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ABBYTRACYE



This th;aﬁ.a presents results on methode used to produce a
hard surfoced wood product. Thoe mothods involve the parting of the
wood fibers on the surfave by & speoial serrating tool, followed by
surface inpregeetion and final ouring. The serrations on tho wood
W produce en artificlal grsin upon suring.

A prelimdinary investigation was made Yo improve the robe
resistancs of wood by a gaseous trestrent. Results of suoh troatments
show sore Mirmited suseess with formaldehyde en yellow poplar and warrant
further study.

An investigetion wap made to find a substitute for tesk wood
used on submeeine decking. A number of combimations of woods and
impregosting agente were prepared and tested wmder simulated ocecen
condiitions. The results of these tests indloste thet & maplow-mmbogauy
lardnnte, wheo breated with the propor agent, will compero favorably
with boak.

The optimm ouring oconditions of several phenolio resin ade
hesives are presented as determined by an acoctons extracting

m‘wmmmmfwmwmmgmmw
extrestion precodure by an x-roy diffraction method. Xeray diffrsction
pattorns are pregented of wood, <L =oelluloss, and a phenolic adhesive.

The visoosity charaectistiocs of mixed Cascophen LT=-G7 phonolie
aidhogive sre piven. Thoso viseosity correlations are based on the fiow

of meteriel through an orifice.
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I. SURFACE IHPRECGHATIOE OF W®WOOD

IETRODUCTIOR



Vood is ono of owr most abundant matural resources. lowever
it has beon 1limited in its uses becsuse of osortsin ivhereont propertics,
suoh as low strength and low resistarse to dimonsionsl changes, deosy,
and chemicals.

It hag been found that Lopregnating wood with symthotic
resins greatly improves the proporties and produoes & herd, drensionslly
stable product, with = high comproocsive strength. BSuch products, though
having inmmerable uses, are brittls, low in resiliomse, and difficult
o gluc or fasten.

It was therefore desired to produse o produst having a hard,
dense, water ropellent swrface, rosistant to marring and grain raising,
and with e soft core to provide the desired resilienne. This has boen
ecsomplishod by producing o plywood of compressed resin troated face
plies with an uncomprossed core in & eingle eperation. Such an
asserbly is made possible by the plastiecising setlon of the rosin
forming oconstituents in tho troated plies. Little or no comprossion
talos plase in the dry, wntreated core.

The objeot of this rescarch was to simplify this procodure
for produeing such a product by impregneting tho surfece layers of a
801id plece of wood and to produse the hardened swfaces as an inberral
part of the wood sootion.



HISTORICAL



ey materdals and methods to improvoe the propertics of wood
have boon investigeted. Creceoto has been used for years &g & SUCCOSHe
ful wood proservative and many othor chomicals have been found o bo
toxic to wmin wood destroying organisus. iHowever not until recent
years with tho developmont of gynthetis resins hes any defindbo otep
been made to improve wood to the oxbent of producing a strong, wifom,
and durable saterial whioh could ta&w its plase along side that of
plastics and metals,

%alt sclutions (1), oils, waxes (2), and rany other matorials
have boen found to rebtard tho rato of sbsorption of moisture in wood,
thoreby ceusing a tonporary reduction in swelling and shrinkege. laber,
Stamn and Seborg (3) report a permanent desrcase in the dimensional
shango of wood by aynthotioc resin loprogmation. Thoy (4) hawo reoported
a mothod of producing ovmpregnsted wood using s phenol formaldebyde
type rosin and have deromstratod pany uses for such a produwt,

The DuPont de Homours Company (6} has produced a dirensional-
iy stable wood by impregnating It with direthylolurea in o method
sicilar to that of the phencleformldehydo rosiue
' Regently Starm and assooiatos {G) have suocooded in ubilizing
the resin proporiies of the lignin to produce a hoat-stebiliszed com-
prossed weod. Tho wood 1s comprosced wnder such conditions that will
eause a sufficlont flow of lignin to reliove tiw intormal sirosses.

The produst is not so stable as sorproguuted wood, but it doos possoss
sovernl superior qualities including a notably groater impust strength.

Pailey and asscoiates (7) have presented data comparing the
rolative merits of various resin treated wood products.
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Yood is oomposod of miorosecopie orystallites, (mloelles)
linked together to forn cells, in the shape of hollow spindlewsghaped,
alosed ond tubes. Sine the materisl ocompoaing the oell walls is
primarily sellulese, it is very hygrosocplioc and suscoptidle to swelling
with molsture.

This swelling and shrinkage can be redueed oconsiderably by
irpreguetlon with & gynthotle resin. However sinec the oell wall is
the hypgroscopic metordal, }t is not sufficient to diffuss the resin
into tho eavitiecs, for this would produce only a nwiber of hard non=-
hygrosoopie resin particles hold togother by a nonesonforming, hygro=
soopds natrix. It is neoespary to diffuse the resin inte the sell
walls whore it oan eithor form e bond with the wood fiders snd thershy
ellmipato the hygroseoplly of the micelles, or completely bind the
entire structure. The penotration of thoge oell) wslls requires a
polay or semipolar sudbstance of low moleoular size with an affinity
2&“ oellunlose and ligndn moleoulos. Such a substapce has been fowmd
in tho synthetio regin of the phonol forsaldehyde type on which the
eondensation has beon arrcsted at an oarly stege.

Such & reosin may bo used for swface irpregnation; howevor
mlike total imgregnetion, the penetration rmst be wholly fron the
faoe of the wood sinos 1t is dosired to harden Just the surface.

The surfamce hardening could dbe realised by euring the product undor
eleovatod preossures and tenperaetures. Since only the surfaece is
troatod, upon applying heoat and pressure the plastieizing action of
tho resin should cnuse the surfacse to be corpressced and herdencd.

The wtreated core chould rotain 1ts original softucass and reeilienco.



EXPERIHENTAL



This work is a continuation of the preliminary investigations
of Saora (8) to dotermine a rethod of surfacs Lrpregnating wood. In
his invostigntion Saore found that serrating or separating the wood
fibers st the swrface greatly aided resin penetretion, and upon curing,
it produced an artificliel grein. Howover he tried only atmoaphoric
gsoalting of the wood in the resin solution and failed to get a uniformly
irpregnated surface.

In this investigation three mothods of irpropgnation were tricd
in en sttempt to soquire a wmifornmly surfeco Lrmpregnated product:

1} Ateospheric imersion 1.0., imwersing the semple in the
regin selution for a given longth of timp abt atwmospheric prossure.

2} Hydrostatio pressurce i.o., immereing the sample in resin
mimrwam length of time under pressure.

3) VWood comprosalion, $.¢., the wood ssmplo is corprossod
and released in a resin solution.

A comparison of wardous rosins ard different woods was also
mede using the 3 methods.

In all three rothods snface serrabted wood samples woro
tested. Theao serrations wore made in the fiber direction on both
faces by pessing the samples between two rellors each hawing a serics
of oirculsr knives. These knives were of hardoned saw stoel and were
ground to a fine odgo.



he ATHGSHIERIC IIRERSION
APPIRATOGS
iaboratory clectrde ovens were usged ag kiln driers. A
rmanuslly opersied hydrsulie press, rede by the Charlss D. Frances
Company, was uvased to oure the trested sarples. The pross had
slectrioally heated platens ocontrolled by thermoetats snd was
sapable of standing a 50 ton totel preassure.

A

Finished yellow poplar (6 x 3.6 x .9 inohes) having V
shaped serretioms 0,08 inches apert and 1/16 inoh deep ruming
the lenghh of the wood wnas used as test specimons.

Amberlite PRRS, a phonpl formaldehyde type roain ocon-
taining 30 por oont solids in & water solubtion, was used firet ag

ivprognating sgont; and later PRS0, a elrilar rosin, wes alsc used,

Dimethylolures (D.i.U.), oontatning three parts dimethy~
lolures, ono part wes, and twolve parts weber by woight, was also
usod a8 an Lopregnaliing apenb.

Ae Amberlite, PREZ3
‘foo sories of woud gsamples wore immersed in the rosin,

one complotely and tho other to one half the thioknoss, for 6, 12,
and 24 hour poriods. After imersiom, all sarples were subjected
to 2 24 hour diffusion poriod in a nanedrying atrpaphere and them
oven heated for 24 hours at 1459, Following this drying peried,

-~



the cerpleos were somprossod ono half hour st 300° F.with s prossuwre
of 1000 pel. In the euring of the samples irpregnsted on one side,
only the trested side was subjested to the Mgh torperaturs. The
othor wes held at room temporsture. 4ll heeted platens were ccoled
below 220° F. before the proseure was roleasad.

A11 samples hed a hard, roddish brown high gloss surfece.
Howover in every oase the penotration was nover dooper than the
serration, and the diffusion in tho latoral direetion was wery slight.
Thus the wood botween the serretions had only e thin coct of resin
anelagous to & probootive ocoeting and vas totally wmsatisfactory ae
an irpregmated surfaca. '

Imprognation at eleveted vemporatures (100° ¥.) was tried
but penvirated tho wood only slightly.

fon wag wneetisfactory, tho eame tmo sories of

togts at room temperature were run again btut with soro fresh FR23.
The semplos were cured by cogmessing gquiskly from 0.9 to C.6 inches
et 3000 F. snd hwld for one half hour; then the platens were cooled
to 220° ¥, and the pressure relessed.

Tho resulting penetvation wes only slightly betior with this
wmder & low power rdorossope indisated that <he resin was mot so fully

oured as the £irst batch mder the sare conditions. It stlll) had its
original red color as compared to the blsok oolor of the cured older
resin.

10
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thoese tests indleate quite oonolusively thaeb abrospherie
imwersion,using PRIS on yellow poplar huowing the deseribod serration,
is unsatiafaotory.

Alwinun, tin, and steel wore tested for ues as osuls to
distribute the hest ovenly snd Yo impert a swooth, herd, picssy
gurface 5o the wood upon curing. All $iwse irperted very good
surfage, 1f thoy were polishod, but both the alumdnun and tin hed
more of & tendemcy to stiok bo the spooimsn than the harder stoescl.

A1) the serratioms up to this tioe were suoh az to produse
one vortionl sut and & dagonally squoesed scotiom on the othor side
{(Figure I upper right face). Sinse the resin ponotration socred to
be govorned by fw serrations, it was dooided to determine the
sorrating sotion which contributod most to the acoeptance of tho
finid. Asoordingly, cubbers were arranged in a specific but irvegular
memer to produee o kvown pattern of outbing and sgueezting eotion.

Hon of sumplos hewing this frrvegular patterm showed that tlw

oontour of the diffused resin is quite strdlar to thet of the serrating
Imife (Figwe 1)« In other words, & squeesing sobion on the surfase
mberially aids subsequent diffusion, end therefore a broad shallow
sorrabing teol is to be desired.

