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- ADVANOD RESTRICTED REPORT

EFFECT OF pH QN STRENGTH OF RESIN BONDS

By B, C., Rinker, ¥, ¥W. Reinbart, and G. H, Kline

INTRODUCTION

’

The inocreased use of resin-bonded plywood for struc-—
tural parts of aircraft has mads 1t necessary to determine
" the effect of wvarious chemical propertles of the resins
on the strength properties of the resin bonds. Informa-
tion of this nature le needed to utilize the materials
properly in building satlsfactory aircraft and to evalu-—
ate the causes of fallures. Determination of the effect
of acid on the strength and aging properties of varlous
types of rosin bonds is one lmportant phase of this work,
This report presents the results of an investigation which
was made to determine these relationehips,

The degrcee of acidity er hydrogen ion concentration
can convenlently dbo reported as & pH value which is the
logarithm of tho rociprocal of tho grem ionic hydrogon
equivalents por litor; that is, pH = log l/H per liter.
Water hes a concentration of .H¥ ion of 1077 and of QH~
ion of 10-7 moles por liter or a pH value of 7, and 1is
gald to be neutral 'in rnaction. The proesence of an acid
in a water solution increases the concentration of hydro—
gon ions., Hoence the concentration of hydrogen lons 1in an
ecid solution bacomes 10-° ’ 10°8 y Or graeator, and the pH
value is less than 7. The prosceuncc of an alkall in a
water solutlon lncrcases the concentration of hydroxyl
ions and decreascs that of theo hydrogen lons. Hence the
concentration of hydrogon lons in an alkaline solution
becomes 10~° , 1079 » or less, and the pH value is greater
than 7, The product of the hydrogen ion conceantration
and the hydroxyl 1ion concentration les always equal to
102 in aqueous medium at 25° C. The pE value has beeon
usod throughout this report to .indicate ths dogree of
acldity of the varloue specimens.,

The two most ecommonly used types of bounding agents
in tho manufacture of rosln~bondod plywood are the phenol-
formaldechydoe and tha urca—formaldohyde resins. Both types
are cured oither by tho Yhot—sot" or the "cold—sot® method.




Since the demarcation between %cold-set® and "hot-set"
bonding resins has not besn definitely established in
the industry, the resins used in this project were clas-
glfied acenrding to the temperature required te cure the
resin in a commerclally practicel perlod of time, as
follows?

Claee R. Those reelins do nnt require a higher de-~
gres nf heat for curling than that avallable
at ordinary room or factory conditions.

Olass M, These resins require a degroe nf heat
groater than tkat avaliladble at room or
factory cenditiona, but not over 160° T
(71° C).

Class H. These resing require a temperature
- greater than 160° F (71° ©).

To obtain a satlisfactory degree of cure ef eclass R
and some class M resins, 1t is necessary with mest of
the commercial rosins to use very active catalysts. One
of the most active catalysts for curing these types of
reging 1s the hydrogen lon whleh is usually expressed in
terms of pH unite when the concentratirn 1g less than one
molar,

It i3 an establlshed fact that wend doteriorates
ranldly in acldic media. It is also known that uros-
formaldehyde resins are not ss resistant to aecid condi-
tions as are phenollie resins., The werk reported herein
was dosligned to determine the effect of the pE ef the
rosin bond on the strength nroperties of the resin-wood
composite since the fallures may be in the resin, in the
vood, or in both resin and wood, It should be noted,
hovever, that the acid conditionc in the resin-bonded
birch panels tested arc attridbutadble to the ingredients
in the resin-glue mixtures and not to the wnod oy any
extransous source.

This investlgatinn, conductoed st the Natipnal Bureau
n{f Standards, was sponsered by, and canducped with finan-
eial assistance fram, the Natienal Advisery Cemmittee for
Aerenautica,

The authors wish to acknowledge the asslstance given
by Mr. B. M. Axilrod and Mias M, C. Fordney in supplying
the data on strength properties herein reperted.
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Resin content, perconts= wt, of test panel - wt, of ‘oonditioned -voneors

MATERIALS

"A froup of commaroial resins which dre belng used to
n grert extent in tho manufrcture of resin-bonddd “plywood
nireraft was selected for this work. The commercial des-
igurtions and the manufacturere of the resins, and the
clnssification of the varioue resins and resln-ocntrlyst
mixtures on the baais of the temperaturs requlred for cur-
ing, are given in tadle I.

The test panels were made with sliced birch veneers-
having an average thickness of 0,01 inch. The thin ve-
noers were used to obtnin a higher resin content than
that nornally used in aircranft plywood. Sinco the acldic
conditions rcault from the resin, a high reslin content
would be expectod to magnlfy the effect of the pH or the
strength properties of the comnosita.

PRIEPARATICN OF TEST PANELS

Tho rosin glues wore vroparod according to directlons
rocoivod fron the manufacturers and were applied to the
birch veneers by meerns of rollers. This mothod produced
regin fllms of uniforn thlckness on both sides of the ve-
neers. Tho veneors corted with the cl+.ss H rosins wore
suspended from n drying rack ond allowed to dry a%out 20
hours beforoe nssendbling And pressing. The voneers coantod
vith tho class B nnd clnss M resins werce nssenbled and
prossed immedlately nftor conting. ETach pnrel consaistod
of 8 bPirch veneers nrronged with the gronin of plies 1, 3,
6, and 8 pnrnllel to one another nnd with the grai: of
plies 2, 4, 5, nrd 7 porpendicular to the face plies. All

the test panols wore nressed nt approximestely 100 pounds
por square inch.

ghe birch venocras used In erch pnnel weres conditioned
nt 77° F (25° 0) nnd 50 percent relative humidity, nnd
wore Welghoed before the resin coating wns nnplled., The
completed test panel wrs Also conditioned and welghed. The
resin content of the test manel wns thon calculanted by
menns of the folloving equation:

X 100
wt. of test panol




Three panels were prepared with each resin or resin-
catalyst mixture. The panels made with class H resins
were 12 by 12 inches in area; the panels made wlth classg
R and class M resins were 9 by 9 inches. The thicknéwssg—
of the test panels were approximately 0.08 inch., The con-
ditions used to cure the panels, the aversge densltles,
and tho average resiln contents are given in table I. Tho
densitlies wore detormined by welighing and measuring ma-
chined specimens.

