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ABSTRACT

The invention provides a process for modifying CNSL comprising subjecting the
CNSL to ozonolysis to form ozonolysis reaction products followed by reduction of the
ozonolysis reaction products to give a mixture of phenolic components and aldehydes. In
a preferred embodiment, the invention provides a process for modifying CNSL which
comprises the steps of first reacting CNSL with ozone to form a mixture containing
ozonolysis reaction products, and secondly treating the mixture under reducing conditions
to form a further mixture containing phenolic components with an eight carbon chain
having a terminal CHO group and alkyl components of varying lengths with either one or

two terminal CHO groups. The resulting CNSL aldehydes can be used to form adhesives

for use in the manufacture of composites such as wood particle board.
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METHOD OF MODIFYING COMPONENTS PRESENT

Thus invendon relates 1o a method of modifying components present in cashew nut
shell hquid (CNSL) so as to improve its utilisation as a raw material for the formation of
polymeric marenals, partcularly w be used as binders in the formation of comppéite "
products.

CNSL is extracted from the outer shell of the cashew nut obuwined from the
cashew nur tree, A#acardium Occidenrale L. CNSL is 2 mixrure of phenolic compounds
and the compounds which can be present in varying proportions include anacardic acid,
cardanol, cardol, and 2-methyl cardol. Each of these compounds has a 15 carbon
(pentadecyl) side chain, and each compound can occur with this sidc. chain fully saruraced,
or in one of three forms of unsauration; monoene, unsarurated at the 8' position, diene,
ansaturated at the 8' and 11' positions, and triene, unsamuraed at the 8', 11', and 14°
positions. CNSL is available as namral CNSL and also as so-called “tecimical CNSL”.
The rario of the componenrs present in the wo forms differs because there is a heating
step during the formation of technical CNSL which causes the decarboxylation of some
or all of the anarcardic acid which hmgeases the proporuon of cardanol. This hearing step

~ also leads to the formarion of some polymerised material.

The presence of phenol groups means that CNSL can be used to form adhesives
analogous to phenol formaldehyde adhesives by _eacting with aldehydes in the presence
of‘an acid or base catalyst. The presence of unsaturated groups in the side chains of
compounds present in CNSL means that polymerisation can also take place under acidic
conditions without any other reacrants being added.

CNSL. once polymerised with acids to a solid form, is crushed and used for many
purposcs, ¢.g. in the manufacture of clutch facings and linings. CNSL is not water-
solubie and is nor easily dispersed in water. The reaction of CNSL with aldehydes in the
presence of sodium hydroxide gives at the earfiest stages of the reaction a viscous mix

PCT/GB99/05913
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which is not easily handled and makes it very difficult 10 make large scale use of alkali
caralysed resins made from CNSL.

It would be more commercially advantageous if CNSL could be converted to a
form wiere it can be more easily dispersed in water, and made either wholly or partally
water-soluble.

We have now found that by treating CNSL with ozone and reducing the products
(e.g. ozonides) so cbwined, the pentadecyl chains present in the phenolic components of
CNSL are converted (o comnpounds with an eight carbon chain, the rerminal group of
which is an aldehyde (CHO) group. In the case of technical CNSL, some or all of any
polymerised material present will be converted o the compounds with an ejght carbon
chain and a terminal aldehyde group. This treatment will also result in the formarion of
alkyl aldehydes which can be used, but are not necessary, as additional crossiinking
agents. In this form CNSL can be used for the formation of composites where ready

dispersibility or solubility in water of the precursor for the binder material used to form

the composite is an advantage.

The mreatment with ozone of CNSL has not previously been described, bur it is
knowtt to use ozonolysis and reducton of the ozonides so formed to convert anacardic acid
and cardanol isolated from Gingko biloba L. into aldehydes (Chem. Pharm. Bull. 35(7)
3016-3020). However, this was in connection with the examinarion of long chain phenois

such as anacardic acid and cardano] for use as anti-tumour agents, and not the formation
of resins for use in composites.

It 1s also kimown ro use ozonolysis 10 for.y aldehyde mixnires from soya oils, see
E. H. Pryde er al., The Journal of the American Oil Chemists’ Society, page 376, Vol.

38, 1961. Pryde er al disclose that the aldehyde mixmres formed from the ozomnolysis are
used to form resins with phenol.

