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ABSTRACT 

The pH and buffer capacity of dry wood flakes from eleven southern species and their effects on 
gel time of phenol formaldehyde (PF) oriented strandboard resin with and without zinc borate addition 
were investigated in this study. It was shown that the pH of the hardwood flakes was acidic, with 
white oak being the most acidic (pH = 4.60) and elm nearly neutral (pH = 6.93). Southern pine flakes 
had a relatively low pH value (pH = 4.98), compared to the hardwood flakes. The alkali buffer capacity 
was larger than the corresponding acid buffer capacity for most species tested. The total buffer capacity 
varied from 0.09 for cypress to 0.358 for hackberry. Measured resin gel times with and without wood 
presence decreased as the amount of zinc borate increased. The reduced gel time was partially recov- 
ered by using polyethylene glycol (PEG) in combination with the borate. The effectiveness of PEG 
varied with wood species and the level of borate used. The gel time had no direct correlation to flake 
pH and buffer capacity of the wood species used. 

Keywords: Buffer capacity, gel time, pH, phenolic resin, oriented strandboard, termite, zinc borate. 

INTRODUCTION 

Formosan subterranean termites (FSTs) 
have rapidly expanded their geographic do- 
main in the southern United States and Ha- 
waii. FSTs are thought to cause over $1 billion 
structural damage per year in the country 
(Ring 1999). It is the most destructive insect 
in Louisiana. An epidemic destruction by 
FSTs causes about $300 million per year in 

I This paper (No:00-22-0685) is published with the ap- 
proval of the Director of the Louisiana Agricultural Ex- 
periment Station, LSU Agricultural Center. + Member of SWST. 

historic and residential buildings in the greater 
New Orleans metropolitan area alone (Shupe 
and Dunn 2000). The ultimate solution to tr:r- 
mite destruction is to use wood species resis- 
tant to termites or to use termite-repellent 
chemicals for wood-based products in residen- 
tial construction. It has been shown that bath 
chromated copper arsenate (CCA) and borate 
treatments prevent termite attack on wood 
members. Structural lumber and plywood can 
be successfully treated after their manufacture 
(e.g., treatments with CCA). Oriented strand- 
board (OSB), however, cannot be pressure- 
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treated with water borne preservatives once it 
is manufactured because of its large swelling 
characteristics. 

Work has been done to incorporate borate 
chemicals such as zinc borate (ZB) into OSB 
furnish during the blending process (Laks et 
al. 1988, 1991 ; Sean et al. 1999). Panels with 
good termite-resistant properties have been 
successfully developed using zinc borate at 
various application rates (e.g., 1 %  based on 
dry wood weight). Borate, however, has an ad- 
verse effect on mechanical and physical prop- 
erties of OSB, especially those bonded with 
phenol-formaldehyde (PF) resin (Laks et al. 
1991). This has presumably been attributed to 
the interference of borate with the resin cure 
process during hot-pressing (Pfaff 1993; Sean 
et al. 1999). As a result, a higher resin-loading 
rate is usually needed to achieve acceptable 
board strength and durability at high levels of 
borate addition. Potential durability issues of 
borate-modified OSB have generated contro- 
versy in the structural application of this prod- 
uct. This signals the need for studying bonding 
characteristics and durability of OSB as influ- 
enced by flake chemical properties (e.g., pH 
and buffer capacity) and levels of borate ap- 
plication. 

The importance of wood chemical proper- 
ties and surface activation by oxidizing agents 
on wood-adhesive bonding has been well stud- 
ied (Gardner and Elder 1988; Johns and Niazi 
1980; Maloney 1977; Stamm 1961). The pH 
of wood may change the pH of the adhesive 
at the interface and modify the cure of resin 
during hot-pressing. As a result, a too high or 
too low pH of wood has been reported to be 
troublesome for achieving good adhesive 
bonds in wood-based products (Bryant 1968; 
Campbell and Bryant 1941; Chen 1970). The 
pH of wood is generally related to its extrac- 
tive content, which varies from species to spe- 
cies. Although extractives represent only a 
small portion of wood, they include a wide 
range of chemical compounds from volatile 
terpenes, organic solvent-soluble fatty acids 
and waxes, water-soluble carbohydrates, and 
proteins (Cotton and Wilkinson 1988; Fengel 

and Wegner 1984). These substances hinder 
adhesive wetting and thus interfere with the 
cure process of the adhesives by reducing or 
prolonging the cure time (Johns and Niazi 
1980; Jordan and Wellons 1977). Removal of 
these extractives represents an effective means 
to reduce their effects on wood-adhesive 
bonding. It was reported that the pH of wood 
from temperate zones is in the weak-to-mod- 
erate acidic range of 3.3-6.4 (Gray 1958; In- 
gruber 1958), while the pH of tropical woods 
ranges from weak acidic to weak alkaline of 
3.7-8.2 (Chen 1970). Johns and Niazi (1980) 
reported that both hardwoods and softwoods 
are in the pH range of 4.0-5.9, with an incon- 
sistent difference between sapwood and heart- 
wood. The process of hot-water soaking used 
to prepare wood for flaking and drying the 
flakes to a suitable moisture content for OSB 
production is likely to change the pH and buff- 
er capacities of wood because of the removal 
of water-soluble extractives. 