TESTING P3IO0CEDURE
Aging
Bach test panel was cut into quartors and treated

as follows:

1. One quarter section was not subjected to any
aginz treatment.

2. One quarter section was heoated 1in a forced-draft
oven at 176° F (80° C) for 40 hours.

3. One quertor section was subjectcd to a continuous
overn—~fog cyelic accelarsnted rging test. The
¢cycle in this test econslstod of the following:

Exposure Temperature Relative
period humidity
(hr) (deg ¥) (doz C) (percont) Apparatus __
2 17 25 100 Fog cabinet
2 150 65 <5 Forced-draft oven
2 17 25 100 Fog cablnet
18 150 65 <5 Forcod-draft oven

The sections were exposed for a totnl of 200 hours in the
oven and 40 hours in the fog cabinet.

4. One.quartor section was exposed on tho roof of the
Industrial Building on racks at an angle of U45° facing
south. This oxposure test 1s sti1ll 12 progress,



Detormination of pH

4 'thin f1lm of the resins of olaas R and class H was
cast on glass and allowed to dry for 15 hours at 'a tenpora-—
turo of 700 to 739 ¥ (21° to 26° C). The resin film wae
then removed from the glass and ground to a flnenoss of
40 nosh.,. Two grams of ths powdored rosin were susponded
in 10 milliiiters of dlstilled wator and tho pH of the
suspenslon was meusurod by moans of a glass electrode
aftor 15 miautes, and after 24, 48, 72, and 96 nours. Tho
PH valuos waro constant after 72 hours.

Filins were preparcd from the class H resins by cast—
ing thoa upon & glass plate, using a knife blade to romove
exccsy resin aAand make the thickness of the coating 0,02
inch or loss. The cest filus wore plucod in a circulatling—
air ovon at 150° F (65° @) until examination showed that
nogt of the rolvont had evanoretaed; this process required
about 4 houre oxcopé in the cass of Pluskon 107, wlhich was
cuvred after 3 hours at 1509 P (65° 0) ard was not subdbjoctod
to eay further heating. 7This drying was followad by a
cure 1a tho coven at 3009 F (14€° C) uwatil tho filus ware
hard and brittls, $he lattar operation roguiringabout 30
minutes. The hard,brittle filas wero pulvorized in a
8unll rock—-crushing mortar and passed bthrough a 40-mecsh
scrao:le Tho pH valuss of the powdorod films wero measured
in tho ssmo wanner ag those <f tho class R and tho clasg ¥
filzse,

Thz neidity of the tost paanols was dotornlned by
grincing & portion of the panr~l to 40 mesh in a Wiloy
1ll and suspending 1 gram of the powder in O millilitnrs
of distilled water. Hoasurcmonte of pH were mede aftor
24, 48, and 72 houre. Tho pH values of the water suspon—
slons whre constant aftor 48 hours,

Ths pE of tho élstillod watoer used in aaking thn
resln suspenslons was 5.3. & foew of tho rosin fllms and
povdorod panele worc also suspeadod 1n &ilute hydrochloric
acid solution of pH 4.5. The pH values of tha acid sus-—
ponplons nre roportod in tadle II and 4id not Aiffor appre—
cliaoly from thoso of tho water suspenesloans. All the pH
monsuromonts wero mode at a tomporature of 77° F (26° ©€)
with & zloes elactrode. Tho measuroments reported are
accurato to +£9.05 pR unit.




Strength Properties

The test specimens for determining the strength
properties were cut from the quarter sectlions after the
aging treatments. The specimens were mechined and then
conditioned at 779 F (25° C) and 50 percent relative
humidity prior to testing., All the teste were made at
770 F (25° ¢) and 50 percent relative humidity.

The flexural modulus of elasticity was measured on
an Olsen Stiffness Tester, Tour—~Harshall design. ©Speci-
mens 5 inches long and 0.5 inch wide were cut from the
panels, Two measurements were made on each cpecimen,
one on each end. The test span was 2 inches long; the
total bending moment applied to the specimen was 3 inch-
pounds. The angular deflectlons were plotted against the
bending moments and the deflection at a stress of 2500
pounds per square inch was determined from the curve.

The modulus of elasticity iIan flexure then was calculatoed
from the approximate expression

229.2 P1? ,
B = ——e—————————
Dah?

wvhere
E modulus of elasticity in flexure
P load
1 1length of beam
D deflection, degreos
a wldth of bean
and
h thickness of beam,
This exprosslon was darived from the formula for the de-
flectlion of a caatllever boam with a concentrated load at
one eond.
The flexural strength was measured on specimens 1,0

inch long and 0,75 inoch wide out from the panals. The
specimidn was supported on twe parallasl supports with =



epan of 5/8 inch. The load was applied at the center of
the span by a pressure plece simllar to the supports.

The odges of the support pleces and of ths pressure piece
wore rounded to 1/8-inch radius. The tests were made on

& hydraulic testing machine with a head speed of 0.05 inch
per minute. - The machine was accurate to 2 percent of the
lowest appliod loed.

Tho impact tests wore made on an Igod impact machine
of 2 foot—pounds capaclty.” Specimens 2.6 inches long and
0.6 inch wide wore cut from the panels,

The tonsilo teste wore made according to the method
daserihed in soction B~l of Federal Specification L-P—-408
.for plastics. Type I specimens were used; tho width of
the reducod soction wis 0,5 inch. The teests were mado on
a hydraulic tosting machine with self-alining Templin
grips. The rato of herd speed was 0,05 inch per minute.

Srtear spocimens 4 inchaes loug and 0.75 inch wildo
wore cut from tho panols. 4 groove 1/8 inch wide and
extonding through approximately 4¢ vencers wos mllled on
one frce of tho pancel parallsl to tho 0.75-inch dimension,
A similar groove was willed on the opposito face. The
groovos on the spocimens used in the proliminary tests
wore 1/2 inch apart, bdut, sinco many tensile fallures
wero obtainad, the distancs betwoon the grooves was re—
duced to 1/4 inch on the lator spaclmons. The specimons
wore broken on & hydraulic testing machine at s rato of
loading of 200 pounds per square inch per minute.

