of 107%. A solution of
0.5 mole/litre sodium periodate was sprayed on to the freshly
cut surface of the fingers on each piece. Freshly mixed RI15

resorcinol formaldehyde adhesive was applied to one set of .

- oot
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m ndr di mensi on as the specinen depth), over a span of 600 mMm wth |oad
heads | ocated 200 nm apart centered on m dspan. The results showed that a
mean bendi ng strength (Mdul us of Rupture MOR) of 47.3 MPa was obt ai ned
with a standard deviation of 7.2 MPa. Cal cul ations according to New
Zeal and Standard 3616: 1978 would assign these finger-joints an allowable
bendi ng stress of 10.9 Mra. Conparati ve Exanple A - Unseasoned Wod
From a random sanpl e of sawn anti-sapstain di pped, unseasoned 100 x 50 mm
radi ata pine tinber twenty finger-jointed 650 nmlengths were manufactured
by cutting the separate pieces of thelZunseasoned stock to 335 nm | engt hs,
and machining finger. profiles on one end of each |l engths using Leitz
10/10 mni joint

fingers and the set of fingers with adhesive on were mated to

another set of fingers with no adhesive. Clamping forces

parallel to the grain direction were applied to the plain ends

of the now joined lengths of timber, at a stress of 5.5 MPa, by

pressing between the plattens of a universal testing machine.

The samples were dried in a force air drier at ambient
temperature for a period of approximately 4 weeks until the

samples were at approximately 12% moisture content.

The samples were tested in bending, on' the flat (i.e.
minor dimension as the specimen depth), over a span of 600 xm,
with load heads located 200 mm apart centered o; midspan. The
results showed that a mean bending strength (Modulus of Rupture
MOR) of 47.3 MPa was obtained with a standard deviation of 7.2
MPa. Calculations according tO'NéW Zealand Standard 3616:1978
would assign these finger-joints an allowable bending stress of

10.9 MPa.

Example 10

Ten finger-jointed samples were made up as in Example
1 using unseasoned (moisture saturated)} radiata pine. A
solucion of 90% formic acid was sprayed on to the freshly cut
surface of the fingers on each piece. Freshly mixed urea
formaldehyde adhesive was applied to one set of fingers and the
set of fingers with adhesive on were mated to another set of
fingers with no adhesive. Clamping forces parallel to the grain

direction were applied to the plain ends of the now joined

This is.the (oplwe'mem ohnoy
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cutters in a Louis Ei chmann fi.nger-jointing machine with automatic

cl anpi ng of sanples and passage of the sanple past the rotating cutting
heads. Freshly m xed resorcinol fornal dehyde adhesive was applied to one
set of fingers and the set of fingers with adhesive on were mated to
anot her set of fingers wth no adhesive and clanping forces parallel to
the grain ' - 19 - direction
were applied to the plain ends of the now joi ned

- 18 -

lengths of timber, at a stress of 5.5 MPa, by pressing Between

the plattens of a universal testing machine.

The samples were dried in a force air drier at ambient
temperature for a period of approximately 4 weeks until the

samples were at approximately 12% moisture content.

The samples were tested in bending, on the f£lat (i.e.
minor dimension as the specimen depth),-over a span of 600 mm,
with load heads located 200 mm apart centered on midspan. The
results showed that a mean bending strength (Modulus of Rupture
MOR} of 47.3 MPa was obtained w}th a standard deviation of 7.2
MPa. Calculations according to New Zealand Standard 3616:1978
would assign these finger-joints an allo&able bending stress of

10.9 MPa.

Comparative Example A - Unseasoned Wood

From a random sample of sawn anti-sapstain dipped,
unseasoned 100 x 50 mm radiata pine timber twenty finger-jointed
650 mm lengths were manufactured by cutting the separate pieces
§f the unseasoned stock to 335 mm lengths, and machining finger.
profiles on one ehd of each lengths using Leitz 10/10 mini joint
cutters in a DLouis Eichmann finger-jointing machine with
automatic clamping of samples and passage of the sample past the
rotatimy cutting heads. Freshly mixed resorcinol formaldehyde
adhesive was applied to one set of fingers and the set of
fingexrs with adhesive on were mated to another set of fingers

with no adhesive and clamping forces parallel to the grain

This is the repiacsinent sheat.