Be MMZ Urea {ﬁ@g_ﬁﬁu}
Serroated semples were immorsed in the resin solution for &,

lzgaa@d%}mw&sﬂﬁhéﬁ‘ﬁzMMQdaef%, 48, 72, snd 6
hours (total 12 semplos;. Theso were then plased in & hot platen
pross and corprossed from the originsl thickness of 0.9 inoh to 0.75
inch aith the £imal thickness held by steol stop blooka.



F‘!.g. i.

The Effect of Serrations on Surfecc Irpreghations.

12



Examination of the twelve speelimens showod no apparent
difforonse m.aimr Mingﬁmwdﬁmﬁngﬁm. 1.0, 8 8ix
hour soak and twenty~four howr diffusion pericd produced o sarplo
- wisuslly somparable to a itwenty-four howr sonl, ninety-six hour
diffusion. The samples sll had svooth, hard swfeeos, but the
degroo of penotration iv cach sarple sould 2ot bs detooted bevauocy
of tho similerity in color bobtween the D.idl. and wood,

Eaoh of tho sanpleg wors subjeoted to a drop surface
moisture test with the water spot ccotinually replendshed as it
disasppeared. Thore was e slight raiee in grain under theee conditions,
but it was definitely loss than on & control spociren of untroated
woode

Beoousp of » dafeot in the mress, one of tho above samplos
wae heatod & oonslderable tirw bafore belng somproased Ho 0475 inchs.
Upon exardnation it wes found thet this seuple hed a relatively low
of prossure upon the finsl owred products.

A set of D.HLU. soaked and diffuscd (24 hours ~ 24 hours)

sazplos were oured at the sarm temperature for the samp lompth of
tims but with pressure spplled at varicus interwels of oure (Table I).
A similay sot of plain wabter aosled specioens wes also preperod.

The results on the DU, samples, tabulated in Teble I,
show that at constant temporature, time, and percentage corprsssion,
the eompressed wood aree is practioally eonstent regerdless of
varinnoe in rethod of applying prosawre. It can slso be soen that
as the tire of heating without pressure imeroases, this hardened



gorprossed wood area moves from the surfaoe towards tho interior

of the wood. This phormomenon, though alse prosort in the watey
onouneed in the D.iLU. treatod because

goalced samples, is zore
of the ouring ection of Yhe roein upon heating.

These rosulbs are showm plotordally in Pigures 2, 3, 4,
and 5, the compressed ares being the dark portion having the wavy
medullary rays. It is evident that the bardened comprossod sres
is ecaused by & bonding during the procedure snd is prodused only
in the seotion subjecbed to boat, pressure, and plastisizing agent
simltencously. Consequently for surfaco impregnetion the preesure
at fioal oure should bo epplied immediately and quiekly to insure
& hardoned surfoce and soft core.




T/BIE Lo = PRESCURE CURING OF IHPREGHATED WQODH.

Detlelle Treated Yellow Poplar

Hothod of Compressing

Ins Quickly preossed by 300°F, platens to
076 inch stop bloeks, prosoure and
heat retained for 1/2 hour, ccoled
to 2000F. in pross.

Ibs Surfaces brought in contsot with 500PF,
platens for b minutes then pressure
applied and eanple finished as Ia.

Ios Surfaces brw@x‘h in contaot with 3&@%“&;
piatens for 10 minutes; then pressure applied,
and snmple finfshed ap Is.

14« surfaces brought in comtact with 300°F,
platens for 16 rinubtesy then prosoure
applied,end sample fintshed es la,

Resulbs

The sample showed a hardenod outside edge
8/32 4noh (approx.) with hard compressed
wood charssteristies (Figure 2s.).

The sample hed & soft exterior with a harder
sorgressed woud aree begimning about 6/32
inoh from the outside swrfaces and extonding
almoet to the centor of the socoticns The
serretlons wore opon and unbonded contrary
to conditions of Ia. (Figure 3a.)»

The sample showed egaln the sof't exterior
uhoee arog oxtended towerds the cepbter about
1/4 inoh and then & herd seotiom extending
towards the certer 3/32 inoh (Fipgure 4a.).

Cooparable to Ie. exoept that tho harder
aroe had shifted to the conter (Figure Om).

4 sipdler set of plain water troated spocimeons was prepared. The results were
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woed as oan be seon iy FPigures 2b, 3b, 4b, snd Hb.
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Dellale Imprognatod, b) Vater Sosked.

Prossure Applied to Yellow Poplar After § Minutes Heating (lage 43).
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a) Delislse Ifmegl&tedo

Fige 4« Pressure Applied to Yellow Poplar After 10

b) Weter Soaked.

inutes Heabing (lage 4X).
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a) DJiUs Impregnatod. b) Tater Soalked.

’

Fige 6« Pressuro Applied to Yellow Poplar After 16 inutes Hoeting (imgs 4X)e



Be HYDROSTATIC PRESSURE

APPARATUS:

A gteol prossure oylinder (six inches inside diametor and
tmenty-four and one half inches high) with pressure gnuge, pnomatio
progsure comections, and a stainless steol buoket, was used in the

improgration of the wood samples.

AT RIALS:
Yollow poplar (4 x & x 9 inohes}.
Amcorlite PR23, a powdered phenolic type roasin (30 parts by
weight) plus weter (70 parts by weight). Totsl solld 30 persent.
Pepmatex lo. 2 used as an end seslor.

PROCEDUHE :

%ood sumples were placged in the bottom of the stainless stoel
bucket end irmprsed in the irgregneting sgent. A meumatic pressure
was then applied and after a pre-dctorrdned time roleased suddenly.

The samples were thon air dried. 21l ouring wes dome at S00°F. = half
hour oompressed from 0.9 to 0,756 inch.

ATA ARD RESULIS:

A sample (oontaining all sapwood) subjeotod o impregnation
under 85 psi. for one-hall hour was found to be thoroughly impregnated.
The time wasg cub dowmn to § mimstes, but there was gtill sore ond
penetration extending the longth of the piseco. Ponotration fron the
faces oxtonded to an avorage of 1/16 inch doep though it was not



uniform. Slde ponotration wes negligible. Final oure produced hurd
surfeces about 1/20 inoh and left the rost of the wood, including
that ﬁhmz had beon treated by longitudinal ponetration, soft.

Sinee wood is more susceptible to longltudinal penetration
than tangential or radiel, the high hydrostatic pressure acoelerated
this ond penetration without greatly affecting the other two.

1t was therefore decided %o seal off the ends of & sample
with Pormatex No. 2 and subjeet it to the ssxw conditions as the last
sample; 1.6., inversion in rosin under 85 pei. for § minubos. The
regult wag a product having o ond diffusion but wiformly ime
progoated facos 3/32 inch thick. Final ouring produced an exvellent
safose irpregoated product that had hard surfesss, each approximto-
Iy 1/30 inch thiock and & soft coro. The sucoessful results were
affected on poplar conbaining all sapmoods It was then deoided to
doterpine thoe ponetration in the heartwood. A sanple having s plain
heartwood surfacs snd another containdng a serreted heartwood sur-
face were subjocted Lo preseure irprognation of 856 psi. for five
minutes. Both suaplos were ond sealed before treebmont. o
penstration ooourred in the plain hoartwcod surface, but & uniforn
surface penctration 1/8 insh thick ccourred in the servated heartwood.

Additional btests noosasary to cofirm these suocesaful roe-
gults had to be carried out using FR=G0 resin ns the mamufacture of
PR=25 was stopped. However since the PR-50 did not irpart any color
o the wood upon Lrpregnation, sn atberpt was pade to £ind a sulbadle
dyo.
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the Pollowing ochemleals woro tested in a PR-50 solution

{807 solids).
Carbon Black (27 by weipght)
Laop Black (27 by weight)
Anilive Blue { 1 gme por 2 liters)
dothylene Blue (1 gne por 2 liters)
ipthylene Hydroohloride {1 gm. por 2 liters)

The sniline blue, methylens blue, and methyleme hydroe-
shloride proved suscessful in giving the resin e green oolor which
penetrated into the wood with the resin. However, upon ouring the
groen oolor disappeared, and tho rosain bovsrw pmractionlly colorless
againe

A3l the provious swocessful results were et 86 psi. The
offoot of verying this pressure was nom dotervined. Fowr serrsied
poplar serples having only sapwood wero end sealed, imwrsed in e
PR=50 solubion oomtaining sniline blus (1 gme per 2 liter), and
subjeeted to 20, 40, 60, snd 80 psi. reapeotivoly for 10 mirnutes.

The layers of Liprognation veried from 0.08 4o 0.15 inch
in all fow swuples and no veristions with pressure could be found,
This indtcates that in the short timo of treatment tho resin iz easily
diffused through the serrated wood surface ~ a depth of 0.06 to 0,07
inch « even at low pressures but that past the depth of serration
the rete 1s too slow to show varistion with pressure. A lonper period
of %imp to show this variation iz not warranted sinec a depth of more
than Oel8 inoch is undesirable.




DISCUSSIE:

The hydrostatie pressure method 1s sn easy, guick, and
effective way of surfece Lrpregnating sapwood provided that ond
diffusion can bo prevenbed. However this mothod is of no use on

wood containing hoarte surfaces unless thoy haws beon serrabed.
Thege sorrations tond fo malo it possible to produce & mwro
widfornly impregnated surfsac with little differentietion botwoen

The pressure and corrosponding time wro with the
dfforent woods and resing; however on yellow poplar using FE-23,
85 pede (gaugs) for 5 mimtes was satisfactory. In comweroial
practice the time may be too short and so a corresponding lower
ressure end longor time may be substituvied. A presswre of 20 psi.
(cauge) for 10 minutes proved satisfsctory on yellow poplar with
PRw5D



Ce W0OD COHMPRESHION

APPARATUS s

A tin pan was used ag & copbaiper for tho wood and resin
solution. A hydraulle press nade by the Charles U, Franols Come
pany {ses Page 9 ) was used to apply pressurc and flat stoel bars
of different lengbths and widths wore omployed to trensmit this
propoure to wvarious parts of the wood sarples.

HATERIALS ¢

Yollow poplar, both plain snd servated, was ueed as tost
samples, The sorrations were the corwontionsnl V¥V shaped sorrations
.00 inoh deep and 1/16 imeh apmrt.

Amboriite PR 28 was used as inprognsting agente.

A sarple was ladd £lst on & stuel bar in the resin solution,
and an identloal bar was plased on its top surfeco direcotly sbove the
bottor plece. This assenbly was thon plaved botwoen the platens of
the preoss sad preassure wag appliod %o compross the wood to e dofinite
thicimoss, Aftor compression the prossure was roleassd, but the wood
wes kept immersed in the solution for dofinite lengths of tire. The
sarples wore than sir dried opo day and sawed in two. 411 ourding wes
dano {after alr drying) ab 3009, for a half hour at a pressurs
necessary to compress the wood from Gef Inekh 4o 04,76 inch.



