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however, precipitation occurred as a result of
acid-induced self-condensation. In contrast, if the
sulphite levels were too low, there was insufficient
sulphite to effect the opening of the heterocyclic
ring structure, which could decrease the molecular

phlobaphenes. Twenty percent sulphite was taken as
the optimum value since it was the lowest value of
sulphite to result in solubilisation without
precipitation. A higher value of sulphite was not

used despite the fact that 40% sulphite also resulted

in complete solubilisation. This, because of the
on the wat

adverse effects excessive sulphite have on

resistance of adhesives formulated from the

redissolved phlobaphenes, as observed during the
~ gelation of the 60% sulphite solution (cf 3.2.4 b).

Thus the balance between the solubilising and

self-condensing effects of the sulphite was

demonstrated to be very delicate.

1.9 B Marmaradiira cffocts on __phlobaphene

When small quantities of phlobaphenes

redissolved, the use of reflux conditions did not

appear to be disadvantageous (cf 1) On

£ 10 .
increasing the mass of phlobaphenes to be redissolved,
conditions caused severe

Precipitation to be incurred. The larger quantity of

Phlobaphenes was more efficient in retaining the heat
applied to the solution. This resulted in an increase
auto-condensatlon. The

facilitated the acidic

the use of reflux

in  temperature induced
increased  temperature also




effects of the sulphite in becoming more important

resulting in phlobaphene precipitation.

In an attempt to decrease the temperature effect, the

temperature for the solubilisation was lowered to

60°C (cf 5.10.6). This was successful in preventing
__ precipitation when the total wet phlobaphene mass did

not exceed 200g. Samples of greater mass experienced
ion effects and precipitation was again

incurred. In an attempt to prevent precipitation
regardless of sample mass, no heat was applied during
the solubilisation process (cf 5.10.6). This wa 8
successful in inhibiting phlobaphene precipitation and
was  the process used for all solubilisation of

phlobaphenes for adhesives.

. 3.2.6 other physical and mechanical effects on
phlobap} Jubilisati

a) stirring
of the agitation of the solution

ant in the effectiveness of the
When small quantities of

henes were redissolved, magnetic stirring

masses of phlobaphenes
greater stirring, achieved with the use of an
overhead stirrer. The maximum speed of this
stirrer was 500rpm. This was too slow for

quantities greater than 7009 of phlobaphenes.
Very high speed stirring was found to be efficient
in  the solubilisation of large quantities of
phlobaphenes, where speeds up to 4000rpm were

successfully employed.




b) Phlobaphene colour

The colour of the phlobaphenes varied with the
amount of hydrochloric acid added to the initial
tannin solution. The phlobaphenes varied between
pale shades of pink-red and dark black-red.

i iffi ish the exact

acid concentration required to achieve a
particular colour, it was noted that higher
volumes of acid generally resulted in paler
phlobaphene precipitates. These phlobaphenes

probably consisted of lower molecular welght
fractions since a large number of acid molecules
ed auto-condensation

""" sV ar 2 mAva

would, simultaneously inauc
and thereafter, phlobaphene precipitation. The
lower molecular weight of the fractions would

explain the paler colour observed,

chromophores would be found in each molecule.
ates were generally formed when

acid or a higher tannin

since fewer

The darker precipit
a smaller volume of

concentration were employed.
In both aces the precipitates were found to

o0t ases, cile
.
This

darken during their filtration and pressing.
was du to oxidation of the precipitates and the

increase of molecular weight —during exposure to

air. 28

3.2.7 phlobaphene solubilisation balance
ution of

into the redissolution

1t was observed that a fine
jubilisation

as soon as a

During the investigations

Pine tannin phlobaphenes,
balance seemed to exist between their sO
and precipitation. It appeared that

Small quantity of phlobaphenes precipitated after




redissolution, that a balance or equilibrium’had been
disturbed. This resulted in more phlobaphenes
precipitating than expected.

The balance could be due to the effects of the
solubilising hydroxyl groups in opposition to the

_ precipitation effects of the hydrophobic flavan

heterocyclic ring.
This can be represented as an equilibrium:

i =22

OH vs flavan heterocyclic ring
(water soluble) (water insoluble)

2 2 e

solubility #=5 precipitation
If the precipitation of phlobaphenes was induced, the

Areres T2 — . . .
equilibrium shifted in the direction of further

precipitation.
solubility =---> precipitation

3.2.8 i i h ati

Occasionally and seemingly at random, a very thick,
Viscous solution of phlobaphenes formed during the
solubilisation of the tannin phlobaphenes, using

ethanol /water and 20% sodium sulphite (cf 5.10.7).
The high molecular weight phlobaphenes formed were

““““generaityg—fcund——in—an—exereme1y dilute, pale solution

of phlobaphenes. 1In order to establish that the high
molecular weight phlobaphenes were indeed a solution
n agglutinated precipitate,

of phlobaphenes and not a

the high molecular weight phlobaphenes were carefully
diluted with water. if the high molecular weight
phlobaphenes had been a precipitate, on the addition
of water, the agglutination would have been decreased
would have become noticea

and a precipitate
the high molecular

However, on the addition of water,
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weight phlobaphenes were diluted until a solution

similar to a "normal" phlobaphene solution was
. is indicate i
phlobaphenes were a solution of phlobaphenes which

contained the phlobaphenes in a very high percentage

solids.