Date: 15 nov iiES



| engt hs of tinber, at a stress of 5.5 MPa, by pressing between the

pl attens of a universal testing nmachine. The sanpl es were
dried in a forced air drier at anbient tenperature for a period of
approximately 4 weeks until the sanples were at approximately 12% noi sture
content. The sanples were tested in bending, on the flat (i.e.

m nor di nmension as the speci nen depth), over a span of 600 mm wth |oad
heads | ocated 200 mm apart centered on mdspan. The results showed that a
mean bendi ng strength (Mdul us of Rupt yg e MOR) of 38.9 MPa was obtai ned
with a standard deviation of 17.3 MPa "at a nean noisture content at
assenbly of 101% Cal cul ations according to New Zeal and St andard

3616: 1978 wul d . assign these finger-joints an all owabl e bending stress of

25 direction weXe applied to thé plain ends of the now -Joined
lengths of timber, at a stress of 5.5 MPa, by pressing between

the plattens of a universal testing machine.

The samples were dried in a forced air drier at
ambient temperature for a period of approximately 4 weeks until

the samples were at approximately 12% moisture content.

The samples were tested in bending, on the flat (i.e.
minor dimension as the specimen depth}, over a span of 600 mm,
with load heads located 200 mm apart centered on midspan. The
results showed that a mean bending strength (Modulus of Rupture
MOR} of 38.9 MPa was obtained wi'l;h a standard deviation of 17.3
MPa at a mean moisture content at assembly of 101%.
Calculations according to New Zealand Standard 3616:1978 would
assign these finger-joints an a;.llowainle bending stress of 2.5

MPa.

Comparative Example B - Seasoned Wood

As an example of the strengths obtained using the
usual process on seasoned timber finger-jointed test samples
were made using the above method excépt that this time the
timbef had first been seasoned to a moisture content of
approximately 15%.

The results showed that a mean bending strength
(Modulus of Rupture MOR) of 55.8 MPa was obtained with a

standard deviation of 9.9 MPa at a mean moisture conte;t at
This is. the repiscement shoet
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MPa.” Conpar ati ve Exanple B - Seasoned Wod As an exanpl e of
the strengths obtained using the wusual process on seasoned ti nber-
finger-jointed test sanples were nmade using the above nethod except that
this time the tinber had first been seasoned to a noisture content of
approximately 15% The results showed that a nean bendi ng
strength (Mdulus of Rupture MOR) of 55.8 MPa was obtained with a
standard deviation of 9.9 MPa at a mean noi sture content at

- 20 -

assembly of 15.8%. Calculations according to New Zealand
Standard 3616:1978 would assign these finger-joints an allowable

bending stress of 12.6 MPa.

The foregoing describes the invention including
preferred forms and examples thereof. Alterations and
variations to the method of the invention as will 5e apparent to
those skilled in the art are intended to be incorporated in the

scope hereof, as defined in the following claims.

Tiie is, the repiacemant eheet
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ng

- 20 - - assenbly of 15.8%. Cal-culations according to New Zeal and
Standard 3616: 1978 woul d assign these finger-joints an all owable bendi
stress of 12.6 MrPa. The foregoing describes the invention
including preferred forns and exanples thereof. Al terations

variations to the nmethod of the invention as will be apparent to those

skilled in the art are intended to be incorporated in the

scope hereof

defined in the follow ng clains. e e

T ' BT T

1. A method of 3joining pieces of unseasoned wood,

comprising Jjoining the pieces of wood with an

adhesive

formulation of a sufficiently high molecular weight ox wviscosity

to avoid adhesive degradation or migration in situ in the joint

by moisture from the wood during forming and curing of the joint,

or which will cure to achieve a sufficiently .high molecular

weight or viscosity in a time sufficient to avoid adhesive

degradation or migration in situ by moisture from the wood during

forming and curing of the joint.

2. A method as claimed in claim 1 wherein the adhesive

is a said adhesive formulation of a sufficiently high molecular

weight or viscosity which has resulted from extended reaction

during manufacture.

3. A method as claimed in claim 1, including contacting

the adhesive with a cure promotor chemical which increases the

rate of cure of the adhesive on forming of the Jjoint whereby the

adhesive will cure to achieve said high molecular weight or

viscosity in a time sufficient to avoid adhesive degradation or

migration from wood moisture.

4. A method as claimed in claim 3, wherein the adhesive

comprises a formaldehyde based adhesive.

5. A method as claimed in claim 4, wherein the adhesive

comprises an amino formaldehyde condensate adhesive.
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pi eces of unseasoned wood, conprising the steps of applying to the mating
| east one of the pieces of wood anmpnia or an am ne or
or chromc acid or sodium peri odate,

surface of at
derivative conpound in solution,

appl yi ng

one of the pieces of wood, es
wood together to formthe joint, and allow ng the adhesive to cure.

