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SEEAY RTED FHEMOL - FORMONLDEYDE

FEQIN COMPORITIONS

ARETIEACT

A pre-cure reeistant powder, res in bander Tor
wafer-boaard ariented strandboard manufaocture s
manufactured from spray drying a Liguoid yeein

composition containing a loe adwvanc ed phenal-

formaldebyde v

boran.  The apray dryability of the low mae lecular
weight phenol-Tormaldetryde resin e envhanced by Lhe

addition of the owae horon compoand.

in and a wator soluble oxo compoweed of



907

GFREAY DIVIED FPHENOL -FORMALDEHY DE

FESIN COMPOSTTIONS

BACKGROUND OF  THE THWVERNT TOM

Thie rvention relates to the forsodlation and

ale type phenol-aldelbyde

manufacture of a spray dery e
Feoin containing water ocoluble cso compow whe oof bhovoan.
The powdered resin has re-ouere resistant praperty and
finds particular ability for maliing compaos Phion boards
cuch as that of waferbogrd and ariented strandboard
(OS8R manu facture.

amad i waferbeea ds and oo iented

Nt present, ma

vandbhoards are manufactured with posndered phenol-

formaldehyde resins. Thee pewdered resins Bave a

fumber of advastages over liquid resing, srvech aer (@)

mimple and less edpensive @ou ipment carn be usec
powder resin delivery and hlending wilth waoed furoish:

(b aawrlered resins are easy to blend oo Yo vl waders
Y

and strande, achieving uniform resin dis tribuationg and

() powdered resine heve long storage
In industrial practice, resins with dif feerenl

arc applisd separately onto faoe andd cor e

prycper bl



furnish of wafer board/or ferted obtrandboard, The

in hlended wood furnish iz used for face

ar,  anc bhe core y s i hlended woed furndsh ds for

core layer construction o f waferboard/or ienltec
ctrandhoxed . The Tace resin veguo LR3I KL it SR N A

reciztance, non-sticoking ta platen and Light caloy

in regquires the abdd ity b

after cuwre.  The oore yve
cure fast, The two resin (face and o) aystem has

Vhe advantage of producing hiab gquality boaed and

increasing mill productisi Ly by reducing hob pres 2 1170)

tdme

Yier induetrial practice, vicesad e type

phenol-formaldetby de peasder resing were uee for wafer-

d strandboard senufacture, The novalac

hoard/orient

-ure recictant properties due

resin have excellent pre

e, andd

to exeellent thermal flow under hes sl e

they alsa have a light coalor on the waod hoard sur face

after curing. However o bhe nov aYac resing have thee

di

advantages of asticking on caul plate amd platen

s fact anel being of conaiderably brigher cost to

manufacture than spray dried yeanle resine.

For waferboard/oriented shean dbcaro manufacture,

the spray dried resole e ine require a propeysly o f
Y f ¥

Layeyr applications. To

pre-cure resd stance for e

have the pre-cure property, the powder resin mue L have

a significantly longer thermal flow property undey bt

~ure than that of the core reain. The thermal

and pres

s

e
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mainly cortyral leed vy the malecular

Flow proper by

weight of bthe re e Lo molecular weiogbt resins g2 )10
higher thermal Flow proper ty and heltter pre-oare

stance than high molecular wediaght rosin.  However,

T )
e wpray Gy dng a e e resin having the desive pre-cuee

ebanee de difficul bt due Lo pooy epray dryakility of

the low molecular weight e

s liguid phenol-al thez--

In the spray deying peoce

bryde resin ie atemieed be fine droplebs and mixed with

10 [STRE A E] iy \' 1 R'f:)c‘ oo 21 (:‘(‘_‘, M ) L IR TS Wil ] e bher e ter from

the resin droplets.  The empaeratar e of the pesin 1o

neually close to the bad 1 arg water tompera buer o
higher ., After evapara Fion af wabter, the low molecu Yy
weiaht phenod -ald whyde resin parbic les are soft and

15 backy. The low seften ing particles te Wi to deposit on

chamber and oyclone.

the eurfaces of the spray dryer

The undesired deposit of res in meverely detrimental
te bhe spray dyying opesa Fion by reducing powder res in

yield, increasing five hazard, frequently chutting down

a0 pperation for ol paning. o undesira hly incressing
poander particle S e, Therefare, the sraray drying of

Tew molecular weight rescle hae the protilems of  laow

in yield, high cos= £ of production, low spray

powder res
dryer produetivi ty . and the production of in fexp-iow

2% mroducts.
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EIPTION OF THE PRI ART

Groray drying pheno Vembdehyde resing e & brean

technology. W 8. Fat. Mo, 4,098,770 (Berchem et al)

deecribed that ey o ied powder res in weas prepared by

cpray drying a h tahly advanced yoeveenle, The patent also

suggested that & e prhenol o poly by ooy ceuppenel may

iy hefore speay drying.

e mised with the liguid r

The nonephere ] Lo polylrydy oy coampot wicles werres pecgey beses

glyecal, butylene aglycol, and et By lense g lycal, which are

plasticizers for powcered resing. Honsewer . the patent

suguested nelther to spray dry a loa molecular weight

iny e @ solution too bhe probleme of

phenol -sldelyde re

= Y .

apray drying bthe ¢

.5, FPat. No.o 4,424 3500 (1 Iebvar oy et &l) dndicated

that & powdered resin composition was made by s

irg o mixture which

rrecus Liguid v

crying a home
contained a novelac resin and a resole resin. Tl

e weree macke by conven tioweal

novalac and resole v

methads., The vesing were mised bhefore spray dryiong.

iy had a facter

Thie patent states that the powdeyr F
cure property than novalac vesin and betber thermal

ale powder pe

flow property than ves

Reuw i acid is knows o be a oa talyst forr making

-

high ortho-linkage vl o reeins, Ofter c
ing with hexame thylenetetramine, the hopric acid

| resin cured fastoer tharn the correentionad

catalyr
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ide cabalyved povelac pes inn,

Fur bher more, boric acid aned boaras were
suggested az five re tardant agents foor gd e - Tonmal -

ire Tem and phenolic pla st Yeaninat Lo,

debyde res

1.5, Fabt. Ma. 75, @77 ((uar les et al) indica Ledd

iy eein

that & Tire ant phenals fovmald etyede v e

wring a mixture o P oressle resin and

wae made Ty

wi bty hor i se i el oan oran ieooaeid.

fovammineg oy

(if feory . DE M,

Chemieal AbatractsCABAKL R

2TNTT ahewed that horeer was ased in phesel -

fogrmaldetnde resin foame as fire vetardast and

tey reduce aotdioc corras ey Cof mesbads A o ot vty

the foom.

