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I. INTRODUCTION

Since the discovery of Bakelite a great deal of
research has been done on the polymerization of syn-
thetic and naturally occurring substituted phenols
wvith formaldehyds to obtain modified phenol-formaldehyde
resins, Coming under the latter category is the oil of
the cashew shell, formerly a waste by product, which 1s
made up essentially of cardanol (see page 10) and ana-
cardiec acid (see pags 10)., This paper will deal with
further studies of cashew nat shell 01l and formaldehyde

especially in the presence of ecertain modifiers.



II. HISTORICAL

The cashew nut made its first appearance in the lite
erature in 1911 when Schenk (1) reported it as a new
confection, From then until 1922 the kernel of the nut
was studied and the husk was glven no attention st all,
In 1923 however J.J. Sudborough {2) found that the husk
contained 39.8% 01l with dpgl.O1l31l, acid value 107,
saponification equivalent 119, 1odine number 296 n<ﬁ%£
1.5158, and was made up essentially of anacardic sacid
(CopHzp05) and eardol  (CzgHs204)s both being substi-
tuted phenols with unsaturated side chains,

These fasts point to resins of both "A" and "C"
types but the problem remained untouched until 1927 when
Harvey (3) obtained a patent for the treatment of the
oll with nitrio acid, ete., or formaldchyde which ylelded
a product suitable for molding or lacquers. From then
on muach work has been done on the problem with M,T. Har-
vey doing the major portion, In the same year he (4)
patented the polymerization of cashew nut shell oil snd
glycerocl induced by heat and catalyst. 1In 1928 another
patent was issued to Harvey (5) covering the drying of
cashew nut shell o1l with a metal such as Cu, Al, or Pb,.
In 1928 he (6) also received a patent for the treatnent
of cashew nut shell oil with semrmonia, ammonium hydroxide,

ete. to produce compounds that varied in color from red



to violet useful as coloring agents., A product useful
for paints and varnishes was made by heating the o0il with
nitric acid and patented by Harvey (7) in 1929. 1In the
same year he (8) patented an insulator mads from cashew
nut shell o1l and formaldehyde with hrdrochloric acid as
the catalyst.

A process for extracting the oil from the shell was
devised and patented by Hughes (9) in 1931. The nuts
are subjected to a sudden change in temperature from nor—-
mal to charring, bursting the cellular structure of the
shell and allowing the liquid to run out. A compound
suitable for insulation was prepared in 1931 by Harvey
(10) by vulcanizing cashew nut shell oil with rubber.
Also in 1931 Harvey (1l1) patented a produsct prepared
from cashew nut shell o0il and formaldshyde.

A.J. Haagen Smit (12) in 1931 proved the structure
of anacardic acid to be 2-0H, 1~COOH 3-nCj5fgy benzene.

Harvey again in 1932 patented a great deal of work
including, (13) cashew nut shell o0il used as a plasti-
cizer with cellulose esters.suoh as sellulose acetate,
(14) an insulator from cashew nut shell o1l and a drier
such as manganese (15) a water-proofing material from
the oll for waterproofing of ooncrete surfaces, ets.,
(16) a red to violet coloring material from the oil and
amionia and formaldehyde, (17) a resin obtained by treat~
ing cashew nut shell o1l with an acid and ox1dizing with
nitric acid, (18) a varnish containing a modifier of



China wood 0il, (19) a varnish for inside of 4iron food
containers,

Ryan in 1932 also patented a varnish (20) made from
cashew nut shell oil, a congeanled vegetable oxidation
product such as copal gum, and a suitable catalyst,

In 1933 Harvey (21) prepared a compound consisting
of the 011, stearin pitch and hexamethalena tetramine.

In 1934 a product from cashew nut shell oil and
casein with an alkaline catalyst was prepared by Harvey
(22).

The first mention of distillation was noted in 1934
when Harvey (23) reported and patented a rethod for the
distillstion of cashew nut shell oil et a temperature of
300° to 400° C. at atmospheric pressure which ylelded =
produet of germicidal phenolis character,

Damitz (24) in 1935 reoported a brittle fusible resin
from cashew nut shell oil and ester gum heated together
at a temperature of 315° C.

’ Dickey (25) also in 1935 polymerized cashew nut
shell oil with rubber to give a material suitable for
typewriter platens, etase.

Harvey (26) obtained a product sultable for watere
proofing walls by reacting the o1l with bariﬁm hydroxide
and then a glyerride.

Pillay (27) in 1935 found the formula of anacardie
acid to be Co2Hz2o03 M.P.22.,5° C., It contained two active

hydrogens one of which was phenolic. Pyrolysis of the



acld yielded anaeardol CpyHzo0 B.P. 215.2°, d§8.9599
n2 1.5107. Two double bonda were shown in both come
pounds, but were not located. The side chain however
was straight.

The formualae

CO0H
OH OH
C1ste7 C15t27
Anacardic aciad Anacardol

Rector (28) developed a new process for extracting
the 01l from the shell in 1936, The nuts were immersed
in a bath of cashew nut shell 0il at a temperature and
for a time adjusted to effect the discharge of a mafjor
portion of the 01l without scorching the kernels.