CLAIM5 1. A nethod of joining

a formal dehyde based adhesive to the mating surface of at

nmethod as clained in claiml1l, wherein the adhesive

f or mal dehyde condensate adhesive. 3. -AZ%ethod asA&!\mmammmﬁmg
r

wherein the adhesive al so conprises at |east one

exy tor *ani no

functionalised aromati c conponent.

—_—

This Sh

6. A method as claimed in claim 4, wherein the adhesive
also comprises at least one hydroxy or amino functionalised

aromatic component.

7. A method as claimed in claim 6, wherein said
component(s) is selected from the group comprising phenol,
aniline, resorcinol, catechol, phloroglucinol, tannin, and

flavonoid components.

8. A method as claimed in claim 4, wherein the adhesive
'is selected from the group comprising resorcinol formaldehyde,
'phenol formaldehyde, phenol resorcinol formaldehyde, wurea
forméldehyde, phenol urea formaldehyde, tannin formaldehyde,

melamine formaldehyde, and melamine urea formaldehyde, and casein

formaldehyde.

9. A method as claimed in claim 8, wherein the adhesive
comprises - resorcinol formaldehyde or phenol resorcinol

formaldehyde.

10. A method as claimed in claim 4, wherein the cure
‘promotor chemical comprises ammonia or an amine or amine

derivative compound.

11. A method as claimed in claim 10, wherein the cure
promotdr chemical comprises an at least 10% by weight ammonia
solution.
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4. - A nmethod as clainmed in claim3; wherein said conponent(s) is selected
fromthe group conprising phenol, aniline, resorcinol, catechol,

phl orogl ucinol, tannin, and flavonoid conponents. 5. A nethod as cl ai ned
in claiml, wherein the adhesive is selected fromthe group conprising
resorci nol formal dehyde, phenol fornmal dehyde, phenol resorcinol

f or mal dehyde, phenol urea fornmal dehyde and tanni n formal dehyde.  6.. A

nmet hod as clainmed in any one of the preceding clains, wherein said anmoni a

in solution conprises an at |east 10% by weight a ' I "' 7. A
met hod as clainmed in any one of the preceding clai mﬂmmll“l Hmllwrmm a
or amne or amne derivative conpound in solution, &6r Ehr'om' dcid or

sodi um perjodate is _applied to one mating surface and the adhesive is
separ at el Yappl i ed t8 MRENShpRSi FEAIMREL g CatT abe. Whereiny thet (F9Feas

claimed in, 0% OPenehiddie sor e6edi-ggn & aLi®, wherein the noisture content
of the wood is at or 1 n excess of 'the fibre saturation point of the wood.

9. A nmethod as clained in any one of the preceding clains, wherein the

ol sture 13. A method as claimed in claim 12, wherein the cure o

promotor chemical is an at 1least 50% by -weight solution of

carboxylic acid having a molecular weight of less than 300.

14. . A method as claimed in claim 12, wherein the cure
promotor chemical is an at least 50% by weight solution of a

carboxylic acid .having a molecular weight of less than 150.

15. A method as claimed in claim 13, wherein the cure
promotor chemical is an at least 80% by weight solution of formic

acid or tricholoroacetic acid.

i6. A method as claimed in claim 4, wherein the cure

promotor chemical is a Lewis or Bronsted acid.

17. A method as claimed in claim 16, wherein the Lewis or

Bronsted acid comprises a transition metal ion component.

18. A method as claimed in claim 17, wherein the cure

promotor chemical comprises chromic acid.

19. A method as claimed in claim 4, wherein the cure
promotar chemical is applied to the wood surface separately from

the adhesive.
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content eof the wood is in excess of. 50%

22 10. A nethod as clained in any one of the preceding clains, wherein the
noi sture content of the wood is in excess of 100% 11. A nethod as
clainmed in any one of the preceding clains, wherein the adhesive is cured
w t hout application of heat. 12. A nethod as clained in any _one_of .the
precedi ng clains, wherein the pieces of wood are joined by finger

jointing. 13. A nmethod as clained in any one of t “ﬂmps
wherein the pieces of wood have resulted fromthe Mﬂmﬂ@ “{m“ s from
| onger lengths of wood. 14. A nethod-ofz j-0i ni ng pi'eces o t nber ,*
conprising the steps of applying amoni a or

20. A method as claimed in claim 4, wherein the moisture

content of the wood is at or in excess of the fibre saturation

point of the wood.