H.e, Fabternt Moo 701 BTN § IRV & al) dandicated

sicbanst laminated plastics were compr ieed

that fiye ¢
eof Tibrous materials arved mooresole resin i which the

wae neunbralized with bt ac i,

alkaline catalys

QUMHARY OF THE THVERNTION

bar bhe compesition and mamae

The invention vrelale
facture of a spray dried povder resin corrbaining o low

ifically, o relatively law

advanced resale resin.  Spe
molecular weight liguid pheno 1—-aldelryde peein fo o

mualated, and manufactbwred, and then anoono ceompoengned of

in predor o bhe epray A TRVE R ETs

horesy dw mised into Lhe v

Y ulolicas Gpray dryability af the leoay adwaneed

pepeivy 1%
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enhanced by the addition of bthe oo beron coampeand .

tusbiewved ton Torm chelate

The oxo boron compeund
compleses with the phenol-aldehyde vesin moalecules.,

The comples formation dimproves the mpray dryability of

thie resin and redoc advancement, L.o., inorease

G

motecular weiaght, of the reein during the spray drying

process. Therefore, the epray dried resing have a e

snce particularly

melecular welight and pre-oare res i
that needed for waferbaard/ariented s brandboard

mernaf oo tar e,

The powder resin oanufac turing involves the
forllowming shbeps: (a) preparation of low molecular
wieight resolo with phenol o aldehyde, el avn allealine
catabyaty (Y misting the horon componasd with the resin
cuch as the preparetion of @ aguueoues molubion of oo
boaron compound  ard mising bthe res in wibth the boron

compound sclutions and () wspray deying the r Fren iy

compaosition.

Andvantages of the invention ire e s
1. Spray dryability of low advanced phenal-

aldehyde resin is subs tantially improved.  During sporay

(a3 Ehe wall of bhe

drving, little powder res i depo

stent

foe, a ol

€

tryer  chamber and cyve lone., T bez

in iz produced, powder re=in yield

gquality of powder re

ie incressed, and fire hagard in the aopray dryer i

veduced.

4
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2, The apray dried

Feeins have the deeired

thermal flow pyrogperty ancd  proeocure pes delance for

waf

-

=, Productivity of

spr-board s o iented st randhoard manufacbare,

the sproy dryer 1a impy v

by reducing plan t shut down

A freolue e oxddabio

R}

i

poocieaning.

of the phencl-aldebyde

yecing therepfore, a tan cotor formation of the powder

pesin dueing storage is v exchaced.

. The powder resing have high thermal flow

py ey by and may alsn bhe
“\

1

the powdered re

properties S0 hoas higher

vrez el

. Mafertoard and orient el

e ardbhoar g made

internal hond sbreng th.

PETAILED DESCRIFTION

Thy e ateps are invelved

resine of this invention.

men e iviey componanee.

vt Uh

s of this dnvention Fraeer  Ampr ool

i preparing the poder ed

Therme shepen oo (i)

Fation  of a law adwvanc e phenol- aldebyde resing

addition or mixing of & wa ey

compound  inta the aquenus

crnluhle coro toron

reeing and (o) 0 spray 5]

af the Tiguiod resin oo teairing

form the pondered yeain,

tho boron compouged

farid e TR S

pry desey

b

7



[
Wt

10

1%

20

;7«9‘/

n. Preparation of the Fhenal-Aldebyde Fesin

The phenol-a Ldehyde low molecu lar weiaht recole

pesing of this invention are preferabhly made froum
phenal and Formaldetyde with el b bryoyosice ae L he

catalyst. The phenal may be pa phly subetite Leed with

sy lennls, n, tateehol, and the potnral by ocouy 9Q

The aldebyde

alkyl phenols, such as cresylic acides

can be Tormaldebyde or other aldohydes s da well nown

aw par aformat debyyde,

in the phenolic re
acetaldebyde, and prop ionaldehyde.  Sodium hydeosite i
proferatly used as the oa talyst for forma tion of the

recin, although obher albkaling cat alysts COnYen ticmally

weed to catalyze the fermation of recoles zuch as ather

alkali metal hydrosx ides, alkaline ear th hydroxides aned

1m hoyate

ae sodiam o potas

o A

metal carbonates

may be weed. The aguecus resolo res in e preferahly

e the £ir

t =taqe

made in a two-stage proces

reaction in forming the v the molsy vatios o f
phenalsal dehyderalkaline oa talyset are [pre feyat:ly

TR O 0 IS I O 18) and, more b padly, (.21, B
(0.05-0.2%). The firael stage reaction bemperature 1o

v . , .
froun about F07C. ter reflus. The final malar Fa tioe of

phenol:al dehydesalbkaline Ca talyst are pyre ferabily

1 (1.B-2.2) 010, 15) anc, more b pad by . 12010

. The desired pesin malecuelar weight

-
-
=
.
o
R
A
T
a,
3
o
—

%

distribution is preferably mand padaled by & twoets
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aldehyde addition and two-level reacticon bemperature

The first stage invelves a highey temperature peaction

which ie favorable for the condensation reaction to

1. The second state

huild higher molecular weight re

ie o low temperature reaction which ia Tavorabhle Tor

the mebhylolation type of reaction hetween phenal and
aldehyde.

dutiorn are B0

The solid contents in the agueous o
tear 0% at the end of the first = Lage. The resin s

b oa wiecosity (25 C0) of Garnder Holdt

cowvden
preferably E to G, which is about 1100 bta 1700 wed aht

average molecular weight (Fhe) by the arl permeation

chramatography method for this firet wgpe . O bhe encd
af the first stage, the resin con baine residuaal free

LI m The reaction

phenol and higher molecuwlar weight ve

. e O iy (T
temperature is the conled to &5 ta FO7C, for the

-and etage reaction.

