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ABSTRACT 

.\ !iinc>tic s t~idy indicated tllat tlre sul)sta~lc.es in l)oligl;~s-fir and red alder bal-L 
c.,i11 I)c poly~ncrizc,d 1lY I~igh-ternl1~1.atl11.t. heating. Organic extractives that may bc Icaclled 
o r~ t  I,) the action of \\.atcxr are condcnsrd to water ins~oln1,les. Heat-trcatrd 1)ark is shown 
to 1)c an appl-opriate matc~ri;~l fol. the clr~;liiing lip of oil spills 011 \vatcxr withont contribnting 
to l ~ i g h  ROII a1ic1 possilllr toxicity to fish. 'Illrl oil absorption of lurk,  depending on its 
particle sizc, is t\vo to seven tillre, its weight. 

A \-:~cllurn syste~ir \ V ~ L S  developrtl for hot pressing bark boards, which techniclue avoids 
1)listc.r foruration callsecl hy the e \~o l~~ t ion  of gases fro111 condensation and dehydrat io~~ 
rc;rctions in thick I,oards. Bark b ~ a r d s  made under an appropriate, tin~e-tc>mperat~~r(: s chedu l~~  
haves 1)otIi i n t e r ~ ~ a l  I~ond strengtli and bending modulus of rnpture similar to hark hoard\ 
r~r:~de \vith 1.5r/,, phenolic resin .rnd srihsequently pressed at a moderate tinie-ten~pcratm(. 
sclrcdr~lc, precl~~ding pol~meriaation of tllc bark estracti\~es. Hot stacking increased tllc, 
i11tc.1-11:il Imnd .;trcngt11 of 1)oarcls. 

I)imc>n>ion,ll st;~l)ility is the mo:,t significant proprrty of thr>se bark I~oards. Properly 111,ldc 
l,;~rl, 1,oards ha\ cl ;I 11111~11 sinalle~ thick11ess swcxlling and li~lear csp;~nsion than bark I,oard\ 
111adc. \\-it11 4.5% p11c.11olic rrsin aftcr soaking in \\,.lter for 72 hr. 

1NTIIOI)UCTIOS 

III u previous study ( Chow ar I (1 Pickles 
1971 ) , thc tllcrlllal softenillg an tl dcgrada- 
tion of \.\rood and  bark \ \ w e  1.saminc~c1. 
r 7 I l~crmal softening mas dctc,rlninc:tl l)y n1c.a- 
suring the dccrcase of colnmn h(1ight of 
l):~clictl material undcr Ti0 psi prcssurc and 
contil~llous hvating fro111 2Fi C to 400 C. Tllc 
oven-tlried wood and hark began to softc.11 
at  a l~ont  200 C .  An accc.1eration of this 
c+feet was notcltl at  300 C ,  n~ith  a rn~~ximuin 
softelling rat(' occurring at  380 (:. In  thc 
l)rcw11c(~ of ~l~oishnrc,, ;III atltlitio~~al softcn- 
ing I I ~ ; \ X ~ I I I I I I I I  occ~rr(~c1 ;\t 160 (: Tlic VY- 
tcwt of softc.ni11g incrc,ased with iucreasc~cl 
~noisturc content. 17rolll X-ray s t ~ ~ c l i ~ s ,  the 
c~r!rstalli~~ity of thcx sarnpl(~s was also fou~id 
to d(~crc~asc in the rang(, fro111 200 to 250 (:. 
'Tll(1 possi1)ility of' c~stracti\~c~ :1i~1 lignin 
pol\ lnc~ization at thc tc~rnpernturc,~ cansiilg 
soft(7nilrg mas re\,cnlrd by infraroil spectro- 
sc,opic i~l~alysis. 