PATA SED RESULIA:

/4 sorrated sample (4 x 5=1/2 x 0.9 inches) was soslmd 48
hours in vwaber before being comprossed in the resin solutian 4o 0.6
inch. The earplo was allowed to ropain its originsl thickness bo-
fore 1t wes removed (24 hours). 7Tho pmtwitration of reosin wes
throughout the thiokness; but it was very non uniform, and theve
wag indicabion that s great emount of ond diffusion took plece.
toonuss of the great smount of inpregnetion, one day air drying
wag not sufficisrd; and uwpon curing, the resin extruded almost come
pletely loeving only a vory thin surface layer.

A plain semple (4 x 3~1/2 x 0.9 inohes) sonked omly 1/2
hour in water before trestoent gaws sindlar rosults exvopt thet tie
ponstration from the feten vas noglizible which shownd conolusively
that the rosin hed followed the fiber axls direstion,

4 serreted sarple (4 x 5-1/2 x 0.9 inches) wes ooxgreasod
in solution to 0.75 inch. The results were siniler to those of the
othor ssmples. The penstration was throughout but very non wiform.
A gosond sample treated the samo way bub having its ends soalod
{Permatox No« & - seo Page 20) had end perwtration of shout 1 inch.
Exndnation of the mid seotdon showed thet surfuce inmpregnation wes
not uniform, and varied from 0.0 to 1/8 ineh in depth dopending on
its position with resgpeot to the serration. The oross ssction rew-
sorbled that of an atmosphorio soutod samplo; however, thoe diffusion
fronm the serretions into the wood wore more pronownved in the

formor.



Tue serroted ssrmples (8 x 1-1/2 x 0.0 inches) were placed
betweon two £iat iron bars of euch longths thet mhen pressure was
applied all but an inch from sech end of the serplos were surgrossed.
They were coupressed to 78 inch them relesged and allowed o sosk
for § minvtes snd 24 hours rospectively. In both samples the
longitudinal diffusion extondod sbout 3/2 inoh from cnch end, and
extended lsternlly into the wood for sbout 1/4 inoh, However the
surfase inpregoation of the 2¢ hour saxple was wore uniform ex-
temding to & dopth of 3/32 of an 4ineh from sach face, whoreas the
5 minute sample had irpregnated faces varylng from 1/16 to 53/82
inoch doop.

It has been shoum that = surple & Inchos long comprossed
40 0.75 inch enccuntors and diffusion throughovut. 4Also 4t wms
noted thet comprossing an § fnoh length in widch an inoh from each
end was not subjooted to preseurs osused only 3/4 inch ponctretion
from the ends. It was thorefore declded Yo determine how far tho
ond diffwaion sotuslly proceeded when the whole sample is subjocted
to corpression,

Tuo serrated samples (6 x 1-1/2 x 0.9 inches) wore com-
prossed o 0,76 inok, released iu solution, snd allowed to soek §
rdmutes and 24 hours respectively. The § minube smmple had fme
prognated fooes about 3/52 inoh thiok. Hide pemobtration was loss,



and longltudinel was about 3/4 inch. The 24 hour sample showed
alightly oore wmiform sarfoce lmprognation, but lonpgitndinal
penstration extended the whole length of the plooco.

From theso tosts 1t san be seen that (1), s souking
poriod aftor troatment is nooessary to insure proper mufece
irpregoation; (2), this prolonged irmersion csuses a groat amoumt
of end diffusion; (5), & compression of 0.2" in 17 of wood ihioke
ness gives the neocessary surfeoe layer.

It was therefore dosided to sbudy more closely what
heppens at the surfase subjeoted to pressure.

Two sarrated semples ( 8 x l~1/2 x 0.9 inches) were come
prossed to 0.76 ineh only st their conbters by mouns of flat dars
abows and bejow oxtending the width of the pieces and 1/2 inoh of
their lengths. One samplo was scaled & minates afbter cormprossion
and the other 24 houwrs. The § ninute sample showed diffusion inte
the serrations throughout tho plose, and st the srea of corpression
2 thin wifornm layer of rosin sbout 1/32 inoh thick on each fase.
In the area of compression of the 24 hour sample & wdfornly in-
progoated surface of 1/8 imsh thick cxlsted on cech fuse, Upon
oxaminntion of this srea it was found that the resin had porwtrsied
from the feoes to a dopth of 1/0 imoh snd them travelled lonzitudinale
1y a small distanco cach way.

Fron these lsst tosts thore is indlestion that surface
irpregoating wood by & method inwolving ectual compression of the wood
in the resin is fonaible mnder controlled conditions.
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D. COHPARISON OF VARIOUS WO0ODS FOR SURFCE IHPREGIATION

This fowrth part is divided into two seotions:
he Pffeot of Hydrostatis Pressure Irprepnation on Vardous
B. Effoot of the Throo Impregnating lethods on Yellow Popler
and Blsok Gum.

A1l suocessful resolts reported using the hydrostatic prossure
and the wood comproasion zpthod were on PRl 23 treated poplar hoving the
oonventionel V  shaped sorvations. Howovor, both the resin anmd type
of serration were mmde unavailable before sufficient date ocould be
scoumlated.

1t mna therofore nogessery Yo use enoihor roain and & diffor=
ent kind of serratien in carrying out this additional work. 2Amberlite
PR 50 & liquid phonmolic resin (307 solids) and V chaped sorrations
1/16 inoh deop snd speoed 1/B inoh apart were chosen.

Ae Effoot of Tydrostetle Pressure Irpmepmation on Verious Yoods.

YODE TESTEDy
Black Gum - Containing both hesrtwood and sapwood,
Baags - Contalnding both heartwood snd sapsood.

Aspen.

Cottormood.

Hoth plain and seorrsted ploces of each species approximbely
10 x ¢ x 0.9 inchos were tosted.



PROCETNIRE ¢

The wood samplos were ond sealed with Permatex fw. 2 then
imrorsed in the PR 50 rosin wnder e prossure of 40 psi. for 10 mine
utes. Aniline blue was added to the resin {1 zne por 2 liters) to
impart & color to the wood. All samples wers air dried 1 day end
then out porpendioular to the grain to obeerve the depth of pons~
tration.

RUSULTS

Plain blaok gom showed no panetration in the hoartwood
and about 1/16 imsh in the sepwood. The merrated sorple showed
wniforn ponetration of approximmtely 1/8 inch eeross both hoart-
wood and SRPWOOD.

Plsin bess wood shovod penetration es deep ns 1/4 inoh in
boch hoarteood, and sapmood; however there was indieation that the
doep penotration wis due partly or wiolly to end diffusion indlesting
that the Pormetex is oither an ineffioleont end soaler for bass wood
or sons end grains were exposed on the facess In the serrated sample
the resin diffused into tho serretions without rweh pemetration inte
the saywood and praotloally no pereiration into the heartwood. lHowe
over there was a slight ampunt of end pexwtration in the heertmood
whioh extonded the whole length of the serple.

Plain aspen hed some penstrution sxbending as deep as 1/8
inoh, howevor rost of it mas unpenstratod. In the sorratod smple
rogin diffused into the serrations but nothing rore.




0 to 1/8 inoh, but the serrated smple, slthough having e similar
ponetration, was nueh ore ovenly diffused.

DISCUSSION:
Though in all the spesios tested, the results of the serrated
sarples were rore wniforn, only the blask gum cmphasized the merits of
serrations on hesrtmood and sapnood.
This wood soems to bo wery satisfuctory for exporizental
work &8 ite heart and sapwood ere vory distinguishablo.

B. Effoot of the Three Irmpwopnnting Methods on Yellow Foplar and Bleck Qum.

4 serrebed snd a plein sample of eoash wood containing both
heartewsod and sapwood mere subjooted to the following three tesbs:

1) Abmospheris immersion - 24 hours soak,

2) Hydrostatis prossure - soaked wnder 40 psl. poowratic
mrosoare for 10 rdnutes.

3) Viood compression = compressed in solutdon from 0.9 o
G758 Lol at the midesestion by flat steol bars 4 x 2 inches and then
released and allowod to regein its original thickness befors removing
from sclution,

£1) samples were ond sesled with Perratex Ho. 2. After
trostrent they were air dried for onc day, oven dried st a low tonpera-
ture (130°%.) for a few hours, end then out. A plece of each sarple



santaining both hoartucod and sapecod was then oured st 300°%. 1/2
hour, compressed from 049 to 0,756 inch,

DATA AKD RESULTS:

Abmoephorie fLrversion: Penetration in the sapwood of the
plain popler was non uniforn but oxbended in perts to & depth of 3/10
~of an fxwh. So diffusiom took plsoce in the heartwood, The serrated
poplar had & more uniformly Lmpregnated surface layer sbeut 1/8 inch
deep. Penetration into the heartwood osourred only in the serrations.

The diffusion in the plain black gun sarple was negligible,
and in the sorrated plece d4iffusion ocoourred in tho serrvetions dut
only slightly in the wood.

Hydrostatie Hoad: Poretration in the sapwood of the plain
poplar was about 3/16 of an inch tut absolubtely zero in the hesrtmood.
In the sorrated samplo the sapmocd was completely impregnabed, but the

The diffusion in the plain bleck gum wes irreguler warying
in the sapmood from 1/15 o 3/16 inoh and the heartwood from O. to
1/16 inch. The um’sad ssaplo, howewvor, had an Lipregwbed lmyer soross
the whole width warying from 1/18 to 1/8 inch 2nd upon curing gave an
vxosllont hard surfaco.

Yiood Comprossiont Penotrstion at tho srsa of somtsct in the
sapmood of the plain poplar was slichtly more than in the rest of the
wood. Howover the heartwood showed no pexwtration. In the serrated
saoplo, et tho area of oconbeot, lrgregostion of the sapwood ex
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to & dopth of 3/52 of an inoh; howover the heartmwood showed only
dffusion 4n the serrations.

81light penetration at the sres of conteot in the sapwoond
of the plain blaok g was perocphbible. FHowever woly diffusion into
the serretiens of both hoartwood and sapwood ocourred in the sorratod
ganple. A sorratod black pum spooimen comprossed to 0.8 inch instesd
ﬁc?g'wmmWWMa%mwﬁmaﬁm
o4 to & depth of 1/8 inoh apd tapered off towards the ends, its results
wore not comaeidered successful. Tho roason for this wes that in aone
pressing the sample the steel bars tore the swrfape fibers, and it was
bocanse of these broken fiber onds thmt the apperent succersful results
wore sbtudned,

DISCUUSION:

The resulte on the yellow poplar end PR 50 are erratic and
not sorpureble to the work dono using FR 23 resin. The larpe sowunk
of diffusion at stmosphoric presswre is wore than has ovor been en-
sountered before. However the results on black gum and PR 50 sube
startiatos all the work dome using PR 23 exvept the wood corprossiom.
This latter method did not prove muwcessful, but bocsuse the serrations
wore farther spart than in the previous work, the method carmot be dise
rogardod without further study using the original serraticns.
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FUKHARY AHBHD COHNCLUSIOHS



the suooess of stmosphorio Lmmersion 1s s fimetion of o
serrstions on the wood surfese. It has been shown that broad, challow
l‘v shaped sorrations placed close together are rwat fevorsble to our-

The mothed of curing s surface impregnated product detornmines
the finel relative hardusss of serfese and oore. If the prossure is
applied quickly and instentonsously with the heat, & hard swface product
with an Wmﬁ sore will result.