However, i nexcher of the aforementioned documents is there any suggesdon that
the treattpent of the mixmures of long chain phenols which occur in CNSL by ozonolysis

and reducton would confer advamageous properties in connection with the use of CNSL
n the formarion of composites. |
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Accordingly, in one aspect of the mnventon, thers is provided a process for

. modifying CNSL comprising subjecing the CNSL t¢ ozonolysis to form 6zoholysis

reaction prochicrs followed by reducton of the ozonolysis reacdon products © give a
mixture of phenolic components and aldehydes.

In a preferred embodiment, there is provided 2 process for modifying CNSL which
comprises the steps of first reacting CNSL with ozone for form a mixrure containing
ozonolysis reaction products, and secondly treaang the mixmure under reducing condidons
to form a further muxture containing phenolic components with an eight carbon ¢hain

10 having a terminal CHO group and alkyl components of varying lengths with either one or
two rermunal CHO groups.

The reaction of CNSL with ozone is carried out in a solvent, preferably a

chiorinated solvent such as, but not limited .:o. dichloromethane. Other solvents which can

15 be used include cyclohexai:e, methanol, chloroform and hexanc. The ozone can be used
at concentrations in the range 1 to 10% 1n oxygen, and typically in comract with CNSL

until ozonlysis is complete. The end point for ozonolysis can be judged using TLC, or
chemnical methods such as the starch iodide wst. These tests are used to check periodically

for the end point of the ozonolysis, 1.e. when none of the components present in the
20 starting CNSL are present in the reacrion mixoure.

" Reduction of the ozonolysis reaction procfucts (e.g. ozonides) can be carried our
using any of a variety of reducing condjtions. Thus, reducton can be effected using a
suitable metal, such as a transiuion metal (e.g. zinc), preferably in the presence of an acid.
25 For example, formarion of the second mixmure under reducing candirions can, for example,
be carried out in the presence of zinc and acetic ~cid, Alternatively, other methods (e.2.
standard methods) of achieving reducing condidons can be used and examples of such
methods include caralytic hydrogenarion in the presence of a metal catalyst such as a
transition metal catalyst; ¢.g. hydrogen may be bubbled through the reacton mixture i
30 the presence of a catalyst such as Pd-C (catalytdc palladium hydroxide on calcium
carbonare). Other reducing agents that can be used include iodide (e.g. sodium,
potassmm, calcium err) + acegc acid; dimechyl sulpliide; tiourea; mipheny! phosphine;
~ trimethyl phosphate and pyridme. '
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A further alterparive, and pardcularly preferred, reducing agent 18 a reducing

sugar. The reducing sugar can be for example 2 monosaccharide or a disaccharide, and
can be an aldose or a kerose sugar.

Examples of reducing sugars are hexose monosaccharide sugars such as glucose,
mannose, allose, and galactose, and disaccharides such as maltose. A presently preferred

I f

According 1o a preferred aspect of the mvenuon, there is provided a process for

modifying CNSL, comprising the steps of first reacting CNSL with ozone to form a

reaction product, and secondly reating the reactdon product with a reducing sugar 50 as

to form a mixture containing phenoclic components with an 8 carbon chain having a -

termmal CHO group, and alkyl components with either one or two terminal CHO groups.

We prefer to use a process in which the mMn: present during the treatnent with
ozone 18, or contains an alcohol, preferably ethanol. Solvents that can be used in
admixmre with an alcohol include ghloroform, dichloromethane, hexane, and cyclohexane.
We have also found that industrial methylated spirit (IMS) can be used as the solvent
during the rreamment with ozone.

When a sugar is used as the reducing agenr, the reductve cleavage of the
ozonolysis reacrion product is typically carried out by strring an aqueous solution of a

reducing sugar mto the reaction mixmre obrained by the ozone reamment. The mixmure

can then be heated 0 a temperamure where reduction takes place at a satisfactory rate to

ensure 4 good yield of aldehyde. The temperarure used is convenientdy berween S0° and
60°C and a ome of about two hours is usuail; sufficient. The product may then be
purified to remove substanriailly all the reacted and any unreacred sugar (if any is present).
We prefer, where the product is o be used in a curable compesition, to simply. remove .
solvent and use the aldehyde product in admixmre with the oxidised sugar and any
unreacred sugar remaining. We further prefer to use excess sugar so that unreacted sugar

is present as we believe, withoutr wishing to be bound by any chcorj;, that the sugar may
be of value in stabilising the aldehyde product in storage.

