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ABSTRACT 

Standard a o i l  block t e s t a  can be used f o r  southern pine and 
aspen fl8keboardr u d e  with phenol - fomldehyde  adhesive i f  the  
board. are f i r s t  leached t o  remove tox ic  reaidtl.1 c h a i c a l a  which 
i n h i b i t  fungal a t t ack .  
can be applied d i r e c t l y  without leaching. 
flake. 8Ce tph tcd  by a new s impl i f ied  d ip  a c e t i c  anhydride proce- 
dure a re  r e s i s t a n t  t o  a t t a c k  by brown-, white-, and s o f t - r o t  fun81 
and tunneling bac te r i a  a t  ace ty l  veight. gainn above 15%. 
l a t ed  flakeboarda 8t  18 t o  21% ace ty l  w e i g h t  gain. a t e  not  
cMlpletely r e s i a t a n t  t o  a t t a c k  by subterranean termite.. 

St8nd8rd fungal cellar and terr i tc  t e s t s  
Flakeboards made from 

Acety- 
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ROVLLL ET AL. 

A considerable amount of research has been conducted to 
chemically modify wood to improve such properties as dimrnsional 

stability, biological resistance, color stability, hardness, and 

water sorption.' The reaction s y s t a  that h a  been investigated 

the most is acetylation, but no c o w r c i a l  process has yet been 

realized. Uost of the acetylation schemes developed have required 

catalysts or an organic cosolvent which complicates chemical 

recovery and causes SOY wood degradation. 

We developed a simple dip acetylation process that has been 

applied to the acetylation of wood flakes.3 

dip-acetylated flakes have been shown to have greatly improved 

dimensional stability both to liquid water and water v a p o ~ . ~ ' ~ ' ~  

We have now completed biological tests on these flakeboards using 

fungi, bacteria, and termites. 

Flakeboards made from 

Relative to acetylated solid wood, few studies have been done 

on the biological resistance of reconstituted products. In 1978, 

Bekere 1. found acetylated fiberboards resistant to the wood- 
destroying fungus Coniophora cerebella.' Arora = 11- found 
pyridine catalyzed, acetic anhydride acetylated, phenol- 

formaldehyde pacticleboarda resistant to " c m n l y  occurring 

Indian wood-destroying fungi."* 

catalyst, Yin and Wang vapor-phaae-acetylqted poplar veneers, 

which were made into plywood. In 5-veek soil block tests, the 
acetylated plywood was resistant to attack by Glocophyllum 

tribe-. Uore recently, llishiwto and Ilorura made particleboards 

from mixtures of control and acetylated spruce chips.lo 

block tests with Tyromyces paluatrir or Coriolus versicolor showed 

very slow decay in boards containing up to 50% acetylated chips 

and no decay in boards made only from acetylated chips. Boards 

u d e  vith 75% acetylated chips were resistant to attack by 

Reticulitermes speratus termites but were less resistant to attack 

by Coptoterraes fornosanus 

Using potassium acetate as 

Soil 

The purpoae of the present research was twofold: First, we 

wanted to determine if standard soil block, fungal cellar, and 
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429 SOUTHERN PINE AND ASPEN U E E O A R D S  

termite tests could be applied d i r e c t l y  t o  flakeboards containing 

phenol-formaldehyde o r  i f  8pacimen8 mmt f i r s t  be  leached t o  

r a o v e  any t ox ic  adhesive components. Second, ve wanted t o  u8e 

these  test  methods t o  determine the r e s i s t ance  of flakeboard8 u d e  

f r o e  dip-acetylated f lake8  t o  b row- ,  vhite-, and s o f t - r o t  fungi,  

tunneling bac te r i a ,  and subterranean termites. 

Reaction of Flakes and 
Board Production 

Ovendry southern pine and aspen f l a k e s  vere  ace ty l a t ed  using 

t h e  d ip  procedure a s  described e a r l i e r . 3  

gains of from 6 t o  2 a  (based on the o r i g i n a l  ovendry weight) vere  

produced. 