Delaminntion

Ouno strip 0.5 inch wide cut from ocoach gquarter section
of each teet panel was subjoctod to a delamination test,
The strips wore placed in individual 3-by 20-centimetor
toet tubes which contained distilled water proviously
heated to the bolling point by immerslon of the tubes in
& water bath. The tubes containing tho test strips were
loft in tho bath of boiling water for 1 hour. On removel
from tho tost tubes tho spocimens wero immersod in water
at 77° F (26° C) for 15 minutes and thon dried at 140° F
(60° ©) in' a forced—draft oven for 23 hours. This pro-
codure constitutod one ocycle of the test. At the end of
each crcle the tost spnocimens wore bont ovor a mandrol
of &—inch radlus. After fiva eyeles thn spocimens were
. bent ovor & 4—inch mandrol. Obsorvations rogarding do-
lamination waro mado.



RESULTS OF TESTS

A preliminary investlgation was made to obtain datn
for use in soclecting the strongth propertlos to be meas—
ured on all the test vpernels. Six panels werc prepared
with Tegzo film and six with Uformite 430 catalyzed with
10 percent nmmonium chlorlde. These two materlals vere
selected to determline the effects of high =nd low vH con-
ditions, respcctlively. One-half of each panel was tested
unaged nnd the other half was subjJected to an aging test
prior to moasuremznt of the strength properties. The
strength propertles measured in these nrelimlnary tests
were flexural modulus of elasticity, and flexural, immact,
tonsile, and shear strengths. Tho results are gilven in
table 11,

On the basis of the results obtained in thosoe pre-
linminary tests, the slze of the tost spscimens required,
and an analysls of thoe stresses in the various tosts, it
was decided to employ the flexural, impact, and shear
strengths for detocting the deterioration of the resin-
borded birch plywoods. The criticnl nH valuocs in the ncid
range — that 1s, the DE value below which serious degrada-—
tion of the plywood may occur because of free acid, ob-
sorved for the urea~formaldehyde and phenol-formanldehyde
resin-bonded panels in the various physical tosts, are
summarized for convenionce iIn table III. Dotailed results
of the tests are nresented in tadbles IV, V, VI, and VII,
The results of the shear tests were not available at the
time this report vas »roprred rnd will be presented in =a
subsequent roport.

DISCUSSION OF RESULTS

Use of the various commercial resins with theilr
catalysts selocted for this investigation rosultod in pEH
values for birch plywood ranging from 1.7 to 8.4, (See
tablo I.) The pH valuos for the test panels made from
the urea—formaldehyde mrterlanls rrngsd from 1.9 to 5.7
the pH valuos for theo test prnels merde from the phonolic
matorials ranged from 1.7 to 8.4, Tost panals worc made
also with a now resin, ILaminanc, which is neithar a pho-
nolic nor a uren-formaldehyde type, The pE vnlues for
tho test panels made from Laminac rangod from 3,7 to 4,0,

The pH values of the birch plywood were not affected




by moderate baking or by exposure to cycles of heat and

fog. This indicated that the acidic compounds determine
ing the pHE of the composite did not escape readily from

the gtructure or did not react with the birch or its de-
composition products in such a way that they lest thelir

chemioal identity. It would seem reasonable, - therefore,
to essume that the deterioration caused by pH would cone-
tinue until fallure eccurred.

The results of the preliminary tests reported in
table Il indicated that the weakening of the resin-bonded
birch plywoods was first evident in the flexural and inmw
pact strengths. Tentatively, the shear strength also
appeared to be reduced early in aging treatments of the
composite. In order to clarify this latter point, more
data on shear strength are being obtained, The flexural
modulus of elastlicity and tensile strength did ‘not ap~
pear to bé markedly affected in short-time aging teste.

The floxural strength ef the urea«-formaldehyde resine
bonded birch plyvwood depended markedly on the pH of the
composite. Thig 1s shown by the date in tadble IV and
grnphically 1in figures 1 and 2., These is apparently a
eritiocal pH value betwean 3.8 and 4.6 for bdbirch plywood
bended with urea=formaldehyde resins, below which optimunm
flexural strengths are not obtained even on unaged matew-
riasl., The oven-apmed specimens with pE values of 3.6 and
less undervent a greater proportionate loss of strength
than those with pH values of 3.8 and more. The ovonefogw
agod spoecimens wlith pH values of 3.8 and less underwent,
with one exceptlion, n greator proportionate loss of
strength than those with pH valuos of 4,6 and mora. Thia
Indicates that if optimum strengths are desired and if
these strengths are to be retelned on aging, the pH of
tho composite should be greater than 3,8,

The flexural strength of the phenolic resin-bonded
panels did not show an exaet correlation with pH, but An
exanination of the valucs in tables IV and VII shows that
the proesence of acld catalyst cnuses a decrease in this
property in the unaged pansls in every case., This dew
crease was noticed especlally with the pahels prepared
with the catabond resins 590 and 20002, wherein conconw
trated hydrochloriec acld catalysts were uveed. It is well
known that hydrochloric aecid has a decidedly deleterious
effect on moet woods. There is apparently a critical pH
value for the initial flexural strength of nlywood bonded
with phenoliec resin between 3.1 and 3.6, Bxposure to
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both oven and oven—fog—-aging treatments caused marked
fecreases in flexurel strengths when the pH values wore
3.1 or loss, The critical limlt of pH with respect to
loss in strength on aging appeare to be between 3.1 and
3.6 for the phenolic-resin-bonded birch panels.,

The impact strength of the plywoods bonded with
nrea—formaldehyde resins was also found to be dependent
on the pH. This is shown by the data in tadle V and
graphically in figuroe 3. Tho critical value of the pH
for the unaged speclmens appeare to be between 3,6 and
3.8. For the oven—-aged -and the oven—~fog-—aged speclimens
thore appears to be a dofinitely greater loss 1n strength
bPaslow a PE of 3.6, but tho specimens of 3.6 and higher
pH also showed approciable loss in strength on aging.
This indicates that the loss in impuct strength on aging
can be attributod to both deterloration of the wood at
low pH and detorioration of the resin over ths whole pH
rangoe lnvestigatod. It should bo noted that Plaskon 700-2
is a modified urea—-foruanldohyde rosin having same of tho
characteristics of a phoenoliec resin,which probably ac-—-
counts for ite greator 1nitial impsect rosistanca.