The product of the treamment of the ozanolysis reaction products under reducing

PCT/GB95/03913 .
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conditons is, as described above, a mixrure of phenoli¢c and alkyl aldehydes. The alky!

- aldehydes formed include butapal and hepramal. It is possible, bur not essendal, to

separate the phenolic aldehydes from the alkyl aldehydes before use. Both the mixmre of
phenolic aldehydes left after removal of the alky] aildehydes and che mixture in whi¢h both

alkyl and phenolic aldehydes are present are hereinafter referred to as CNSL aldehydes.

In a further aspect, the invention provides a mixture of alky! aldehydes as
hersmbefore defined produced by the ueamnent of CNSL. Such mixmres of alkyl
aldehydes are of value for uses including as crosslinking agents.

CNSL aldehydes can be converted using either acid or base catalysis into systems
which on heating polymerise. We have found that the addition of an acid, particularly a
sulphonic acid such a p-toluene sulphonic acid, followed by treatment with a base, results
in a system which is either very finely dispersed in water, or wholly, or partally warer
SO&blC. This can also be achieved by the addition of a base, added either in an aqueous

solution, or by the sequennal addition of a base and water. No residue can be detected

when the CNSL aldehyde aqueous material is filtered through Wharman No, 1 filter paper

and a glass wool colurm. “The CNSL aldehydes can also be used alope in the rearment
of matsnals in particulate and/or fibrous forrn such as wood, straw, hemp, jute, flax, rice
swaw and maize, usually to form composites from these materials,

Our invennon therefore also Includes a method of converting CNSL aldehydes to
an adhesive with an acidic material in the presence of water to form an emulsion, which

on further treamment with a base is converted to a material in which only an aqueous phase
is detecrable. '

Our nvention also includes an adhesive produced by the weamment of CNSL
aldehydes with an acidic material. '

A further form of our mvention is an adhesive formed by the reamment of CNSL
aldehydes with a base.

The base ¢an be added as an aqueous soludon or by sequential addidon of a base
and water.
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Yer another form of our inventdon comprises an adhesive formed by sequenrial
additdon of an acid and a base to CNSL aldehydes. In one form of this aspect of our
invendon, p-toiuene sulphonic acid is first added to CNSL aldehydes, followed by a.

solution of sodium hydroxide.
5 :
Our invention aiso includes a method of forming composites from organic and-:
inorganic particulate and fibrous materials comprising treating the marerial with CNSL
aldehydes and then heanng to form a composire. Pressure can be applied while forming
the composite.
10

Examples of composites are ratenals formed from particulare and/or fibrous
materials which can be organi¢ or inorganic. Examples of organic martenals are
lignocellulosic marterials such as wood, straw, hemp, jute. flax. rice swaw and maize.
Examples of morganic materials include inorganic partculates and fibres, particular
15 examples being charcoal, marble (e.2. crushed marble), crushed rock, ciay, '.coal, slate and
glass, e.g. fibre glass.

The adhesives according to our invention are of particular value in forming binders -
for use in the manufacnure of woed particle boards. The measured properdes of test weod
20 particle boards in which the binder used has been derived from the CNSL aldshydes of the
present invention exceeds that required for boards to be of a standard acceptable in the
marketplace. They all exceed the European Standards for Inrernal Bond Strength,
Thickness Swell, and Bending Strength (Standards EN 319, EN 317, and EN 310).

25 Our invention also includes wood particle boards whenever made using adhesives
formed from CNSL aldehydes.

The acids used in the formaton of the adhesives from CNSL aldehydes include
mineral acids such as sulphuric acid and phosphoric acid, and sulphonic acids such as p-
30 toluene sulphonic acid.

The base used is usually sodiumn hydroxide in aqueous solution, but other bases
such as potassmm hydroxide, ammonia and amines can be used. Sodium hydroxide is
convenientdy used as a 30% soiution in water.
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The following examples illustrate but do not limnit the invention.