Resin gel time is considered a relative mea- 
sure of the rate of resin cure. It is usually char- 
acterized by a sudden increase in the viscosity 
from liquid resin to a solid gel, as measured 
by a suitable gel-time apparatus. It was found 
that the gel time of urea-formaldehyde (UF) 
resin was directly correlated to wood pH and 
inversely correlated with acid-buffer capacity 
for both hardwood and softwood aqueous ex- 
tracts (Johns and Niazi 1980). The adverse ef- 
fect of borate in OSB has been attributed to 
the interference of borate with the resin flow- 
ing and curing process during hot-pressing 
(Laks et al. 1991; Sean et al. 1999). It is be- 
lieved that boron ions react with the functional 
methyl01 groups on resin molecules, which 
causes the resin to precure prior to consoli- 
dation. As a result, severe pressing conditions 
have to be used for the resin to be able to cure 
in a normal manner (Hsu and Pfaff 1992). 
Sean et al. (1999), in evaluating the effect of 
borate treatment on the physical and mechan- 
ical behavior of OSB, used polyethylene gly- 
col (PEG) as a flow agent to improve resin 
flow and curing during hot-pressing. They re- 
ported that the adverse effect of borate on ad- 
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hesive flow could be minimized by the addi- 
tion of organic flow agents containing hydrox- 
yl (-OH) groups such as PEG. Additional in- 
formation regarding the gel process of PF 
OSB resin may shed more light on the resin- 
curing process in the presence of zinc borate 
and wood with different chemical properties. 

Currently, very few data on chemical prop- 
erties of OSB flakes are available. Also, the 
effects of flake pH and buffer capacity on res- 
in gel time in the presence of chemical addi- 
tives such as zinc borate are still unknown. 
The study reported here represents the first 
part of a comprehensive study on developing 
chemically modified OSB with desired 
strength, durability, and termite resistance us- 
ing southern wood species. The objective of 
this work was to study effects of wood flake 
chemical properties and addition of zinc bo- 
rate on gel time of PF resin used in the rnan- 
ufacture of OSB. 

MATERIALS AND METHODS 

Material selection and sample preparation 

Lumber selection.-Green boards (2.44 m 
long by 2.54 cm thick by random width) from 
each of the following eleven species were ob- 
tained from Roy 0 .  Martin Lumber Company 
in Louisiana. These species included ash 
(Fraxinus spp.), cottonwood (Populus spp.), 
cypress (Taxodium distichum (L.) Rich.), elm 
(Ulmus umericana L.), hackberry (Celtis oc- 
cidentalis L.), locust (R. pseudoacacia L.), pe- 
can (Carya spp.), red oak (Quercus spp.), 
white oak (Quercus alba L.), willow (Salix 
spp.), and southern pine (Pinus taeda L.). 
Among the species, plantation loblolly pine is 
a primary species for the manufacture: of 
southern pine OSB. The nine hardwood spe- 
cies and cypress are among the most common 
species used to manufacture mixed hardwood 
OSB. The specific gravity among all wood 
species ranges from 0.39 to 0.69 (USDA For- 
est Service 1986). 

Wood jake preparation.-The boards were 
cross-cut along the length of the board into 
152.4-mm-long blocks. These blocks were 

soaked in water prior to making flakes. The 
soaked blocks were flaked using a laboratolry 
disc flaker to produce 76.2-mm-long flakes 
(0.635 mm thick). The wide surfaces of the 
flakes were parallel to either longitudinal-te~n- 
gential or longitudinal-radial plane, depending 
on whether the boards were flat or quarter- 
sawn. The flakes were dried to 2-3% moisture 
content using a steam-heated cabinet dryer at 
a temperature of 95°C. The dry flakes were 
screened to eliminate fines and stored in poly- 
ethylene bags until needed. Approximately 
one kilogram of dry flakes from each speciles 
was randomly collected for the measurements 
of pH, buffer capacity, and gel time described 
in this study. The rest of the flakes were used 
for preparing OSB. 