Hydrostatlio pressure provides an casy, guick way for surfeoce
improgoeting sapweod snd has proved smwosssful on hosrtwcod which hes
been sorrateds A proper end sonler will provent end diffusion. Houwever

it hes been fowd that the presence of rosin in the core does mot affect
the final herdness of the gpeoireon provided the prosmuye is applied
sirmltancously with the heat during ouring cperations. This is true bew
cause a2 hardencd swface is dependent upon the applioation of hest and
pressure simmltansously. Only the swrface is subjocted to such conditions.

A hydrostatio pressuro of 86 psi. applied for 6 rdmmes gives
the nocossery depth of popelration using irborlite PR £3 on yellow poplar.
fnd a prossurc of 40 psi. applied for 10 mlmutes is sultable for Arberw
1ite PR 50 on black gum.

Sinos vory lirdted susesss has beon mede on the other two

motheds - atmosphoric sosk and wood compression - 1t 1s recormwnded
that fuerther study be made. Serrations having broad, shallow ¥V shapes
and loouted close together should be tried,
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It ia also advisabls to mecomplish the wood oorpression
by peasing the mood through rollers subrerpged in o resin solution.
Sinee this spthod would more olosely resexlile commersial plent
oporstions the fonsibility of the prosess could be deberrdned

mre acourately.
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Sapaood iz the sleomrost and finest part of & tres. lowever
vocauss of its low resistance b fungl its usoe are lidted,

To increase 1ts vol resistunce 1t can be trouted with liguid
fungicides, but this necessitetos drying and control of warping. It
cun aloe bo trested with smthetls rosing, such as the phemolio aldew
hyde type, which also inoremse the stebility of the wood. IDtmover
tids rogulres not only drying dut ouring end is also expensi

The objeoct of this work has beon to male mreliminary
investimtions on sn inexponsive geseous Impregoation mwthod by which
the fungisidel properties of sapsood oould bdo improved. If the gas
sould o pade to react with the constituonts in the wood o form a
non losohabls toxic substenpe, the time end conbrol of drying, which
is neoessery for Wquwid trostoend
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BISTORICAL



Huch work hes been done to lmprove the propertics of
wood. The Unitod States Departmewt of Agriculture, Forest Products
ilsboratory, has publisghed many Dulletins and papers on this subjeot.
to aty great extent. In faot only ons paper oould bo foamd on the
gaosous trestment, This was by Stamm apd Hansen (9) of the Forest

with wood up to 186° « 208° 0., the shrink




THEORETICAL
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Tood {after deberkdng) is oomposad of sapwood and heartwood.
Sapmood iz that portion which still contains comw living tissues and
perticipates in the wital activitlios of the tree. As the tres con
tinnes to grow and indreass in girth, all the living oells in some of
the wood towards the inside die. This core of dead tissucs in the stem
ia oalled heartacod.

As sapwood is tremsformed into heertwood, verious organio come
poands are formed. Substances of this nature Dfiltrete into cell walls
in the fornm of amprphous doposits (oausing the color to darken). Be=
couse of this highor Infiltretion content, heartwood has prester donesity,
greater rot reslatance, and lsssor permenbllity.

The thwoory on vhieh liquid Groatoents are basged is similar to
thet which nature uses in ochanging sspeood intop hoartwood, l.e., the
imprognetion of the coll walls and cavities with s substanse which is
toxic to fungl or which will resct wAth the wood to beoome toxso.
Howover for pascous treetmont the substence is uot in substanbial

guantities to produce any effoct unless it undergpes s chordenl reasction
with the constituonts in the wood.

Sinve ocollulose, tho major constituont in wood, is very
suscaptible to dooay, s reastion whioh would change its charactoristios
to & more toxic mmbterisl would groatly inorosse the resistonce of the
material as & whols. If this conld not be obtained, it is possidls that




EXPERIBERTAL



The test ohanbor was of steol construction, 6 inches inside
diasmotor, 24.5 inches high, externally heated by a ges burner under a
two inch base projection. This gae burner permitted ressonsbly direst
oither heat or gag preferentially to one seostlion of tho trented speoinom.

4 Fred Corvor hand operated press with mumelly controlled
electrically heated pletens woas used to cure the garplos.

MATERIALS
Yellow Fopler ~ Three sizes were used, 8 inches long by 3
inches wide, and 0.75, 0.36, end 0.05 inoh thick respectivoly.

réde = Formaldehyde sourceo.
LAomondun Cerbonates - Ammonis and oarbon dioxide sourcs.
Pry lee,

PROCEDUHE

The gas generating substanco was placod in the bdottom of the
base projeetiom, snd the three sises of sarplos stecked teopee Pashion
over a0 that fumes produced thorein wonld aot on all spoolrens simdlare
iy. mwmmm«mmwmawrwmmmw
longth 'oi‘ 4 ofter which the vessol was soolod, mressure roleased,
and sanplos reomoved.



DATA LD BESULIS:

In the first tests with formmldehyde as the irpregusting pges,
7 grams of pareformldehyds per 100 grams of wood wers placed in a tost
tube in the heating spece; the oylinder was ecaled and the pressurc was
slonly raised to 28 psi. by heeting the peraforsmldehyds. 4 berperature
of about 15097. was reachod and mainteined for tuo hours. After the
saxple was oooled, the pressure was roloesed snd the wood removed.

Apperently oondensed moistre had oceused a stain on & portion of the
wood, but othorwise there was xo visible evidenove of shungo.

The following two methods were used in an attenmpt to detore-
mine chomieally the amount of formaldehyde absorbed or resctod:

1} The stendard Hydrogon Poroxide lthod for Lormmldelyde
solutions., The solution usod in testing wes prepared by soaking the
treated wood in & saturated potassion chlorate solution asidified with
nitric aoid.

2) The Fotasslum Dlohromate Procedure. In #ids procedure
aspproxiratoly & grams of wood shavings are sosked in o solutdom of 50
nl. weter, & ul. 5% potasslun diohrorete solutdonm, end 1 nl. approximate-
iy 12 H. hydroohloric acid. This selution is thon titrated using O.1 %,
sodiun hydrexide with phenolphtimlein indicator.

| Both methods proved useloss as the regults were too orratic.

Further impregnation sttorpls were mmde using formmldehyde

mﬁmmma{&mmﬁ {3 ole por 20 gme of formildelyds), and

with nitrio acid alone. A sample of wood was also run through thoe sase



treatment without an Asprognant for contrel purposes. In these, tests
ghts nore tekon on the 075 inoh thiock sample, and uith mpisture
content obtained prior snd subsoquent to imprognation, an attempt was
mde to welgh any galn.
It will bo noted in Teble II that there was an aspprecisble
loss in wolght of the wood whon heated in the oylinder without en

irmprognseyt and that & logs was slso found for tho othor two cases.
1t is noted, howewor, that the loss in the forver onse was groabor
than the latter although %o only o msil dogree. This might indloate
sore absorption, but it cannot bo connidered significent without
further proof.

Similer ssmples of wood were treated with e mizbure of smwonda
and sarbon dioxide gas penerated from amwnlun carbonste. the procodure
was similar to the formeldehyde
{geuge) wae reached. After it was cooled, the wood maintained s dietinet

oatrent, but e pressure of 32 psi.

amuniscal odor. A segment wes out for use in comprossion tests, end the
romainder wag recherged into tho sontalner for trectzont with carbon
diomkde from dry ice. A pressurs of 50 psl. (zauge) was realized but
gradually decreased svon with heeting because o leak doveloped in the
oylinder. The finished samples had »o amwniseal odor until oul in two.
An odor uas thon deteobsd fron the centor seotions of the wood.

4 series of tests was run on the formaldelyde Lrpregnatcd wood
end on the untroated wood to determine the vatwre of stabilizetion ob-
tained by prossure and tewpersture. It was found that 385%F. & 10%F.
and 1000 psi. were the moet setisfectory conditions, and subsequert



TABLE X1

Initinl Wolpht
Yolsture Combent (%)
Dry Weight

*Final Veigit
siioisture Combent (i)
Dy Velght

Yelght Galned (¢7)

EFFTCT OF GASHOUS IMPRpaiaTION OF YRLIOW POPLAR.

Forraldehyde

with Jitrie Aotd

188.1 oo
8478
18442 gme
180.9 g
S04
142.0 gow
1.6

« Ynlues taken afier trostrent.

C HMirie Acdd

18842 gn
7400
174.9 gne
17446 grme
3s41
168.7 o

~546

Control

434l gme
5478
187.9 g
1560 e
2.7%
132.0 g

»d o3



tegts were all made on thege sobiings. Uith the £

wood, blisters and oxplosicns ocowrred. This indiecated the prosence
of unreacted or unsteble produsts In the mess and were probebly not
eaused by moisture oontent as no such ocourrenne was obsorved on
wrtber plain wood. Tho corpreesion of the woods produoed a smooth,
dark brown surface, considerably hardor than the original and of en
avorage thickness of 0.52 inch from an originel 0.75 fnch. lockwell
"RY herdnoases run on tho speoimwms wers erratic end varied with the
heertwood-sapwood structure beyond ressonable XMrdte.

wator for a week in an atbterpt to dotermine reletive stebility of the
products.

The results tabuleted in Teble I1I show that in all oases
the troated sarples were =ore stable than the wtrested wood. Alw
though the formmldehyde-nitric acid trosted spesiren apposred bost,
the degrec vaf inoreasod dlmonsional stability wes slight. 411
speeicens showed & ounsidersble fungus or mwld growth on tho wood
and on the surface of the Individual sosking baths. The speclos of
the fungus or rold was vot dobermdned.

UTBIARY s

This proliminery investigation indlieatos that formaldehyde

shows dofinite tendeney tewards action if catalized, Homever, the date

are tog meager for eny posibive conoclusions.

sarmplos be used such as an exposurs best to wood destroying organisms.