O n  thc I~asis of thcsc finclings, it \vas 
l)osti~latc~l that thc thcrnlal softcming of 
rnoistc~nc~cl \\loot1 and bark at  telllpc'ratnrcs 
I)clo\v 200 <: \vns 111orc. pl1\.sii":11 t l ~ a n  chcm- 
ical in 1i:lturc and n7as attributotl to plns- 
ticization by \vatc,r. This plastic*ization vf- 

fcct is 1)clieved to 1~ important for setting 
l)ressing schrdulcs in the manufacture of 
hardboard and particl(>board. Thc tlicrn~al 
rc,action of bark at  a tcJmperature greater 
than 180 C mas attri1)utcd to the polymcriza- 
tion a11d partial degradation of bark com- 
ponents. 

In the present study, it is not intcntlcd to 
cxsami~~c moistnrc p1asticization effects at  a 
tcmpcraturcX bc>low 180 C. A kinetic ap- 
proach was t;tkcn to cxaminc furth(,r the 
possibility of polymerization of bark cl.itrnc- 
tive at  temperatures greater than 180 C.  
The dcrivcd knowledge was first applied to 
an exploratory iilvc~stigation of thc potcn- 
tial uses of bark for oil pollution control on 
water. The information was also usc~l  in a 
~x(>liminary study of tho ~na~lufactm.c? (011 
a laboratory scal(x) of bark board \~.ithout 
synthetic rc~sin that \voulcl retain its climc>n- 
sional stability under 1vatc.r-soaking con- 
clitions. 

Effect of hetrting tenzperatures on  tlze 
solz~l~ilit!j of ])ark extractives 

Douglas-fir [ Pseutlotsugn nzenziesii (hlirb.) 
Franco] and red alcler [Alnus ruhrcr 13ong.l 
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barks, obtaiiictl from single trees having a 
I,ark thickness of about 2 inchvs and 0.5 
iilch rcspc,ctivel!r, werc dric,d iu a forced- 
draft ovcy~l for 10 hr at 105 (: and the11 were 
g r o u ~ ~ d  to pass a 120-mesh scl.c,en. The 
~i~atcrials n7c,rc, storcd in a dcsiccator over 
PY0>, 

, 7  1 o tl(tc,rminc, the solu1)ility 01: bark ex- 
tractives followi~~g diffcrcnt h?at treatments, 
sa~nplc 's(  0.5 g each ) 1.r7ere plac:ed in the 
furnace of a thrnlial gra\rimctricb analyzer, 
o l ~ c  s a l ~ ~ p l c  only in racli run, and wcre 
lic~atc~d ovcr a range of ~naximuni tempera- 
t11rc.s (room tc~mpc~raturc. to 420 C )  at a 
rate of 16 (: Ilnin. Tin~ncdiately upon re- 
nloval from thc furnaco, samples werc 
cool(~t1 ill air with dry ice, and them stored 
in a dcsiccator over P20r,. 

Tvn nlg of each samplc \vcJrcs c~xtracted 
\vith 10 ml of distilled watvr at roorn tern- 
~wraturc.. Th(, ~nistnre was stirrcd occa- 
sionally. ,4ft(\r 4') hr, thc solution was 
filtc,rcd and an nltraviolct spr>ctl.um of the 
tlissolvcd c~utracti\.cs was rceordcd. 

Kinetics of estractioe ~~ol!/n~crization 

To cvaluatc. the kinetic vnergv required 
for c,stractivc polymerization, 1 g each of 
po\\~dcrcd and homogenized bark samples 
\vc.rc, separately h(,att,d in a static-air oven 
at 200, 240, 280 a ~ l d  320 (: for 3 to 8 time 
intcr\,als from 0 ((:ontrol) to 120 min. The 
liig!lc~r th(. tenipcraturr, thc shortvr was the 
hc~ating timc. Each sarliplc (10 m g )  was 
clstracted with 10 1111 of distillctl watcr at 
rooni tc~~~lpcraturc and lcft for 48 hr with 
occasio~lal s t i r r i~~g.  The ultraviolet spt.ctra 
for the filtc.rct1 soll~tions wcxrc rccord(~c1 and 
then thctsc. data wcw uscd to calculate thc 
rat(, constants for c,ach tcn~p~ra turc .  