Wood meal preparation.-A sufficient 
amount of dry flakes from each of the eleven 
species was selected. There was no separa- 
tion between heartwood and sapwood flakes 
for any of the species. They were Wiley- 
milled to pass through a coarse screen (20 
mesh per 25.4 mm). The produced wood 
meal was stored in polyethylene bags until 
needed. The moisture content of the wood 
meal at the time of testing was 6% for all 
species. 

Resin and chemical additives.-Phenol 
formaldehyde OSB face resin with a 55% non 
volatile content was obtained from Ne:jte 
Resins Corporation in Winnfield, Louisiana. 
The pH of the resin was 9.8, and specific 
gravity was between 1 . I  and 1.3. The resin 
was kept in a freezer prior to the measure- 
ments. Several hours before actual tests, a 
sufficient amount of resin was removed from 
the freezer. The resin was allowed to thaw 
and was then placed in a water bath at 20°C 
to maintain a constant resin temperature. Zinc 
borate (2Zn0-3B20,-3.5H20) was obtained 
from U.S. Borax Company in Valencia, C,al- 
ifornia. The specific density of the borate was 
2.79. PEG, purchased commercially, has a 
general formula of H(OCH,CH,),OH. The 
average degree of polymerization of the PEG 
is between 68 and 84. 
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Measurements of wood pH and buffer 
capacity 

Flake pH and buffer capacity were deter- 
mined using the method developed by Johns 
and Niazi ( 1  980) to provide a comparable re- 
sult between the two studies. In this method, 
a sample of 26.5 g wood meal was obtained 
for each measurement, which gave 25 g oven- 
dry wood weight based on the measured mois- 
ture content of wood meal (i.e., 6%). The 
wood meal was refluxed in 250 g of distilled 
water for 20 min to obtain liquid wood extract. 
The filtrate was then filtered through Whatman 
#1 filter paper with an aspirator vacuum. An 
Orion model 410A Benchtop pH meter was 
used to determine the pH value of the wood 
extract solution at room temperature (25°C). 
The meter was calibrated prior to each mea- 
surement. In determining the buffer capacities, 
50 ml of the extract solution was titrated to a 
pH of 7 and 3 with 0.025 N NaOH and H,SO, 
solutions, respectively. The pH of the solu- 
tions was recorded afiter adding each ml of 
acid and alkali solution. Acid, alkali, and total 
buffer capacities were calculated according to 
the following formula: 

Acid Buffer Capacity 

= Volume of 0.025 N NaOH solution 
required to chang~e (increase) the pH 
of wood extract to 7 X Normality of 
NaOH 

Alkali Buffer Capacity 

= Volume of 0.025 N H2S04 solution 
required to chang~e (decrease) the pH 
of wood extract to 3 X Normality of 
H2S04 

Total Buffer Capacity 

= Acid Buffer Capacity + Alkali Buffer 
Capacity (1) 

The mean pH (based on four measurements) 
and buffer capacity (based on two measure- 
ments) values were reported for each wood 
species. 

TABLE 1. Experimental design for gel time measure- 
ments. 

Test Expertmental varlahles 
group 

number Reslnd Z ~ n c  borateh PEGL Woodd 

I J 
2 J 

I 
J 

3 J J 
4 J 

/ 
J 

5 
1 

J J 
6 J J J 

"Resln: Ten grams o f  liquid PF resm (55% \olld) conditioned at 20°C for 
all teyts. 

Zinc borate: Test groups 2 and 3 had 0.5, 1, 9, and 18% of solid resin 
weight Te\t groups 5 and 6 had 5. 10, and 20%, of oven-dry solid wood 
weight. 

'PEG:  One PEG appl~cation rate a1 40% of the corresponding zinc borate 
we~ght .  

W o o d .  0.5 grams of dry wood meal (test groups 4 and 5 had eleven s ~ n g l e  
species and one mmxture of all Fpecle?, and test group 6 had only pouthern 
pine, rcd oak, and the mixture of all \pecie\). 