47
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PABIE 1II. - OFFECY OF WATER IIDERSION (1 WBEK) OF GASFOUS TRYATED YELIOW POPLAR,

Treatmont

Original
Thicknoss

Thickneas After
Comprossion

Thicknesge After
Tigek Inmersion

0+75 inch

G.w i

Qb7 ¥

Pormaldelyde
n&trzz ﬁﬁiﬁ

‘ Arporidun
drmondun Cerbonste
Carbonate - and Dry Iece

Control

0«76 inch

0,78 inoh 0478 ixwh

034 0.36 "

0{53‘. " ﬁfﬁ& v

Cs76 inoh

030 °

0.71 °

v
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IZETRODUCTION



Gne of the most important usos of wood on Armerlcan submarines
is in eonstruction of the superfieial deoking. Suoh a oonstruction is
subjeoted to severe hydrostatic prosswre irpaots csused by the doscondw
ing or swfecing of %the submerdine, and is also subjeoted to dooay on=
countored in sen water.

Therefore to bo a sultable material the wood must have all the
folloaing propertics:

&) Hesisbance to pressure inpact

b} FfAesistanco to decay

°)

4)

e} Hooeslipping surface especially whon wot

The need for the firsht two proportics has boen rentioned.
Dizmensional stadbility insures tight fsstonings, and wesr rosisbanco
prolongs the working 1ife of the deck. Sinoo the deok will be used
whon wet, & non-alipping surface is necoessary for the safoty of the
orow.

Teak wood has boen found to bo complotely satiefactory,
and po substitutes have ever boen used. Devsuse of tho incroased
cutput of submerines in the past fow years, however, tho supply of
toal: has deoreased to a oriticul point.

Impelled by this sitovation it has been the 2inm of this
rosearch $o find & substitute which will have properties closely
resombling tesk wood.



HI8¢0RICAL



In the past deoade, because of the work of the Porost
Bra&mts isboratory, wood has begum to olird back to the lmportant
poniticn 1t hold bofore the perfeotion of retaels and plastios.
During this period meny popors hevo boen piblished on the inprovo-
wont of tho two maln limitations of wood, nowoly, dimensionsl
stebility ond dooay rosiehbence.

Starm (1) disoussed the effeet of inorganic salbs upon the
awelling snd sheinking of wood; homever this method wes not satls-
Tastory, for the salis tonded to leach out.

A more susoossful ottenpt to minimise shrdnking snd swelling
of wood was made by Steym and Fapson (8) by roplacing the water with
non-volatile materials. ¥With the use of an intermpdiate solvent the
wabeor was displesed snd such non-volatile materdals ss relted waxes,
into the eell walls of the wood.

oils, and resins were dif
BEfisionoles as high as 80 por cent bnsed on plein weod controls wore
roalizsod.

In the oases mentionsd, high efficlencies were mchieved bow
cause of a very groat decrcase in the rate of absorption rather than
8 ehange in equilibriunm moisture content. Starm and Seborg {3), howe
oveyr, chanped this eqAlibriun by forrdng synthetioc resins within the
fine eapillery strusture of the mwood.

Improving dimensional stebility by deoreasing tho water
absorption also improved the rot rosistence since wolst wood is very
gusseptible %o decay.



THEORRTICAL



Yood is hygrosoopie and, like all other fibrous raterisls,
possesses the property of swelling and shrinking with change in
humidity. Tater ias held in the weod in two meys: ixbibed wabor in
the walls of the wood cells, and froe waber in the cell ssvities.
then wood bogins to dry, the free weter leaves first followed by
the irbibed water. The fiber saburstion point is that condition
shen all the froe wator has departed but ell inbibed wator remmins.
Omly below this point does wood shrink or swell upon change in
moisture.

The use of s waler repollant matorisl such as wex or ofl
inoresses tho dmensionnl stebility of thw wood sinee it forms e
wator resisting £1la on the oell walls. The wse of n gynthoble resin
as an loprepgnating spont has beon fowmd to glve botter dirensiornl
stability. In this wethod 8 low polyrerized rosin is diff
the capillary struoture of tho wood and under inorvesspd tempersture
and prossure made to bind the fine wood strusturs inteo an infusible
ayrthetlo resin. Thus the hyproscoploity snd corresponding shrinkage
and swelling are deoreased permancontly by a chomicel reaction.







Ao VEBLI:ANARY TRSTS

To £ind e solution to this problen, sorp ixformmtion of the
type of wood feilure enmsountervé under actual conditions had Lo be
aoquired, Consoquently s nurber of diff'erent woods were subjocted to

sirnlsted sos eonditions and thelr recstions noted.

&P?ﬁ%&2335

& oylindricel pressure tank ( 8 inches inetde dlamptor, & foot
high) £illed with 4 per cont salt water and having two valve cocncotions
ona to sn iy compwossor and ono to the atmosphere wore used as & teate
ing oharber.

HOODS THETED.

Lnhoguagy
imple
Yollow Pine
Vhite Oak
Pouglas Pir

Teak

PROCELDURE:

Submerines submerge to a maximm of 200 foet which eorresponds
to B8 pol. geuge, and thelr ascent is rapid bedng spproximately 100 foet
por minute. To test the wood specles efficiently, 1t wms nocessary to

gimlate those sonditions.



Samples were lmworsed in the sslt water fllled presgsure
oylinder and pressure { 85 psi. guuge) epplied for 17 houre followed
by irzmdiste reoleasge and 7 hours air drying st atmoephorle pressure.
The sarples were exposed to 13 such eyoles.

DATS AHD RUSULTS:

In the ring porous osk, pine, and tesk, slight enlargement
of the spring wood pores wug porceptible. The photorderographs of
Figures G, 7, and B, showing the woods prior to oyoling and after
being eyoled 9 times, illustrate this defect. Surface oracking of the
medullary rays took plase in the white oak (Figure Gb) end slipht warpe
ing oneurred in the maple after the first oyvle, but did not inorense.
411 the other untreated woods had no chenpe except in welipht and
dirensions which are rosorded in Teble IV (slso see Fipgures 9, 10, and
il). Inapoetion of the D.iLU. improgoated speocimon indicated that 4t
had undergone slight cheoking (Figwre 12) snd weight and dlvension
ohanges, buab the compregaated spocimens were severely chooked, and
dolarsination of the spring end suwer woods had talion plase (Figures
13 and 14).

DISOUSsIvin

The results of the prossure oyeles indicate tm*h;teak, on
the basis of its comperstively mmwll welght and dimension chanpges, is
the most sultable material. Hahogony, though very porous to the salt
water, shoved very good dimensionnl stadbllity cnd no structural defects.
The yellow plno, douglas fir, meple, and lmpregnated pine de not come



pore favorably with the teok and mahogany because of highoy dirensional
incresses. The struotwral fallure of the white osk end the compropgnated
samples mmke thom unauited for the particular uso.



TABID IV, EFFECT OF SALT VATHRR PRUSGURE CYCLIS ON VARIOUS YHOODS,

, Cross Section Croas Seotion

Yelght Dimensions Tedght Holght Moemsions Area
Spesimen {Gme) (1ns) L8] Gedn (7) (3n.) cadn (7)
Hahogany 101.8 1.90 x 1448 220.0 12540 1,99 % 145 8.0
Haple 34748 1486 x 1,083 26¢.0 7848 1405 x 1,72 1247
Yellow Pine 138.7 186 ® 1.80 2134 85.8 1.96 x 1.89 11,9
hite Osk 127.8 2421 x 0,98 194,0 52 o 2,57 x 0,98 11.5
Douglas Fir B4 el 14856 x 04786 12043 182.0 2416 x 079 [ 15.8
Toak GBub (1485 x Gu76 108.0 57«5 108 & 0,79 T+
Deilels Improge
nated Yollow
Pine B 2400 % 0u78 m— PR, 212 ¥ 0,78 13,0
D e Uy Come .
pregoated
Yellow Piune (B85
Ccmawﬁ) ——— 3&00 = {}‘?0‘ —— B ] 2;30 = 0«??. 11&5
Deiiulle DOme
pregoated
Yellow Pine (507
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Geo

a) Original,

Cross Seobion of Vihite Qak

b) Afber 9 Salt Yater Prossure
Cyoles.



Fi{;o Te

a) Original

Cross Section of Yollow Pino (Mage 5X).

b) After 9 Salt Vater Pressuro
Cycles,

19



1?130 8.

&) Originel

Cross Sootion of Teak (Mage 5X)e

b) After 9 Salt VWator Pressure
Cycles,

a9
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a) Original, b) After 5 Salt Water Frossure
Cyelog.

Fige 10 Cross Scotion of Mmhogmy (Hage BX)s
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Fige 124 Cross Section of D.M.U. Impregnated
Yellow Pino Aftor 9 Salt Vater Pressure Cycles
(-gﬂg. ﬁX)o
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i‘lgo 130 Cross Seotion of DelUs
Compregnated Yellow Pluno (287
Compressod) After 9 Salt Vater
Pressure Cyeles (lage 5X).

Fige 14y COross Seetion of D.i
Compregnated Yellow Plne (5O
Compressed) After 9 Salt Water
Prossure Cycles (lage 5X)e
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Be BXIEHDED TESTS

From the preliminary tosts it wes showm that of the woods
togted, only mahogany head dimemsional stability oorpersble to teak.
Hiowever, mhogany had vory low surface wear resistance and very hiph
wator absorbency. Therefors to betome a suitable teal: wood substitutoe
those Maimble charaotoristics had to be eliminated or lessened.
in attenmpt to inorease L1ts swiase wear realstence without decroasing
dirensional stability was made by laminating bard maple veneers to
miwm coros. Thotse samples wers then treated with various inme
mregnating apents to deorcage thelr water sbsorbeney, and them they
wore subjocbod to the pressure oyoles., lehogany and bireh samples
wore aloo téﬁaﬁbaﬁ and subjeoted to this oyole.

APPARATUS:

A stainlogs stool buoket and & stoel prossure cylinder (€
inohes inside diameter, 24.5 inchos high), oxternally heated by & gas
Wr under 8 2 inoh base projection, were used for irpreguation.
~ Tests were carried out in the proessure eylinder desoribed in the
proliminary tests.

IIPREGHATING AGENTS USED:

Copper Hapirthenate - 167 solids (Z:1 by vol. with minoral spirits)
Tez Sealer = (132 by vol. with mineral spirits)

Boiled iinseed 0il = mcld rofined (1:2 by vol. with turpe ntize)
Paraffin 04l

Tung 031 ~ rew (1:2 by vol. with mineral spirits)

Cleie Acid - (1:2 by wol. with turpentine)



WOGDS TREATED:

Birch
Laminete = mahogany oore (1 inch thisk) with vaple fecos
{1/10 inch thick)

Yoot samples (approximately 4 x 3 x 1 inch) %m»pmeeﬁ in
the bottom of the stainless stoel bucket snd Lmersed in the impregrate
ing agent. The buoket was then lowered into the impregnating oylinder
and held under e pressure of 85 psi. {gauge) for & hours with heat
being applied for ome of those hours. Then the mam was slovly
desroased to atmospheric in 17 hours. After being eir dried for 2 daye
the spoeimonp wore subjoctod to the salt water prossuro oycles, i.6.,
immereed in salt water under 35 psi. (gauge) for 17 hours followed by
immpdiate rolesse and 7 hours alr drying at atmospherds pressure. DUach
gample was subjected to these oyolos until nv:: further weight and
dirension inerosse ocould bo dotsoted, Controls of the throe woods were
also run.