Oil-poll~~tion control st~ltly 

To tlcterlninc the caffcct of 1)ouglas-fir 
I~ark particlc size on oil absorption proper- 
ticls, a samplc of dried bark was first ground 
and scrcc~nc~d into four particlc sizes of 10- 
20, 20-35, 35-60 and snlall(,r tha~i  60 mesh. 
These fractions then wcrc heatvd at a 
scliedule drrivc,tl from thc results of the 

aforementioned kinetic work to cnsurc niini- 
mum extractive solubility. 

Five g of oil were poured onto the si~rfaec 
of continuously stirred tap water contained 
in a 1-liter beaker. Ten samples of bark of 
cach mesh size, a t  weights ranging from 
0.5 to 3.0 in 0.25 g increments, were prc- 
pared and each sample was added to the: 
surface of the oil-water mixture contained 
in different beakers. The oil was instantly 
absorbed by the bark upon contact and the 
mixture formecl into an aggregated body, 
which then was casily removed from the 
water by use of a spatula or a screen. The 
oils uscd were SAE 30-weight engine oil 
and light crude oil (Imperial Oil 1,td. B. C. 
40 API ) . 

Oil absorptivity of bark was expressed as 
the weight ratio between oil and bark when 
oil was completely absorbcd by a known 
weight of bark. 

Since previous X-ray work sho\ced a 
degradation of the wood cellulose crystal- 
linity at: teinpcratures above 200 (> ( Chow 
and Pickles 1971), thc solubility of tlro car- 
bohydrates that might have ROD c,ffect in 
hcated bark was examined. Thc water- 
soluble substances from 5 g each of ail.-dried 
bark and bark heated to 200 and 240 C for 
120 and 30 min, rcspectivcly, were estractcd 
at room tcmpcrature for 48 hr, dried, and 
imbedded into KBr pellets for iilfrared 
spectral analysis. 

Air-drictl Douglas-fir bark was ol)tainc,tl 
trom a plywood plant, broken into  bout 
ollc-illch-scl~~arr chips and dried in a torced- 
dr'ift oven (air specd 450 ft/niin) at 105 C 
for 72 hr. Thew chips were, further gl.ountl 
to pass a 5-~nesh screen and 5torc.d in a 
pl'lstic bag. 

To detcrinine thr, moisture, contc>nt of the 
ground bark, threc 10-g samplcs were dried 
in the s ane  forced-draft oven at 105 C for 
10 days. Since the bark samples were 
ground, the moisture diffusion during dry- 
ing was probably not i~npedcd by peridcrm 
tissues. The moisture contc>nt of salnplcs 



FIG. 1. Cornparison of Douglas-fir I w k  boards 
~nade nith conventional and vaclluln sy::tems. 

\vas fount1 to be 2.5% o\7on-dry weight basis. 
Thv actual moisturc contrnt might have 
bccm less than 2.5%, sincc some vol:~tile bark 
co~nponvi~twmay ha\,(, been lost through thc 
long pcriod of heating. A 3000-g sa~nple of 
ground I~ark n7as also hcatcd at [:he same 
condition for moisturc dctc~rmination. This 
lnatcrial was referred to as "absohitcly dry 
bark," \vhich n7as 1atc.r also prc3sscd into 
bark board. 

For preparation of bark boards. samplcs 
( 11 80 g )  of liloisture contrnt lcss than 2.5% 
were \veighecl and spread ovcr a 12 x 12 
inch and prc,ssed to 0.5-incth stops. 
Rccausc the expcrirncnt was primarily de- 
signed to study the auto-adhcsion properties 
of bark mldcr the influrncc of heat, a rcla- 
tivcly high pressing pressurc of 400 p" was 
used. This rmsured good contact of bark 
particles during pressing and resulted in a 
board tlcnsity of approximately 1.0. Al- 

though pr~.\~ious work (Chow and Pickles 
1971) inclicatccl that a higher tr:mperaturc> 
\vould be optimal and since th(: masili~um 
temperature of our press is 220 C, c>speri- 
mental boards wcJrcl prcsscd at 200 <: for 
time periotls of .5, 10, 15, 20, 40, 60, 80 ancl 
120 min. O ~ l e  1)oard tach was made ill t h ~  
prcssing timcs of 5 to 20 rnin, while two 
boards were made in each schedule of 40 to 
120 rnin pressing time. For purposc-s of 
coinparison, soinc boards wcrc mad(: at  180 
C with 80 mill pressing tilnc, a tcniperiiturc 
slightly bclo~v the thermal softening tcm- 
pcrature of dry bark. 