The formation of high molecular weight phlobaphenes
seemed to occur at random although they were probably
dependent on the formation of phlobaphenes from the
acidic tannin solution.

From their appearance, high molecular weight
phlobaphenes were thought to have a higher molecular

~ weight than the average phlobaphene solution. This

was confirmed during adhesive studies (¢cf 5.12.5).
In comparison with the ten to twelve week shelf-life

fatd ot sis VY e Sl s waaN- o =

of a "normal" phlobaphene solution, the shelf-life of

high molecular weight phlobaphenes was established to

[ . - _ - ot & 2w ey A hled 1f
De approximately four weeks. 10115 time was doubled 1T

approximately 25% phlobaphenes solution (40%), was
thoroughly mixed into the solution.
3.3 Gelation Time Studies

adhesive

The reactivity of the phlobaphenes as
Components was established with the aid of gelation

4ti_m€_stud_'resl.ccq1\
(&l Je11)

3.3.1 BAITinm~r damnaradknnra ﬁffect
.k A2 e e e S INS N §F IR RISt e SN0 Ml D SRS

formaldehyde-phlobaphene
rature of the

placed for

The time taken for the
mixture to gel is dependent on the tempe
boiling water bath in which the samples are

. mdmrzams A affected
“iming. The boiling temperature of the bath

the gel time quite markedly.
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When the water bath, in a strong extraction cupboard,
was boiling gently (90°C), the gel time of a sample

=< was .

o
(92°c), the same sample gelled in 192 seconds.
i was experienced for

Thus, a 12% difference in gel

a 2% temperature change. The low boiling points
were due to the lower pressure experienced in the
extraction cupboard. From the gel time variation
observed over the two degree temperature change it can
be deduced that if the samples had been gelled in a
the gel times would have been
If the

o .
100°Cc environment,
noticeably shorter than were observed.

~ difference between gel times remains constant at 10%

for every two degree change, at 100°C the gel time
would hay been 126 seconds. If the difference

- & 4
iave peen 120 2 SelCulll

< o
averaged at 5% then at 100°C the

between gel times
From these

gelation time would have been 156 seconds.
n be seen that at

shorter than that

~a
A

two hypothesised examples it ca2
100°c the gelation time is much
experienced at 92°c. (Table 3.3.1, figure 3.3.1).

+he _gelation time of

3.3.2 Effect of pH _on

phlobaphene samples

The phlobaphene solutions used were initially at an

——extremely —low —pH —due tO their formation from
acid-precipitated phlobaphenes. in order to examine

the effects of pH on the gelation time, the pH of a
Solution of phlobaphenes was increased using a
solution (40%) (cf

Concentrated sodium hydroxide
5.11).




- 104 -

Gel times of a 35% phlobaphene solution
Using a 35% solids phlobaphene solution, the

longest gel time or region of lowest reactivity ————————

was found to be at approximately pH 1.67, gel time

= 134 seconds. (Table 3.3.2, figure 3. 3.2) As the

PH. was further increased, the gel time decreased.
This indicated that the phlobaphenes were becoming
m?re reactive with paraformaldehyde. The natural
pine tannin pH region is pH=3.5. This generally
corresponds to the pH of minimum reactivity of the

pine tannins. From this, it could be deduced that
the natural pH of the phlobaphenes appeared to be

b)

Gel times of a 40% phlobaphene solution
When a 40% solution of phlobaphenes was used in
the gel time studies, different gel times were
obtained. (Table 3.3.3, figure 3.3.2). The pH
representing the minimum reactivity of
The increase in the pH

phlobaphenes was 2.6. ©
possibly be due to

the minimum reactivity could

v
ariations in the nreparatlon of the diffe

samples of phlobaphenes used in the gelation
studies. Another explanation could be the
aphene concentration causing

variation in the phlobaph
This is likely

an unexpected internal pH effect.
ince the 35% and the 40%

to be the case, 8Since
solutions experienced the same jnitial pH. At the
the gel time was

point of minimum reactivity,
e almost the same

measured as 131 seconds. This was
g% solution.
at a second peak

as that gel time observed for the 35
An interesting observation was &




""‘44———fractiUns44present4in—the—seiutienT—prebablygiormed
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of minimum reactivity existed at pH 3.4 (133
seconds). This pH corresponded to any tannin-like

result of the sulphite-cleaving action on the

PR T L. PR hadw »adicanlnt
apnenes during their reqisso clution.

The presence of both points of minimum reactivity
allowed the possibility of formulating phlobaphene
adhesives in one of two pH regions, namely: 2.6
and 3.5, since both of these regions would allow
reasonable pot lives and, under thermosetting

conditions, a proper gel time.

The use of a more concentrated phlobaphene
n, resnlted in ~slight variations in

O
3
KN
w0
e

the gel times exper1encedgggg—The——firs+ pH of

minimum reactivity, 2.3, corresponded to the
xperiments were

phlobaphenes when the three xpe
compared (figure 3.3.2). A lower gel time of 99
seconds was noted. (Table 3.3.4, figure 3.3.2).
The shorter gel time may

phlobaphenes per solution
£ adhaginn

(=303 4L 2 A L2

have - been due +to the

higher concentration of
volume, since the rate equation IOT

generally follows the equation:
= k*[phenolic groups].