The impact strongth of the plywood pancls dbonded
with phenolic resins shows tho same goneral relationship
to pH as the floxural strength values. In cach case,
-the presonce of acld catalyst causced & docrcase in
strengths The lowost values woroc agein obtained with the
catabond resine catalyszed with hydrochloric acid. The
critical pH value 1s apparently in the rango botween 3.1
and 3.6, The critical pH for the ovon—-aged spocimons 1a
betwoon 2.7 and 3.1. Tho ovon—fog—aged svecimens with pE
values of 3.1 and less underwont & groator proportionate
lose in imvect strongth than those with pH values of 3.6
and more. O&ince tho oven—fog-aging troatment 1s consid-
erod to simulato natural aging moro c¢closely than the con—
tinuous dry hoot, the critical pH for the phenolic resin.
composltos should be considercd as in the range of 3.1 to
3.6 on tho basis of the impact tosts.

Tho failure of the uroa-formaldehyde resin-bonded
materials in the doelonination test is also affocted by
tho pH of tho plywood. The critical pH value in this
test appoars to be botwoen 3.8 and 4.6 for both tho un—
agod and the agod spocimens.

o failuro of the phenoliec resin—bondod composites
oceurrced in the dolamination test. The unaged and aged
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spocimens with pH values of 3.1 or loss wore dbrittle in
tho final flexibility tost on tho 4—inch mandrel. With
one oxception, thoso with pH values of 3.6 or more wore
floxible throughoit thig test. - . ’

The critical pH for the phonolic resins 1ls not
dofinitely establishod by the data 1In this report bocause
phenolic resin filmes in the range of pPH botween 2.0 and
4.0 were not included in the teste. Further work is un-—
der way to estadblish closer limits on thils critlical pH,
It ls ovident from tho pH values obtained on the taest
panels that the pH of the resin—catalyst mixture will
have to be such that the pH at tho bond will dbo adove 3.1,
It appoars, in gonoral that birch wood 1s subject to
sorlous deterloration when tho pH at the bond is below
about 3.b6.

It is to be expected that there also willl bo a crit—
ical »3 in the alkaline range above which resin-bonded
birch would be subject to deterioration in strongth,

This point has not yot been established in the oxperi-
montal work on this projoct.

CONCLUSIONS

1. The pH values of the birch plywoods are not mark-
edly affected by moderate baking or by exposure to cycles
of heat and fog.

3¢« Thoe flexural and impact strengths, both initially
and after aging, of birch plywoods bonded with urea-—
formaldehyde resins are definitely affected by the pH.
The critical pH value, below which optimum strengths are
not obtained and deterioration upon aglng becomes appre-—
clable, lies between 3.8 and 4.,6.

3. The flexurael and impact strengths, both initially
and after aging, of birch plywoods bonded with phenolic
resins are definitely affected by the pH, The critical
pH value, below which optimum strengths are not obtained
and deterioration upon agiang becomes appreciedble, lies
between 3.1 and 5.6. Hydrochloric acid hag a decidedly
deleterious effect on plywoods made with phenolic redine.

4, The delaninetion of birch plywoods made with
ures—forualdehyde resinsg is affected by the pH. The
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lower the pH, the fewer cycles requlred for delamlnation
to oocur.,

5« The delamination of birech plywoode made with
phenolic resins 18 not affected by the pH. When the pH
18 3,1 or less, the materianls are not as flexible as
those with pH values of 2.6 or more.

National Bursau of Standards,
Washington, D. C.
Auguet 6, 1943,



Commerclal Designation
of Reains

Manufacturer

A.

Urea-Forsaldehyde Resins

Uformite 430
Uormite 430
Uformite 430
Plasxon 201-2
Casco #5
Plaskon 250-2
Plaskon 107
Pilaskon 700-2

Uformite 430
Casco #5

Phenclic Resins |
Catabond 590

Durez 12041
Durex 11427
Catabond 200-C2

Bakelite XC-3931
Baxelite XC-11749

Catabond ;90
Bakelite XC-11749
Bakelite XC-3931
Catabond 200-0Z
Durex 12041
Cascophen LT-67
Tego Film
Amberlite PR-1%

Other Resins

Laminac

Laminac

Resinous Produote and Chemical Co.
Resinous Products and Chemical Co.
Resinous Products and Chemical Co.

Plaskon Div., Libbey-Owens-Ford Glass

Casein Company of America

Plaskon Div., Libbey-Owens-Ford Glass
Plaskon Div., Libbey-Owens-Ford Glass
Plaskon Div., Libbey-Owens-Ford Glass

Resinous Products and Chemioal Co.
Casein Company of America

Catalin Corporation

Durez Plastics and Chemicals, Inc.
Durez Plastics and Chemicals, Inc.
Catelin Corporation

Bakelite Corporstion
Bakelite Corporation

Catalin Corporation

Bakelite Corporation

Bakelite Corporation

Oatalin Corporetion

Durez Plastios and Chemicals, Inc.
Casein Company of Amerioa
Resinous Products and Chemical Co.
Resinous Produots and Chemical Co.

American Cyanamid Company

American Cyansmid Company

n. The resins are classified according to the temperature required to cure the resin.
cure quickly at room temperature.
Clase H includes those which require a temperature above 160°F to ocure.

over 160°F to cure.

Co.
Co.
Co.