Patel (29) 4in 1937 studied the effests of decarboxy-
latione The saponification number (117) and acid value
(109) of the 01l deoreased on heabting until they became
almost zero, The rate of decresase was highsr at higher
temperatures. This decrease was due mainly to decarboxy-
lation. On heating the 1odine value (266) increased
initially owing to the splitting off of carbon dloxide
and the decomposition of the 0il into unsaturated sub=
stituents, A subsequent decrease was thought to be due
to polymerization of the unsaturates. The specific grave
ity (.996) of the oil decreased and then increased
g8lightly on further heabing. The mean molecular weight



decreased to a miniium and then graduslly increased,.

Hughes {(30) modified his previous method for the ex=
traction of the oll by first eausing the nut to absorb
water and then imrersing 4t in a hot bath of the shell
oile Harvey and Damitz (31) in 1937 patented a process
for effecting the polymorization of the 04l by uszing sule
furie acide In 1938 Harvey and Damitz (32) devised a
method of driving off the sulfur existing in the oil and
then effecting polymerization.

In 1938 we found the first nentiom of cardanol (33)
being used with formaldehydes It wos obdtained by either
stoam distillation or distlillation at atmospheris pres=-
Sure.

Gardner (34) in 1938 reported the uss of cashisw nut
giell o1l a3 a drying agent in paints.

Joffries (35) also in 1938 reported another msthod
for the extrastion of the olls, A columm of nats and
broken shells was subjsoted to a downward streanm of super-
heated steam, the water =2rd 0il beling eollested et the
bottom, In the same year Joffries and Plaorce (3€) deo=
vised a gpeclal pretreatment of the nuts before extrac=
tion of the oll,

A patent issued to the Harvel Corporation (57) in
1938 desaribed a process for the polymaerizatlon of cashew
nut shell o0il by usinz 1 - 6% by volume of aconsentrated
sulfuris acid or with zins chloridse or tein totrashloride.

The producst obtaired -as used in painte, varnishes ard



impregnantse

¥ats and Bharacha (38) used the oil as a mosquito
larvicide in 1958, Five parts of cashew nut shell oil
and 25 parts of kercsene were used. In 1938 Pierce and
Jeffries (39) added another revision to their apparatus
for the extraction of the 0il. This consisted in appa-
ratus for effecting rapid cooling and draining of the
shells that had becn extracted.

Harvey (40) 4in 1939 showed the formula of cardanol

to Te Caoflzzle \

H H
( :5)5- c e C(CHy)g = 7H3

and used it with formaldehyde to make coatings, molded
products, etce.

Hughes (41) in the same year polymerized cashew nut
shiell o0ll with glycerol phtholic anhydride condersation
products to obtain materials suitable for sheeting and
molding, Kilezmick (42) polymerized the oil with sul~
furic acid to a flowable state and then completed poly-
merization to a rubbery state with hexamethalens tetra=-
mine.

Patel and Patel (43) reported that the roasted
shells contalned 18 = 207 oil with a saponification
rumber of 4.5, 1cdine number of £24, dog 9578 and mean
molecalar weight of 340.

caplan (44) 1n 1940 used diethyl sulphate dissolved

in thie 01l and heat to effect reaction of the solution



with the metals naturally present in the ol1l. These
precipitated metals wers then removed and the product
polymerized to yleld reczins suitable for paints, var-
nishes, etc.

Downing (45) showed that dermatitia from cashew
nut shell oil is not caused by ingestion of the cooked
nuats, but only by contact with the o0il of the shells
and reported that ointments and pastes should be avolded
but hot wet dressing annlied.

Cayo (46) decrensed the polson ivy effcct by treate
ing the o1l with protein such as eg3 or blood albumin or
heating with acetamide, benzanide, etc.

Harvey ard Canlan (47) published a paper on cashew
nut shell o1l describing the manufacturing processes,
polymerization utilizing both the unsaturated nature of
the 01l and the phenolic group. Upon distillation the
distillate consistirg largely of anacardic zcid polymer-
ized slowly. The residue showed both phenoliec and une
santurated pronerties and slso reacted slowly with alde~

hYdQSo



I1I. THEORSTICAL

From the graphie formula on the following prgze it
i3 evident that the components of sashew nut shell oil
(cardanol and anacardic acid) and their synthetic deriv-
atives (dihydrocardanol, anacardol and tetrahydroana=-
cardic acid) are all substituted phenols and should
therefore react as such in the presensce of formaldehyde.
Aczording to Baekeland one mole of formaldehyde reacts
with one mole of phenol or its derivatives to yield

benzyl elcohols as followsg:=

H H
EC COH N HC C-0H
- —
ife] cx-"g° "0 } HO C-C~OH
H
H H

The benzyl alcohols foried will then, by the elimin=tlon

of water, combine to give a straight chained, thermoset-

ting resin
H H
HC C-0H HC C-0H
G H
BEC C=-C -|OH H|C C-C-0H
H H
C c
H H

If however more formaldehyde is ussed, a thermosetting
regin will be obtained dus to the formation of eross

linkages. All reactions earried out for this paper were
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mole per mole.