444444444‘&%13“WaS“further——validated by the gelling of the

phlobaphene - paraformaldehyde system at room
temperature above PH _6. This implied that the
phlobaphenes were suffic1ent1y reactive and in a
high enough concentration ‘at this pH to gel

spontaneously. on the addition of heat, the

phlobaphene gel melted and a boiling point gel

time was also obtained.




A second peak of minimum reactivity was noted at
PH 3, corresponding to the pine tannin region.
Both pH values for the minimum reactivity were
slight variations on those obtained for the 40%
solution. This could be attributed to variations
~ in the preparation of the phlobaphene solution or
to slight variations in the concentrations of
sodium hydroxide employed. In addition, the

effect of the boiling temperature on the gel time
may have contributed to the variations in the gel

mes and the positions
of minimum .reactivity, in each case, seemed to——
indicate that the pH influenced the phlobaphene

eomansn WA

Structure. The variations in structure were possi

related to reactions between the hydroxyl groups and
In addition, the pH

the surrounding aqueous medium.

would have caused variations in the chemlcal form of

the hydroxyl groups from the acidic -H3 to the

more alkaline deprotonated "'O.-l5 The presence of

these variants would have caused effects similar to

the acid and alkaline induced condensations although

4444444i%44‘fS"‘IikéTy"‘thatg—these——eﬁiectsggwould not be

experienced by every molecule within the solution and
thas ~hancdoca would be Small. ThiS

that the extent of the changes
was noted in the relatively small variations in gel
times between the three different phlobaphene

concentrations.

The pH of minimum reactivity
lower than for natural pine tannins.
attributed to at least one of several factors. The
increased molecular weight of the phlobaphenes would

for the phlobaphenes was
This could be
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allow them to gel quickly in the presence of
formaldehyde, since a small number of methylene

them to gel. At 1low pH, the sulphite effect in

AL Eard e A cedmamimdessma  wanld ~anees the nhlobaphenes
ROGLIYying the structiure, Wou.iG Ccause Lie pilblapy

to remain more soluble and therefore require a longer
time to gel. This then could explain the lower pH at
which the minimum reactivity was experienced. Another
possibility is that at the high temperatures used3§n
gelling, the interflavonoid bond may be cleaved ~.
This cleavage would result in new pH dependent
compounds which would affect the gelation time at a

particular »H
LY = y‘

kALY 1 e

3.4 Thermocettina Adhesives Tesj:e_d__Qn_B_es.QlLﬂlm

In order to reduce the variable effects of the beech
e

nd ven moisture content

strip preparation, gluing an
and temperature variations, a control series of beech
Strips was prepared with each series tested;h The
control consisted of beech strips giued - ai
exterior wattle adhesive (commercially prepared) and

-3
i

15% (by mass of glue solids) paraformaldehyde (cf
5.12.3, 5,12.1). The tensile strengths (cf 5-12:2)
obtained for the wattle-glued strips from each series
. Were averaged.  This average value was useda tTo

standardigse the tensile strengths obtained for each
9luing gerjes. These standardised values are compared

and diSCusSed below. o
Despite the 1ack of accepted SABS tensile streng

s t';-“"ula Iy (‘is Li s ~a”lAhacives ON beech StripS ’
- A WD e ¥
for thermosettlng aul

beech strips were used because they allowed rapid

Scanniny . - . _.:.1 awterior grade particle board
- of potentiai &atTLETE©
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adhesives. The selection of acceptably strong glues
was made by comparing the values obtained with the
known exterior grade commercial wattle adhesive which

~_ was had been tested on be i
wa ech strips.
3.4.1 Adhesives prepared with no fortifier

The average tensile strength obtained for the
ade wattle adhesive

ﬁf\mm ~t mT Vs oo
willierclaidly available ex or

ct
(0]
a1
[0

D

<
\Q

was 2710N (40% wood failure) when the beech strips
were tested dry and after they had cooled to room

temperature. This strength was used throughout as a
comparative value to which the other adhesives were

compared. (table 3.4.2)

a) h =
In the first series,

was unaltered (pH=0) (¢cf 5.12.4,
1.2). From the dry tensile strength (750N),

was seen to be substantially weaker than the
wattle control. (table 3.4.2, 1.1 and 1.2). This

the pH of the phlobaphenes
table 3.4.1,
this

weakness C extremely low

pH, which was unlikely to Dbe encountered

industrially due to the method of preparing the

Another reason for the weakness of

phlobaphenes.
attributed to the

the phlobaphene adhesive may be
high percentage of sulphite P
as required for
This was more noticeable from the
trips

sent in the

phlobaphenes, their

redissolution.
water based tensile tests of boiling the s
for six hours or soaking them for twenty-four

—— —hours (cf 5.12.2). The strength of the strips

after boiling was 540 N compared with the control
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value of 1566N. Similarly, the soaked strips only
had a strength of 620N compared with 1904N for the

e L d . . ’ 0 ®

The low strengths after the water tests confirmed
te did cause

A_x
s o s o ~F

+hat 1..'~
that the high presence Oi 8Su e

tremendous weakening of the adhesive. This
occurred due to the hydrophilicity of the sulphite

groups, which having attracted the water then
dissolved in it resulting in a weakened glueline.