TABLY I.- DESCRIPTION OF RESINS AND RESIN-EONDED BIRCE PAYELS

10% ammoniuva chloride
IZI

114 hydrochloric acid (27.8%)
104 7he2
104 4oz
114 hydrochloric acid (27.8%)

XX - 299
u;; xc - 117;3

None
Fone
None
Kone
Kone
84 ¥-18
None
None

1% benzoyl peroxide

14 lauroyl peroxide

Clessi-
fica-

Catalyet Added to Resin tion®

mW EmDnxnDua

EETEEELL- RN S N

Conditions of Cure

Tngernt\uo Time ""E? \{}d Hlm
r hr:min.

125
300

125
300

Resin
Content
Density,

240 0.9 33
24:0 0.9&

2h0 0.9% %
24:0 0.93 137
24:0 1.02 37
g4:0 0.88 b
0:8 0.96 1
20:0; 0.96 5
3:0

0:6 1.00 33
0:30 0.98 35
Z’;g} 0.90 514
2lt:0 0. 6
2%:0 1.3’1 gs
20 0.91 31
aggg 0.90 ‘30
2h:0 0.5 31
o:Eo o.9z 23
0:h5 0.93 2
0:30 0.97 35
0:30 1.00 37
0130 0.97 33
24:0 0.95 3
0:10 0.4 20
0:12 0.85 28
gsgo; 0.83 2
0:30 0.81 24
o)

Class R includes those which

Class ¥ includes thome which require m temperature above room temperature but not

of Panel,

PH of
Resin
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TABLE IL.- RESULTS OF PRELIMINARY TESTS MADE ON RESIN-BONDED BIRCH PLYWOOD8

Teneile Strength Flexursl strengh Flexural Modulus of Eigstioi
Unaged. Aged Unaged g AZp
H Aver- No. of  Aver- No. of Change Aver- Wo. o ver- 0 var- 6. o ver— 0. o ae

Panel Den- Resin n n age Speci- age Sveci- in age Speci- age Speci— Speci- age Speci- in
Resin Depignation it Content  Ac1d® Water® Value mens Value mens_ Strength Value _mens Value _mens Stren h !g%l_xe1 _mens 'aluc _mens  Strength
g/om> [ /102 Tb/1n2 [ To/1n2 — Ib/in? 1 1b/1n /102 4
Panels used for oven
sging teet
Tego film Panel 1 0.79 20 8.0 8.1 13,000 2 13,000 2 0 19,500 1 18,200 2 -6 1,200,000 8 900,000 & -2
Ditto Panel 2 0.79 20 8.2 8.2 10,200 2 10,900 2 +7 20,000 2 17,600 2 -12 1,100,000 & 900,000 8 -1
Panels used for ovem
fog aging test
Ditto Panel 0.80 20 8.3 8.4 13,300 2 13,700 2 +3 14,400 1 14,200 &4 -1 200,000 & Zgg 000 8 +12
Ditto Penel 0.81 20 8.2 8.1 11,700 2 12,400 2 +6 20,100 2 20,800 &4 +3 1,200,000 8 1, 000 8 +17
Panele ueed for oven
aging test
Uformite 430 with Panel 1 0.93 33 1.9 1.9 7,200 2 6,200 2 -1k 13,700 2 11,600 4 -15 1,300,000 4 1,100, 8 -15
10% amronium Panel 2 0.91 33 1.9 1.9 6,200 2 ,800 2 -22 11,800 @2 10,600 4 -10 1,200,000 % 900,000 8 -25
chloride catalyst
Panels used for oven-
fog sging test
Ditto Panel 0.89 33 1.9 2.0 5,300 2 4,200 2 -21 1,200 2 8,koo 8 -k1 1,200,000 4 1,200,000 & ]
Ditto Panel 0.89 31 1.9 2.0 5,700 2 5,500 2 -4 13, hoo 2 6,500 8 ~51 1,%00,000 4% 1,400,000 8 Q

Izod Impact Strength, Unnotched §Break1n§ Energy)
latwise deewise

1 — - 3 Tt 5 Shear ltreng_!h
Une ged na \ged ot d
oH Aver- ¥o. o Aver- No. of Chenge Aver- Eo..oi’ Aver- No. of  Change Tver- io. oY  Aver- 0. O ange

Panel Den- Resin Tn 15 age Speci- age Sveci~ in age Speci~ age Speci- in age Speol- age Speci- in
Resin Deslpgnation 8ity  Content Acid® Water® Value mena Yalue _mens Strength Value mens Value _mens Strength Value mens Yalue mens_ Strength
&/ o’ [} ft-1b £t-1b ] ft-1b £t-1b [ 1b/1n 1b/1n
Panels ueed for oven
aging teet
Tego film Panel 1 Q.79 20 8.0 8.1 0.14 0.19 L +36 0.23 N 0.27 I +17 k70 1 20 1 +11
Ditto Penel 2 0.79 20 8.2 8.2 9,12 E 0.12 3 [ 0.27 3 0.2k & -11 710 1 an 1 =43
Panels used for oven-
fog aging teset
Ditto Panel 0.80 20 4.3 8.4 0.1k b 0.16 4 +14 0.27 'S 0.25 4 -7 1200 1 388 2 =46
Ditto Panel 0.81 20 8.2 8.1 0.18 4 0.13 L3 -28 0.33 4 0.27 4 -18 530 1 2 +70
Penels used for oven
aging teet
Uformite 430 with Panel 1 0.93 33 1.9 1.9 0.11 2 0.09 '3 ~18 0.21 2 0.13 L -38 200 1 190 2 -5
0% ammonium Panel 2 0.91 33 1.9 1. 0.10 2 0.09 4 -10 0.13 2 ol -i5 200 1 210 2 +5
chloride catalyst )
Panels used for oven-
fog aging test
Ditto Panel 0.89 33 1.9 2.0 0.08 2 .05 3 ~38 0.14 2 0.07 4 -50 260 1 130 1 -50
Ditto Panel 0.89 31 1.9 2.0 0.11 2 .08 4 ~27 0.16 2 0.15 4 -6 210 1 130 1 -352
>
a. The pH of the water used in theee teets was 6.3; thest of the dilute hydrochloric [2]
ecid solution wae 4.5, The pH of the water and dilute hydrochloric acid solution >

extracte of the birch veneere ueed in these tests wss L4.6.
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TARLE III.- SUMMARY OF CRITICAL pE VALUES FOR HESIN-BONDED BIRCH PLYWOOD®

Property

Flexural strength

Unaged
Lged

Impact strength

Unaged

Delamination

Unaged

Aged

Critical value of pH in the acld range for resin-bonded birch plywood

Urea—~formaldehyde resin bond

Critical pH of
resin film 1s
in the range:

Critical pH of
unaged penel is

in the range:

3.4 to 4.0
Critical over complte range

3.6 to 3.8

)-I-.O to 1".6 3-8 to )"‘06

4.0 to 4.6 3.8 to B.6

Phenolic resin bond

Critical pH of

reosin film 1s
in the range:
1.9 to 3.8
1.9 to 3.8
1.9 to 3.8
1.9 to 3.8

No delamination.