DATA AND DTESULTS:

Controls: The untroested mahogaxy, birch, and laminate
{oorposed mainly of mehogany) showed a greater affinity for salt water
then teek as oan be seen by Figure 15. However dirensional stebilibty
of the mehogany end leminmto corpered favorably with teak (Figure 26).
This was in olose agrooment with the results of the preliminary tosts.

&9
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Toblo ¥ shows the pereentage piekup of the various woods
upon irpregnation. Tho plokup of the tung oil samples wes con-
sidorsbly less thm: the others.

Appearenoe: All treated biroh samples surface chocked upon
syoling. However this did not osouwr in the biroh control or any of
the othor samples. A white waxy subsbance ewbtruded from the olois
ascid troeted woods after eash oyole. The ecopper naphthenate also
exuded after cach oyle ocausing the swface to bo ctioky. Tho rest

of tho troated samples wore slightly oily reserbling toelk wood.

| | Velght Changess The irgregneting trostmemt grostly rodused
the hygroscopioity of tho woods end in all cases lowored the raximum
values below thet of teak. Figures 16, 17, and 18, based on the
weight of wood just prior %o the first oyole, fllustrate this reduction.
The tung end linseed 01l appoared to give the mors sonsistently good
rosults ic deoreasing tids hypgroscopioity. Corparison of the water
sbeorbing properiics of the individuel woods trouted with the same
egent (Pigwres 19, 20, 21, 22, 23, and 24) shows no appreeiable

Dimenisionel Changes: Diseounting the troated biroh samplos
becouse of tholr chocks, all the mmﬁng agente but the oleio aoid
irparted improved dimensienal stebility to the woods. The bar graph of
Figpae 26 compareos oross ssotiomal aree inoroases of the varlous treated
sarples to those of their ocontrola. Ikhogany, inherently & stable wood,
showed the bost sbtebility in all but the paraffin oil troabeds Dimen~
siomel stedbility of tho condtrol }azsﬁ.m%, though not so geod as rehogany,
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TABLE V. = VLR CENT WBIGHT INCERASE UPON LiPRUGHATION.”

Cepper Haphthonate
Hez Soaler
linsesd 011
Pareffin 011

Tung 011

Glode 20id

3647

2642
4l.d
5642

0.0

4940

Birch

5849
3340
42.0
588
15.0
47.0

lasinate

* Telght Increase Based on Oripginal Velght Prior to ILuprognation.
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compared favorably with toak, and all its treated sarples showed still
furthor stability. The tung, linseed, and paraffin olls and the Res
Sealor showed the best results in reducsing dirensional changos. The
ocoppor naphtheunate, though increasing the sbeblility of mhogany, gove
the surfnoe a vory sticky costing meidng 1t undosireble.

A rubber coated wood sarplo wes also sudjocted to the pressure
gsycles, Howevor, after G oyeles it devoloped swrface blisters indicet-
ing the rupturc of the woodwrubber bond.

SULZIARY 2

The oleto asid and the copper napbthenate proved unsatisface
tory sg lmpreguating apgents since thoy bad & tendonoy to lmhm:mn
subjeotion to the pressure oyoles.

Tiowever, all the other impregnating agents tested, pertioularw
ly the tung and linsced olls, imparted suoh stability of dirensional
and welght chunges to the mehogeny and laminebe thet in every cags those
two woodz proved equal or superior 4o teak wood.

Hocange of structurzl fellure, both the bLireh wood and the
rubbor scated weod proved unsetisfactory for this partioular use.

It is rocommended that the mabhogany-maple laminate be trioed
ue 2 teak wood substitute on submurine decking. This product, uhen
troated, had botter dimensionnl stability and water repellency than
teak, and unlilo plain mehogeiy it bhas a hard wesr resistant surfece.
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Ive IBVESTIGATIOES

]

&

GF HARIZE ADHESIVES

*i

INTRODUCTIOH



The most satisfactory adhesives used in the wanufacture of
wood lominnbes for marine use are gynthetio resins of the phenolis
aldeohyde types Sinoe these adhosivos are cured at elevated temperaw-
tureos and pressures $o lnsure proper donding, their optimm curing
eonditions rmist be detornined.

The purpese of this work was throe fold: A) To detormine
the optimam ouring oconditions of a musber of mrine adhesives using
a standard acotone extractlon procedurs; B) To investipate the gube
stitution of an Xeray diffraotion provedure for tho asootone extraction
mothod; ©) To determine the pot life of an adhesive.

A. Determination of Optimum Curing Conditions of lwrine Adhosivog. =
sogtone Dxtreotion Procedure.

Yoy nowm glues of the phenvlio-sldshyde type have boen put
on the market sinoe the beglnning of Tiorld Var 1I. However before
being used in production, the msmuufascturer oarries out wvarious tesgbs
on the adhesivo to dotereine its sultebility for the perticular use.

In cooperation with Gerblo Drothers, Inc., muleres of
lamdineted shidp {iobors, ecetone sxtraciions were earried ont to doterw
mine the optirmm curing temporatures and timse on & mumber of resgin
adhosives.

Be Debormination of Optimum Curing Conditioms = Zepray Diffraotion
Procedure.
Such provedures ss the acetono extrsction for debermining the
ourc of regin adhesives are long, todlons, and grestly dependont upon
humen acourasy. The procedures, morsover, cannot be spplied to glued



wood spocimons but are confined to fyee filmw. Though not much 4z knmown
of the nature of the gluo bond, there is evideooo indloating that frse
glue films are of a different nature from that of glue sured in conw
tact with wood.

It was therefore the purpose of thia Xeray diffrection study
4o eliminnte the scctone extrsotion prossdure and at the same tirp add
to the evidence on tho nature of the glwe bond. Iurthermore thiz pro-
godure might provide & non-~destructive mothod of doteruining the oure
of glued wood spocimens.

f:. Determination of tho Pot lifo of Resin Adhosivos - Viscosity of
#ixed Cascophon LP=57 Adhesivos,

The pot 1ife of & resin adhesive decresses with inorosse in
tenperatwre. Theorefore in the swrpoy ronths extre mossures wush be
taken to insure proper pot 1ife.

Cascophen LT=07 (& neutral phenolie uldehyde type rosin)
mixed with 8 per cont 118 (& peraforraldehyde base hardener), is a
gatisfactory merine adhesive, dbut it has s short pot life (2 howrs at
80°F,. It hos boen reported {8) that the use of Fim50 hardener (reo-
ported to contain ammwniun sulfate), insteed of }=-13, incroesed the
pot 1ife of the resin to 70 hours at B0°%.

alon to lengthen the pot 1ife of
Unssophen LP=(G7+1418 while still reteining the :~18 bardenor to
insure curing and weathoring sharssteristies.



HISTORICAL



lany atbtempts have been rmedo 4o £ind & rapid, scourate test
for dotermining the dogree of oure of merine adhosives. Although sotwml
servico 1s the only sure test, some information cen be galned by e nume
ber of proocodures.

For some time the protective coating industry lias used &
solvent extractiom procedwre in following the polyrerdisation of resin
films. R.F. Blomquist (10) has investignted the use of a sirdlar pro~
tedure in deteormining the owre of resin adhesives by socotons extraction.
He has showm definite sorrelations between per cent extrastibles and
relative dogree of oure whon the glue is cured on & chemionlly inort
surtase.

Moy Xersy studles hawve been mede of synthetic reeins and
sorpounds of the types whioch are suzooptidle to polymerization. The
course of ecetyletion of eeliulose hms boon follomed with Xeray photo-
grephs by Foss and Tregues (11).

P1lis (12) hes prosentsd Xeray diffysction patterns of s
phenol~formaldelyde resin at 3 differont stagea of cure. These pattorns
indicsted thot o8 condensation proveeded the regin structuro becam more
amorpbous in neture. Howewer other rosing mwh ag the phthelle gy~
saridos have been shown through X=ray studies to appromch tho state of
orystallinity as oondensstion proccods.

Saora (8) has detormined the pot 1ife of reosin adhesives in
torns of viscosity ohenges using e 4 Ford viscosity oup. ie Dound
that if the time for a flow of 50 nl. ewecedod 400 seconds the glue
wes too visoous for satlafactory sproeding.



TEHEQREETICAL



The curing of & resin adheslve of tho phenolie aldebyde type
prosesds by the mecherdsm of comdensat:

on with the formation of § dlwene
sionel or spase polymers of unknown alse or completed etrusture. Acotone
heg the oharactoristic of disolving low and medius mwleoular wolpght polye
pors of this type. Thorefore as the oure prooeceds avnd less low molecular
welght polywors are present the percent extrasctibles should decroase,
This bas been found to be partly trus, i.e., the percent extrastibles
does deorease with owre; however, st finsl sure the velwe approschos a
sonstant. This oonstant voloo varies with dfferent glucs and teoh-
niques of extraoting.

fxy o gubstoncos which are mot ildentleal in structurs will
give difforent X-ray pattern. It is upon this faot that the atbtompt to
£ind & diffraction rethod of debermining the sure of adhesives wes besed.
Ag the ouring of the adhwaive prooseds, tho Xeray patitern correspondingly
changes, becoming more or loss orystalline in natwre depending upon the
4ypo of resin. If the ohange is predominant enongh to tell unmisteking-
1y how far the oure bas procesded it mould bo poseible to shawe & vory
amll sample off the pluwe line and detercdne the cure withoub harmdng
the finiched glued wood products., Thus this method would elimdnate a
greet smount of work and make 1% possible to test products without
degtruotion.

Inoreass in condsnasation or oure of & resin iz accorpenied by
inoroase in vigcosity. DHven st room temperature ocuring tales plave.
Thus an udhosive inoreases in visocsity wpon stending, and itas nsefulness
myy be depondent on its pot life.
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Ao ACETONR EXTRACTION OF QLUE FILS

the use of acotone extranotion of powmdered glue Pilme is
mde to debermine {ho optimm swrinz somditions of the adhosive.

APPARATUS:

The main spperatus used was a bettery of Soxhlet oxtraction
unite. Eash unit oonsisbed of & 400 ml. extraction flsgk, & syphon
oup, Yhatmen extraction thinble, and e saps The syphon
cup sonteining the extrastion thirble was suspended by fino wire from
the condenser oap which rested en the neok of the flusk. The battery
was in the form of a restangular wooden box lined with asbostos peper,
and fitbed with & removeble 1id in vhich lwles were out to reoecive the
extrootion flasks. The flasks were plaeed in oylindriosl) metal reflcow
tors which dirocted the heat 0 thenm from the 76 watt incendessant
loop hountors located on the bottom of the battery. Cooling water for
sondeneers was supplied through sn iron pipe menifold, and the
eooling systen of the babtory was sormected in parallol.

leboratory elestrio ovens were used to cure the glue films
on glase plates. A standard rorter and postle wore used o hand powder
tho £filus to pass through a 48 rweh Tyleor Standard Soroon.