EX LE

CNSL (3.2g, -10mmol) was added 0 dichloromethane (10ml) and the dispersion
formed then cooled to -78°C m a bath of dry ice and acetone. Ozone is passed inro the
CNSL dispersion at about 52 mmol/hour undl the reacrion is completed. This takes about

two and a half hours. The compledon of ozonization is judged by Thin Layer

| Chromatography (silica gel eluted by 20%/80% (v/v) ether/pecoleum ether (b.p.40°.-

60°C). Zine (3g) and glacial acetic acid (10mI) are added to the ozonised CNSL and the -
mixmure is warmed rapidly to room termnperature, 20°C, in a water bath, and sorred art thar
temperature for two hours, after which the zinc is filrered off and dichloromethane is
removed by evaporation in a rotary evaporator under reduced pressufe. The presence of

a mixeure of CNSL aldehydes was confirmed by infrared and NMR spectroscopy and
HPLC.

~

If desired, but not netessarily, the alkyl aldehyde compounds, which are water
soluble, in the CNSL aldehyde mixmre can be separated from the CNSL phenolic
aldehydes by extracting the filrate with a mixture of water and ether, in which case the
CNSL phenolic aldehydes form a sohurion in ether. In this example the CNSL aldehydes
‘were separated in this way. The ether was removed by rotary evaporation. The phenolic
CNSL aldehydes were used to form an adhesive: thus 4g of the CNSL phenolic aldehyde
mixrure was mixed with 0.8g of para-toluene suiphonic acid and 0.8g of 30% NaOH
solution in water was added. An acid solution consisting of (.5g of para-toluene sulphonic
acid, 0.5g 98 % sulphuric acid and 3g of water was then added. A non-viscous adhesive
composiuon apparently conwining only one ph-se was obtained by adding 8g of 30%
NaOH solution in water. It was found that this adhesive could be readily polymerised by
hearmg at a tcmpeme chosen from the range 90°C to 180°C.

EXAMPLE 2

160g of CNSL was dilu;'ed with 750mi of dichloromctpanc in a flask fitted with
a high powered overhead mechanical stirrer. The flask was placed in a dry ice/acemne
bath and cooled to -78°C with the stirrer operating. Once the mixture had been cooled,
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addidon of ozone commenced from a generator with a capacity of 8g per hour.

Ozonisaton was monitored using TLC, and the end point of ozonolysis judged by the

absence of the components present in the mixrure at the start of the reaction with ozone.

200g zinc dust was then ad:ied. followed by the siow addirion of 500ml glacjal
acenc acid, the mixnure was vigorously sarred during the addition of the acetic acid, w0
prevent freezing of the acede acid. The reaction mixmure was left in the dry ice/acatone
bath and allowed to warm up slowly to ambient temperarure with water being added to the
bath. StrTing was continued overnight, and then any remaining zinc dust was filtered off
using vacuum. CNSL phenolic aldehydes were extracted, as in Exampie ], from the
CNSL aldchyde mixture, and 3¢ of the CNSL phenolic aldehyde mixture were placed in
a beaker. 1g of para toluene sulphonic acid was added while stirring with a glass rod,
followed by 1g of NaOH and then 5g of a 12.5% (v/v) aqueous solution of para Lolu;znc
sulphonic acid. The slow addidon of 10g of 30% NaOH as a solution in water, witr

stirring, produced an apparently single phase adhesive. It was found that this adhesive

could be readily polymerised by heating at a temperamre chosen from the range 90°C to
180°C.

EXAMPLE 3

CNSL (128g -0.4mol) was added to dichloromethane (1 lirre) and the schition
thus formed cooled to -78°C in a bath of dry ice and acetone. Ozone was passed into the
soluton at about 0.17 mol/hour (8g/hour) unril the reaction was completed. This was
monitored, as in Example 2, using Thin Layer Chromatography, and the end point of the
reaction was reached after about three hours. Zinc (160g) and glacial acedc acid (400ml)
were added to the ozonised CNSL, and the wixrure warmed very slowly 1o room
lemperarture with vigorous stirring. Stirring was continued for two hours after which the
zinc was filtered off and dichloromethane was removed by evaporation 1 a rotary
evaporator under reduced pressure. CNSL phenolic aldehydes were extracted, as in

Example 1, from the CNSL aldehyde mixture, and rheir structure confirmed by infrared
and NMR spectroscopy, and analysis by HPLC.