b) Phlobaphenes at pH = 3.5

The pH of the phlobaphenes was increased to 3.5 to
~— observe the effects of increasi
asing the pH on the

adhesive properties of the phlobaphenes. A
nroblem encountered was that on increasing the pH,

e Vasa Tk as

agglutination of the pnLobaphenes——waS—obseried-

appeared to occur as a result
the sodium hydroxide,

: ¥

This agglutination

of too rapid addition of
stirring of the solution to minimise

inefficient

localised pH changes and a temperature increase

experienced. Eventually, these effects were

identified and minimised by overhead stirring,
ng the

] Arva
QA\rdiiyg ~

dropwise addition of the base and Pl

phlobaphene solution in an jce-bath to minimise

temperature increases.
used in the preparation

The —phlobaphene —solu 1ition
of the adhesive at pH 3.5 Wwas slightly

tinated (gf 5.12.4, table 3.4.1). The dry
strength of the strips was 941N, 35% of the
hesive. (table

strength obtained with the wattle ad
3.4.2, 1.3). However, this was 26% higher than
The higher pH

the value obtained at the lower pH.
ally in further tests since

was used preferentially
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this was thought to be the more likely region of
natural phlobaphenes (¢cf 3.3.2). The six hour
boil revealed that the sulphite present in the

~_ phobaphenes had resulted in extreme bond weakening

since the strength decreased to 398N. This was
lower than the strength obtained using the lower

pH phlobaphenes. This decrease in strength could
be attributed to the effect of the agglutination

rameIntination of the

of the phlobaphenes. Agglutination
phlobaphenes apparently caused a form of
polymerisation or  cross 1inking between the
phlobaphenes. This led to a probable increase in
molecular weight probably causing an increase in
the glue strength. However, the increased

molecular weight of the phlobaphenes would also
imply a 1lower degree of paraformaldehyde induced
cross-linking. This so, since the exponential
jth cross-linking would cause
more rapid precipitation of the cross-linked
phlobaphenes before sufficient strength had been
obtained. Thus, whilst the glue may have appeared

increase in weight w
" nracinitation

reasonably strong whilst —dry, —under the wet

conditions of boiling and soaking the adhesive

would be noticeably weaker +han expected. This

was observed in the decreased strength —after

boiling (398N) and after twenty-four hours soaking
in cold water (544N) (cf table 3.4.2,

1 L] 3) A4
C) Higher molecular Q

A high molecular weight SO
was tested in the same adhesive formulation as the

—normal  phlobaphenes The pH of the higher
molecular weight phlobaphenes was carefully
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increased to 3.2 before the preparation of the
formulation (gf 5.12.5, table 3.4.1). The dry
strength of the higher molecular weight
phlobaphenes was 2434N. . This increase in the

——Strength was mainly attributed to the natural and —

unforced increase in the molecular weight during

A W = l__'-|.l.__ nee anmA nat ao
the solubilisation of the phlobaphenes and not as
a result of the addition of the sodium hydroxide.

It appeared that the sulphitation effects in the
higher molecular weight phlobaphenes were less
noticeable since, despite the same redissolution
conditions as the standard phlobaphenes, the water
effects on the adhesive were less marked. Tensile
strengths of 1210N (boil) and 1245N (soak) were

i . ’ dition, the

wood failure was noticeable, if slight, compared
with a 3lack of wood failure in the standard
This indicated that

pPhlobaphenes at a similar pH.

the adhesive formulated from the high molecular

weight phlobaphenes had greater adhesion than that

composed from the standard phlobaphenes. Thus,
the use of higher molecular weight phlobaphenes
with no fortification appeared to give adhesives
of acceptable strength. The only probley foreSjen
was the erratic and ill-defined conaltlLuais HAHEES
which higher molecular weight phlobaphenes formed

in preference to normal phlobaphenes.
Since the formation of higher molecular wei

Phlobaphenes could not be depended .upon.
fortif ndard phlobaphene mixture

Tmaded e Py
& A WLLUIL Vi

ght

+ha at
Wil L

was investigated.




d) Pine tannin adhesives without fortifiers
A pine tannin adhesive was prepared using the same

oo ot

for . ~ Py .
mulation as used for the higher molecular

weight  phlobaphenes, phlobaphene  and control
adhesives (¢cf 5.12.6, table 3.4.1). The strength

~__of the pine tannin adhesi
sive was lower than that

obtained using the wattle control, as well as
h : *
eing 1lower than the higher molecular weight

phlobaphene glue. (table 3.4.2, 1.5). A dry

tensile strength of 1297N was obtained whilst
nd 635N (soak) were also

values of 747N (boil) anda 63258 (SUERJ
obtained. The lower value for the dry strength of

the pine tannin compared with that of the higher

@

molecular weight phlobaphenes cou
to the higher molecular weight of the latter. In
the case of the weathering tests, the pine tannin

ess well compared with the
This so

s _an

wgulphitea®

adhesive favoured 1
higher molecular weight phlobaphenes.
since the pine tannin used was the

Pine tannin which contained approximately 5%
nesibly more sulphite than that

during the formation of

o]
!

retained in the solution
h molecular weight phlobaphenes. The

presence of the sulphite caused-an increase in the

cured pine

water attack susceptibility of the
increased

thereby an

tannin adhesive and, ‘thereb Ve
on the various

potential for water attack
cross-linking bonds in the adhesive.

s with the wattle control

In .
all the comparison
he wattle

adhesive it must be remembered that t
optimised prior o

a .
dhesive had been  fully
the formulations

c
Ommercialisation. In contrast,




the aim of establishing the most likely successful
exterior formulation. The phlobaphene formt i

have not, as yet, been optimised.