The speed of the reaction of the substituted phenols
and formaldehjde varies with the position of the alkyl
group in respect to the hydroxyl group. For instance,
the reaction of meta xylene and formaldshydec 1s faster
than phenol and formaldshyde and ylelds a thermosetting
rosin providing enough formaldshyds 1s present, This 1a
due to the fact that both the hydroxyl and aikyl groups
are ortho-para directing end consequently direct to the
same positions on the ring.

With ortho and para xylenes the reaction 1s slower
than phenol formaldchyde and only thermoplastic resins
can be obtained because one position either ortho or
para to the hydroxyl is blocked leaving two open.

In the case where an alky 1s substituted on both
ortho positions or on one ortho and the para position
the reaction is much slower than either of the above be=
cause only one position remains open. Only thermoplastic
resins can be obtained from this typs of phenol due to
the fact that no eross linkages whatever can be forned.

Applying the above gsneralizations to the constitu=-
ents of cashew nut shell 011, we should expect that car-
danol, which is a neta substituted phenol, should react
the fastest, anacardol (ortho substituted phenol) next
and anacardic acid (di ortho substituted phenol) the
slowest. The raw oil which 1s predominantly carcanol

should probably react between anasarcol and anacardic



acid. By glaneing at the time of reaction for each of
the above on Tables I, II, III, and IV we find these

expectations correct.
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IV, TwCMHI U+ OF ILANDLILC 7THY OIL

The first and foremost eonsiderastion in handling the
01l is serapulous cleanliness., The 01l should be stored
in a place where mlscellsneous contact 1s not apt to oce
cur. Persons handling the oil should develop a technique
toward it which msy bte described as simller in thorourh
cleanliness to that used in handling virile bacterla,
This does not mean, however, that the operator need be
efraid of the material or should hesitate to get it on
his hands, becsuse o:ly those who are not allergic shonld
work with the oll, The point to emphasize 1s that minute
traces of the oll, spread through careless handling, ean
cause very unpleasant effects to people unaware of 1ts
presence. To be snecifle, traces of the oil left on door
knobs or table tops can polson individuals who have nothing
to do with the problem, The essential thing 1s for the
operator to wash his hands very frequently, and at the
slichtest provocation, with plenty of mild soap and lukee
warm water, A gencrous supply of paper towels should be
rear at hand, rot orly to wipe the hands but also to wipe
contalners and benches when the 0il 1s transferred or
spllleds The used towels should be deposited in paper
sacks and burned, helpinz to prevent the spread of the
oll,

Apparatns heavily contaminated should be first
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soaked in a sultable solvent such as ethylene dichloride.
Ethyl acetate can also be unsed satisfactorily. Beyond
this, washing or scrutbting with socapy water 1s generally
sufficlent to elean np the apparatus and make it fit for
future use,

During the previnsus eleven months only one case of
polsonling has occurred.s This was traced to the coxmon
sl:k used by every one 1n the laboratorye 7Tne oaly way
to elisiinate polsoning from this source, if the pree
ceeding preceoutlions have been carried out, 1ls to nave a
separate sink for washing contaminated dishes, If this
is lmnossible, tune sl.kx should be used ss infrequently
a3 posslble and should be scrubbed thoroughly with soap
and lukewaru weter after washlng dishes contalnliys the
oils A private stock of brushes and soap powdser 1s also
recormendeds The trouvle seems to be worse ia hot
weather when the pores of the skin are naturslly open.
Contaminated clothing should be asponsed with solvent
and the garment thoroushly wasiied or dry cleaned before
being worn againe

There appears to be somoe Justification for the bew
lief that the use of grease or oll on the hands modersates
the toxlcity of the oil, The action seems to be purely
cne of delaying adsorption into the lower layers of the
skxin and faclilitating the washing off of the contaminae
tione An individual doing much dishwashing should prow

tect the skin by use of some ointment or vanishing crean,
N






The tetter the condltina of the skin the leas 1llkely th
chanca for irritatlion. In acute cases "Calamire Lotion,"
freely aprlled, 1s a rood remedye. Thiaz laboratory, howe
ever, has found that "Berrow's “oluti-z" 1s mnch suserior
to "Calsrzine Loticon.” Durrow's solution 1z made ty clse
solving 100 rrams of lcad acetets and 83 graus cf aluminum
si:lchate in ore liter of water. The effected area shonld
he kept molst with the solution by azglying dressincs
saturated with the solntione.

Fecause of the fact that cashew nulb shell oll has
such a gerisusg affcct unron some lidividuals ouly these
persgo.ns who are not allerglie ghonld worit with it, A very

tmcle way to delternine whether or not an iadlvidcal i1s
zllergic 1s to plac? a 3mall drop of the oil (20 more than
the aront that will sdhere to the point of a pin) on the
wriste After a minute thxe excess 1s wlged off and a
Landage applieds If the patlent 1s allsrgle tha spot
w1ll) beiin to lteir withia 12 to 13 hours and a largse red
blotelr wlll arpeurs. 4&As soon as the positive siis ape
pzar apply Burrow's Sfolutlon or Calanliie Lotlon as
dlrected abovee I nothlng develons wlthin two duys the

test 1s taken as ncgative.
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Ve EXFERIMIRTAL

A. Kat erials
Cashew nut shell o0ll was furnished by the General

Foods Inc. and used as such without further purification.