21. A method as claimed in claim 4, wherein the moisture

content of the wood is at or in excess of 50%.

22. A method as claimed in claim 4, wherein the moisture

content of the wood is at or in excess of 100%.

23. A method as claimed in claim 4, wherein the adhesive

is cured without application of heat.

24. A method as claimed in claim 4, wherein the pieces of

wood are joined by finger jointing.

25. A method as claimed in claim 19, wherein the pieces
of wood have resulted from the removal of defects from longer

lengths of wood.

26. A method of .producing finger Jjointed timber,
comprising removing defect material from longer lengths of wood
containing defects.to produce shorter lengths of higher grade,
unseasoned timber, applying a cure promotor chemical to the
fingers whiclh increases the rate of cure of the adhesive on
formingnof the joint whereby the adhesive will cure in a time
sufficient to avoid adhesive degradation or migration in situ
from wood moisture, applying an adhesive to the fingers the cure

_ time of which will be decreased by said reaction promotor

This Sheet Has B Thin is. the replecement she -~
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am ne or-an am ne derivative conmpound in solution, or chromc acid or
sodium periodate to the mating surface of at |east one of the pieces of
wood, applying a formal dehyde based adhesive to the mating surface of at

| east one of the pieces of wood, and bringing the mating surfaces of the
two pieces of wood together to formthe joint and allow ng the adhesive to
cure. 15. A nethod of producing finger jointed tinmber, conprising the

st eps of renovi ng defect material froml onger Iengths of "wood
containing defects to produce shorter |engths oq#w' nseasoned
tinmber; appl yi ng anmoni a or an arfisne or am ’jlﬁ w ound in
solution, or chromic acid or sodium periodate to*hé frnge | east

one of the pieces of wood, applying a fornaldehyde based adhesive to the

fingers oéhedicheps En&)nﬁoﬁlflnbh &hBi §6€8t Ofing V\QPﬂJw.Llﬁ Qﬂé ”thQEJe' ngers of the
two pieces of wood together to formthe joint, al l om ng the adhesive

to cure. ¥ A nethod as clainmed in any one of clalns 14 and 15, wherein

the adhesive is selected fromthe group conprising resorcinol

f or mal dehyde, phenol formal dehyde, —
27. A method of producing finger Jjointed timber

comprising removing defect material from longer lengths of wood
containing defects to prod_.uce shorter lengths of higher grade
unseasoned timber, applying an adhesive formulation to the
.:Eingers of a sufficiently high viscosity or molecular weight to
avoid adhesive degradation or migration in situ from wood
moisture, and forming the joint and allowing the adhesive to

cure.

28. A method as claimed in claim 26, wherein the adhesive

§

is a formaldehyde based adhesive.

29, .A method as cla.i.med J.n claim 28, wherein the adhesive
is selected from the group comprising resorcinol fomaldehyde,
phenol formaldehyde, phenol resorcinol formaldehyde, urea
formaldehyde, phenol urea formaldehyde, tannin formaldehyde,
melamine formaldehjde r and melamine urea formaldehyde, and casein

formaldehyde.

30. A method as claimed in claim 29, when dependent on
claim 20, wherein the reaction cure promotor derivative compound
comprises ammonia in solution or chromic acid. a solution of

ammonia.
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pheriol r®sorcinol formal dehyde, phenol urea formal dehyde and tannin

formal dehyde. 17. A nethod as clained in any one of clains 14 to 16,
wherein the anmonia, am ne or amne derivative conpound in solution, or
chrom c acid or sodium periodate is

23 applied to one mating surface and the adhesive is separately applied to
the opposite nmating surface. 18. Wod formed by joining together pieces
of wood according to the nethod of any one of the preceding clains.

- 26 - -

METHOD OF JOINING WOOD

ABSTRACT

The invention comprises a method for joining pieces of unseasoned or
dried wood, by finger jointing or other joining'teéhnique. The woo&
may have a moisfure content above the fibre saturation point of the
wood, and as high as 50§ or 100% or higher moisture content. An
adhesive having a sufficiently high molecular weight or viscosity to
avoid adhesive degradation or migration from moisture in the wood
during forming and curing of the joint, or which will cure to
achieve such a sufficiently high molecular weight or wviscosity
during forming a;d curing of the joint is employed. Optionally a
cure promotor ori chemical which increases the rate of cure of the
adhesive may be used. Preferred adhesives are formaldehyde based
adhesives. Preferred cure promotor or chemicals are émmonia or
amine compounds, organic acids including low molecular weight

carboxylic acids, and Lewis or Bronsted class acids.
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20. A nethod as clained in claim4, wherein the noisture content of
the wood is at or in excess of the fibre saturation point of the wood.