Hoards wcrc prcsscd in thc con\'cwtional 
manner with smooth platens using o\7c11- 
dried bark (moisture content lcss than 
2.5%' ) . Thin boards ( 'A inch thick) sho\vcd 
internal 1)ond strengths as high as 150 psi. 
However, uncl(,r idcntical prcssing co~ltli- 
tions, thicker boards showcd blister failiirr~s 
in the middle (Fig. 1 ) .  To overcomr this 
difficulty. a v;tcuum-prcssing system was 
developed. This system made use of two 
platens having ~lumcrous groovc,s ( !/lo inch 
width ancl :!/, inch dcpth-Fig. 2 ) .  (;roovcs 
in platens werc collnccted by hoses to n 
vacuum systcm. Released watcr vapor was 
condcnscd into a graduatrd cylinder 1)c:forc 
it rcached the \,acuum pump. To prc,\rent 
bark particles from plugging the platen 
grooves, 16 x 16 inch mctnl scrccns ( Fi 2. 2)  
werc uscd to cover thc platen" \which werc 
fmthcr covercd with a thin tissue papcr be- 
fore accepting a board mat. This tech~~icluc 
proved to be successful in preventing Illis- 
tcring. 

Strength test.  Thc boards were santled to 
obtain a ~11100th sul.face for testing. Iknd- 
ing strength (MOR) and intcriial bond 
( IB ) strcngth were then determined in ac- 
corda~lcc with ASTM D-1037. Two bc~~t l ing  
samples ;ind four samples for I B  strcngth 
tc>sting \t7?re cut from each board after trim- 
ming a half inch from the edges. T\vo of 
the samples for IB strength testing were hot 
stackcd at 105 C for 72 hr and tested 
after the samples were cooled to room 
tc)mptJratu(re. 



Flc:. 2. 'The i.acuum-pressing systenl and metal screen. 

Dit~icnsional stuhility.  'I'lvo sat~lplcs from 
each 1)oard having th(. d i~nc~ns io~~s  3 x 3 x 
0.3 i11c11 \r7erc prcparctl ancl soakc.cI in water 
for 72 IN.  The. moisturc absorption ( M ) ,  
thicknc~ss swc.lling ( T )  and lii1c.ar cxpansiotl 
( 1, ) \vcre measured. 

A similar tcst was contll~ctcd to colnparc 
tl1c1 yl-fornlai1c.e of t l ~ c  a1)ovc 11oarcls with 
I)al-k I~oards containing 4.576 pphc~iol-forlnal- 
el~~hycle resin prc~ssc~d at 200 C for 20 min. 

1 3 f f r ~ c . t  of llecztit~g tert~pelntttrc on solubilit!~ 
of hurk eutrac,tiues 

A qraph comparinq thc ab~orbanccl of 
\\ratcsi -wlul)lc cutractivcss at 280 11111, thc only 
,il)5olptlolr ~na\imnln of th(5 liltrd\ iolct spec- 
tl unr, \\7itli thv l~cating tc~npcia tu~  c i\ \how11 
ill Fiq. 3. I3ctwc~c.11 roo111 tcml~ei a t~uc  ant1 

200 C, t l ~ e  extractive al~sorbance rc~nains 
constant. I-Iowevcr, over 200 C, which coin- 
cides with the, thermal softening tc~npera- 
turc (Chow and Picklcs 1971), t l ~ :  ab- 
sorbance (1ccreasc.s markedly. .At 320 C, 
samples have almost zero absorbance. 'Thcsc 
results indicatc that the softening of bark 
and the loss in solubility of water-soluble 
extractives follo\v the samc tcmpcxrature 
trend. 