Calclum anacardate was prepared by addinz a solution
of cashew nut shell o1l in Isopropyl aleochol to a water

susperigion of slaked lime,

Isopropyl aleohol (practical H.Pe 82-83°C) was

purchased from Fastrman Kodak Co.

$laked lime (comuerclsl) was obitalined from Carrier

Stephens Coe

Cardanol was obtalned by evavoration of the solvent
from which calelum anacardate had been precipltated ard

reroved.

Anacardle acld was prepared by addling sulfuric acld
(1-8 solutinn) to a suspension of celelur anacardete in

nexane,

Hexane (practical B.P. €62=-70°C) was purchased from

Lastrman Xodak Co.

Anacarcol was ostalaed bty the decurboxylatlion of

anacardis acid,



Formalin (407 commereclal) was the source of

formaldehyce.

Acetaldehyde, a Central fclentific procuct, was
used after distillation at 25°C,

Chlor acetone, a Conrirereclal “olvents produet, was

used after distillation at 118°C.

Fhionol {U.%«Te) wa3 oBi~1ned from Carriler Ste-hens

and used after distillation at 124°C.

Linseed oil (Cormmercial, bolled) was obtalned from

Carriler Stephensze

17
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De Separation of the Component Partse.
l. Preparation of Calcivm Anacardate

I'{ve hurdred prasms of centrifuged cashew nnt shell
01l were dissolved in three llters of isorproprl slecohol,
sheizen at reculer intervels and allowed to sztand over-
ri;hte The precipliste formed was removed by corntrie
furinge

Cne hundred and elcht grams of slaked lime were
triturcted to a thin paste with a sufficient quantlty of
water adcded ia small quantitles,

The lime pansts was then tranaferred to a five liter,
three necck, round bottom flask fitted with au efficlent
stirrer, reflux condensor and dropping fwnel and suse
pended 1n 1000 cece of 1sopropyl alcohols. To this suse-
pension the ceatrifuged oll was added in a small stream
from the droppiinge The mixture was stirred until the
reaction eppeared to be complste end thea for aa addliicnal
livore 1ha completloun of tne recaction was indlcated by
the reductlon ia the color of the solution from cark
brown to a llzht reddish trown and by the formatlon of a
ratiier voluminous 1li;ut red colored, flaely divided pre-
cipitatee.

At the completion of the additlonal stirriag, the
mixture was filltered by suctlorn, washecd with fresh
solvent, pressed dry, and then allowsed to dry 1ua the alr,.

Yhe yield of solvent frce salt was approximately £05 of



the welght of the cashew nnt shell oil vsede According to
thls, c¢lsrecsroing the origirel precipitate flltored off,
there was arproxinstely 825 acld and 22% cardansl 1a the
cashew nut s=nell oll,

The time of reosction wvarled frowm one hour axd ferty
nizutes to twenty-Tonr hourse, the uszvel time beizs abont
four to flve hoursze The time of rcactlen arppeared to be
¢znendent, to a conslderable extent, upoa the arount of
water in tiie sysiewe lore water ssemed to favor tihe re-
actlion while a dry solvent decelerated it. The rcactlon

was alsn accelerated bty heating the mixture on a water

trth, usine the reflox condensor to miiimize solvent losse
2e Isolation of Cardanol

i1ze propuration of cardanol, cue to the fact that it
1s scluble 1in isopropyl alcolwl, simoly involved the
isolation of 1t from the flltrate obtaineld in the proe
raratlon of calelam anacardates

ie flltrate ovtalnad from thie preparation o cale
clin asacarcdate was ceatrifaged to nalze surse all ths Ca.
enacurd .te was renocveds The solutlon was thea placed In
a o:;:8 liter clalgen flssk and the isopropyl alconol ro=-
roved over & waler bathe When moat of the aleohol was

erioved, the resgsidue was talien from the flask, & ncw

rortion added and the dilstillation repeatede ALl the
residucs were then piscod back In the flask and the

remainli &lcohol reroved Ly heat from the water bath



and gentle suctione Thls procedure was found to be faster
and more efficient than addin~ more solntlon to the flask
a3 the solvent was reroved. VYhen foaming beran, which was
an 1ndicatinn thaet only traces of solvent remalned, the
residue was placed in an 80°C oven to remove the last
traces of solvents The cardanol was used in this form

nd also in the purified forme The pure product bolls

et 2°5°C/10 rma

e Hegeneratioa of Aracardice Acid

Four handred grams of alr dry calelm anacardate
vere placed in a flve liter three neck round btottom flask
eq- lrped with a mechanlcal stirrer, reflnx condenssr and
cron-1ae funnsle Three liters of hexane wers added and
the susvenslon stirred virorously. 7%he quantity of
g11furic acld eqgulvelert to the ezlclrn present az detore
miied bty ash analysls was diluted with elsnt parts of
water azd added slowly but continuously from the dropping
fi:12elea The amount of snlfuriec asid used usrally mmounted
to atoul 90 cece arecifie rravity 1,84, The stirring
was coxtizwved for two btours after the lost of the sule
firle acid had been sdied, The superratent 119112 was

ren docanted as eovpletely as possitle and the realdve
washed with hexare to remove any scherin~ anacardle acld,
the washin~ helng combined with that ohtaired by do-
cantatlone The calelum sulfate was centrifured, The