Brittle,.
1.9 to 3.8

No delamination.

Brittle,
1.9 to 3.8

Critical pH of
unaged panel is
in the range:

W AN
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No delamination.
Brittle.

3.1 to 3.6
No delamination.
Brittle.

3.1 to 3.6

8The critical pH is the pH below which serious degradation of the plywood may occur because of

free acid.
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Commercial Deeignation

of Resins

Urea~Formaldehyde Resins

Uformite 430
Uformite 430
UYformite 430
Plaskon 201-2
Cesco #5
Plaskon 250-2
Plaskon 107
Plaskon 700-2
Uformite 430
Casco #5

Phenolic Resins

Catabond 290
Durer 12041

Durez 11427
Catabond 200-CZ
Bakellte XC-3931
Bakelite XC-11749
Catabond 590
Bakelite XC-11749
Bakelite XC-3931
Catabond 200-GCZ
Durez 12041
Cancophen LT-67
Tego film
Amberlite PR-1h4

Other Resina

Laminac
Laminac

Catalyst Added to Resjin

10% ammonium chldride
1 nze

7% B-1

164 "modifier”
Rone

None

11% hydrochloric acid (27.8%:
104 7%22

104 722

11% hydrochloric acid (27.8%)

% TK-2997
56 X¥-i1753
Wone
None
None
None
None
84 u-18
None
None

14 benzoyl peroxide
1% lauroyl perozide

Clamsi-
fice~

tion

xxENDYMD DD

mEREDnTOTINIEERRR
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TABLE IV.- IFFECT OF pH OF FLEXURAL BTRENGTH OF REBIN-BONDED BIRCR PLYWOOD

pH of
Unaged
Panel

I o S O T T
~NORRNFN EFOND

0% 08 OWIT 45 £\ ) 2 el

£ 0 OW0 O~ 08 B~

FLEXURAL

STRENGTH

9l

Unaged P

el

Average __Renge

1b/1n?

13,200
14, 300
15,200
18,400
20,500
19,000
20,000
21,800
22,700
23,100

21,900
19,700
21,800

15,300
18,800

16/4n2

10,800-15, 500
11,300-15,500
14,600-17,400
16,900-19, 800
18,800-22, 300
17,100-19,500
16,500-21,200
20,500-23,400
20, 700-25, 700
19, 300-26,600

6,800-12, 700
17,300-20,600
16, 700-21,800

&,800-17,400
15, 200-19,900
15,400-19, 700
21,300-25, 800
22,100-26,800
18,100-30,000
21,300-25,800
22,400-28, 700
17,600-24, 200
14,400-21,000
16,000-25,300

12,700-18,500
17,000-21,500

¥o. of
Spect-
mens

13
15

Average
1b/102

11,100
12,600
13,900
17,200
16,700
16,700
20,400
22,900
22,800
23,000

19,800
19,500

8Speci-
Range mens
1b/1n2

9,900-12,800 8
11,100-15,000 12
11,500~15,600 11
15,800-18,900 12
13,400-19,700 11
12,800-19,600 12
18,200-21,200 12
20,300-25,700 12
19,700-27,400 15
19,600-25,600 15
4,700-12,500 12
17,100-21,800 11
1£,100-20,500 12
10,800-16,300 12
10,600-20,000 12
12,200—23,100 12
23,%00-29,700 15
23,300-29,700 1E
22,900-28,900 15
23,000-29,200 15
21,700-30,700 15
22,200—27;100 12
16,000-19,200 L
20,100-25,600 15
12,400-23,300 .15
15,000-20,700 15

Oven-Aged Panel
0. © ange

in

gtrength

+29.4
+3.7

‘Oven-Fop-Aged Panel
0. © ange

Average

1b/1n2

7,400
10,100
12,600
15,100
15,700
14,000
17,200
21,300
19,200
21,200

9,300

17,500
20,500

17,800
16,300

Speci~
Range nens
1b/1n
,600-9,40p 16
,800~12,200 12
9,600-14,200 11
12,300-17,700 12
12,200-20,700 12
12,200—17.700 12
16,000-20,400 12
15,900-24,800 12
1z,ooo-zu,1oo 15
16,600-26,700 13
7,800-11,600 12
10,100-15,300 12
9,900-13,900 12
7,000-12,600 12
8,800-13,600 12
€,700-15,300 12
18,100-25,200 15
18,300-24,100 15
23,300-26,300 15
19,900-27,300 15
21,300-27,100 15
19,100-24,100 12
13,900-21,700 &
1%,600-24,400 15
16,900-19,600 12
12,200-19,800 15

in

+16.3
~13.3

Strength

VIVN
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TABLE V.- EFFECT OF pH ON IMPACT STRENGTH OF RESIN-BONDED BIRCE PLYWOOD

120D IMPACT BTRENGTR, UNNOTCRED (BREAKING ENERGY/THICKNESS)

. pH of Unaged Penel Oven-Aged Panel Oven-Fo, d_Pen:
Commercial Designation Clsesifi- Unsged Average No. of Average 6. © hange in  Average 0., O . ange In
of Resin Catglyst Added to Resin cation Fanel Yalue Renge 8pecimens Value Range  Svecimens _8trength Yalue Range Spscimens _Strength
: ft-1b/in  ft-1b/in ft-1b/in ft-1b/in < ft-1b/in  ft-1b/in <