The CNSL phenolic aldehydes were then used to produce both an alkali catalysed
adhesive, and an acid catalysed adhesive as described below.
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Alkali sed
(2) CNSL phenolic aldehyde (2758) was placed in a two-litre flask fitted with an
overhead mechanical stirrer and 55g of solid p-toluene sulphonic acid was added
while stirring. 55g of 30% NaOH soludon in water was added followed by 275g
5 of 12.5% (v/v) aqueous solution of p-toluene sulphonic acid. The further slow
| addition with sdrring of 275g of 30% NaOH solution in warer produczsd an

adhesive which could be readily polymerised by heating at a temperature chesen
from the range 50%-180°C.

10 (b) 0.5g (2.27mmol) CNSL phenolic aldehyde was placed in a beaker and 0.63¢g
(2.27mmol) of 13.6% NaOH solution in water was added slowly, while stirring
with a glass rod. A thin pasre formed, to which 0.3g of deionised warer was
added, followed by the additdon of 0.3g (1.03mmol) of 13.6% NaOH. An
adhesive was formed which was polymerisable by heating.

15
Acid caralysed
60g of CNSL phenolic aldehyde was mixed with 12g of solid p-toluene sulphonis
acid and 24gm of warer added, wh.ich.fonncd 2 paste when stirred vigorously with a glass
rod. The adbesive thus formed had a shelf life of about 40 minutes.
20

e v c
Test pardcle boards were formed using both the alkali and acid catalysed
adbesives. Particle board is formed by pressing a wood particle/adhesive mixmre in a die
with 2 preheated punch (o e.g. 6mrm stops at an ¢levated temperature for several minutes.
25 It is necessary (o ensure that at its core the marerial being pressed reaches a high enough

temperarure for a sufficient time to cure the sdhes’ve. The final dimensions of the product
depending on the shape of the die and the pressure applied.

The experirpental boards were made from wood chips sieved to remove fines

30 below lmm and particles greater than Smm. The wood had 2 moisture content of S.8%
(w/w dry wood). Sufficient adhesive was mixed with the wood particies to give a solids

contemt of 14% w/w based on dry wood content. The boards were pressed in a die o give

boards with a densiry of 750g/m?, a diameter of 312mm and 2 thickness of 6mm. Pressing

in the die was carried on for ten mimres ar a temperature of 140°C. The boards on




10

15

20

25

30

WO 00/31013

CA 02352331 2001-05-24

PCT/GB99/05913

10

testing all exceeded the European Standards for [nternal Bond Strength, Thickness Swell
and Bending Strength (EN 319, EN 317, and EN 310) thus demonsurating that binders

~ formed by curing the adhesives of the present inventon are of commercial value, and that

CNSL can be used as a source of easily used adhesives.

Examples 1 and 2 describe the ozonolysis of CNSL and subsequent reducrive
cleavage of the ozonolysis reacoon products using zine and acetic acid. The following
examples illusrate the use of sugars as the reducing agents.

EXAMPLE 4.

500g of CNSL is dissolved in 2.5 litres of IMS and placed in a 5 litre flask fined
with an overhead stirrer. Ozone in oxygen is bubbled through the solution ar a rare of 10
res per minuie until no starting material can be detected by Thin Layer Chromartography
(TLC) (silica gel plate developed in 20:80 ether petroleum spirit). 300g of alpha-D-
glucose is dissolved in 500 mi of water and added to the reaction vessel. The contemts of
the vessel are heated to 50°C for 2 hours and left over night at 25°C. The IMS is
removed under reduced pressure. On standing the mixmre separates into an oily layer
contafming the aldehyde product and a water layer. The oily layer will contain unreacted
sugar and oxidised sugar formed during the reduction. The ocily layer may be used to
form adhesives and composites in the manner described above in Examples 1 and 2.

EXAMPLE 3

The procedure described in Example 1 was repeaied with an additional purificarion
step where the oily layer was subject to repeated e<traction with a 1:1 ether/water mixmre
unnl a clear solution was observed in the aqueous phase. The ether was remaved from

. the ethereal phase leaving 473g of 8-(3-hydroxy-phenyl)-octanal which could be used as

an adhesive in the formation of composites as described above.

It will readily be apparent that nurmerous modifications and alterations can be made
to the processes described in the foregoing examples without departing from the principles
underlying the mventon, and all such modifications and alterations are intended to be
embraced by this application.