The infrarcxl spectra of the recovered 
water-solul~lc c~xtractivcs from air-dl-!. and 
hcatcd bark sn~nples sholvcd that thc c'arbo- 
hydrate absorljance ( 1020 cnl-' ) of thc 
heatccl smnpl(,s is only 30 to 50% of t l ~ e  air- 
dried bark. IJow water solubility is most 
likely clue to thc cffcct of deh\,dratiot~ and 
l~ossib!y thc cross-linking during heat treat- 
ment. 



. 3 Relationship between heatinc: tempera- talllination of water extractives ( con. 
tuve and solubility of Donglas-fir ancl red alder pounds high in 1 3 0 ~  possibly 
I);irks expressed as the absorl~ance at 280 nm. 

fish) is ~ninimized and the bark can thrn 
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Kinetics of extractive poly~nerization 

The loss of ultraviolet absor1)ance of 
lvater-soluble extractives in the coursc of 
heating follows first-ordcr kinetics. Calcu- 
lated rate constants at different tenipcra- 
turcs arc shown in Tablr 1. Activation 
ctncrgies obtained using thc Arrhcnius (qua- 
tion were 13 and 16 Kcal/molc for Douglas- 
fir ancl red alder bark, rcspcctively. In  
calculating thc ratc: constants, it was as- 
sumed that the dccrease in absorl).incc was 
t111c. to condensation reactions of tllc estrac- 
ti\.c's, 1)ut some of this clecrcaso  night also 
a~.isc% froin thc loss of morex volaiilc com- 
11011 c'nts . 

Tlic: heating schedules rc)cluiretl to reach 
a point of rninirllunl solubility of bark es- 
trac.tivc>s xrr shown in Taldc 2. 

Thesc, kinetic results indicatc thc, exis- 
tcncc. o f  polymerization of phenolic sub- 
stances in barks. This is consistent with the 
finding of Lcvin and co-workcrs ( 1971), 
who studicd the heating of Siberian larch 
bark 11y clcctron paraulagnctic resonance 
( EPli ) in air and in vacuuln. EPR signals 

<,- wrrc recordcd from 130 to 700 C. Th(: in- 
tensity of' the signal depends on the hvating 

,---0 tcmp~rature. At temperatures above 200 C, ./ ::;:;::: increased EPR signal intensity and in- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . * creased condensation products wcrc appar- 
.. ently related to forlnation of free radicals. 

Oil-pollution control stutly 

.. ""'~.~..~~... \ Llihen bark is heated at an appropriate 
*...... 

"'+70 time-tcmpcrature combination ( Tab](, 2 ) ,  
.-.L . L - --L 

be used without further treatment to con- 
trol oil pollution of water. In  vic\il of the 
wide availability of low-cost bark, this treat- 
ment makes bark an obvious candidate for 
absorbing iilarinc oil spills. 

Expwi~ncntal results of the laboratory 
tc,st to scavenge light crude and 30-weight 
cnginc. oil from a water surfacc: using 
Ilouglas-fir bark indicate that the all~ount 
of oil absorbed by heat-treated, pulvc,rizccl 
bark depends on its particle sizc. The 
srnaller the particlc size, the grcatcr is the 
amount of oil absorbed. The average, oil 
absorption of bark with particlc sizc srl~allcl. 
than that passing a 35-nlesh scrc,en was 
about ~ c \ ~ c n  tinlcs its wcight, whilc l ~ r k  of 
particle sizc grcnter than 20 mcsh abstr~~l)ctl 
about twiccx its weight. Both typcw)f oil 
1)ehavcd in :L sin~ilar fashion. 