Flakes with  a c e t y l  weight 

Control and ace ty la ted  f l akes  were pressed i n t o  boards 

approximately 1.25 x 15 x 15 cm i n  size a s  prev ious ly  described.'* 

Each board was made with a dens i ty  of approximately 640 ks/m 

using a phenol-formaldehyde r e s in  (6% based on ovendry cont ro l  o r  

ace ty la ted  f lakes) .  Each flakeboard was l i g h t l y  sanded and cu t  

i n t o  2.5 x 2.5 x 1.25 cm f o r  s o i l  block tests, 5 x 2.5 x 1.25 a 
f o r  fungal c e l l a r  t e s t s ,  o r  2.5 x 2.5 x 1.25 cm f o r  termite t e s t s .  

3 

Soil-Block Tests 

Soil-block tests were conducted t o  see what e f f e c t  t h e  

phenol-formaldehyde adhesive had on t he  brovn-rot fungi.  

were conducted as out l ined  in ASTLI D 1413.l' 
southern pine and aspen (2 x 2 x 2 a) and con t ro l  f lakeboards 

vere  placed i n  test  w i t h  the brown-rot fungi  Gloeophyllur trabeum 

(Pers. ex Fr . )  Uurr. ( = Lenzites t rabea  (Pers.  ex Fr . )  F r . ,  

Madison 617). Specimens vere removed a f t e r  12 weeks. Extent of 

fungal a t t a c k  vas determined by ve igh t  l o s s .  

Tests 

Sol id  blocks of 

Separate cont ro l  and ace ty la ted  flakeboard specimens were 

water-extracted according t o  the  AS?H D 1413 l eaching  procedure 

for waterborne preserva t ive .  l3 A l l  specimens w e r e  leached f o r  
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430 ROWELL ET AL. 

2 weeks with  d i s t i l l e d  water, c b n g i n g  t h e  water every 24 hours. 

Ovendry w e i g h t  l o s s  was determined a f t e r  leaching .  

Control and ace ty l a t ed  flakeboard specimens, bo th  leached and 

nonleached, were then placed i n  tes t  w i t h  Gloeophyl lw trabeum i n  

the  ASTn D 1413 t e a t  f o r  12 weeks and weight l o s s  determined. 

Fungal C e l l a r  T e s t  

Fungal c e l l a r  t e s t s  were conducted a s  prev ious ly  described" 

t o  determine i f  t he  phenol-formaldehyde adhesive would have an 

e f f e c t  on s o i l  micro-organisms. So l id  wood of southern  pine and 

aspen and c o n t r o l  f lakeboards ( 5  x 2 .5  x 1 cm) v e r e  incubated a t  

approximately 25OC i n  moist u n s t e r i l e  s o i l .  A t  1-month i n t e r v a l s  

f o r  6 months, each specimen was removed and inspec ted .  I t  was 

determined by microscopic examination of a t t acked  c o n t r o l  

specimens t h a t  among the  micro-organisms p resen t  i n  t h e  s o i l  were 
brown-, white-,  and s o f t - r o t  fungi and tunnel ing  b a c t e r i a .  

Control and acc ty l a t ed  flakeboard specimens 

( 5  x 2.5 x 1.25 cm) w e r e  a l s o  placed i n  fungal  c e l l a r  tests and 

inspected a s  above. Af t e r  t h e  tes t  was coaple ted ,  s e c t i o n s  were 

cu t  f o r  microscopic examination. 

Tenmi te  T e s t  

Ret icu l i te rmes  f l av ipes  (Kol la r )  subterranean termites were 

co l l ec t ed  a t  J a n e s v i l l e ,  Wisconsin, and maintained in a 20-gallon 

metal con ta ine r  p r i o r  t o  use. In a pre l iminary  tes t ,  approximately 

87% of t h e  termites placed i n  conta iners  wi th  c o n t r o l  blocks 

aurvived over a 4-wtek per iod ,  i n d i c a t i n g  t h a t  t h e  termites would 

be acceptab le  f o r  f u r t h e r  experimental usage. 