?ortlfication of the phlobaphene adhesives was seen to
be essential after the low tensile s

non-fortified adhesives were observed. A di
for the phlobaphene

*
~

W P = o
as selected as the fortifier

~_Qadded to the i i
added formulation 1in an emulsifi

9
£

adhesives. In particular, ‘polymeric DI ©
4,4'-diphenylmethane diisocyanate was used. This was

1ol

ed form fo

R

ease of application, since MDI is a solid.

in which the MDI partook are

The possible reactions
t with polyols

Sseveral. In general, diisocyanates reac
e

th
t
=3
®

C

Figure 3.2 Dpiagrammatic representation

structure of MDI
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The reactions can be represented as:
MDI + polyol = polyurethane

[ 4

In the case of phlobaphenes, these can be considered

to be the polyols since they con

alcoholic functionalities on both the phenolic rings
and on the heterocyclic ring.

MDI also reacts with water, forming polyureas and
carbon dioxide. This reaction could be observed to be
occurring by the foaming or bubbling of the adhesive

formulations after reaction at 90°c at 12% emc

(equilibrium moisture content).

MDI + water = polyureas

2*O0CN-R-NCO + H,0 = OCN-[R-NH-CO-NH-] R-N
co+ nCo,

In addition, the diisocyanate could react with the —OH

functional groups of the carbohydrates and lignin

Present on the surface of the wood tself. This

reaction is depicted below:
wood- ]~OH + MDI = wood-]

Further reaction would see the diisocyanate 1i
r in the formation of a

~-0-CO-NH-R-NCO

two wood surfaces to each othe
Cross-link

The reactions of the diisocyanate with the varilous

Components of the glue-mix would occur in conjunction

4444444Him44thé‘fé§éfi6ﬁ‘between—the—paraformaldehyde and the

phlohaPhenes themselves. The increase in the number
°f cross-linking reactions would result in increased
gelling of the adhesive and thereby, an increase in

the physical strength of the glue.




a)

0:7 H -
Using a 30:70 ratio of the MDI to phlobaphenes (cf
5.12.4, table 3.4.1, 2.1), a great increase in

strength was observed. The dry tensile strength
increased by 69% to 1590N. (Table 3.4.2, 2.1).
This  increase — in  strength was directly

attributable to the presence of the MDI. This
ted that the polyurethane formation was

waate w

important in effectively increasing the adhesive

strength. The effect of water on decreasing the

adhesion was also minimised. After boiling, the

strength had decreased by 33% compared with the
076N This, in comparison

AV ®

wattle controi, to 1
n

with the 58% decrease in streng i1 =

no MDI was present.

This demonstrated that the MDI bonded strongly

with the phlobaphenes Dby cross-linking them
further. This probably resulted in smaller
intermolecular spaces in addition to the increased
bond~strength. Both of these could explain the
i servable sulphite-water effect.

the beech strips, the tensile

ecreased by 30% to 1114N. Once

>
]
ﬂ
]
a1
(/]
o]
o
~
e
3
Q

inimising the

was highly

The effects of decreasing the Ppropo
the formulation were examined by decreasing the

percentage of MDI by 40% (cf 5.12-4, table 3.4.1,

2.2). The dry tensile strengt slightly

h decreased Siigatii
as the MDI was decreased. A value of 1297N was




obtained, 18% 1less than that obtained with t
30:70 formulation. (Table 3.4.2, 2.2). This

se of the

de . P - 1]
crease in strength continued 1n the case ©

bO%l and soak tests. In the case of the six hour
boil, a tensile strength of 746N was obtained.

the 30:70 formulation. The decreased strength was
increasing effect of the sulphite being
exerted during the weathering tests. A similar

decrease in strength of 333 was noted after the
e strength was 743N

twenty-four hour soak, where
for the 20:80 formulation compared with 1114N for

th 3070 <
e 30:70 mix. From the two accelerated
DI

-
L 23

&

weathering tests, the effect of d

could be seen to effect a decreased adhesive

strength.

0: ) ] o

A further decrease in the guantity of MDI in the

ted to afford a further decrease

glue-mix was expecC
this

n th strength of - the adhesion. However,

1‘ A—73 l” LY 9%
was not observed. When the proportion of MDI was
90 ratio with the phlobaphenes

ne

decreaced +to a 10:

A SOe SN

the strength observed was

(g_t 5¢12.4, 3-401' 2‘3)1

remarkably similar to the strengt
The dry tensile strength

hs observed with

the 20:80 formulation.
increased slightly, to 1359N. (Table 3.4.2, 2.3).