1iqnid layer (hexane c¢ontalnlac sulfuric scid was placed



with the previnsusly obtgined 1liquld end the remsinder
was Clecardeds The hexane layer of the recactlon was also
entrifuged to rermove aay calelum sulfate present, and
then washed with water until the latler wes nentral to
litmus paper. It was found advanteseons to be very charew
ful and shake the hexane-water rixturs ge tly 1n order
to avoli the formaticn of ervlslions which were difficult
to broske Those emulsicons when once forimed eonld ouly be
broken Lty ccatrilfugling,.

The wasited hexane solndlon was {ransferred to a
Gisti1llins flasi: provided with a concensor and aatonatle
senarator wheredby the water was removed fronm the systenm
end the hexane recycleds 7This oporation was continued
untll the anacardic seild wag froe Irom water and then
recovercd by distilling off the hexane. Ihe last portion
of sclvent was removed uncer a 3light vacuum with a stream
of alr bubdles passing through the llquld, This was tried
on cardanol but yielied a polymerizod product so the &l-
ternate method as previously descrlibed was sdopteds Aliw

cardle acid in tihe pure form is a solid meltins at 22,5%
Purification could nol be carried out by distillsiion even
at recduced pressure because 1t 1s so cuslly decarboxylated.
The acid used for malring resing was that cbialied in the

crude state after all hexune nad been roemovede
4, Prensration of Anacardol

Angcardol wes propared bty tke decsrboxylation of
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anacardle asld, The decarhoxytlation was carried out by
rixing one r»ereent of finely Silvided slaed 1lime wlth

oy Ce3lrad giartity of acids Usually 200 -~-rems of acld
gnd 20 crans of sliaked lime were used. "the mixtare was
heated to s terseraturs of 125-150°C, nrefershly 139-140°,
vuntil the evolution of ecasrton éioxide had suhetantlally
cansede 7The hastinv tims varled betweon two and four
Yoers devendinzs unon the rate of heastiar and eother
maognianical ecircartrnerse The resctli-n was carrield out
12 a rouand botton flaa’s or a distllling flaske ¥ien the
former wsz n3sd it wa: flttsad with a still head for vaeuunm
¢ist1llatlon of thie reoection nroduacts Thals oporretlon was
conduected under d vactom of 10 nme or lesse The stlll
head hield to be insulated a—alist hsat loss and znper-
heating kent at a mirimame The chiesf diffizalty was
foamliar which became trouhles~re &b thnn time the vacuim
wag annlied or as tlie texperature waas ralsed azove the
initial to effset distlllatlons The foanlng was due o
sddea evolrtios of 2arton 4inxlde that waz 013 1o tha
¢ll, or trat was liberated =23 the rraclion renciies COMle
pletliens Thoe stanliiity of the foan is larzgely condltinte
ed by rrrurltles ia th2 aracardle acil cerricd over from
toe ecashew nut shell oile Azsesrdol Lolls at 185-107°C

o~
at 3 mu. and niﬁ-a 15000,
Another procedure for decarboxylatinn was developed.

Two huwadred graags ol the acld and twonty graus of slaked

lire were placed In e tvwo itsr, thres neci; ronnd hottom
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flask fitted with a condensor, thermometer and stirrer.
The temperature was hold between 130-140YC for six hours

vhile the mixture was stirred to help liverate the carbon

dloxide withont ecaunsing ton mich foaminre The tempcrature

was tiien ralsed to 179° for an hour, the mixture eooled,

centrifuced end used either in this form or after further
urification by dlstillatlons Uss of the cardanol la

this crude state was jJustified by the facect that ncither
the raw 01l nor the acid were used in the pure state,

The pure anacardol was a yellow liquid bolllns at 1G85

1270 gt 3 rm.
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Ce Separation of the Cosponents by Distillatlone

Harvew (23) in 1834 reported a metuod for tlio clge
tillatlnn of cashew nut shisll ol at atxmospherle pressure
which yielded a product bollins hetween the tomarratires
of 300=400°Cs I 1933 steam Gletillstinn waz aleo mentlone
ed &8s well as vacuum distillation, ALl thre» proccases
were covered by petents, however, =0 ro édefirite 1ne
formatlion or precedure waa ohtalned, fa a rea:lt dla-
tiillatlon st atronpterie, ia vecows, or with slzenm ended
in thls laboratory 1n fallore. %he melia Cifflc:lty was
the large smount of foaming et kirh termnerature cdue un-
doubtedly to decaritoxylation of the acid and irrouritles,
Several anti foem srents were vsed but none were found
that would Boll hister than tha cile Fot nmuch tine was
spent orn this Yeceusze tho nela object of ths problcer was
formation of rezin and also vecause tha sepzratisa

gezcriled in sectioi. i was very excellents
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Ds Polymerization Feactlons

E}

The polyperlzalion reactisrs wore Alvid=d fato four

grcura viz: the zoljyaorizatisn of (L) the whele clil,
(2) snacardic acid, {(3) cardanel and {4) snacardnie Sirnce

all rcactlong were carrisd ont 13 esseontially the aeome

mar:ar, oinly one will b2 2asrribed herz.