Particles that absorbed oil floated nl~nost 
inclcfinitc~ly, \vhilc those that did not contact 
oil ultin~atc,ly bccanle watc~rloggctl ant1 
slowly sank. These laboratory results incli- 
catc the necessity for tests comparing thc 
c,fficic~lcy of heat-treated bark with prrs- 
clntly uscd ~natc,rials for recovering oil from 

2 6 0  0 - leaching of organic cxtractivcs by watcr may 
TEMPERI \TVRE (.'C 1 

bc nrcvented. Aftcr this treatment. con- 

r .  L A I I I . I :  1. Kinetic data for the thernlal poly~l~erizatioll of \\,atc:r-sol~ll,lc 1)ark extractives 
. - . - - -- - - p- - - ~. .- - -~ 

-- 

Activation energ> 
S1x.c ie, Hate conytant (min-1) (Kcal/inole) 



~. I .\lru.: '3. 'rlic time-tc111pcratu1.e schedules for without hot stacking incrc,ases with pressing 
11c;ltinji I~arlis for mininlulll e\tracti\cb solllbility in timc,, Aftcr 80 mill, both IR and M()1< reach 

\vatcr maximum values (IR, 135 psi; hlOR, 1270 
- - - . 
--- - ~-~ ~ -.. psi) ; but when prcssing time is greater than 

Doriglas-fir bark 80 min, both decrease slightly. This indi- 
'l't'llll~c"atll"c ( c ) 200 2-10 280 320 catcs that either the polymerization ~f bark 
T i ~ ~ r c  (mill) 120 30 10 5 

components is complcte or that tl~crmal 
Kctl altlc r bark tlcgradation has become a dominant factor. 

I c I I I ~ ) (  I L ~ I I I C  ( C )  20:) 2 10 280 320 TllC strength propertie5 of boards hot 
' I  I I I I ~  ( I I I I ~ )  80 20 7. 

1 
- - 

stacketl at  105 C for 72 hl arc also shown in 
Table 3. With thc exception of boards 

\vatc:r smfaces. If th(: results arc7 prolnising, 
fi~lclp divided, hcat-trcatcd bark particles 
~nigllt be produced and stored in  quantity at 
critical port locations as a mcans of cleaning 
1113 oil spills. 

Bark 1)occrrl forn~atiorl 

Strengtl~ properties. Bccausc extractives 
,ind possil~ly also lignin of bark can polym- 
clrize in the course of thermal treatment, 
they ~houlcl be aide to selvcl as ,111 adhesive 
to bind bark ~ai+ticlcs into a 1)oard. Thc 

p ~ ~ s s ~ l  tor 120 inin, which showed no 
changcs, the I n  strengths of boards increased 
with hot stacking. The percentage increase, 

in strength, clrpcncling on the prcssinq tirne, 
ranged from 10 to 250%, with greater bene- 
fits as5ociated with longer pressing times. 
Thc average IB strength for boards mado 
with 80 liliil pr~ssiilg time incrcascxd to 195 
psi aftcr hot stacking, the rnaximu~n value 
attained. Rending strength, on t h ~  other 
hand, \ho\vc~l no change with hot st'icking. 

0 con- Au show11 in Table 3, under prc.ssirr, 

strc,ngths of bic~rcls llladc with ,Illd u~ithout ditions of 200 C for 20 inin, the strc,rtgth of 
phc,nolic rcsin arc, given in Tal-)lc, 3. a bark board fortified with phenol~o resin 

Averagc strc.ngt11 of unmodified boards was grcatcr than a con~parable boa1 tL made 

, , 1 I '3. Col~lpariso~i of a\ eragc strengths and di!~!c.nsional stability of Douglas-fir 1)ark l)oa~ tls made 
with and \vitho~rt the addition of l>henol-for~naldehyde resin 

- - - -- - - -- PAP- 

- -  - -  
Strength I p51) 

Intcrnal Mocl~~lrrs of rupture Din~enaional rtnbilityt 
bond in hemding (hoards m~thont 

I'rchsing .- -- - - -- - hot starking) 
n,ithout with without with -- 

Temp. Time hot hot hot hot hl 1' L 
S.un,gle ( C ) ( ~ n i n )  stacking .\tacking st;~rkinx stacking ( 7 4  ) ( [ X  1 ( % I )  
- - -- - -- - - - -- - - ~- 

H:u.!i only "200 
* !! 