This was equivalent to a 5% increase in the

tensile strength. This increase was however, not

significant since 5% variations could Dbe
attributable to experimental errors: These could
PR P its

include the preparation of the adhesive,
spreading on the beech strips and variations in
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the clamping pressure. The strength obtained
after boiling was equivalent in the two
formulations, —whilst —a —30% increase in the
strength after soaking was experienced in the

10:90 formulation. A value of 969N was obtained,

compared with 743N for the 20:80 formulation.
The increase in strength on decreasing the MDI

(X 7-V37-% od 1 f
e

could be due to experimental errors. However,
appeared possible that a plateau region existed at
the start of the use of MDI where the strength was

increased from the non-fortified situation gquite
but remained

markedly, (by approximately 40%),
almost  constant until the MDI had reached a
At this point, which from
region of the 30:70

certain concentration.
the experiments was in the

ratio, the s;réngtnofbeththedryandweathered'

strips increased.

d) 35;: .
Oon increasing the ratio of MDI slightly

(¢cf 5.12.4, table 3.4.1, 2.6), the tensile

r to that obtained when a 10:90
ratio was employed (table 3.4.2, 2.6)- This
seemed to indicate that an optimum of MDI of
around 30:70 was observed with decreases in

——strength noted when the MDI was either im
or decreased.

further

strength was simila

MDI to 35: 65, the phlobaphenes

became supersaturated with the MpI and the

strength decreased. It was noted, that whilst the
dry tensile strength Jecreased to 1351N from the
optimal strength of 1590N, the weathering tests

trength, especially

yielded smaller decreases in s
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when compared with the decline in strength noted
for the water-based tests for the 10:90 and 20:80
formulations. The higher values of 1138N (boil)
_ _and 1168N_ (soak) indicated that although beyond
the optimal quantity of MDI, the high peréentage
of MDI minimises the water-induced strength loss

due to the sulphite groups.

1=

()
N’
2%
)

In each of the phlobaphene formulations studied
thus far, the phlobaphenes at a pH of between 3.0

‘Inst\ Q-f\ +ho

and 3.5 had been slightly granulated due the

addition of the sodium hydroxide causing alkaline

induced condensation. In one case, (¢f 5.12.4,

table 3.4.1, 2.7), the PpH ‘was increased with
extreme caution and care was taken to prevent any
temperature increases on the addition of the
base This resulted in phlobaphenes in which

absolutely no agglutination was noted. In a 30:70
MDI, these non-agglutinated

y strong in comparison with

formulation with
phlobaphenes proved ver

the agglutinated phlobaphenes The dry tensile

strength was measured at 2040N (table 3.4.2, 2.7),

almost 30% higher than the strength obtained for

formulation where agglutinated ===

the same
phlobaphenes had been used. This indicated that
+amnerature increase

whilst increasing the pH, any t&WF=s
caused agglutination. This agglutin
the phenolic groups present in the molecules,
thereby decreasing the potential reaction between
the phlobaphénes and the MDI. The care taken to

ation reduced

thereby minimising

minimise the temperature rise,

the reactivity of the base induced agglutinationm,
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resulted in greater potential points for reaction

with the MDI and resulted in greater strength of
the formulation. After experiencing a six hour
boil, the tensile strength had dropped to 1200N.
This represented a 12% increase compared with- the —
agglutinated phlobaphenes. Similarly, the

strength after soaking had increased by 55% to

1717N. Both of these results indicated that the

non-agglutinated phlobaphenes allowed the

formulation of stronger adhesives. As a result of

this experiment, all phlobaphenes undergoing pH

alterations were maintained at a constant low
ration of the addition of

temperature for the du

L1l QS .

Having established that a ratio of 30:70 of MDI to

phlobaphenes was optimal and that higher molecular

weight phlobaphenes glued more ‘strongly than

standard phlobaphenes, it was decided to
investigate the tensile strengths of an MDI/higher
beech

molecular weight phlobaphenes formulation on D
strips (cf 5.12.5, table 3.4.1, 2.4). The results

were —unexpected. (Table Instead of

3 4 2' 2 4) . LIIDLTGw v
yielding greater strength than the formulation
no MDI, the streng

aining no MDI ths of the glued

beech strips were lower in the case of the dry

strength, where 1870N as opposed to 2434N was
obtained. However, in the case of the six hour

boil, the strength increased from 1210N to 1395N
+wenty-four hour soak, a rise in

and after the tCTwernvy uY
strength from 1245N to 1399N—wasgobserved. The
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decrease in strength for the dry tests was
bly due +to the fact that the two samples of

higher molecular weight phlobaphenes were not

identical. The higher molecular weight
L] L] (] as

phlobaphenes used in
likely to have been composed of molecules of lower

molecular weight, indicated Dby the drop in
strength. By contrast, the MDI was seen to

effectively overcome the hydrophilic effects of
- |

the sulphite, preventing excessive water-induced
bond weakening. From these experiments, the

effect of the MDI could be further indicated.