[
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Jno=clsiith mola of polymer
the whcls o1l or a corponent) was placeld 1n a 827 ce
flesk equipped wiin & meohnndcal stlreer, lierimeter acd
reflux coadensor &l slirrsl for a few minntess Oa2-
ei~nth mole of Formaliswia (17 ce formalin) and 1 en of

2

14 sodivm hyiroride ware alided and the ta.pqraturs ralsed
to £€3-02°C until thio reaction was eorplcotee Uhe: nod
modifler was used tl.e poljymerlizalle subatance axd tlhe
formalcdenyde were equirolecular In grzatitye The scdlum
hyirexlide catalyst was a 17 zolntion and the volore added
egualled 10U~ of the volwre of formalin used, Lhes the
reectlion nizture assumed g taffy-like appeavsnce and ale
hered to itle rotutins siiveing vod ratlier than the Lottom
of the flazlz reutle sucticr was appliad to reuove &uy cx-
cess watere The dehiplrated product was then poured into
tins aad baked at 502 for 36 nourse 411 kot was spnlied
by an oil bath rathier tien a burner to prevant ssctional
overkeat ing and scorcihlnge

In caeses where pheiol was used ss tlio modifier the

amouzat of formaldohyde addel was equal to the tolsal
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nurher of moles of the polymerizable substance and the
pherols For instance 1/4 mole of formaldehyde was added
to a mixture of 1/2 mole of o0il and 1/8 mole of phenol,
The catalyst as mentlored above would be 10: of the volume
of formalin or 2 c.ce.

This pollcy differed, however, when linseed oil was
used as the modifler in that the amourt of formaldchyde
used was egqulvalent only to the molecular gquantity of
tixs polymerizable substaiice recardless of the grantity
of the linseed o0il added.

“lie end polint of the cardancl, formaldehyds reactlon
difrered from the one described abovzs in that instead of
beconlng tuffy-llke, 1t becurie solld and agzured the ape
pearaace of curde

he followlng rcretions were carrled out with all
four groupse The guantity of the polymerlizshle s h«
s'ance was kept constant (1/8 mole) while the modifiers,
polynerizing arents, catalysts and eonditisna wers varled.
Lo quantlitles will be given but they are tabrlated 4n

the tables, pages 35-33,

Fodtfiers
Triauol
Ll.zeel 9O1Y

Polimicrleias Asents

Pt

T oY T A e pp?
[ RRATE vl L‘“-r-'\’«e

eotaldahyde

hy

o
Aeoetone
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Chloracetons
Catalysts

Sodium Hydroxide (1%)

Lydrockloric Acid (1%)

Acetlc Acid (1%)

16 oaly reactlion carried out differently from the
abhove procedure was that of anscardie acid, urea and
formalichydee

Cre~elpnth role of acucardic acld aud cac~ci"th

nole of urea were placsd In a flask sliilar ts the above,

(;

“he mixture was stirred and heuted for ¢ hourse One=
qrerter rcle (19 e¢) of forxallelyle and the proper
ount of catalyst were alled @.d the yveactlou Troacht
1o the usual end woint, Yhe cahydrated rroduct vwes ale
lovec to baks et OCV for the usual 76 hoursas . hils rew

actinon was elso carried cut wlih one-el-1ia nole of

2

eclid, one-sixteentd mule of wrea eud lurce-slizieenths mole

of Yorraldelijles
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E, Stabilization of Color.

The resins formed from the whole oll, anacardic acid
and anacardol turned bleck on standing in alr while thoso
fror: cardanol turned from red to black and back to red.
It was thought at filrst that thils was dve to irpuritles
in the olle Fesins, however, obtalned from puvrified oil
turned black alsn, a0 another solution sueh as oxidestion
of the mpolymerized do:hle honds was tiurred to. An ate
torot £y L1206 thls oxladallon was male by adilrs an
anbli-odflant o Ltihiltor sugh as hodrooninonze This did
rot rravent the bPlachesins, but ztiosleted 1t and the

7

resin: obtalred derkered rora qulelly then thinee with no
hriroqifirone In o,

TE111 workliyg on thy bellaf that the dorlle tornds
wera rozoontible £or dhe carlienln, additlor of 1LY and
hodpanar weg Priad roxt, Trr TCl ora war yasted Into an
grrIrers solntlon of ecalew vt cticll ofl In Ircoororyl
elzotels The yroaducel oblalied altor cureinl evi;ceration
ef tre solvernt voljuorized vers rasidly end the rocin
nbtoired alen Sarieuele The byiroren chlovide wvroluct
voron (latilati-n reve v Lydroren erlowlle ¢f 8 low
temperatere shiovla hat t
dourl2 bond Ltult wos prodstly only dissolvaed 1 the oll,

TeeAvesorat s wnn cavrlied ont i the apraratuvs
on rage 31 witl seloenlar bylrogen 1u the prescace of
vlatinm cxides o Yooorarenated products weore ottaineds

Trls fallrre wee veehilly Qe to Lhint fret thiat o heat
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conld be applied to the anparatus and only very little

rressure,

Preparation of the Platinum Catalyst.