21. A nmethod as clainmed in claim4, wherein the noisture content of
the wood is at or in excess of 50% 22. A nmethod as clainmed in

claim4, wherein the noisture content of the wood is at or in excess of
100% %1‘13&) the water aAnc{nrarEigl%ge g\%a)(; lf%mn‘aflqe Ijor}nt(.:I %ymth%’ tir\rllvg etﬁg Iaghés?v% gshggrleg ©
naturally, the joint is lacking in adhesive has insufficient adhesive present and a very
weak joint resuls.

SUMMARY OF THE INVENTION

It is an object of the present invention to ameliorate one or more disadvantages of
the prior art.

According to one aspect of the present invention there is provided a method of
Joining pieces of unseasoned wood, comprising the steps of applying to the mating
surface of at least one of the pieces of wood ammonia or an amine or amine derivative
compound in solution, or chromic acid or sodium periodate, applying a formaldehyde
based adhesive to the mating surface of at least one of the pieces of wood, bringing the
mating surfaces of the pieces of wood together to form the joint, and allowing the
adhesive to cure. '

According to another aspect of the present invention there is provided a method of
joining pieces of timber, comprising the steps of applying ammonia or amine or an
amine derivative compound in solution, or chromic acid or sodium periodate to the
mating surface of at least one of the pieces of wood, applying a formaldehyde based
adhesive to the mating surface of at least one of the pieces of wood, and bringing the
mating surfaces of the two pieces of wood together to form the joint and allowing the
adhesive to cure.

According to still another aspect of the present invention there is provided a
method of producing finger jointed timber, comprising the steps of removing defect
material from longer lengths of wood containing defects to produce shorter lengths of
higher grade, unseasoned timber; applying ammonia or an amine or amine derivative
compound in solution, or chromic acid or sodium periodate to the fingers of at least one
of the pieces of wood, applying a formaldehyde based adhesive to the fingers of at least
one of the pieces of wood, bringing the fingers of the two pieces of wood together to
form the joint, and allowing the adhesive to cure.

Where a high molecular weight or viscosity adhesive is employed it may be
produced by ageing an adhesive formulation of conventional viscosity and/or molecular
weight so that preferably less than 50% of the normal pot life of the
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I's cured without application of heat. 24. A nethod as cl ai rred i n
claim4, wherein the pieces of wood are joined by finger jointing.
A nmethod as clainmed in claim19, wherein the pieces —of woodhave +esul ted

fromthe renoval of defects fromlonger,,lengths of
method of producing finger jointed t | nber, conp iﬁl&@l’lﬁMﬁmef ect
"angthe of hi gher grade, - Unseasoned CLAMS. applying & cure promstor
chemcal to the fingers which increases the rate of cure of the adhesive
on form ihg oA mhthodaifijoinvgepiebss efenseatonsd weodv ¢dmprising the séeptsi ofeapplying
to the mating surface of at least one of the pieces of wood ammonia or an amine or
amine derivative compound in solution, or chromic acid or sodium periodate, applying a
formaldehyde based adhesive to the mating surface of at least one of the pieces of wood,
bringing the mating surfaces of the pieces of wood together to form the joint, and
allowing the adhesive to cure.
2. A method as claimed in claim 1, wherein the adhesive comprises an amino
formaldehyde condensate adhesive.
3. A method as claimed in claim 2, wherein the adbesive also comprises at least one
hydroxy or amino functionalised aromatic component.
4. A method as claimed in claim 3, wherein said component(s) is selected from the
group comprising phenol, aniline, resorcinol, catechol, phloroglucinol, tannin, and
flavonoid components.
5. A method as claimed in claim 1, wherein the adhesive is selected from the group
comprising resorcinol formaldehyde, phenol formaldehyde, phenol resorcinol
formaldehyde, phenol urea formaldehyde and tannin formaldehyde.
6. A method as claimed in any one of the preceding claims, wherein said ammonia in
solution comprises an at least 10% by weight ammonia solution.
7. A method as claimed in any one of the preceding claims, wherein the ammonia or
amine or amine derivative compound in solution, or chromic acid or sodium periodate is
applied to one mating surface and the adhesive is separately applied to the opposite
mating surface.
8. A method as claimed in any one of the preceding claims, wherein the moisture
content of the wood is at or in excess of the fibre saturation point of the wood.
9. A method as claimed in any one of the preceding claims, wherein the moisture