Measurements of resin gel time 

A Sunshine gel timer with water bath 
(100°C) was used to measure resin gel time. 
The measurements were conducted according 
to the schemes listed in Table 1. As shown, all 
tests were made with 10 g of the PF resin con- 
ditioned to a temperature of 20°C. Test groups 
1, 2, and 3 dealt with the effect of borate and 
PEG on gel time of neat resin (without wood 
meal). The borate application rates were 0, 
0.5, 1 .O, 9.0, and 18% based on solid resin 
weight of 5.5 g. Test groups 3, 4, and 5 dealt 
with the effect of borate and PEG on gel time 
of PF resin in the presence of wood meal. A 
constant weight of 5.3 g of wood meal at 6% 
MC was used for all species. The zinc borate 
application rates were 0, 5, 10, and 20% based 
on dry wood weight of 5 g. Using an average 
surface area ratio between wood flake and 
wood meal (-9+20 Tyler mesh particles) of 
3.5 (Gardener and Elder 1988), the corre- 
sponding target borate covering rate for wood 
flakes were 0, 1.5, 3.0, and 6%. The PEG ap- 
plication rate was 40% of the corresponding 
borate weight for all test runs. Two gel time 
measurements were conducted at each condi- 
tion. The difference between the two measure- 
ments was on average less than 1.5%. 

Each material was weighed to the required 
amount and mixed in a 13- X 100-mm test 
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(a) 

-t Cottonwood 

-C Willow 

-0- Cypress 

*Red oak 

-m- White oak 

- 1 0 - 9  -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9  10 

0.025N NaOH (mL) 0.025N HzS04 (mL) 

FIG. I .  Measured pH and buffer capacity of the eleven southern wood species. (a) low-, (b) medium-, and (c) high- 
density groups. 
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TABLE 2. Summary of test dutu on wnod juke  pH, bufier copucities, and gel tinze qf phenolic OSB,fuce resin. 

Gel tlmc (rnlnutes) at various 

zinc boralc ctwerlng levels 
Huffcr~ng capacltyh (hascd on dry wood welghty 

Spe~.le\ SG pH" A c ~ d  Alkali Tr~lal 0 1  5% 10% 20% 

Ash 
(Frtr.uinus spp.) 

Cottonwood 
(Popu1u.r spp.) 

Cypress 
(Tuxodiurn disric-hum) 

Elm 
(Ulmus atnericanu L.) 

Hackberry 
(Celtis oc,cidenrulis L.) 

Locust 
(R. pseu~louctrciu L.) 

Pecan 
(Curyc1 spp.) 

Red oak 
(Querc- is spp.)" 

White oak 
(Querc,u.s alhtr L.) 

Willow 
(Sulix spp.) 

Southern pine 
(Pinu.5 ruedu L.),, 

Mixture 
(Eleven  specie^)^ 

5.68 (0.12) 0.038 0.125 

6 88 (0.14) 0.003 0.250 

5.46 (0.06) 0.015 0.075 

6.93 (0.05) 0.005 0.125 

6.00 (0.08) 0.058 0.300 

5.04 (0.03) 0.125 0.075 

5.73 (0.07) 0.041 0.250 

5.14 (0.03) 0.075 0.125 

4.60 (0.01) 0.150 0.075 

6.35 (0.06) 0.014 0.203 

4.98 (0.03) 0.043 0.071 

Not Availal~le 

.'Average value r ~ l  tour mea\orements from two exu'act replicatlona Value' in parentheses are standard deviatron\ 
',"'" ' Aver.igz valuc ol two mea\urcmenti f rom two extract rrpllcations. 
'I Data shown undcr 5 .  10, and 20q borate covering ratcs was from tests rnade w ~ t h  40% PEG of corresponding 71nc borate we~ght  

tube with a mechanical mixer. After a glass 
test rod was inserted in the tube, the tube was 
quickly placed in the water bath at 100°C. The 
glass rod was connected by magnetic force to 
the meter's spinning head, which was con- 
nected to a timer inside the meter. The timer 
was started immediately after the test tube was 
placed in the water bath. The tube was allowed 
to remain in the bath until the meter indicated 
completion of each test. 

RESULTS AND DISCUSSION 

were quite consistent as indicated by small 
standard deviations (Table 2). The buffer ca- 
pacity data are plotted in Fig. 2 for the eleven 
species. 

The pH of wood extracts decreased (Fig. 1) 
with addition of H,SO, and increased with ad- 
dition of NaOH (i.e., buffering). To achieve a 
given pH level, the amount of H,S04 and 
NaOH addition varied significantly from spe- 
cies to species. However, the general trend was 
the same for all species, similar to those re- 
ported by Johns and Niazi (1980). The initial 

Wood pH and bufler capacity pH values of the southern hardwood and cy- 

Measured pH and buffer capacity data are press flakes studied were on the acidic side 
presented in Fig. 1 (a: low-density species, b: with white oak being the most acidic (pH 
medium-density species, and c: high-density 4.60) and elm being nearly neutral (pH = 

species). Initial pH readings and buffer capac- 6.93). Southern pine flakes had a relatively 
ities (acid, base, and total) are summarized in low pH value (4.98), compared to most of the 
Table 2. The pH data from the four replicates hardwoods. The alkali buffer capacity was 
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l o ~ c i d  B.C. BAlkali B.C. .Total B.C. I 
FIG. 2. A comparison of acid, base, and total buffer capacities from the eleven southern wood species 