For the second age reaction, bthe ceroand poe tion

af formaldehyde is added to the fivel stage reacted
resin.  The Tinal molar ratios of Tormaldebyds to
phenol are prefora bly 1.8 te 2.2:%. The second stage
, .0 I > .

iz preferahly reac ted at &0 bo TOOC, until the free
formaldehyde content is below 1 to 3% hased on the
liquid resin. The second stage reaction tempera e

5 P I & .
can wary from abtout 55°C. ta TOTC. Ming to low

cond ctage i mainly &

reaction teoperatures, bthe €

methylolation reaction and the condensation reactions
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1t je preferable that an andicmic surfactant at
D.7 o 0.9% hased on the liguid resin is added te

in in order to

wface tension of the liguid re

rreciu
T chtain a desired fine particle size of bhe cporay G ieed
peviclesr preein .

Ak i b 2y, ammonia water, (such as that of 28

copcentration) of 1.5 bo 2,50 bad w0 oy the

idual free formal-—

in to react with the re

liguid res
10 dehryde to form stable ni tragern campourdes By the yves irve

The ritrogen compounds will ocon tritmte o desived

vl lowish calor of the cured resin. T colar of the

Tty the natural wood color of

yesin spote s close

the waforboard/oriented st andbaard. The ammonia water

B A may be substituted parbd @lly or completoly with anather
nibtrogen containing campound such as hestame thy Lere

tetramine, dicyandismide and el aEmine .

The resin, prior toospray deying, e ferably

containe 3% to 45% of low moalecular weld aht vresin based

20 o bhe resin solids by weigbt of methyl altated phenols
and di-puclear and tri-nuelear phenols. The range of
the weight average molecular we ight far this fraction
e ahout 120 to 520 determined by gel permes i

chromatography. This fraction of the resin eignifi-

fn }
ot

antly conbributes to the thermal flow proper by of the

2 y€2

apray dried resin. The overall weight aver

molecular weight for the liguid rees iy before spray
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drying is fram about 1200 e TROO0,

d in thie dnvention will have

The liguid v A e

o e U3
Yor P00 Cpae at 25700 and

a final wviscosity of atowb

g oy p2 € . :
e SO0 Cpe ab 25 €. and & resin ol tde

preferatly

content of about A0% te 507 based oon Uhe ogueons e i1y

coalution or dispersion befare additicn of the water
)

AR

soluble oxo boron compoand, Phe term Ureain solide!
weed herein refers to the non-wa latile cotent of the
-

Viguid resin determ ined toy Test Method @2 of theo West

Ndhesives Manuwfacturers,

NDepending on waferboay d/oriented otrandboard
manufacturing conditions, the content of the low

1 fraction can be adiveted tvy the

molecular weight re

liguid resin manwfac ture technigque. For example, to

:p the final aldehyde to phenol molar abtic cone

the low molecular weight resin frac tion can be
increased by reducing the sl debyde Lo phenol molayr

chion. Wher eas, aldeblyde
b L

stage e

vatio of the fipsy

toy phenol molar ratios af the firet stage reaction can

he increased bto reduce the con tenl af the low meltecutar
weight fraction.

K. Hodification of the Fhenol-Oldehyde Feal

with Water Saluble (o Compounds of Roron

plve weary slowly i

The @ boron compounds o
the phenol-aldehyde resin at ambient temperatuwre,
Therefore., it is prefery ed that an aguecous salution of

the baron compound io firset prepar ed and then mixed
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with the resin. Al teprnatively, the oo baoron coampounds

may he added to the

in during the e e etage cook.
ncreasing the temper aluye af the yesin Can wmprove the
colubi ity .

= Tt regquire anly o small et oot the boran

coampound b cignificantly Lo e SREay dryability of

of moleculat

the resole resing ardd
weight of the resin. The improvemnen Eoaf bthe spray
dryability je anitially proportiona 1 te the guantity ol
10 tagay ¢ compeund  in the resin and then levels off. Thz
guantity of kaoron compoand i the vesin Tor lmprov iy
the spray drying and retarding Increase af malecular

weright can vary evseer @ vdde range cuch me bhat ool ahout

aL.0RY to SWoor more f the boron conpenyd on an

iy =olids of the

19 anbyydy oaas hasie in relat ion toore
reosale resio. The ;31"&?!‘@3'*1""::(‘.1 cantents af the by oy

jo Frean about O, 1% to P

compoune on arn arnhydrous b
and particularly frewn aboul 0.5% rey L. hawed on the
resin ﬁnlid%r

20 Any boron ¢ ompeand Fravw 21y b regquisity aolubility
in water is euitabhle for wee i this inwvenbion. The

water soluble boron Gompounte are o AP QETE 10N tatning

e haran

horan  Compounds alua referred to bresy @2 L

Tubile baorce Compoun thez

compeirle . Additionally. in

25 which aye conver ted to ca}:*,.'qenw-<‘.:('::n'!.:.'a'ut:i.m'; water sotuble

Ary e & e

pompounds 1n the phenol —aldetryde ve

operatile. Mlustrative of =u itabkle borony oo pounds
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there can he nentioned borio ac id, metaboric acid, and

b e acid owaltts such s

arel  me

the variows borates
that of boran decahydrate Ne:«,,m/,(ﬁ}7 SO 0) 3 boran

QYy: potassium horates:

pentahydrate (Ma B A 0, . GOH.

o

lithium borates:; ammoriiom bora teay sodiuwn metabora by

. Fear i

Pt ium metaborates: and ammonionm mer b b i

cex bl e

~id and sodiuve borate are the oo g ferred water

o compounds of broar cory .

C.  The Spray Drying Proocoes

ia canverted te a fine
apray: the water in the feed ds evaporated by mesne o f
a stream of hot atr; and the dry . powdered proaduct is
geparated from strean of hot ir. Hoisture evaporation
i controlled by control of the inler and outlet

temperature of the het air used for drying.  Due tiy the

thermozetting nature of the product, the inle t tempera-

: . O
ture af the hot air is general Ty from about 1807C.
] O B e . = PR PR
ten 21070, and preferably from a Imoet 1857°C. ta 17570,
- : =
The outlet temperature 1s gener alty from aboul &0 C. to

€«

0 S DO W3
0. and preferably from abou t 7RO, ko FOTC.

Freferably, the phenmlwald@hyde resin supplied to the
spray dryer will have a resin solids content af about

any b %% by weight of the aguecus pres in solution and
v v 0 P P 4 d
ity of about X0 bta 300 Ops & t 25°C, This
¥

a vi

differe from the resin &% prepaved in the ahove section

entitled "Freparation of Fhenal-Aldehyde Resin” and ig
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due primarily to the additicoy of water mith the boron
compound or simply the addition of water to d ilute the

reein for epray drying.