Three and one-half grams of platinum chloride were
placcd in a porcelain casszerole and 10 cc. of water and
30 g. of Co P. sodlum nitrate were added. The mixture
wag evaporated to dryness over a Bunsean burner and stir-
red continuously. The temperature was raised to 350°%-
370°C in about ten minutes. Fuslon took place and brown
fumes were evolved while the precipitation of dbrown
platinum oxide gradually took place. During this opera-
tion foaming occurred, which was controlled by more vig-
orous stirring and an additional burner directed at the
top of the casserole. At the end of 15 minutes, when the
temperature had reached 400°C, the evolutlion of gas
creatly decreased. The temperature was held at thils
point until the evolution of gas had ceased and then
heated for thirty minutes longer., The mass was allowed
to eool and was then washed with water. The washings
wore stopped as goon as the precipitated began to become

colloldal.
Procedure for Use of Apparatus Used.

Ten grams of 01l, .2 g. of platinum oxide arnd 200 ¢.c.
of 957 ethyl alcohol were placed 1n the reaction bottle,
The mercury bulb was placed at position A with stopcoek D
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CHART 1. - Resction of Caghew Hut Shell Liguid
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CHART 1II. « Reactions of Anacardie Acid
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CHART IV. « Hesotions of Anseosrdol
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VII, CONCLUSIOLS

A. Cashew Nut Shell Cil

le CeleSeQs will polymerize with forrmaldshyde alone,
but a catalyst speeds the reactlon conslderably.

2. Increasing tre smount of phenol slows the rea-
ction, canses a decrease 1a softenins polat and flow yo..
pressrre but increases the meltlng polnt and irmproves

¢olor stability.

3. Increasing the amount of linseed o0ll also slows

L T

the reaction a:d caises a decrease 1n softoning polnt,

L}

melting point, flow pressure and improves color stablility.
4, C.NeS.0. will not polymerize wlth acetaldechyde,

acetone or chloracetons.

Be Anacardle Acid

1, Anacardic acld cannot be polymrerlzed with formal=-
dehyde, mcetaldehyde, amcetone or chloracetone even in the
presence of a catalyst,

2. Adcition of phenol gives a solld resin. Iacreas-
ing the amount of phenol increases the speed of reaction,
melting point, softening point and flow pressure. It
imparts a rubteryness to the product.

3. Addition of linseed oil has no effect.

4. Addltion of urea glves a tacky resin. Increasing
anount of urea yilelds a resin less tacky with asn increased

melting point, softening point and flow presaure.



i
>~

iy Vg e
C. Cevlan ol

- 2 ~— L s 2 -
l, Cariarcd nouramisng raridly with

[}

ol entalsstg oree

T .rroach

G—eato N lR L Al

N S L T -
J ,‘L’ :I-:;—U-‘—.at" }.’C‘.Ld

¥
t ]
-
0
3
b
]
o)
o
wl
M

o [ BN Y L R - ~ - Mt
YEaolaNrn Gl L2erezn T2 KDUISTIALE DA, T 3.
{‘l 2y AR PSR TR A
LD Mg olen
~ -, 7 ., AT nenas .7 e R
Lo Comlao 2l wiIlY vl 21l Aot i
i
y
e 0w =

Anamacy enlor, v Fhe Y o

Tar 1lamogd oll 13-Tte a eslam. Colov ghalllity 15 09nd

L R

o 420 00GC

~ TN .
RO

. ~%y T
iy s i

2. - SNt . P =1 .~
P T e ! ) e . [ ~ - T R T 3
olony sLova L posstlion o.d (ooreaans

R A SN i
Ll 24U A3 V3.




11

ell ¢

X

t o

N
B

dle

acar«

£y ™
AL

4.

3

neo

] 2 o DI I I
- \,'(,i, f: ~ t. >:.3 a, .&CL.?-, ,'.C PR N

(> R e

-~ o~

L

=

<
ot
o

ef Tuw

[\
=~
'
v

]

G4

-
-

5.

JRRroy

-
e e

o
L AN ]

“




(e}

T e
P R NV SN

Y 01 wa

c

S

oA

Cane

- e . ———



T

i .9 .