* I t  

! \  

* *  ,, 
* *  ,I 

*: * 
* f 
* * 180 

Bark + 4.,5% 
t'F revin :kc200 

*200 

\'a111rs within parenthesrs arc, the. nln,lhrrs of samples testcd. 
':' One hr~arcl W:IS made \ \ i th  car11 of the\r  1,ressing schedules. 

' k *  T\vo boards were made with each of thesc pressing schedules. Each hoard contributed two samples for each class 
ot i11trrn;11 h ~ m d  tests and one sanrple ~,;tch for each class of bending tests. 

t 11, moi~tnre  absorption; T, thicknras \welling; and L, linear expansion, all after 73 hours soaking. 
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PRESSING T I M E  ( M I N U T E S ;  

1'1(:. 4. Release of nloisture ( %  of o.cl .  bark) 
from bark I~oards during pressing at 200 C. Each 
point i l f t c ~  20 ~ n i n  pressing tirne is the average of 
t\\,o valll<~s. 

from bark aloncl. This was c~spectecl, since 
tlirb 11ark cxtractivcs arc orily partially polym- 
orizc~d at 20 min (Table 2 ) ,  wlrilc the 
phc,r~olic resin should be c11rcd und(~r  these 
c~spc~rinic~ntal conditions. Howcvcr, at 200 C 
for 80 min pressing, at which point n~os t  
bark cxtractivcs are polymerized ( Table 2 ) ,  
both the IB and bending strengths of un- 
~nodified bark boards wcre similar l o  thosc 
of the boards containing 4.S% phenolic 
rcsin. 

Since thv MOR of the board n~:tclc. with 
4.5% plwi~olic rcsin is 1350 psi, it may sug- 
gest that the maximum L 4 0 H  for Douglas- 
fir boartl at  dcnsity of approximately 1.0 
conltl only 1x1 about 1:300 psi. In comparison 
with thc h4OR of wood particleboard 
(about 6000 psi at  density 1.0-Johnson 
1956), the strength of thc bark board is 
lnuch Icss. This could bc. influcnccd by 
anatomical c11:~ractcristics of trrc specics, 
such as the length and proportion of fibers 
in bark. 

Moisture re1ecl.r.e. One iiitc~rcsting obsc,r- 
vation fro111 these cxperirnents is the con- 
tinuous rcxlcase of clear liquid solution 

Y = - 3 4  t 1 8 X  
R' = 0.93 

MOISTURE RELEASED ( % )  

Frc:. 5 .  IZelationship I~etween the nioistnrc re- 
leased ( %  of o.d. L~ark)  ancl internal bond strctngth 
of bark withol~t hot stacking. 

during pressing from bark with an o r ig l~ i~~ l  
inoisturc content of less than 2.5% (Fig. 4 ) .  
Fractional distillation analysis of the licluicl 
obtained after 80 niin pressing at 200 C 
shows that it contains niorc than 95% n ater 
( b p  85 to 105 C ) .  Thc quantity of the solu- 
tion released will hereafter bc rcfcrretl to 
as the pcrccntaqe moi~ture released. 'Thc 
IU strength is lincarly related to the 1)rr- 
centagc moisture released (froin 2 to c)'70) 
as shown in Fig. 5. The study using al)so- 
lutely dry bark gave 4.1% released moist~irc. 
at 200 C: for 80 min pressing. Sincc, thc 
original moisturc~ content of bark u ~ ~ l  in 
thc main cxperinlent was less than 2 3%, 
thc water released after 2% moistmc con- 
tent mu.;t be mainly from condensation , ~ n d  
dchydr'ltion rcactlon\ occurling in th(> I-)'irk. 
The.;(, chcin~cal reactions wo~lld contri1)utc. 
to the strength of bark boards. 