Urn—l‘cnnldaiydn Resins

Uformite 430 | 10% mmmonium chloride R 1.9 2.0 1.4-2.5 12 1.4 1.2-1.6 -] -30.0 1.3 0.5-1.8 -] -35.0
Uforzite 430 - R 2.0 2.0 1.5-2.8 6 1.4 0.8-1.6 [ -30.0 1.2 o.th 6 -ko.0
Uformite 430 R 2.4 2.0 1.9-2.0 6 1.3 1.1-1.5 1 -35,0 1.5 1.h1.8 6 -25.0
Plaskon 201-2 R 3.2 2.2 1.5-2.2 6 1.8 1.6-2.2 6 -18.2 1.8 1.1-3.0 [ -18.2
Casco 5 R 3.b 2.2 2.0-2. 6 1.4 1.1-1.6 6 ~36.4 1.7 1.5-1.9 6 -22.7
Plaskon 250-2: R 3.6 2.2 1.8-2.8 6 1.6 1.%1.8 6 -27.3 1:8 1.2.2,1 6 -18,2
Plaskon 107 ):4 a.s 2.5] 2.6-&.1 13 2.8 2.7-2.9 18 ] 2.3 2.2-2.3 12 =-17.9
Plaskon 700-2 o .6 4.0 3.6-0.2 [3 3.2 2.9-3.8 6 -20.0 2.5 2.1-2.7 6 -3;.
Uformite 430 A 4.6 3.0 2.8-3.3 18 2.6 2.5-2.9 18 -13.3 2.5 2.2-2.7 18 -16.
Casco 5 H 5.7 3.0 3.0-3.2 15 2.8 2.7-3.0 13 -6.7 2.5 2.0-2.9 i -16.7
Phenoclic Reains

Catsbond 530 11¢ bydrochloric acid (27.8%) 't 1. 1. 1.2-1. [ 0. 0.5-0.8 [ -k6.2 0.8 0.7-0.9 6 -38.
Durer 12 : lV& * ¥ 1.% 2.% e.o-z.g 6 e.z 1.2:2.7 6 - 8.7 1.6 1.2-1.8 Z -30.3
Durezr 11427 o$ 7#22 ¥ 1.8 3.0 2.5—3.2 6 2.0 1.82.1 [ —}E.z 1.3 0.9-2.0 -56.7
Catabond 200-C2 111 hydroohlouc ecid {27.8% o 1.8 1.4 1,31, 6 1.2 0.9-1.2 6 -1 a 1.1 0.9-1.2 6 -21.%
Bakelite XC-3931 R ¥ 2.7 2.2 2.0-2.4 6 1.4 1.3-1. 6 -36. 1.5 1.4-1.5 [ -31.8
Bakelite XC-11749 5$ xx-11753 R 3.1 2.0 1.9-2.3 6 2.0 1.6-2.7 6 0 1.5 1.2—1.; 6 -32.0
Catabond 530 H 3.6 3.4 3.2-3.6 17 3.4 3.3-3.5 18 0 2.9 2.8-3. 18 -18.7
Bakelite XC-11749 Kons H 3.9 2.6 2.4-2.9 18 3.1 2.3-3.2 18 +19.2 2.5 2.1-2.9 18 < 3.9
Bakelits XC-3931 None H -5 3.2 3.1-3.3 18 3.4 2.5-3.6 18 +6.2 2.8 2.7-3.0 18 -12.5
Oatabond 200-C2 None R .6 3.5 3.2-3.6 18 3.8 3.7-3.9 18 +8.6 3.0 3.0:3.1 18 -14.3
Durez 12041 None H 2.0 3.3 3.1-3.4 18 3.4 3.3-3.5 18 +3.0 2.7 2.3-3.4 18 -18.2
Cnlcaphen 1.1'-67 s$ n-18 ¥ RS 2.7 2.4%3.0 6 2.6 1.2:3.9 6 -2.7 2.3 2.0-2.3 6 -14.8
Tego . None q 8.2 3.0 2.5-3.7 23 2.8 2.56-3.0 ] -6.7 2. 2.8-2.9 ] -3.3
Alberlltl PR-14 None H 8.4 3.0 2.7-3.4 18 3.6 2.9-3.7 18 +20.0 3.0 2.9-3.2 18 [¢]

C. Other Resins

Laminac 14 benrzoyl peroxide H . 7-4.2 18 k.0 b1 18 +2.6 .6 3.3-4,0 18 -7.7
Laminac : lz huro;I gsruxida R E g E? E 5,1 18 4.8 %.5-3.5 18 +2.1 Pt.? J.sz 18 -16.%

Lt



TABLE V.- EFFECT OF pH ON DELAMINATION OF RESIN-BONDED BIRCH PLYWOOD

Commerclal Deslgnation Classifi- PH of Unaged
of Resin Catalyst Added to Resin cation Panel
A. TUrea-Formaldehyde Resins
Uformite 430 10% "z» R 2.0
Uformite 430 10% "Y* R 2.4
Plaskon 201-2 22 LV R ;.2
Casco 5 5% “AA® R 4
Plaskon 250-2 None R 3.6
Plaskon 107 7% *B-7" H E-S
Plaskon 700-2 164 modifier ¥ .6
Uformite 430 None H 4.6
Casco 5 None H 5.7
B. Phenollc Resins
Catabond 290 11% hydrochloric acid (27.8%) ¥ 1.7
Durez 12041 104 7422 | 1.8
Durez 11427 104 Thez '] 1.8
Cetabond 200-C2 11% hydrochloric acid (27.8%) M 1.8
Bakelite XC-3931 E% AK-2997 M 2.7
Bakelite XC-11749 54 AK-11753 R- 3.1
Catabond 590 None B 3.6
Bakelite XC-11749 None H 3.9
Bakelite XC-3931 None H .5
Catabond 200-CZ None H 4.6
Duregz 12041 None H 5.0
Cascophen LT—SK 8% M-18 A 6.4
Amberlite PR-1 None H &.4
C. Other Reeins
Laminac 1% ‘benzoyl peroxide H 3.7
Laminac 14 lauroyl peroxide H 4.0

Condition of 8pecimen after

Delsmingtion Test®
Unaged ven=-Aged ven-Fog-Age

Panel

b1}
(2}

= LR ]
U§U§UUUUUUUU
L e e R R B e e B R )
S, P S S P PN N, P o,
RN AT UTUIN AN WA AN

ND

B

20y
0

&The specimens were subjected to 5 cycles of immersion in bolling water

and drying, described on page 8
cycle in which observation was made.