The particle size diet pibution, modisture cont
% arnd thermal flow of the spray dried resing are

contralled by operations werll bnown in the spray drying

art by variables such as infeed recin solids content

1 of the rotary stomi

and suwrtface tensions, = TEY .

feed rate, and the tempera ture differences of the inlet

distributicn in an important

e

10 and outlet. Farticle

ez 1Y . This is

el e

factor in production af 2 pronact ey

particularly the case e waterboard/oriented sbe ared-

board applications. Al oa given resin add-onn level, the

emaller the powder vesin par ticle size, the mowe ave

af wood wafers or atrands are coversd wi th bhe vesin.

p-
i

Tor the waferboard/

The preferved partic le
oriented strandboard applic atione are bhat 80 to F0% o f

in le Yhan 75 microns and &0 b TOW o ie

the pownder re

less than A% microns.

in affeotbs

20 Moieture content of the speay cried ve

the free flow property of the powder.  Owing to the

hygroscopic proper ty of pheoenol-farmes Ldehyde resin, the
highly moist proaduct tends ta cabke during storage.
Therefore, the moisture © antents showld preferably biez

below 2 to 4. To reduce the caking problem, deying

ax
P

-

agents, preferably caleium silicate andsor Time at 0.

ot il th

to 2,07 hased o powder resin weight, may be mi
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the resin hefore baqging.

Thermal flow property o b powdens” pewin depends
mostly on the molecular weiaht af the resin. Doy inag

the spyay drying prooce hsat meay RO E e the

malecular weiaght. Therefare, the spray dr ey chould be
pperated alb as low & tempeey @ borre @ pes b e

The weight average melecalar weiaht nf the spyay

dried resin will vary Trom abont 1250 to 1200 @
preferatdy about L300 to L7,
. Manufac ture of the Roarcds

The waferboard or s brandbeard 1g manufactured by

chnigues with w of theo powdered PEE NG

convertional
of this invention instead of the prioe art poadered
at and pre

ins. Thus. b wure  are

phenmlwaldmhyd@ ve

applied to a mat of wafers oF ariented =trands of  waood
caoated with the oy on-containing pradered v zemin oof this

inwvention in arder o o the resin and form the

beoard. Conventional tempreeraluy 9. time periods,

RSS2 and gquantity af re=in hinder are ueed .

Thus, the temperature can wary  from about 199 €. to

-0

2200, , the press can wary Trom about 480 to 700

pai, and the quantity of powdered peein caating the

wafers or strands Can vary from about 1.9 beo B hased
an the weight af the wafers o astrands.

illuctrate the Povventior.

The following @uampl

EYAMFLE L

This example shows the preparation of & low
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advanced phenol-farmaldebyde roe ire and the improvement

af the spray deyebility of tha resin by breating the

liquid resin with Bor st pentalydrabe proioy boy spr iy

e Fromm spr oAy drying the

drying,.  The powder yes iy oma

ietont Tea walev b oo donted

L dm o pr e

Sl Y I O o0

etrandhaard manofacture.

charged with the fal 1enaing

nr irn reactor w

ingrediente:

In 84 redienta Frarte lay Mal o
" 4
Wes i i} bt Flanb im

Prenol (92.0% conca) AR 2 1

First Formaldebyde

(6. 5% cone. ) AR.00 1.0

First Water 10,49
Aodivm Hydrosade

(B0 coeane . )

Qecong Formaldebyde
(N, 0% conc.) 12.81 0
Qecond Water 2,70
Third Formaldehyde

(&, 5% conec.) A R (200}
NAmmon ivm Hydroside

(PR% conc.) 2047

Oleic Acid
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The reactor was

charged with phenol, first

cowateyr . Thery Lhe soadiuwm

{

formaldehyde, and fiv
frydrovide was added slowly over a 10 to 1% minute

period and the teoperabure was allouaed ta risse bta 7370

o,
L5 SN o 6

i B minubtes, The resin was reacted at 7

ity (.’;’.f:?n(iﬁ.) cof B be Fy bhen coaoled

Gaydner -Holdt i
I S . . . . -

tey 7R b 7000 over 10 too U0 minates., They the =eoodand

foarmaldebyde and the second water weroe added and the

-

; X P . .
temperature was adjusted be 79 . The recsin was

o)

L oto oa viscosity |

reacted st LY af G to W, then

g b2 S .
cooled bto S5 to G070, Fhe thdrd Tormeddebyde and

ammonium hydroxide solutian were added. The reaction
. = . . R
was continued at &0 0. to a viscosity (P8 C.)Y of L te
' : Y . :
. Thern the resin was cooled to below 2570 The rezin

properties were as fol lows:

Vi ity ) LM Gardner-Haldt)

Salids Content B AN A A

Fefractive Index 1., 9683

pater Dilutability (2 =0, } e

The rezin was further treated with bopay pentabyydr ate

prior toow vy drying as follows:
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Ingredient

Far te

by |

Control Fesin A

Rarax Fentahydrate
(”aQH7”4~5”2”)

G Weacter

Ferein

Lodcpuaid

(47 .0% solids)

JResin B

Qa 0,2 (A

Sl

The Feszin A
gisandving

10 mixing wikth the Liguid

resin sanple without thiee b et

properties af the resing were &

and Fecin B

the borax penbahydr ate

weye prepared by

i tter water and then

P2 Y . The contral wess the

tyeatment . The

Foal Tovme s

Contral Fesin A frevein R

Fesins Salides Content

(M,

Fefractive Inde: (250

. . P
Vierosity (2570)

(Bardoner-Holdt)

-

=0, 0%

JRIATN WA JRIAINS e
1.410359 1.4144

Nl [EN

The effect of the

EY Ry dryability vas &

200

The reeins wers Spray

dryﬁrwﬂuchiﬂarinkmann Mind

dryabhility of Fesin A and Resin

o i ed

tearay breatments on Lhe reoein

aluated by comparing the spyay

R owith the Contral,

with a laboratory speay

Spray Dryer Model 199 of



]

8]

0

212}

By inkmann Inetruoments Co.  The inlel temperature was

18570, The apray dryer was operated so that the ountlet

s e € . .
were G007 ke @000, During the spray drying

temperatur e

ian, the chamber was brushed many ally tao simalate

ey a
A air beoom of & commercial production plast.