TOT TAAT AT

L S RIS

L STvme entn o
o LIy J:’«Ta >
~
[ d - &9 Ty re Al
Se llarmvey, cit b gmier
:~"A;§‘ D armaS ., A HEAT SN
il e L . ooy Ll
~ o Y
".-' ce.le .
- o N ¢ 0 - N v
as ' AT \
JRERGPaY A ] & R e ) PR ] -
- - ~ - | P |
r § 2 ey S
e e tla gt 3 . I
T I ¥ el ot St TS T RIS
[ R S ROl S NP LT, PR
Pad . - — hY
- v’ EEEC B R J
S ST IA [ a¥a -
e L foiiug Wi t
- R - r ey r~ YR
?. EUCC RN A . e i e v a. L 1‘.".'».3
. . P TS S [ areYs
N . 9 ,!_ o PRSI ,.3
~ 7 - LEI S S r L:\'ﬁj’y
'oe ARV PRSP ve.la Lol Ues
~ a1 pe g . \ e Ay
L et e iy { iy UL e iy Ao
. e
voe s el . @
. PR ~ e Pl kel
Leve 4y {7ty o
- —
Y AN . @
- - o~ P
e e Jig SLUg LAT
1% T » 7T T
Lie £ 2TTVCV, teie
s - e e
a8 Ly T lg v

- -
Sete

Al e wiLie -2l D

L Lielf (1231)

. - M
Ve ‘et o
y

oo ik £
Uau-e .1, P YA |

. ST )
-

e oc i de

- 15857
- AL
HEaESs ]
s




44

17. Harvey, M.T. C.A. 263 P 2334%
Ger. P 533, 748 Oct. 15, 1926

18, Harvey, M.T. C.A. 26: P 1450%9
U.S. 1, 838, 076 Dec. 22, 1932

19. Harvey, M.T. C.A. 26: P 1459829
U.S. 1, 838, 073 Dec. 22, 1932

20. Ayan. C.A. 26: P 145959
U.S. 1, 838, 072 Lec. &2, 1932

21l. Larvey, l.T. C.A. 27: P 5203°
U.S. 1, 921, 292 Aug. 8, 1933

22, Harvey, l.T. C.A. 28: P 35418
U.Se. 1, ©52, 313 Mar. 27, 1934

23. Harvey, .T. C.A. 28: P 31887
UeSe 1, 950, 085 DMar. 6, 1934

24, Damitz, Fred M. C.A. 20: P 75205
U.S. 2, 014, 370 Sept. 17, 1934

25, Dickey, Charles T. C.A. 29: P 61024
U.S. 2, 008, 438 July 16, 1934

26. Harvey, M.T. C.A. 29: 2586
U.S. 1, 977, 826 Oct. 23, 1935

27, Pillay, P.P. C.A., 29: 65886
J. Ind. Chem. Soc. 12: 226-31 (1935)

28, Rector, T.M,. C.A. 30: P 318%
U.s. 2, 018, 091 Oct. 22, 1936

29. Patel, M.S. & N.M. C.A. 31t P 3313°
J. Univ. Bombay §: Pt. 2, 114-31 (1936)

30. Hughes, EeoRe Cohe Z1s P 2845
U.S. 2, 058, 456 Oct. £7, 1937

51, Harvey & Damitz, F.l C.A. S1: P 1522%
U.S. 2, 067, 919 Jan. 13, 1937

32. Harvey & Damitz, F.M. C.A., 31: P 88125
U.S. 2, 128, 247 Aug. 30, 1937

33, Harvey, M.T. C.A. 32: P 274%
U.8. 2, 098, 824 Nov. 9, 1038



S4.

35.

36,

3.

38,

40.

4l.

42.

47.

Garduer, H.A. c.a. 32: 811l
0il, Paint & Drug Rep. 132 No. 19,
T 47-48
Jeffries, Vime C.h. 32: P gs124
Brit. P 486, 169 ¥ay 31, 1938
Jeffries, Wm. & Plerce C.A. 32: P 64897
brit. P 480, 901 Karch 3, 1033
Earvey, M.T. CeAe 32: P 63352
Brit. P 481, 960 March 21, 1938 I
Wats, B.C. & Bharacha, K.H. C.A. 32: 6248 o
J. Malarla Inst. India I, 217 (1938) :
Jeffries, Wm. & Pierce C.A. 32: P cogs2 i
Brit. P 430, 468 Feb. 53, 1638
Harvey, M.T. C.A. 33: P 6478l
U.S. 2, 157, 126 kay 9, 1939
Hughes, Wm. A, C.A. 33: 30273
U.S. 2, 143, 880 Jan. 17, 1939
Kuzmick, J.N. C.A. 33: P 66548
U.S. 2, 156, 431 May 2, 1939
Patel, M.S. & N.M. C.A. 33: 8887
.Ind. & News Ed. of J. of Ind. Chem.30cC.
1: £83-90 (1938)
Caplan, S. C.A. 34: P 12027
U.S. 2, 176, 059 Oct. 17, 1940
Downing, J.C. C.A. 34: 42934
J. Ind. Hypene Toxical. 22: 169 (1940)
Cayo, Martha B. C.A. 34: 2502t
V.S. 2, 183, 957 Dec. 15, 1940
Harvey, ¥.T. & Caplan, Se C.A. 34: 7637t

Ind. Enge. Chem, 32: 1306-10 (1940)



3 1293 02808 0673

~ WU TS