D = delaminsted

8D = elightly delaminated
ND = no delamination

B = brittle

F = flexible

Fi

gure in parenthesls refers to
Abbreviations are as follows:

Nl "t " M el Nl N o o

Panel

:

=
22

at
gUU

a0y

o0y

Panel
(1
p(2
D
o3
Diz
D(3
M3 F{5)

Dgl s

r
D(1
ND;B(5)
ND;B(5)
ND;B(5)
§D;B(5)
ND;B(5)
RD;B(5)
ND;F(5)
RD;F(S;
ND;F(5
ND;F(5)
ND;¥(5)
¥D;B
mipte)

gy

ol

Cor=Ii

Bl

VIVN
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TABLE VI.-- EFFECT OF CATALYST ON FLEXURAL AND IMPACT STRENGTHS OF RESIN-BONDED BIRCH PLYWOOD

Loas in Flexural Stunﬁgh" Lou in Izod I-E;gt str'nggh
Commercial Designation pH of Unaged Unaged ven—-Age ven-Fog-Age veu—Ag! Oven- ogl-Age

of Resin Catalyet Added to Reein Panel Panel Penel Panel el Pnne
A. Urea-Formaldehyde Resins

Uforeite 430 N(o);e l{-.& —_— -— -i- — — -I(_)-

10% *Y* 2. 0 9 0
105 *z* 210 37 i 4 3 26 2
104 Ammonium Chloride 1.9 2 51 61 33 k6 ]
Casco § None 5.7 — -— -— ——— -— —
5% "AAM 3.4 11 27 26 27 50 32

B.  Phenolic Resins '

Catabond 590 None 3.6 — -— -— — —— —
114 Hydrochloric Acid (27.8%) 1.7 56 51 57 : 62 79 72
Durer 12041 None 5.0 _— — -— P — —
10% 7422 1.8 21 28 43 30 38 1
Catabond 200-C2Z Kone 4.6 — — — —— — ——
11% Hydrochloric Acid (27.%%) 1.8 51 51 61 60 68 63
Bakelite XC-11749 .1 .9 _— _— — — —— —
¢ 7 ugiexx-lusz ;.1 25 37 L5 23 36 kg
Bekelite XC-3931 None ' 4.5 — — —- —- _— —
3% XK-2997 2.7 27 35 53 3 59 k6

® Decrease in strength for the unaged, oven-aged, and oven-fog-aged panels,
reepectively, is calculated on the basis of the strength of the unaged,
oven-aged, and oven—fog-aged panels, respectively, made without catalyst.

6t
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W g ke

Pig. 1

NACA
Urea~formaldehyde
resin
Resin Catalyst
1, Uformite 430 10% NH4C1
2, Uformite 430 10% 2
3, Uformite 430 106 Y
4,. Plagkon 106 A
5, Casco 5 5 AA
6, Plaskon 250-2 None
7, Plaskon 107 7% B
8, Uformite 430 None
9, Plaskon 700-2 . 16§ Modifier
10, Casco 5 None
24,000
4 |10
F 8a )
3
22,000¢ 59
- 3
s E
o -
g 3
~ 3 o5
< E
~— 20,000 E 2
= F /
% 3
s : ;
+ 3 é Cl
] .
- 3 4
‘é 18,000 '
o F
=t 3
P 3
16,000 F Z
- /}3
3
3 29
14,0004 —
ElL.-Lu'u lLLLLlA‘Z aas b iaaal g adag EYVETTE [NUNERYUTE AUTRUITUIU SPOTUATINE RARRR AT N
0o 1 2 3 4 5 6 7 8 9
PH

Figure 1.
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NACA

Fig. 2

Uresa~formaldehyde
resin
Resin Catalyst
1, Uformite 430 10% NH4C1
2, Uformite 430 106 2
3, Uformite 430 106 Y
4, Plaskon 10% A
5, Casco 5 56 AL
6, Plaskon 250-2 None
7, Plaskon 107 % B-7
8, Uformite 430 None
9, Plaskon 700-2 16% Modifier
10, Casco 5 None
24,000,
3 10
F ) - ) 8o
- / 9
22,000 f- A %
= 60 '
. é"'""_'"_ '''' T o
& = 7
a d 05
£ 20,000F — i
< 3 ? 4
l|l E
g 5 =
o+ =
%) -
5] I
o o
R =
o 18,000: -
—- o :
] = // !
i E 3
ol =
16,0005
- /2
g b
14,000F | o
Pl ey u..lu/u Jistdiang |ouhurnnluulnulnu RYRRERNTY et bersata
0 1 ] 3 4 5 6 7 8 9
pH
Figure 2.



NACA

4.00

- 3.00

thickness) ft-1b/in.

a4
L]

o
Q

Impact (breaking energy

1.00

_Figure 3.

] l 9

: | °

g !

o— A e~

-

- /

3 (10

- oy

o ?0

= Urea-formaldehyde

= | ~  resins

-— T Resin Catalyst ~ |

~ 5 | 1, Uformite 430 10% NH4Cl

= o 2, Uformite 430 10% 2

= g T 3, Uformite 430 104 Y |

3 6 | 4, Plaskon 2% A

= i 5, Casco 5 56 AA

= 1 i ’ /

- e - 6, Plaskon 250-2 None E—

3 /]CB | 7, Plaskon 107 " B-7

3 ! 8, Uformite 430 None

B 9, Plaskon W00-2 16% Modifier|

c 10, Casco 5 None

ELLLLLu_u__g_u_;_Lu_uron_nlun cebiepd o b bes uliag U dasgg b b tegn

0 1 2 3 4 5 6 - 7. 8 9
. PH
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