21 was determined

The spray dryability of Lhe v

tical

ot bhe bheor

by the powder vesin y ENER YS!

sir molide input to the spray dryer. The resulte of

[

are ahown in Tabde 1@

the spray deyability te

TAMLE L

in Yield

fFreain Mo, Foder e

Coantral [ S A

Fe A er, a%

&7

FResin B

The rezulte in Tahle 1 indicate that Resin N and
Resin B, which were both treated with bovas pentatey -

drate, show significantly hiqg her powdeyr reein yield

than the control sample.  During spray Jdey ing the

cantial amount of the powder resin

conntral resin, a suhs

of the apray dryer

wan dep ted on the surfae

(SRR

chambker and cyclone.  The deposited penacier e
ton soft and sticky to be brushed off during the spray
drying. Therefore, bhe reaults demonsbrate that the
spray dryability of the 1o advanced plenol-formal -

dehvde resin (Contral) can be enhanced by the harax

treatments.

Ee S 5 T
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The powder resing were fur-ther compournded with

drying agent 1% caleium hydroxide arved O L 1Y caloium
cilicate hazed on we ight of the powader resin.

. of Fowder Resins of Euample 1

Analyses
3 The poader pesing compouided with drying agentse
were analysed for nori-volatile content, 1h density,

e, mealpoular weighlo, anc v bicle
by, maleoutar wightc, vl vticl

thermal flow prop

cire distribwbicn, For determining tho non-y celatile

content, a .G e qrams powder e iy sastprle wEs

10 dried A @& KoL avey for 100 v tes., The none

wolabile is the percent af the deied resin taaed o the

criginal canple weight.  For detern ination of thermal
flow praperby, A 12,7 am (0.5 diameter reain pellet

Pivg O St/ D 0% grams po wacher sample

wae wade Loy e

The yeain pelleb was then

1% wmitlhy a Fary pellob pre

O PN . .
e I B AL D B W hot plate undey & Fa weight

preEs

presoure for TLO omirates. Vhe averans radive of tler

Flattened pellebt w g aerr e,

Malecular weight dimtritations of the frond ey

20 resins were delormined bro o hiigh peressine ezl

permeation el s bograpt. The pauipment e a maoder )

MC/EPR-201 with .!"34 e A0 A, 00D M. end OO H

i Frem Weter o N cciates,

weetyragel columns combiinatl
Lo,

iy mamp e for the et permeation ehroamatograph

waw prepared by dizmzolving the powder o ety iy

e Y o=



B

26

712

tetrabydrofuyan aolyvent atb about ©.T% concentration,

- g i Fying o pHoA b Gomi by g noriE 1 sulfuric

then ac
acid ang debydr atirg with anhydrous sodivm sulfate.

merlubion v filtered wsing a gample

Furthey , the ve

clarification beat .

pperated by

The gel peymeation chiromatogr aph

the following conditions:

Golvent Te byatvydrafuy an
; ) ) P& N
Temperatuyre 2570,
Detector Fo froac b Tides
Flow Pate 1. mlsmin.

The molecular weight of the yeein Was deter mined
by wusing @ calibraticn from e fErence polystyreness,
biasphenal A arnd phenol. Height averagqe (M) and number

average (M) mel ecular weights were determined Trom the

ular weight =set farth in this

chramatogr ams. A1l melec
application were determined by this same method.  Far

the particle cize distribution determination of the

mppd e vas ebalen

powdered reeins, A S0 aram v
thraugh a Tyler sleve zet comprised of Lo, 200, ard

The powder pemins retained on

=an gmeeb for 10 minut

PR AR

wd o the total

pach sleve and pan were determined b

powder re sin weiaht.

iy canples. Coastrol .

The results of the powder re
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e

Pesin A, and Pe B, are shown in Tahle 7

TARLE 2

Fremein

R ELA | EA N 2.4

-
Al

Ewlk Densibty, Q Jom’”

0. A5E [RI & O.AL2

radial) Therinal Flow.sm R Pt

ey aak - Weight

Weight MAverage (P} 16750 1504 1561

G0a

Phrambaer Ve ageE (M) RS |

Disperaity ( Mt /140 )

Fawder  Fat

LGB0 jam) R 0,8 AT

P

LG m

-
4
=]
o
N
i

SLOOTR00 pesh

. -y g

[0 Raleieara N Ry

S0 AR meni 15,8 &7 L7

A ,u‘n)

S35 mest

v (NG jum ) 1.7 7.3 RN

The ve in Table 2 show Fhamct the hora treated

Fresiry 4 ard Fres i

B had lower malecu Tar weights than
the Control samp 1o, although thipir radial thermna 1 flowe
wer e Loaser bhan Fhe Conbtral.  This indicated that the

i 0y and Resin oreducod the res i

horas treated [

adwvancement duying i sraray ey dng prOCess . Alen, the

e

P
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bJ
o

particle sizes of Resin A and Res=in B

the Control.
EXOMFLE

eaample iae b

s Re

the Contral ., Fesin A,

rrezente waferboarde. The

irvbernal bond and 2-hour bedd

moadulue of ruptore (HOF) .

Anaonciation (CRO) ebtandard

fol tonaed .

Y W el .
i VST PX

Labior abory

meadde at conditions

at & waferboard mill. Cenmery

furnisty which contained 3.0

eprayed with L5070 malten elac

with 2.3% powder resin bassd

The and resin

brae

vt a mat and prepre

simulating the board vaferboa

the mate were csubjiected to a

preseing.  For bthe pre-cure b

atainless =teel

caul plate

e 3
130

temperature. Then the prepro

preheated caul plate for 10

hot-pressing. To ensure good

the preheated caul plate, a o

ervaluate

The:

COe

cimilar Lo

byezacter

wasn

minutes

2

finer than

ey

ry
oS

Lhree powder resinee

o Beefor maliingg bewmoegee

wer e tecsted for

cob Cacelerated aging)

Canadian Standards

AET L L TIRG

Ll

L1 tmin) weaferhoarcs were

convventional peroduction

vt we ey

Y

=

far

matature cravtent was

bowast aned then blended

oy dry enrod weight.,

o weexdd furdiah was  forimed

aocotd . In

ot
vl praduction condibtione,

pre-cure beet before hot

wet, a 3.2 mm thick

.