T e r m i t e  tests were run on southern p ine  and aspen s o l i d  wood 

and flakeboards made with 6% phenol-formaldehyde t o  determine 

i f  the adhesive o r  any r e s idua l  by-product a c e t i c  a c i d  would have 

any t o x i c  e f f e c t  on the termites i n  the small con ta ine r s .  Termite 

tests were run a s  prev ious ly  described wi th  some minor changes. l5 

An un t rea t ed  paper pulp block (0.3 x 0 .2  x 2.5 cm i n  s i z e ;  about 
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SOUTHERN PINE AND ASPEN FLAKEBOARDS 431 

0.5 8) was placed i n  a cy l ind r i ca l ,  c l e a r  p l a s t i c  conta iner  ( in s ide  

dimensions, 5 cm d i e t e r  and 3.5 cm deep). 

i s  used as  a n u t r i t i v e  supplcscnt. 

d i s t i l l e d  water. 

board specimens (2 .5 x 2 .5  x 1 cm) were dipped i n t o  d i s t i l l e d  

water f o r  10 seconds p r i o r  t o  going i n t o  t h e  test conta iner .  The 

specimens were placed on the paper pulp shee t  with the  

2.5- x 2.5-cm face  i n  contact with the  shee t .  

The paper pulp shee t  

I t  was ve t t ed  wi th  1.5 m l  of 

Solid wood of southern p ine  and aspen and f lake-  

To each container was added 1 g of te rmi tes  (mixed c a s t e  

forms). The ocnber of termites i n  various c a s t e  f o r m  (workers, 

nymphs, and so ld i e r s )  were counted i n  two out  of every t h r e e  

r ep l i ca t e  containers.  The termite groups cons is ted  mainly of the 

worker form, the  form t h a t  ac tua l ly  a t t acks  wood. The average 

number of termites i n  I-g groups was 323 (89.5% vorkers ,  9% nymphs, 

and 1.5% s o l d i e r s ) .  The u n i t s ,  with l i d s ,  were s to red  i n  a 25OC 

incubator.  

After 2 weeks, an addi t iona l  0.5-ml water was added t o  each 

container.  After 4 weeks, the  test was stopped. Specimens were 

brushed f r e e  of deb r i s ,  ovendried a t  105OC overn ight ,  weighed, and 

weight loss determined. 

f i n a l  termite biomass determined. 

The surviving termites were weighed and 

Control and ace ty la ted  flakeboard specimens 

(2.5 x 2.5 x 1.25 cm) vere a l s o  placed i n  termite tests, and 

weight 108s and te rmi te  surv iva l  w e r e  determined a s  l i v e n  above. 

RESULTS AWD DISCUSSION 

Soil Block Tes ts  

Solid pine and aspen cont ro l  blocks l o s t ,  r e spec t ive ly ,  

approximately 47 and 38% i n  weight during the  12-week t e s t  with 

Gloeophylluo trabeum (Table 1) .  Wonleached con t ro l  f lakeboards 

made with 6% phenol-formaldehyde adhesive l o s t  only about 9% by 

w e i g h t  during the  same time period. 

2 weeks i n  d i s t i l l e d  water resu l ted  i n  e s s e n t i a l l y  the same weight 

loss during the  soil block t e s t  a s  was found f o r  s o l i d  wood. 

Leaching t h e  flakeboards f o r  
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432 ROUELL ET AL. 

TABLE 1 

Average Weight Loss i n  S o i l  Block Tests 
f o r  Solid Blocks and Flakeboards Exposed 
fo r  12 Week# to Gloeopbyl lu  trabeum 

Average Weight Loss (%la 

Nonleached Leached 
Wood Type 

Southern Pine 
Sol id  48.8 
Flakeboards 9.2 

46.2 
49.4 

Aspen 
Sol id  37.6 39.11 
Flakeboards 8.9 36.2 

'Average of 5 specimens. 

These r e s u l t s  indicated t h a t  the s o i l  block tes t  could give 

meaningful data on flakeboards containing 6% phenol-formaldehyde 

only i f  they were f i r s t  leached for 2 weeks with d i s t i l l e d  water. 