PROCTIXIRE s

The proscdure consisted of preparing the sdhosive, ouring i%
on glass plates in ovens at preseribod temperaturcs and times, grinds
ing the fickes, ond extracting with scetono.

A Yhetman £ilter paper was pleeed inside a Vhebman oxtrastion
hinble and extrsoted with esetono in the axtrsobion batbery for 24
hours. The thinbls was then dried st 110%C. in an electrie ovem for
1 hour and then pleced irmediately in a weighing bottle ond welghod.

The sdhesive was sixed sscording to the proportions and
od by the vompany maiting eash glue respestively.
It was spread thinly on gless plabes and oured according to pre-
srranged sshedule of temporotures snd $imes. Alber ouring, ossh plate
was plecod in & dasicontor in a rvefrigerebor which was hold st 409,
Thege glue flakes were then hand powdered by roritsr and postle to
and irmedlatoly repleced in the

PESS & 48 mogh iaym Standard Soroen

refrigorator. ihen all flakos weve prepeared, the powdors were wolgbed

inbo the soxhlet extraotion thirbles and seotome extracted for 24 hours.
The extrscted gluos and thisbles were thon heated in o &rying oven at
110°C, fer 1 howr, plased in a weighing bottle, and weighed irmediste~
ly. The losa in weight was recorded and caleulsted as pervont coobone
extrastible on n infitiel wolght basie. This procedure was stendard-

ized Ly Sacra and 7illiams (B8).



ADEIESIVEE TESTEDs

Durez 12688, a water soluble liquid phwnolis resin (100
parts) plus Durez 12689 powdored hardener {20 purts) mumufsotured
by Durez Plastios and Chemdosls, Ince.

Bakolite X0-17013, o liguid phenolio resin (100 parts)
plus Bakelite XK17618 powdered herdenor (20 parts) mnufectured by
Hekhelite Corporation.

Bakelite XC=17540, a powdored phonolic rosin (100 parbs)
plus elechol (80 parts) water (20 parts) snd Balolite XH-17545 o
pomdered hardeney (15 parts) mnufectured by Bakelite Corporetion.

Plyophen 6000, a liguid phonolioc reain {100 parts),

g approximboly 80 per eent splids in an alechol wetar
solvont, plus Plyophen 6001 pomdored hardener, (18 parts) a
formaldehyde sonteining substamoe. lmnufeotured by Roichold

Cherdeals, Inc.

Gasoophen R3-218, & liguid phenolie resin (100 paris)
plus Cascophen Fis60 powdercd hardoner (15 parts) mmaufactured Ly
the Cesein Company of Americe.

Pensoolite GS~1128 & liguid phonclic resin, (100 parts)
plus Fommoolite GS-1134 liguid hardener (25 parts) menufoctured by
tho Pennsylvania Coal Products Company.

leuxite PF-90C, s liquid phenolie resin (100 parts) plus
Lauxite FI'50C, & powdorod hardener (17 parts) mamufectured by

1.5. lauck, Ino.



DaTA AND RESULAS:
The Dures glue flakes wsore dark wmeroon in color, hard,
britilo, and had o burnt wood odor. The soetone aflbor exbrestion

had a rust color dporvasing in intensity with inorease in cure.
Teble VI and Figwe 26 present the scetome extraction data of this
adhogive, and 1t appoars fronm the cwwve that & final extractive
walue of betwoon 4 and 7 por cent is indisative of sulfMcient cure.
This oan be reslized by & 12059, oure of 6 hours or possibly a I00F%.
eure of 6 to 24 hours.

The Bakelite XC-17613 glue £lsims were browmn in color,
brittle, but not quite s hard or tough as the Dures glue. Exocept
for the flake oured st 120°F.~24 hours, all had both & phenol and &
formaldehyde ocolors This lattor one hméd only s burnt wood odor whioh
was probably caused by wood flour in the hardener, The 76%. - 6 howr
cured flake was Yoo sticky to be pulvordzed, so it wes torn jwbo small
plovos and axtrected. PRoth the ¢ bour end 24 hour flskes oured at 750F.
imparted a rust color Lo seotone. Table VI and Figure 27 indlecte s
rolatively high finsl oxtractive value of 20 %o 28 per cent. This
value wus roashed at a 1009, ocure of 4 hours or more and wes approxi-
mebed aim by & ons howr 120°%. treatmont. This indiestos soneible
agroerpnt with the mamfsoturer's litereture slthough it is doubtful
if his veluus of less twn 100% . can be entirely acoepted.

The Bakellto XC=175640 pglue flakes wore maroon in color and
squal in herdness to Dololite XC-17613. The B hour and 24 howr f£lskes
oured ot 1609, and the 15 mimutos flakes oured at 200°F. had formlde-
hyde odors. Both the § hour at J60PP, and the 156 minubo at 200%,



flakes irparted 2 cloudy color to the soetons upon extraction. The
latter to a greator exbont. The sootone extraotible walues for this
adhogive (Tablo VII end Figure 28)

mached from § to 14 per sort on
all spooimoms excepting the 15 minube at 2000F. sarple {26.2 por cert).
Although the and polut is not ocomplotely egtablishod it appears that
satisfactory ouwres may be obbeined by 8 howrs ot 100%F. or 2 hours at
160FF. Thess wslues are .in closo agreeront with the mmonleoburers

ﬁa?}ynmmgmm@mdwkma&;w
for the 4 howr oure at B0%. sposiown, wsore heard and brittle. Since
this latter ono was too plsstio to palverize, it was sheved into
gmell pleces and extrasted. Teble VIII and Figure 29 indicste a final
oxtraotive valuo of beltwesn 6 and B per cent. This van be realized by
a § hour ouwre ab 1850%. 1he high soetone extraction et 80PF. would
not werrant ouring the adhesive et this temperature.
brittle. The finel extrective value apposrs (Tsble IX) to be about
24 por cont. Thus it appears thot the oure san bds atisined et 15097,
in 4 hours or 120%. in 6 % 2& hours.

Permoolits glue £lakos wore derker snd slightly herdoar then
the Cascophon RS=216; and in room temperature ouring, it skinmed
with the forzation of & relatively winkled surface. This adhesive

appears to romeh o final sootone extraction walue of betweon 12 and 16
por oont (Tobls X)., Thiz omn be atielned by a 4 howr ocure eh 1G09F.
or » 24 hour oure at 120°7.



The relatively high scetome satraction wnlue of these last
m@u;ammeiwmﬂmﬁﬂwmgmémngmm&,
for they rey be saused by the naburce of the adbosive. lHowever, as hes
bean meptioned, at full cure tho value should be eonsbant.

The Lauxite PF=00C gluo flakes were dark browm and all bub
the 4 end 6 hour cures at 50°F. wore hard snd brittle cnough to
pulvorizo. These last two were shaved into smll plocce and extracted.
Howmever, wpon extracting those two it wag fomnd that the soall ploces
had fused togother to form a oase hurdoned mass thoreby hindering com
gmmammﬁ@. The low values shown in Teble XI for the 4 and 6 hour
sures at S0PF. bear out the conclusion of inocorplote awtrection. The
plot of per cumb extrectidle ve curing tempereture of Figaro 30, thouph
ot too eonslstont, indicetes o fLxmml oxbractive value of betweon 0 and
3 por cout. This oan be ronlized by a € hour ouve 8t 1209F. or a 4 hour
cure st 1009%. 4 2 hour owre at 150°F. is guestionable.



TABIE VI. - ACRYOHE BEXTRACTION OF 12688 AND BARELITE XC 17613
ATHESIVES

Por Cent Ixtreaotible

Durez 12688 ,  Bakellile XU 176123
Suring '
Tepe G _hours 24 hours 1 hour 4 hows O howrs 24 hours
750 F. 17.8 - 5418 ‘ . G2.0 5.0
100° 7, 7.76 6u86 2145 23.5
126" Fa .82 .81 263 2648 18,5

TABLE ViIe = ACETONE UXTRACTION OF BAKEIATE XO 17540 ADHESIVE

Curing
T%,. M& hour 2 I:mws 5] vm:'a 24 hours
160°F . 26«2 13.4 1.5
180°F . 13,9 10.2 5452

20097, 11.7 8022



TABLE VIII. - ACETONE EXTRACTION OF PLYOPIEY 6000 AIEIESIVE

10.2

8.6
T8

Por Cont Extrastible

Zhows 4 houwrs  § hours 24 houwrs

24.8 1640 11.8
9eb 7 5 T«B
10,0 B2
z‘@ 4“1

TABLE IXe ~ ACETONE EXIRACTION OF CASCOPMED RS~216 ATHUSIVE

Curing
Torms

8097,

1, ""

Per Copt BExbractible

4 hours ¢ hours 24 hours

30.8 29.8 20.6
%‘4 i&ﬁaﬂ %cﬁ
247 24..5



TABLY Ko = ACETONE BXTEACTION OF PEEACOLITE G.0. 1124 ADIVSIVE

Curing
Tomp. 4 hours & hours 24 hours
120°F . 2740 20.5 1641
150097, 2849 17.1

TABIY X1. = ACETONE EXTRACTION 4F LAUXIIE PF-00e0 ADHUSIVE

Por Cont Extractible

Curing

Jemp. 2 hours 4 houes G bours  2¢ hours
800 19.8" 10.0° 2640
100%. 2407 11.69 7.69 3216
120°F, 5497 4,40 3.98 ~0.21
15097, 3.70 1.68 »1.60

x  Considered unroliable beceuso of physieal struscture
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Zs X~BAY DIFFRACTIOR PROCEDIRE

This section is a preliminary lnvestipgation of the use of en

X=ray diffraction procodure for delermindng the owre of resin sdhesives.

APPARATUS:

A Heyss Diffrsotion Undt omploying charscteristio K A radiestion

106

fron an iron terget tube and filtored with berylliws and manganess soreens

was used to Xersy the samples. £ laborstory electric oven was used to
qure the glue films on gless plates and hoat the oelr and oellulose.

HATERIALS TESTED:

Cascophen LIw-G7, & liguid phonolie reosin plus 8 per cent l»18
hardener, e pareformeldehyde basc catalyst. Manufactured by The Cascin
Corpany of America.

thito Osk shaving spproximtely 1/52 of an inch in thicimess.

K=lollulose, sommerclal mtorial approximiely 95 por comt

Cellulosc.