preheabted bee 12070,

Y SO &
C, 1407°C., and 2570, as the contral caul

zeed mat woae placed on the

proteas o

contact betweon mat  arcd

anl plate wbiich gave &



229

placec o top of

-
pressure of 4.5 giﬁm“ o the mat w
the mat. After the v e G test, the LU.1 mm thick

at 21000,

waferboard was then made by hob pres
slald=3:3 temperature for 4.5 minutes with a i st AR

o preesure of =, 2 Kg/om’ (6 [ATATatq

RI T N The tarvae

density was 2,60 q/um”.
Four (4) bhoards with 4 different canl temperatures
erMtreatmentﬁ were made from each prwc e recin. B8in

(&) internal b il mamples and one 2oher baod led FOR

ctpd according to

10 sample were cut from each board and b

the 050 standard CAMNE-QART 1180, The rate of face
failure (W) was determined fyom the ratio of the ryambre
of face feilure (breals) samples ta the tobtal internal

bond tested specimens. The rate of faow failure

15 indicastes the pre-cure resistance of the powder resin.

~penl e are shown iy Tahle 3.

The

TORLE T

Caul . Roard Internal Fane €2 Shr. Roiled
- . . . @ . & .
Teampr o Dens ity Bond Failure MM
HEa

20 C. grom

2% 0,65
120 7, AR 0,472 i) 16,7
130 0. 6% 0,415 =3 10.7
140 0,60 0,420 XX 10,7

R

2% ver age 0.6 0,342 I 4
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20
130

& 140

e

0.6 0. 504 0 2.8
0,64 0442 2 12,6
L Vs (SN X I 17 4.6

O oy, AT 2 L S

e age 0. bé a.aev 12.8

12

1)

140

Aver age 0. h7 AR A E T 15,

LAY 0 R0g i L

0. 67
0,68 O, ARG 0 13,0

0. &G O A% 17 14.0

CAME-O43R7  O-FRT LIS 3 8 &

Regudrements

&

s

20

-

il

Average of iy specimens,
fatio Tace failure specimens too the total internil
bond bteasbed specimens.,

als

Fega F
The resultbts ehowo in Tabile 3 dind icate that

the horax modified resins, Resin N and Resin H,

Contral Fowder Foeesin, were pre-

as well as
cure resietant for waferboard manufacture, and
the resins satisfied the wide range of caul prlate
temperatives present in coammercial preoduction

lines. The properties of wvafes boarde made with

the powder resine passed the €8N standard.
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ExarrleE 3

The liguid phenal- formaldehyde reesin made in

Evample 1 was further treated with different amounts cof

borax pentahydrate ard tested for spray dryability.

G frarte By Weight

Ingredient Recin © Feesin D

Boray Fentahydeate 0.l 0.4
i L a0
(rhﬁzaq(ly..ﬂ!?LJ

Water Ho Téad

10 Liguid Fesin (47 .07 =zl ids) HELT HXLB

The barax pentabydrate wae firet dicsolved in the

water and mixed with the ligui d reain. The borax modi-

fied liguid resine bhad the following properties:

Fecin C Ffeein D

5 Feein Solide Content % 30,0 TNLA

Fefractive Index (28°0.) 1.7 1.4141

Viguosity (?ﬁnﬁ.) (Bardner-Holdt) AHLAL-OA A

Fesin C and Resin D were spray dried as described
in Example L, The power resin yields are shows in

20 Tabhle 4:

o 2T



c,?:po?t’

TRARLE 1

Freader Tesin Yield

frezsmin O TR

Feocin D (a0

G Wi bhout boras treatment, bthe powder reain yield

was anly 41,83 (Example 1)3 therefore, the results
ehown in Table 4 indicate that the Basr it breatments

(Feein C and Fezin O} cignificantly tmpe aved the ongcdee
¥

i yvields,

10 Fewder Feoin © aod Resin D owere forbhey componricled

with 1% calciws hydroxide and 00100 caloium cilticabe

bazed on the weight of powder resin. The pemader peeing
were bhen tested for poncvolatile content, balk

density, thermal flow praperty, and porticle sine ehi e

1% tribution, The resulte are shown in Table .

)
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T

I u/

ARLE G

Fowder Fecin Froperty

- Feosin D

Mon-—-volatile Content, %

v

Hulk Denaily, g/um“

Fadial Thermal Flowmm

FPowder Particle Size Di

RS 1.5

) iy

Lo da,

st itbution

=100

messh (LD pum)

OO 200 meahy
(< RBOFT00 pun

SRS meeh

(A 7R85 Fm)

(A% “m)

ey vy
PRI PR

Bh,0 £

~
»

EX
This example showe

proved spray dryabila Ly

The liguid phenolic

mith different amounis

AMFLE 4

d that baric acod (HORQLDY dme

af a phenel-farmaldebyde renin.,

in made in Exanple 1 wase treated

af boric acid az follows:

Ingredient

Farts Ry Weight

Feadn 12 Fesin F

Roric Acid (H BQ

) oy

Water

Liguid Peasin (47,00 =

Y2

RY I

lide) HELTF HELE

PR o L« S
e W
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The baric acid was diszolved in the water, then
mixed with the liguid phenol-formaldebyde resin. Thie
propertics of the boric acid treated liguid resin were

as follows:

B flemin B flepein 7

Flecin Sotids Content, ¥ EL0 R0 L1

Frefractive Indes (2 'ﬁ.) 14144 1.414%

. . s (e
Yisrosity (257C.)

{(Gardner-Haoldt) [ARNAR R 4] A

O The ret destribed in

ine were spray deied s
Example 1, and the powder resin yields are shown in

Table 6&:

Fesin Freneder Fesin Yield

15 Fresin R IRy A

Resin R Rl

A powder resin yield from spray chrying a controel
sample, without boric acid treatment, was= only 41.8%.