The s o i l  block tests of flakeboard made from southern pine 

and aspen control  f l akes  and from acetylated f l akes  a t  various 

weight gains of ace ty l  (Table 2) ahov t h a t  b io log ica l  protect ion 

i s  a t t a ined  a t  about 10% weight gain in nonleached acetylated 

southern pine flakeboards, whereas leached flakeboards require  

about 15% weight gain t o  becow resistant t o  a t t ack .  Similar 

r e s u l t s  were obtained with aspen flakeboards. 

. .  

Even though the  weight loss caused by leaching is low 
(about 2%). t he  leachate must contain chemicals which a re  toxic  t o  

the fungi.  Less weight l o s s  is observed as the l e v e l  of acetyla- 

t i o n  increases which u y  be because of the removal of soluble wood 

mater ia ls  during the  ace ty l a t ion  process. 

Fungal Ce l l a r  T e s t s  

Table 3 shows that both southern pine and aspen s o l i d  wood 

and unleached flakeboards a r e  attacked a t  the same r a t e  i n  the 
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b34 ROUELL ET AL. 

TABLE 3 

Fungal Ce l l a r  Tests' on Untreated Sol id  Wood and Flakeboards 

Ratingb a f t e r :  
"""Y A J F L  

2 w n t h s  3 months 4 months 5 months 6 months 

Southern Pine 
Solid 1 2 3 3 4 
Flakeboard s/ 1 5/2 s/2 s / 3  S / 4  

Solid 1 2 3 3 4 
Flakeboard s/ 1 s / 2  s/ 3 s/3 S / 4  

Aspen 

:Brown-, white-, and so f t - ro t  fungi and tunneling bac te r i a .  
Rating system: 0--no at tack;  1--slight a t t ack ;  2--wderate 

a t tack;  3--heavy a t t ack ;  &--destroyed; 
S--swollen; average of 3 specimens. 

fungal c e l l a r .  This showed t h a t  it was not necessary t o  leach 

the specimens going i n t o  the fungal c e l l a r .  Both s o l i d  wood and 

flakeboard con t ro l s  a r e  destroyed i n  6 months, so the test on 
flakeboards was run fo r  6 months. 

Table 4 shows the r e s u l t s  of the 6-month fungal c e l l a r  test 

on control  a d  flakeboards made from acetylated f l akes .  

pine flakeboards a r e  r e s i s t a n t  t o  a t t ack  by brown-, white-, and 

so f t - ro t  fungi and tunneling bacter ia  above 15% w e i g h t  gain of 

acetyl .  

Southern 

S i d l a r  r e s u l t s  vere obtained for aspen. 

I n  both softwood and hardwood flakeboards no b io log ica l  a t t ack  

occurred before swelling of tbe specimens. 

swelling is  A r e s u l t  of water wetting or the i n i t i a l  e n z p a t i c  

a t tack.  In specimens that were degraded, tunneling bac te r i a  were 

the first organism t o  at tack.  Specimens which were heavily 

attacked were degraded by tunneling bac te r i a  and brown- and 

so f t - ro t  fungi.  

It is  not  known i f  the 

Earlier research i n  fungal c e l l a r  tests on epoxide-modified 

wood showed that fungi were able t o  a t t a c k  r a d i a l  wal ls  of l a t e -  
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ROWELL ET AL. 

wood c e l l s  even a t  high l eve l s  of bonded chemical.5 

happen with acetylated wood, which shows t h a t  ace ty l a t ion  occurs 

more uniformly through t h e  c e l l  w a l l  as compared t o  eporide- 

m d i f i e d  wood. 

This does not 

Tecmi te  Tests 

Table 5 shows that both s o l i d  wood and flakeboard con- 

t r o l s  show e s s e n t i a l l y  the  same weight l o s s  and termite survival  

i n  the 4-week test .  

0.2-to 0.4-8 weight loss i n  untreated wood during a 4-week test. 

Aspen specimens showed a s l i g h t l y  lower l eve l  of a t t a c k  and termite 

survival  a s  compared . to  southern pine.  

One gram of termites n o r r r l l y  cauaea from 

Table 6 shows the r e s u l t s  on control  and flakeboard. made from 

acetylated f lakes .  As the  ace ty l  weight gain increases ,  specimen 

weight loss decreases.  Final  termite biomass remains t h e  same 

except i n  specimens a t  the highest  l eve l  of a c e t y l  weight gain. 