content of the wood is in excess of 50%.
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sufficient to avoid adhesive degradation or mgration in—situ—roemwood

noi sture, applying an adhesive to the fingers the ' of which wll
be decreased by said reaction pronotor jm{iﬂﬂm,!@w [“m
- 25 - chem cal, and form ng the joi nEzand al | ow L o]
cure. 27. A method of produCtng finger jointed tinber

conprising renoving defect material from|onger |engths of wood
10. A method as claimed in any one of the preceding claims, wherein the moisture

- content of the wood is in excess of 100%.

11. A method as claimed in any one of the preceding claims, wherein the adhesive is
cured without application of heat.
12. A method as claimed in any one of the preceding claims, wherein the pieces of
wood are joined by finger jointing.
13. A method as claimed in any one of the preceding claims, wherein the pieces of
wood have resulted from the removal of defects from longer lengths of wood.
14. A method of joining pieces of timber, comprising the steps of applying ammonia or
amine or an amine derivative compound in §olution, or chromic acid or sodium periodate
to the mating surface of at least one of the pieces of wood, applying a formaldehyde
based adhesive to the mating surface of at least one of the pieces of wood, and bringing
the mating surfaces of the two pieces of wood together to form the joint and allowing the
adhesive to cure.
15. A method of producing finger jointed timber, comprising the steps of

removing defect material from longer lengths of wood containing defects to
produce shorter lengths of higher grade, unseasoned timber;

applying amménia or an amine or amine derivative compound in solution, or
chromic acid or sodium periodate to the fingers of at least one of the pieces of wood,
applying a formaldehyde based adhesive to the fingers of at least one of the pieces of
wood, bringing the fingers of the two pieces of wood together to form the joint, and
allowing the adhesive to cure.
16. A method as claimed in any one of claims 14 and 15, wherein the adhesive is
selected from the group comprising resorcinol formaldehyde, phenol formaldehyde,
phenol resorcinol formaldehyde, phenol urea formaldehyde and tannin formaldehyde.
17. A method as claimed in any one of claims 14 to 16, wherein the ammonia, amine

or amine derivative compound in solution, or chromic acid or sodium periodate is
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containing defects to produce shorter |engths of higher-grade unseasoned
ti nber, applying an adhesive fornulation to the fingers of a siffici-ently
hi gh viscosity or nol ecular weight to avoid adhesi yeﬂ”’”/ﬁq ;

mgration in situ fromwod noisture, gpnd formng th ﬁm’ﬂwlﬂla ng
the adhesive to cure. 28. A nethod as clained ih ci ai 1y
wherein the adhesive is a fornmal dehyde based adhesi ve. 29. A

met hod asappliad nedonen makiag neuPfice \ainé rthe radhésdvendih ssplasarely | appbied aotthe dppositd he
group conprising resorcinol formal dehyde, phenol fornmal dehyde, phenol

r esor ci nomatifgsurédedehyde, urea formal dehyde, phenol urea fornal dehyde,

tanni n formal dehyde, nel am ne formal dehyde, and nel am ne urea fornal dehyde,
and casei i fWoedlfeenediby joining together pieces of wood according to the method of any

one of the preceding claims.
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30. A method as clainmed in claim29, when dependent on claim 20,
wherein the reaction cure pronotor derivative conpound conprises amonia

in solution or chromc acid. a solution of anmpnia.

- 24 -

METHOD OF JOINING WOOD

ABSTRACT

The invention comprises a method for joining pieces of unseasoned or

dried wood, by finger jointing or other ﬁoining'teéhnique. The wood

may have a moisture content above the fibre saturation point of the

wood, and as high as 50% or 100% or higher moisture content. An

adhesive having a sufficiently high molecular weight or wviscosity to

avoid adhesive degradation or: migration from moisture in the wood
during forming and curing of the joint, or which will cure to
achieve such a s?fficiently hkgh molecular weight or viscosity
during forming aﬁd curing of the joint is employed. Optionally a
cure promotor or: chemical which increases the rate of cure of the
adhesive may be used. Preferred adhesives are formaldehyde based
adhesives. Preferred cure promotor or chemicals are Ammonia or

amine compounds, organic acids including low molecular weight

carboxylic acids, and Lewis or Bronsted class acids.