9) Acidic phlobaphene / MDI formulation
———The —effectiveness —of —the MDI in strengthening

adhesives formulated using acidic phlobaphenes was
demon (cf 5.12.4, table 3. 4.1, 2.5). The

nwl Lr- d L4
anestlgations using phlobaphenes at pH=0 had

proved that, particularly under artificial

weathering conditions, the formulation was

on the addition of a large

8%), the strength of the
e

extremely weak.
quantity of MDI, (aimost 48%
formulation was increased (tabl Ay

increased tensile strength was particularly
__ noticeable during the weathering tests, where the

m 540N to 887N 1n the case

strength increased fro
of the six hour boil. AR {ncrease in strength

from 544N to 935N was experienced during the

soak. Once again, although less effectively, the
e i a__3 +na water-induced pond cleavage,

MDI had minimised the
resulting in stronger adhesion of the formulation.
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3.4.3 MDI  dependence i
on pH in phlobaphene

formulations

Havi
tural conditions was

approximately pH=2 (cf 2.5), the MDI series of
this 1lower PpH. This

formulations was repeated at
?1lowed any variations in the effect of the MDI at the
ower pH to be established (Table 3.4.1, 3.1, 3.2,
3.3).

As the MDI ratio was decreased from 30% to 20%, the

strength followed suit (Table 3.4.2, 3.1, 3.2). The

strength was, in both cases lower than that observed
at the higher pH. At 30% MDI, the strength was 900N

~——(dry), 376N (boil) and ' T]
' 738N (soak). The dry s

vas approximately 58% of that obtained at pH 3. The

d caca 1
ecr in the weathering strengths was also marked,

with the boil strength haiinq decreased by 65% whilst
These decreases

the soak strength had dropped by 34%.

indicated that a pH of 2 was less
respect to the strength of the adhesive,

than optimal with
despite being

the natural phlobaphene pH.
: 1\ the strengths

Using 20% MDI (table 3.4.2, 307
decreased both with respect to the 303 formulation and
when compared with the higher pH example. An average

decrease in strength of 58% was observed in the dry

and boil tests whilst the soak strength had decreased
these demonstrated that the

H region.
(table 3.4.2, 3.3), an
The strength of the

to the 20%

by 44%.  once again,

Optimal pH was toward a higher p

Whe
len the MDI was reduced to 10%

unusual observation was made.
' 4 with respect
P |

ormulation. e ngth was particu

arly
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noticeable for the dry strength which increased by 28%
was, however, still less than the

' BEANT VY - ¥

strength observed when the MDI was added to the
phlobaphen at a higher pH. The increase in strength

pilidoapnenes 131G
d _at

+n 2NN mia $ s
-\

m era 1 V-]
I VUIN e 211LD VAL (=]

for the boil and soak tests

10%. . :
Fron the experiments using the phlobaphenes at a 1o?er
PH, the strength decreased quite noticeably, impl¥1nq
that the MDI had a pH dependent region of optimal
reactivity.

This effect of pH was further reinforced,

“““4ﬁd9baPhene——f—uolgtormulation was prepared at pH=6 (cf

when a

5.12.4, table 3.4.1, 3.4). once again the stren:t:
was foun to be lower than that obtained at pH=

— (table 3.4.2.3.4).  The dry strength was 828N, lower
e 3.4.2,3.4). g

ilin
than the strength at both pH=2 and 3. After boiling,

the strength was higher than that obtained at pH 2 but
’ in the soak

lower than at pH 3. The variation e oy
Strength was similar to that noted for
strength.

¢ nine tannin to the
s A sl 2.8

3.4.4 Influence of the addition ©

phlobaphene formulation

...... +h of the
wia it

_ In  an  attempt to increase the SERTIT

Phlobaphene formulations and to decr:;zetannin
Weathering effects experienced, sulphited P fortifier
was added to the formulations as 2 second ried to
(ef  5.12.6). The quantity added was Va

establie) timum addition.
tablish the optimum aaa




a)

: io o
Equal quantities of 40% solutions of pine tannin
and phlobaphenes were combined. The adhesive

formulation employed also contained 30% MDI, for
added strength (table 3.4.1, 4.1). After
pressing, the dry tensile strength of the beech

strips was found to average at 1549N. (Table
3.4.2 4.1). This was almost identical to the

ey, Hael)o

strength observed when no pine tannin was added,

viz. 1590N. Having been boiled for six hours, the
strips showed a strength of 1040N. This was very
similar to 1076N, the strength observed when no

’
pine tannin was used as fortifier. The cold water

soak test resulted in a strength of 1027N,also

similar to 1114N obtained when no pine tannin was

present.

From this, no advantages from the presence of pine

tannin could be observed{

b) 2:1 ratio of phlobaphenes and pine tannin

Twice as many phlobaphenes as pine tannin were
added in the second formulation (table 3.4.1,
4.2). The strength of this formulation was poor

L ] -

in comparisanggwith——the—strength obtained with no

pine tannin present. The tensile strength of the
dry strips was 1407N, (table 3.4.2, 4.2), 22% less
when no pine tannin was used.

than that obtained
The weathering tests also provided low strengths.
were observed. The

676N (boil) and 1062N (soak), we

decrease in strength may have been attributed to
the interactions between the pine tannin and the
MDI, minimising those between the phlobaphenes and
the MDI. In addition, the pH of the formulation
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was 3.84, lower than the 3.91 of the 1:1
formulation. The pH may have resulted in the

variation observed.

c) 1:2 ratio of phlobaphenes and pine tannin

When the quantity of pine tannin was increased in

T aaloaa

relation to the phlobaphenes (table 3.4.1, 4.3),

the strength of the formulation increased. The

dry strength increased by 10% with respect to the
to a value

formulation containing no pine tannin,
of 1742N. (Table 3.4.2, 4.3). However, both the

weathering tests demonstrated a weakening in the
formulation despite the presence of the MDI.
1120N (scak) wer

Strengths of 916N (boil) and 112

observed compared with the boil value of 1076N and
the soak value of 1114N obtained with no added
weakening experienced during the

pine tannin. The
o the increased

weathering tests was probably due t
in the formulation due to the

nin was used as the

sulphite present

fact that sulphited pine tan
fortifier.