A t  t h i s  l e v e l ,  t he re  is  a s l i g h t l y  reduced termite biomass. In 
the  aspen flakeboards a t  13.6, 16.3, and 17.6 a c e t y l  weight gain,  

t he re  were a few dead termites a t  the end of the 4-week test. 

Nevertheless, t he  >50% biomass survival  of termites a t  a l l  tes t  

l eve l s  indicates  t h a t  the r e s u l t s  were a severe tes t  of t he  

mater ia ls .  

Even a t  the highest  ace ty l  weight gain f o r  both southern pine 

and aspen flakeboards,  weight l o s s  caused by territe a t t a c k  was not 

completely stopped a s  it was in fungal and tunneling bac te r i a  

tests. 

ever,  it is known t h a t  t h e  i n t e s t i n a l  protozoa in termites decom- 

pose ce l lu lose  to a c e t i c  and t h a t  a c e t i c  ac id  accounts 

f o r  85% of a l l  acids  produced from ce l lu lose  fermentation i n  

termites.L8 Since termites can l i v e  on a c e t i c  ac id ,  perhaps it i s  

not su rp r i s ing  t h a t  ace ty l a t ed  wood i s  not completely r e s i s t a n t  t o  

termite a t t ack .  Wood chemically modified with epoxides was found 

t o  be more r e s i s t a n t  t o  termite  a t t a c k  than ace ty l a t ed  wood. " 

This may be a t t r i b u t e d  t o  t h e  seve r i ty  of t he  test;  how- 
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TABLE 5 

Weight Loss and Termite Surv iva l  Af te r  4 Wcckr on 
Sol id  Wood and Flakeboards 

F i n a l  T e r m i t e  

Biomass (g) 

Weight Loss' (g) Wood 
Species b 

Southern Pine 
So l id  0.27 
Flakeboard 0.25 

Aspen 
Sol id  0.19 
Flakeboard 0.16 

0.85 
0.83 

0.64 
0.62 

:Average of 3 specimens. 
S t a r t i n g  weight, 1 8 .  

TABLE 6 

Weight Lors and T e r m i t e  Surv iva l  After 4 Weeks on Flakeboards 
b d e  from Control and Dip-Acetylated Flakes 

Acetylation F ina l  

b 
Weight Loss' (g) Termite Wood Weight 

Species Percent 
Gain B i o m a s s  (8) 

Southern Pine 0 
10.4 

21.6 
17.8 

Aspen 0 
8.7 

11.5 
13.6 
16.3 
17.6 

0.23 
0 .09  
0.06 
0.05 

0.13 
0.10 
0.07 
0.08 
0.08 
0.06 

0.83 
0.67 
0 . 7 5  
0.65 

0.61 
0.62 
0.63 
0.60 
0.63 
0 .54  

:Average of  3 specimens. 
S t a r t i n g  weight, 1 g. 
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438 ROWELL ET AL. 

SUlQIARY AND CONCLUSIONS 

The s tandard  AsTn D 1413 s o i l  block test  can be used t o  test  

flakeboards made with a phenol-formaldehyde adhes ive ,  provided 

they a r e  f i r s t  leached with water. The water leaching  removes 

r e s idua l  chemicals t h a t  a r e  otherwise t o x i c  t o  fungi.  Fungal 

c e l l a r  and termite tests can be done d i r e c t l y  on phenol- 

formaldehyde-containing flakeboards without leaching .  

Flakeboards made from ace ty l a t ed  f l akes  above 15% weight ga in  

of a c e t y l  w e r e  very r e s i s t a n t  t o  8 t t a c k  by brown-, white-, and 

s o f t - r o t  fungi  and tunneling b a c t e r i a .  In fungal  cellar tests, 

tunneling b a c t e r i a  were the  f i r s t  t o  a t t a c k  lower ace ty l -  

s u b s t i t u t e d  f l a k e s ,  and no b io log ica l  a t t a c k  took p l ace  before  

swel l ing  of t h e  wood. 