Dirnensiorull stal~ility. Watcr rclcdsed 
from coildensttion and dehydration irLac- 
tions during pressing results from the loss 
of hpdroxyl groups of bark components. 
This loss miill decrcasc the hygroscopicity of 
bark. Figurc 6 shows the dimcnsio~ial 
changes of bark boards produced with 
various pressing times. Moisturc absorp- 
tion ( h l  ) , thickness s~velling ( T),  and 1i11c:ar 
expansion ( L )  of the boards decrease in a 
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curvilinear fashion with incrrascl in pressing 
tiulc.. 

Thc v:~lucs for h l ,  T, and L arta also given 
in Table 3 for bark boards pressed under 
the clifferc~it conditions. Using these values 
as critcria for dimensional stability, bark 
I~oards pressed for 20 mill at  200 C showed 

similar stability to bark boards containing 
4.5% phenolic resin prcsscd undcar thc same 
contlitions. Dimensional changc,s re:~chcd a 
mini~num for 1)oard pressed for 80 min. Thc 
iilcrc~ascx in thc values h.1 and 'r for bark 
boards pressed for 120 min is associated 
\vith a dccreasc, ill MOR and 11% strengths, 
which is most likely attri1)utablc to thcmal  
degradation rc,actions taking place, in thr  
boartls. 

Thr  clffcct of tctmprratl~rc. was esa~nined 
by pressing boards at 180 and 200 C for the‘ 
same pcriod of time ( KO inin). 'The dimcn- 
siollal changrs for boards pressccl at 180 C 
arc allout twice as great as thosc for boards 
madr at 200 C (Table 3 ) .  This finding is 
in agrcwnent \vith the faster pol!.mcrization 
rcaction ratcs at incrcasccl telnp?raturrs. 

.4lt!lough thc press 11sc.d was incapab!? 
of attaining thr optimum high tclllperaturcs 
rrcluiretl, the a1xn.c rcsults indic:ttc that the 
;\uto-aclhcsion properties of bark developed 
by high-tcinpcraturc. pressing can be used 
to producc gooil bark boards. 

As indicated in Tablcs 2 and 3, thC press- 
i~ lg  schcdulc is critical to the d<.velopment 
of I~ond strcwgth. The need for a high- 
tc,rnpcrature prc,ss and vacuum system to 
producc bark boards with good strcngth 
propcrtic~s using a short prc,ssing tillic is a 
limitation of thc prescnt work. 

Thcrinal polyu~crizatiol\ of lxuk estrac- 
tivc components offers an important kcy to 
tli(> greater utilization of bark. 'The potcn- 
tial u s c ~  of bark, after tIic1-11ral treatment, 
for composite products and oil absorption 
could Iiolp to increase tllc ~~tilization of bark. 

Rark board ~ n a d c  using high-tc.mpemturc 
prc%ssing conditions without thc addition of 
adhcsivc, gave intc,rnnl 11ond strcmgtli com- 

PRESSING T IME (MINUTES]  

FIG:. (i. Pressii~g time and stability (clrange in 
2. of drl- dilllension) relationship of 1)arL I~oards 
after soaking in water for 72 hr; moi s t~~rc  :ihsorp- 
tion ( h l ) ,  thickness s\velling ( T ) ,  and li~lcar ex- 
pansion ( 1, ) .  

parablc to bark board containing 4.5% 
phcnoIic resin, as \veil as cxcelleiit dimen- 
sional stability. I t  appears that the npplica- 
tion of the auto-adhesion principle lnay bc 
an ccor~oinical means for board protluction, 
if further work to dcterinine the optimu~n 
high temperature is capable of reducing thc 
pressing tirue. 

Since heat-trcated bark particles a1)sorbed 
up to sc,vcn tinirs their weight of oil and thc 
modified I ~ r k  itself apparently dots not 
constitute, a water pollution prol~lcrl~, the 
efficiency of this bark compared to prcs- 
cwtly accepted scavenging materials should 
bc invcstigatvd. If the results are proit~ising, 
finely clivided, heat-treated bark particles 
might 11c produccd and stored in c~ua~ltity at 
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