Therefore, the r Hlts shown in Table & indicate that

the horie acid treatments significantly improved spray
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20

dryability of the ligquid res

The spray dried poweer

e

paunded with L3 calecium hydy

cilicate, based on weld It of

then tested for noo wywalatile

thermal Tlow property. and p

The results by 311 Tah

Sy

i,

Frove Lris further com-

Vg Yy €2

eeide and 0,1 caloiuwm

the powder resing arve

conbent, bulbk density,

arbdo e

-y
o

1@

gdictributicn.

qw‘f

THRLE Y
Powder Fesin Properties freain i
Mon-valatile Content, % ) TR b
BRulk Deneity, g/ﬂm3 e a4 0, e
fradial Thermal §7lowgin 25,4 21.8
Farticle Size Distribuation
100 mesh (150 pm) 1.7 1.0
mesh{ CLE0XTE pm Tl 4.0
meeh (U7 DA LR 5.7
AR5 meah (D45 Pm} at.o a9.3
EXAPLE T

N row sdvanted phenol-f

was prepared, further tyreate
tested for spray deyability.
M oresin reascbtar was cbia

ingredients:s

.

nemaldetvyyde Tiguid resin

d with modiam borate, and

raged with the f al lowing



rarte by Molar

Ingredients Weiqght flatio

henol (92¥% conc. ) XELG
Firet Formaldehlyde (46055 conc.) R R 1.5
i Firet Water i, 0t

s R .12

Becand Formaldehbyde O350 cone.) L2, 6% ha
Secomvdd Water AR
1o Third Formaldehyde (360857 conc.) 7.1t IAI |

Ammonium Hydrooide (28 cone.) R

Mleic Acid

{ o -

The reactor chiarged with pheval o Tirs t:

1% maldehyde, and first water. Thetr the codium hydroxide

lowly over a 30 to 10 nd pate period, and the

was added
; e (e - .

temperature was allowed to rise to %% (0, in 50 minutes,
N . - -

The temperature was held at gE0, until F oto o of the

. . P - )
laldt viscosity (2R70.), then cooled ta TR to

Gardner-

oy P o P
i8] TOOC The second formaldebyde and s

comed watory wer e

added to the resin, and the tenperature was ad justed to

s P . . . IR .
TOU0. e reaction wos continued at 7oC, untilt the

" . . R
Gardner-Holdt viscosity (25 °C.) wa=n G b M, The temn—

s .
perature was reduced to below 55°C., then the third



0‘1702 \I

formaldehyde, ammonyiam by ide solution, and aleic

cenybinneo Lo below

sedddend . Coeling wa

ae el we

The properbtics of the Tiguid reacin arpe as forllowes:

8
i visroeity (2500) J-bp

Solids Content A7 L

fee foome bive Ince

Waler Dilulabdiliby

The liguid resin wvaz Lres ted with different

10 amears bz cod bovas pentahydrate ao follows:

Farte By Weight

Ingrodicnt oty ol Fesin G Frein M Resin 1

Horax Fenbtahydrate € 0,2 a4 1.0

AL O LSO
(Mg By 5L

15 Water BhHLD GT- § 4.2 An.R

Ligquid Feein HE.8 LT 6504

(47,00 solids)

di=exlved in the

The bor pentahydrate was fir

water o then miced with the v e dn . Tl Comtrol same

o f the Contyral

20 ple had ne boras brea tment., FPrapertie

ing arce cshown as follows:

and the boras treoated e
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Cembral Feszin G Fesin M

Feasin 1

%

y . . R - .
Fefractive Inche:s (;ﬁ(h.) 1. 41LAT

i Falide

ORI & 30,2

Content, W TR L0

x ey
PR

v g
Il

1.1

fl -0 ARNE

LT

1.14140

Thie

Txnamprle 1.

-
A
1

Piepaid

PEE LR

i et ¢ deascr ibed in

VIEECE EPE Y

The powder yecsin yields are alhean in Table

TRELE &

Contral Feain G Fecin H

Resin |

Frowder Resin

Yield,% 7408

?L.

o

Agatin,

by

cignificantly enhance the poveder

Control samp

The powder re

calcuim hydroxide and 0.0 caloium

the weight o
walatile con

average mole

a4

the resulte in Table 8 indicate that the

H.

m

Fewsin = A1) arpd Resin I,

G, F

(g VEE

recity yield from the

e

"
O

ins were further compounded with 1%

cilticate bazed oan

f the reein and tested for none

povcler

tent, bulk density, thermal flow property,

distribu-

ular weight, and particle

E2EI s B



1%

ey
a0

[

The

tion. results are shown i Table

TAKLE 6

T2

G Resin H

fon-wvolatile Content, %
. . 3
Bulk Density, ag/ocm
Fadial Thermal Flow,mm

frveraage Molecular MWeight

Meight AHverage (Mu) 14058

Plamber Awverage (M) BT

Diepersity (Mw MR aaet

Farticle Sire

Diztribution

FLOO el ﬁﬁ)/Jm) LR

RO mah 2L0F Qe

A JAm

2 ] 1.

mereti AL

RO

P
(7545 Pm)
meah (<40 Jrred REL D 7.0 a85.7

-~ o~

4wt

10.8

A

30,7

The recsnlie in Table 9 indicate Lhal bthe boras

treated resine, Resin G, Resin H, and flecin T, had

Tower radial thermal flow and smaller particle size

than the Control powder reszin.  Although the radial

thermal Tlow of B T ie substantially swaller than

the Contral, the average moleculsr weight of the boras

breated R Tower than the Control.  HAoain, thias
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27031

demonstrated that the borax tresteent protected the

Fecein from advancement during the spr

EXAMFLE &

Thie example demons
the tigurid phenol-formaldehyde resin

Foample % was improved by borio acid

The rewins breated with diif

acad are mhowy aw followns:

Ay ddrying procesa,

~atea that spray dryability of

For ppraa e dn

trmatmente,

s ent amounte of borde

Fraar te

by Weialt

Tproredient Resin

Resin K

Boric Acid (HFHQT) 0.5

HWater S

Feain (47,00

The horic acid was firet dissol
e mised with the phenol- formaldeh
proper biee of bhe beric acid treated

Foal Yoaay

ved i the water,

yibe reein.  The

Vi 3R as

fleee i J

Foeain K

Freoein Solide Content, X EAI |

RN

A
v ot

P fractive Tndes (250,00 14128 1.a17t

Viecosity (29°0.) e

DD-F

The resing were sSpray
b

described i



Afo7

in yields based on the reain

Example 1. The powder v

colide input te the spray dryey are chovny in Table 10,

TARLE 1O

Resin No. Fesin J Resin K

S Powder Fesin Yield, % bh 3 7o

w

fe ehown in Table 10, the powders e in yields from

the baric acid treated resins, Resin J and Reain ¥,

ampr e shoven . Eaxtamp lee 0.