PROCEDURE :
A1l rediographs excopt that of ihe unoured Cascophon LI-67
(Figare 31) were tsaken perpendicular to the fiber direction. In this
cass the adhesgive was put on the head of a neil and plased in front of
tho £iltering soreens. The lLaue diffraotion rethod wes used to take
a1l Xerzys exvept that in Figure 33 which used tho powder method.
The samplog X-rayed and tho disbanve, tinc, wolbage, ad

anpernge uscd on cach are glwven in Table XII.



TABLE XI1. GSPECIESES X-RAYED AND THE COSDITIONS.

from Plate Tims Eillo- 31li~ Figure
Spooizen Troatrmnt (om) . (brs) Yolts amps = Ho.
1287 Plain Unoured 3 1.5 35 o 31
LTw87 = H=18 " “ ® # " 32
LT=87 - 3~1B " Pouder Hethod " " " 55
| L3=G7 = 18 24 Tioura f

st 259 C. 3 « i ® 32
IE=5T = 3B & Hours _

at 100° . » » " " 35
LIwGT - w18 24 Tiowrs

at 1@3 Ge ® 3.&5 35 3} &6
Oak Shavings Tnoured $ 48 " ¥ 87
Oak Shavings 24 Hours

at 1207 C. ® b " ® a8
LP-87 and 118  Uncured ® " " " 59
Oak Shavings - 24 Bours )
Lr-67 and W18  at 20° ¢, 5 1.5 " " 20
ok Shavings - G Hours
I¥=67 and 118 st 100° C. " " 35 10 41
ek Shevings ~ 24 Toure
1L7=87 and =18 at 1208 C. & 445 ® w 42
K Gelluloso Tinoured " " " u 48
A= Cplinlose 24 Hours

at 120° C. u " " " 44
o= alluloge -
1LIe67 and =18 Unorod " # " b 45

= Gallulose - 24 Hours
LT=27 and w18  at 120° ¢, 5 beb 35 10 46



DATA AHD RESULTS:
Inspection of Figmes 32, 34, 55, and 38 showing diffraction

pattorns of tho Cascophen LT-67+=18 adhesive st difforent stages of
cure indicabos thaet the smorphous resin becomes more orystelline ap
sondeneation proveeds. This s showm by the imoreese in intonsity of
ﬁw sooond smallest ring from a general fogginess in the woured
sample (Figure 32) to a defined ring in the cured filns (Figuro 36).
The diffrsotisn pattorn of Caspophen LT=-67 plein (Vipgure 31) shows

4 well defined rings, dut the addition of the catalyst orvates an
aporphious pattern. Sinne the technique used in teking the Xepray of
tho Casoophen LT«07 plain diffored from the others and the addition
of the oatalyst chowed sush e differoywe in structure, it may be
probable that the techmique used in taking the Xwray of Cascophen LT=57
plein ses responsible for the change. However beosuse of s breakdown
in the diffraction unit encthor photograph of Casoophon IF«67 plain
could not be taken,

Oak ghavings showed four normel rings with o slight orientetion
which is shown as 2 bright bend soross the photograph of Figwre 37. Upon
hwating the shaving ot 120° r. for 24 hours tho orlentation inoroased,
indicating a definibe change in tho wood struchwre (Pigure 38).

The X=rey photographs of Casoophon LT-67+18 adhosive on ouk
shavings ot difforont stages of ocurs (Fipures 39, 40, 41, and 42)
indicate that emvept for the rotation of the orientation band the pattern
is essoutially thut of oul shavings slone under the sarv condibions.
Thus, in thds cese, tho ouring of the adhesive on ok is masked By the

woods
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Fige 39 Xeray Diffrection Pattern Fige 40. JX»ray Diffraction Pattern

of Quk Shavings and Cascophen LI«87 of Oak Shavings and Cascophon LIT=G7
& w18 Adhesive (Uncured). & 4=18 Adhesive (24 Hours at 25° C.)
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Fige ¢le Xeray Diffraction Pattern Fige 424 Xersy Diffraction Pattern
of Oek Shevings and Casvophen LI-67 of Oek Shavings and Cascophon LIe07
& =18 Adhosive (6 Hours at 100° 04). & He18 Adhesive (24 Hours at 120% C.).




Fige 48s
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Pige 40 Xeray Diffrection Pattern
of o-Cellulose and Cassophen Llw
87 & =18 Adhesive (Uncured).

Fige 4G+ Xeray Diffraction Patbern
of oC-Cellulose and Casoophon Lie
67 & 118 Adhesive (24 Hrs. at 120°C.).
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The plotwures of o(-eslluloge (Pipures 43 and 44) showm tho
see four normel rings ag tho onk. Howover, there is no preferred
orientetion as in the wood, and there 1s no indication of any ohange
" §n the substence upon heating. Unowred glue on cellulose shangos the
pattern only by & siight inoresss in the inbonsity of tho fnner wing
(Figure 46). Upom ouring, tho inbonsity of the outor three rings
drope sharply, snd the film (Figure 46) hed some sisdlarity o the
Zlue sample cured on glass wnder the sare conditions (Figure 36).

There is a dofinite differemnwe in Xerey pottorns between
sn pnowred adbesive and adhegive owred an glass, Fowever the rosults
do mot indloate a sulfioclextly sharp contrast Letween unoured and owred
regins for 1%c use as & roproducible sontral procedurs.

“hen heated at eleveted torporatures weed undergoos e

gtructare change. Howover it sppoars that the & oellulose 1s mot
the substanse rospoasidble for tho ohangs.

Tho glue does not appreclably affect the Xeray pattorn of
the mood., In feed, the curing of tho sdbesive iz masked by the
siructurs of the wood.

From the Xw=rayn it oan be soen that there is e difforence
in the mature of the glue whon cwred on glass and on oek shavings

or o~oallnloso.



C. VISCOSITY OF MIXED CASDOVINE LI~07 ADNNSIVES

this seotion was undo to inorease the pot life of Cascophen

LT=G7+1~18 mizture by the addition of s smll amownt of FiefiO,

APPARATUS:
The apparstus used in this determination was a 4 Ford cup,
o ¥Xodek timer, thormoveter, and standard laborstory glassusre.

HATERIALS ¢
NP Rl

Cegoophen LI-07, a liguid phonolic resin. Yeoulectured by
The Cseein Company of Amerioa.

118, a powderad paraformaldehyde base catulyst.

F150, & powdored ootalyst roported to condeln arwoniun
sulfubo,

Sarmplos approxlmmtely 200 nl. oach were prepared of plain
Cascophen LT~G7 end Cascophen L7«G7 plus 8 por cent of various
mixtures of the two sabtalyst. The per cent is based on the weight
of the pure resin. These asmmples were hold at room temperaturc
(879F. £ 20%.) in pyreox beskers covercd with watch glasses for ox-
tended periods of tire while viscosity tests wers mado at intorvals.
The viscosity messuroments were made by obsorving the tire in scoonds
required for 50 nml. of glue to flouw through the orifice of e stundard

:4 Ford viscosity oupe

118
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TABLE XIT1. - VISCOSITY OF UIXPD CASCOPHMRY LT-G7 ADSIVES (Temp. 87OF.).

Time ﬁ' Visoosi Time of Vimﬂﬁg Tine of Viscosity
Set (Rrs) Seconds™ Set (frs) _Soconds™  Set (Brs) Seconds
0 60 040 159 040 166
46 108 Ce2 208 DuB 178
&9 128 Oub 263 1.0 175
93 162 140 241 170 223
116 261 16 234 180 221
42 342 17.8 245 6840 341
0943 430 01,0 440
82,0 550 11£.0 818
115,0 610 138.0 850
139.0 1081 144.0 830
16540 1320 164,0 1462

* Timp of flow for 50 mi. through 4 Ford Cup.



TABLE XIIT. = {(Comtinued) VISCOSITY OF AED CASCOMYEN LP«67 ANESIVES.

L3687 LimGT LI=87 Le-67
& 118 8% 118 & 118 &7 Ll
, 2. Flms0 &% FiwE0 G Fre50
Time of Viscosity Time of mmaﬁq =0 of ﬁmamg Tige of v&moa&q
Set (Wre) _Seconds® Set (Hrs) Seoendg” Set (Brs) _Secends Set (Hrs) _Cooonds”
0.0 104 0s0 115 0.0 aor el 260
Oeb 126 0ok 148 Ou8 532 QB 336
1.0 236 0478 228 1,0 366 1.286 BEl
146 417 1.0 31 l.28 592 10.6 800
1.8 1024 1.8 622 | 1.6 454 2840 960
240 1586 3478 1321

* Time of flow for 50 ml. through ¢4 Ford Cup.
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DATA AND RECULTS:

Teble XIX and Pigures 47 end 48 prosent the viseosity data
of the various mixtures. The data are alsp presented of an Fie50
ahich had been stored one year et room tenporature.

It ean bo seen that the pot 1life of the adhesive is greatly
lengthoned by using Fiw80 in place of W1B. However it is slso
ovidont that up to an hour and e half, and s viscosity roeding of
600 sooonds any mixture of Fi=G0 with 118, tends merely to thicken
the adhosgive more than 4f only 118 wore mresent. 7The rete of ine
oreaso in viscoslty above this point is oonsiderably slowed by the
presence of Fi50. However it hos been rombionod previously that
400 sooonds iz the desirable upper limit of useble viscosities;
sherofore it is evidont that the prosenve of Fied0 with 15210 can
only be harmful.



SUHMHEARY AHD COHOLUBIOHS



l. Acotone Extraction of Glue Films.
The recommended ouring conditions of the adhosives are
as follows:
Dursz 12688 + 120885
100%¢, - 24 hours
1209¢. ~ & hours
Bakelite XC+I7613 « XK+17618
100%. « 4 hours
1209, =« 1 hour
Belmlite XC-17640 + \Xﬁu}.?ﬁiﬁ
160°%, « 8 bowrs
180%. -2 hours
Plyephen 6000 + 6001
1209, = 6 hours
150°F. = 2 to 4 hours
Cosoophon RS«216 + P80
12097, « 24 hours
150%. « 4 hours
Penacollite G5~-1124
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2. ZX=ray Diffrsction Procedure.

The reosults of glues ocured on glass indleate o chunge in
structure as cure progoods. However the Xeray pettorns do not show
sufficiently sharp contrast botweon wnowred and cured resins Yo be
used as a oconbrol procodure in place of the acobono extraction
method.

the dAffraction patberns of the glue on osk and - collulose
give ovidense that there is a diffvrence in tho nature of the gluo
when cured on glass snd on wood.

The suring of tho adhesives on wood 1s magked in the Xersy
patterns by the woods ZTherefore it seenms fron prelininary
tosts that the mothod of bestbing the cmre of glued wooden spocimens
Ty X~ray diffraotion is of no use. Howowar the date are too mengor
to dispose of the procedmre without sowe furthoer study.

Je Viscoelty of iixed Casvophen LP«C7 Adhosive.
The addition of Fi50 to a Cascophen LTwG74318 mixture will
not inorcase the pot life but will definitely shorten it.
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