From the results obtained using pine tannin as an

added fortifier, it was clear that the addition of

Pine tannin did not markedly improve—thegsfrehgth of

the formulation.
Thus, having scanned various formulations, it was
established that the most effective formulation with

respect to both strength and water resistance, was the
phlobaphene/MDI (70:30) formulation. FOF this reason,
it was decided to employ 2 30:70 ratio of MDI and

44444444phlebaphenes—in—agiormu1ation for particle board.
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3.5 Pparticle Board Thermosetting Adhesives

Particle board adhesives were prepared using
~ redissolved phlobaphenes according to the formulations

scanned with the aid of beech strips.

3.5.1 General comments on particle board preparation

juring particle
board research to allow relatively accurate
comparisons of boards to be made, despite variations

in their adhesive formulations.
In general, single layer boards with an expe

density of 0.680g/cm3 and 12mm thick are p

195°-200°%¢ and a pressure Of 30kg/mm” . A
pressing time of 7.5 minutes is generally employed.
Of this, the first two minutes are taken to reach the
maximum pressure which is maintained for two and a
being slowly released over the

banvn

e S B =129

-
following three minutes.

Several deviations from the standard were
inadvertently made (gf 5-13+3). —Three layer boards
were pressed, having an average density of
approximately 0.620g/cm3. This may have induced
errors in the strength of the ; _ ee

stronger than their equivalent

layer boards are often

Core-only boards. In addition, boards had an

e
cnie

rThis, too, would

average thickness of 17.5mm.
y stronger board,

Probably result in an effectivel
since a thicker board, under stress can dispersé the
Stress over a larger area and thereby apparently be

——less affected. — The pressing time employed for the

boards was only four and 2 half minutes. However,
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approximately half a minute extra was used to increase

the pressure prior to the timing of the pressing. The
4444444ﬁéCféE§éd444ﬁfé§§iﬁ@‘“timE“‘maY“‘haVegg—feSHlted——in—————gggggggggggf

incompletely reacted adhesives in the particle board,

and therefore, in a weaker board than exp

Despite the variations from the generally accepted

standards, the boards pressed proved to be strong and

xpected.

are discussed as such.

3.5.2 Effect of _varving the paraformaldehyde content
in a phlobaphene formulation

44""‘HaViﬁg"‘estabiished———that——gtheggstronqest adhesives

containing phlobaphenes were those formulations

containing 30% MDI (cf 3.4.4), they were used, without
modification in particle board. (cf 5.13+1)

a) Vv

A particle board containing 15
was prepared initially (table 3.
formaldehyde released from this board was
excessive, 264.2mg/100g dry board, in compari
with a more acceptable value of 30mg/100g obtained
from urea-formaldehyde boards.
the paraformaldehyde was decreased to 10% an
5% in the core (table 3.5.1, 2, 3)-

son,

then

For this rea
d

44444444444Tﬁé‘4§H"6f“the**three——beardsggwas fairly similar
ranging from 3.8 for the 103 paraformaldehyde
to 3.9 for the 15%

the
paraformaldehyde (table 3.5.1, 1), to 4.1 for :
5% paraformaldehyde formulation (table 3.5.1, ;;
In each case, the core contained a ratio of 303

i ces
MDI and phlobaphenes, whilst the surfa

contained 7% MDI in the ca

(table 3.5.1, 2),

se of the two boards




with the higher formaldehyde content and 13% MDI
for the board containing 5% paraformaldehyde
(table 3.5.1, 3).

b)

Variati
The surfaces of the boards generally contained the

samegg—percentage——ef——fermaldehyde as the core.

However, the 5% paraformaldehyde core board

contained 10% paraformaldehyde in the surface.

e
This so, since this allowed the examination of the

effect of varying only one paraformaldehyde
aye rd, compared

concentration of the three layer board
with the varying of both quantities of

paraformaldehyde. In each board, a paraffin wax

-~

emulsion was adde
2% of the overall glue-mix.
pressed board from remaining adhe

This prevented the

red to the cocld

c)

d to the surface as approximately —

sheets, on removal from the press.
Variation in board density
The density of the three boards was comparable,

ranging from 0.624g/cm3 for the 15%
0.63Zg/cm3 for the 10%

for the 5%

paraformaldehyde board to

paraformaldehyde board to 0.630g/cm

paraformaldehyde board.

d)

Despite the similarities in the densities of the
4 in their physical

three  boards, they varied

strengths (gf table 3.5.2)- variations in the

physical strength of the board were demonstrated
eterminations

during the internal pond strength determl

(¢cf 5.6.3). All three boards passed the SABS

exterior grade standard of a dry internal bond

PA
strength greater than 0.55N/mm -
The strongest board (dry) was the 10%

= 2110