improved from the Control

The Cantrol sample, without boric treatment, had
10 a powder resin wield of only 454,
The powder resine were further compounded with
1% catociwn hydrestide and O.1% calcium wilicate based
an the weight of the powder resing the resins were
fhert teastert for non-volatile content, badl e densi by,

nerodie e Abng

1% thermal flow property, and paytic Tee e

tace . The resulte are shown in Tak Ter LA
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TABLE 11

Fowder Resin Froperty Fezein

Mon-valatile Content, o A F1.5

04

Btk Density o glom 0, 0. 07
% Pladial fheramal Flow,oum DXL ARG

Faybicle Size Dislyibubion

B ERIA TR Y e

3
3
i

Ve g ) 2

L0200 meslt CoLTOXT0 ) 10l 1.2

mezshy (L7540 ) LRI 1.2

10 LR [ 3 (...'m) i1

—
*

>
=
o
B

4

ST [ W C

The esample i to e powder Fesin G and Fe

fr-cam ample % and Fesin K fron Exanple & far

waterboard memad e

st e The waferboards were tested

‘,..
wa

for internal bond and 2ohour boiled (accelerated aging)

mochalue of ruphure (MOR) . canad ian Starcdard

CAMS-377 . 1-183% was followed.

Labhoratory AEARSRA UL L mm) waferboards were

made at canditions similar ta a convenbicon waf erboard

20 produc bion line.  Commercial aspen wond wafer furnieh

e

af 4.5% medisture conteot wan first speraysd with LUGY

ey

molten slacl was and then blended with 203% powder

reein based on the dery wood weight,

The: wax and powder resin treated wood furnish was

o



o o;)\.’

Towmed into a mat and prepet i oa ocold press. T
cimulate wide waferboard mannfacturing conditions, the

b e e ot

mat was subiected to o pre-ouire

presaing.  For the pre-curing tes te X7 mm thick

il stainless steel caul plates were g b ke too the

O G N R N
070, 1300, ard 1AD TR N comtred

temperatures of

e e
W

The preprecoed ma te were

raul temperatare was
placed cw the preheated caul plate for 10 mirmates poriar
tey hot pressing. Too ensuare goead conbtact b tween mat

10 and the hot caul plate, a caul plate wbich gave @

-y

sure oof 4.0 g/ om e mat wae pdaced on top of the

pte
mat. Then the tL.l mm thick waferboard was made oy bt

@t 210G, pre temper atare  Toy 4.% minutes

Y
e oo f ORELR Kgdem (500 pei).  The

with o maximue pres
15 target board density was 0060 glom .
Fearr (1) boards with 4 caunl temperatures of

pre-cure test were made Troam each powder peain. Bix

(&) internsl bond aamp les and one Deponr bed Yed MOR

cample were rEpns red from each panel ard tewsted

OA4ZT L1 -FRL, The rate of face failure

20 according to COF
(i) was deler mined from the ratio of the cumher of [ace

Ffailure (breaks) samples o the totet internal bond

tpated specimens.  The ra vz of face failure indics te

pro-oure resis tance of the powder eesin. The yecullbs

rJ
N

are shown i Table



ThwLE 12

Caul

Tempr.

{ .

Feaiedd
Dexrpe by Hond

, )
(A 1

b

Intarnal

i

120
1750
140

10 Avoerage
20
120
130

15 140

AR} ot )

2%
120
a0 LD

140

Frw e ing e

CAMNT--04T7 L 0-MBT

Reoud remernt

i, B Cirgm

IR LRI 6T
0.7 0. B

I _Cfeam

DRI iy, AT

0.7 a (RN I

0, 68 G,4?3

0, &% £y, Ay

IMace

o tare

.

e
PR

2henar

Fexi Led

M
M

L2

1A

11.4a

FES By I
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P2y

Yy g s YTl 11 Ued Rt

b e fadlure specimen to the tobal

Fratio of F

sted specimnaen.,

irnternal bond Le

i Tahle 12 drncdice
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1. A curable poasdered phenol-aldebyde resole
resin prepared by spray deying in aquepus phenal-

deor yoce badining a water asolubhle oo

aldehyde v
& boran compeound  inoan amount sufficient Lo impove the
epray dryability of the resin.,

2 The poudered resin of claim L owherein the

aldehyde, acelaldebyds, paraformalde-

aldehyde is
hyde, or proplonaldehyds.
10 X £ ocurable powdered spray-dr ied phenol-formal -

irg prspared by oepray dryldng an agqueous

detrede reeole o

sead e reeedn o baioding e ruantity

pheenc - Towme Tdehy [RTANN X 8

e from aboul OU05% L aboul BN by weioghb of & vater

solubile ot boron compound, said gquardt ity belog an &

L% anbydious basis for the horaon compound i relation bt

vy molides.

the total v

A, The product of olaim Loin pewdered form
wherein 80% to 937 of the powdered resin bhas a particle

than abtout 7% microns and 0% to 704 of

cire of 1l

20 the powdered resin haz & particle asire f less than 4%

microme,

.0 ooy 1 wpray deied phoenol-formaldehyde
powdered resole peein suitahle for wse in omaking

wafertoard and having a weight average molecular wed aht

2% of about 1252 to prepared by epray dirying an
agueotts phenol-formaldebyde §eoo Ve vemin containing

4

fram ahout O,1% too about Z¥ by weight of a water
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aoluble oxo horon compound, said wizight heing on an

arhydrous basls @8 o horon compourncd in relation

ter the total aplids and wheyein the recin has &

of formaldebyde

molar ratio of about 1.5 to 2.5 med
for each male of phenol.
6. The powdered pesin of claim 5 wherein the

a weight average molecular weight of

resin aenlide b

about 1 tev abenrt 1200,

T The podered v pain of claim 6 wherein the
boaron compourd e aplected from the groaup consiating of

horic acid. aodiom borates, pobassium por ates, Lithiwm

hen-aters, ammonium harates, metaboric acid, sodium

o meptaborates ., tithium metaborates

metabtorates, pote
and  ammonium met sharabes.,

Q. The powdeved ¥ aeain of cloim 8 wherein the
toron compound s trear e acid oroa sodiwnm borate.

iy about

in of olaim O vihes

9. The powdered v

aaY, to P0% of the powdered aple resin has & particle

than about 76 microans.
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