Even a t  t he  h ighes t  l eve l  of a c e t y l a t i o n ,  f lakeboards were 

not  completely r e s i s t a n t  t o  a t t a c k  by subter ranean  termites. 

may, i n  p a r t ,  be caused by the  termites' a b i l i t y  t o  d iges t  a c e t i c  

ac id  and perhaps ace t a t e .  

This 

The mechanism of b io log ica l  r e s i s t a n c e  in ace ty l a t ed  wood is 

not  known; however, it is Benerally accepted that  it is due t o  two 

f ac to r s :  g r e a t l y  decreased moisture so rp t ion  and s u b s t r a t e  

blocking. l9 

aspen f l a k e s  with wre than  la a c e t y l  weight ga in  have an equi- 

l ib r ium moisture content about ha l f  t h a t ' o f  con t ro l  f l akes  and a 

f i b e r  s a t u r a t i o n  po in t  about 80% lower than c o n t r o l  f l akes .  2o 

There may n o t  be enough moisture a t  t h e  s i te  f o r  enzymes a c t i v i t y .  

A b e t t e r  understanding of exac t ly  where the  a c e t y l  groups a r e  

loca ted  in the c e l l  wall  polymers could shed l ight on t he  

s u b s t r a t e  blocking theory.  

Flakeboards rode from ace ty l a t ed  southern  p ine  and 

The carbohydrate p o l y w r s  are t h e  most suscep t ib l e  t o  bio- 

l o g i c a l  a t t a c k  wi th  the h a i c e l l u l o a e s  the most access ib l e  and 

hygroscopic of t h e  c e l l  w a l l  polymers. If the f i r s t  s t e p  i n  

fungal degrada t ion  of wood is a t t a c k i n g  t h e  hemice l lu loses ,  

a c e t y l a t i o n  of t h i s  f r a c t i o n  MY be t h e  key t o  b i o l o g i c a l  

p ro t ec t ion  by chemical modification. 
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Flakeboard s takes  made from var ious  levels of ace ty l a t ed  

southern pine and aspen f l akes  using phenol-foruldehyde o r  

isocyanate adhesive a r e  p re sen t ly  i n  f i e l d  tests i n  Ui s s i s s ipp i  t o  

determine the  du rab i l i t y  of t he  product a s  w e l l  a s  the s t a b i l i t y  

of bonded ace ty l  groups with per iodic  a c e t y l  ana lys i s .  The 

Miss i ss ippi  s takes  w i l l  be t e s t e d  i n  the  presence of various types 

of brown-, white-, and s o f t - r o t  fungi ,  s o i l  bac t e r i a ,  and sub- 

te r ranean  termites. Acetylated flakeboards a r e  a l s o  i n  test i n  

the  ocean t o  determine t h e i r  r e s i s t ance  t o  marine organisms. 

Acetylated f lakes  a t  various l e v e l s  of bonded a c e t y l  groups 

a r e  a l s o  under test in  laboratory-simulated high humidity where 

ace ty l  s t a b i l i t y  v i l l  a l s o  be determined. I t  is important t o  

f ind  out  i f  acc ty l  is l o s t  over time due t o  hydro lys is .  I f  t h i s  

occurs,  then it is  only a mat te r  of t ime before the  acety; concen- 

t r a t i o n  w i l l  be below the  threshold  l e v e l ,  and t h e  board v i l l  s t a r t  

t o  f a i l .  If ace ty l  is hydrolyzed, it w i l l  probably be i n  the  most 

access ib l e  regions of the c e l l  wall  polymers which are the  M S t  

suscep t ib l e  t o  b io logica l  a t t a c k .  

Whereas it i s  probably not r e a l i s t i c  t o  assume ace ty la ted  

wood can replace broad-spectra t o x i c  p re se rva t ives  f o r  inground 

and marine appl ica t ions ,  it is  important t o  determine the  limits 

of i t s  b io logica l  res i s tance .  This i n f o r u t i o n  w i l l  lead t o  a 

b e t t e r  understanding of t he  mechanics of b io log ica l  r e s i s t ance  

through chemical modification and perhaps t o  the  development of a 

nontoxic leach- res i s tan t  procedure t h a t  is durable f o r  aboveground 

appl ica t ions  i f  not inground app l i ca t ions .  
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