CA 02352331 2001-05-24

WO 00/31015 ' PCT/GB99/03913

11

CLAIMS

1. A process for modifymng CNSL comprising subjectihg the CNSL to ozonolysis to

form ozonolysis reaction products followed by reducton of the ozonolysis reaction

5 products to give a mixwre of phenolic components and aldehydes.

2. A. process for modifymng CNSL which comprises the steps of first reacting CNSL

with ozone to form a mixrure containing ozonolysis reacton products, and

secondly rearing the mixture under reducing conditions to form a further mixture

10 conwining phenolic components with an eight carbon cham having a tenni:nal
CHO group and alky! components of varying lengths wirth either one or rwo
“terminal CHO groups.
3. A process according to claim 1 or claim 2 wherein the ozonolysis reaction
15 products are reduced using metals (such as transition mer.-a_ls) in the presence of

acid, or reducing sugars, or catalytic hydrogenanon. or reduction using a reducing
agent selected {rom iodide (e.g. sodium, potassiﬁm, calcium) in the presence of
acetic acid; dimethyl sulphide; thiourea; wiphenyl phosphine; oimethyl phosphate
and pyridine. ‘ |

20

4. A process according to claim 3 wherein the reducing agent is zinc and acedc acid.

5. A process according o claim 3 wherein the reducing agent is a reducing sugar
such as alpha D-glucose.
25 |

6. A process for modifying CNSL, conmristg the steps of first reacting CNSL with
ozone to form a reacton praduct, and secondly oeadng the reaction product with
a reducing sugar so as to form a mixwure containing phenclic components with an
8 carbon chain having a terminal CHO group, and alkyl components with zither
30 one or two terminal CHO groups.

7. A process according to any one of the preceding claims wherein the ozonolysis is
conducted in a solvent comprising an alcohol, preferably ethanol.
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A process according to any one of the preceding claims comprising the further
step, following the reduction step, of separaung phenolic aldehydes-and alky!
aldehydes formed during the process.

A mixture of alkyl aldehydes formed by the czonolysis of CNSL and subsequent
reduction of the resulting ozonolysis reaction products.

A method of converting CNSL aldehydes formed by a' process-as defined.in any
one of claims 1 to 8 to an adhesive by weatment with an acidic material in the
presence of water to form an emulsion, and thereafter further treating with a base.

An adhesive composition formed from the product of a process as defined in any
one of claims 1 to 8.

An adhesive composition according to claim 11 which is (i) produced by the
reamment of CNSL aldehydes with an acidic material and/or (ii) formed by the
rreatrnent of CNSL aldehydes with a base.

An adhesive according to claim 12 which is formed by sequental additian of an
acid and a base to CNSL aldehydes.

An adhesjve according to claim 13 wnich is formed by the additon of p-toluene

sulphomic acid to CNSL aldehydes, followed by the addidon of solurion of sodium
hydroxide.

An adhesive according to any one of claums 11 to 14 in the form of a solution or

~ dispersion in warer.

A method of forming a composite from a paxﬁc\;hte or fibrous marerial (e.g. a
particulare or fibrous organmic or imorganic material) comprising weating the
marerial with CNSL aldehydes formed by a process as defined in any one of
claims 1 to 8 and heating to form the composite, opronally with the application

of pressure.




WO 00/31015

17.

5 18.
19.
10
20.
15
21.

CA 02352331 2001-05-24

PCT/GB99/05915

13

A method according to claim 16 wherein the marerial is an organic marerial such

as a lignocellulosic material, for example selected from wood, soraw, hemp, jute,
flax, rice swaw and maize.

A method according to claim 16 wheremn the material is an inorganic material
selected from i1norganic particulates and fibres, such as charcoal, marble (e.g.

crushed marbie), crushed reck, clay, coal, slate and glass, ¢.g. fibre glass.

A composite formed from a resinl and a particulars and/or fibrous material (z.g.
a particulare marerial and/or fibrous material as defined in any one of claims 16

to 18) wherein the resin is derived from the product of the ozonolysis and
subsequent reductve cleavage of CNSL.

A composite according o claim 19 wherein the resin is an adhesive as defined in
any one of ¢laims 11 to 15. "

A composite according to claim 19 or claim 20 which is a wood particle board.
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