0 

0 0 9 1 8  9 I b 

Zinc Borate (% of Solid Resln Welght) 

 NOP PEG uw~th PEG I 

FIG. 3. Effect of zinc borate and polyethylene glycol 
on the gel time of neat phenol-formaldehyde face resin 
for oriented strandboard. 

larger than the corresponding acid buffer ca- 
pacity for most wood species tested. The tolal 
buffer capacity varied from 0.09 for cypress 
to 0.358 for hackberry. For the same species, 
both pH and buffering capacity values from 
this study were in a range similar to the data 
reported by Johns and Niazi (1980). Howev~er, 
it is not possible to statistically compare the 
values from the two studies because of differ- 
ences in the wood sources and type (solid 
wood versus wood flakes). 

PF resin gel time 

Measured gel time for neat PF resin aver- 
aged 22.93 min (Fig. 3). The data agreed w~ell 
with test results made by the resin manufac- 
turer with similar equipment. It should be 
pointed out that the gel time varies in general 
with the amount of resin and heating metho'ds 
used. For example, a water bath at 100°C tends 
to give a slightly lower gel time because of 
the boiling effect of water, compared with a 
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Borate Content (% of Dry Wood) 

+Cottonwood -+Willow +Cypress +Ash 

Borate Content (% of Dry Wood) 

19 ' I I 1 

0.00 4.00 8.00 12.00 16.00 20.00 

Borate Content (% of Dry Wood) 

I - - t ~ e d  oak +Pecan +White oak +Locust I 

FIG. 4. Measured PF resin gel time as a function of zinc borate content for various wood species and their mixture. 
(a) low-, (b) medium-, and (c) high-density species groups. 
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silicon oil bath at the same temperature. Thus, 
the reported resin gel time should be consid- 
ered as a relative measure among the treat- 
ments. Addition of zinc borate led to a reduced 
gel time as shown in the graph. At the 0.9% 
application level, the reduction was slightly 
over 1% (gel time = 22.65 min). As the 
amount of zinc borate increased, the gel time 
decreased significantly. At the 18% applrca- 
tion level (based on solid resin weight), the 
gel time was reduced by over 43% (gel trme 
= 12.9 min). This obviously indicates an in- 
teraction between PF resin and zinc borate. It 
is believed that boron and oxygen from meth- 
yo1 (CH,OH) of the PF resin formed the co- 
ordinate bonding by donating the lone paiir of 
electrons from oxygen to boron. Such an in- 
teraction is known to cause the resin to gel 
before it is able to develop an effective bond 
(Sean et al. 1999). 

Addition of PEG helped recover some of 
the lost gel time at a given borate app1ical:ion 
level (Fig. 3). At the 40% PEG app1ical;ion 
rate, gel time was increased by 0.2, 2.7, 3.7, 
and 0.7% at the 0.9, 1.8, 9, and 18% borate 
levels (based on solid resin weight), respec- 
tively. Thus, the effect of PEG appeared to be 
more pronounced at the intermediate borate 
application levels. It is believed that the OH 
functional group of PEG disturbed the linkage 
between boron and the oxygen ion of CH,OH 
in PF resin, making a weak linkage with bo- 
rate. 

The relationship between resin gel time and 
borate application rate for various wood spe- 
cies is shown in Fig. 4 (a: low-density species, 
b: medium-density species, and c: high-den- 
sity species). Actual gel time data at various 
borate application rates are listed in Tablg: 2. 
At the 0% borate application level (control), 
the gel time varied from 22.40 to 24.08 rnin 
among the species. The mean gel time for all 
species (22.67 min) was not significantly dif- 
ferent from that of neat resin (22.93 min). in- 
dicating little effect of wood species alone. At 
the 5% borate loading rate, measured gel time 
for most species increased. Further incre,ases 
in borate content led to decrease in resin gel 

Southern Plne Red Oak Mixture 

Southern Pine Red Oak Mixture 

Southern Pine Red Oak Mixture 

FIG. 5 .  A comparison of the PF resin gel time as in- 
fluenced by zinc borate, polyethylene glycol, and womod 
(southern pine, red oak, and mixture of the eleven wo'od 
species). Borate content was 5% (a), 10% (b), and 20% 
(c) based on 0.5 g of oven-dry wood meal. Polyethylene 
glycol content was 40% based on the borate weight. 

time. At the 20% loading rate (based on diry 
wood weight), the average gel time was re- 
duced by about 8%. 

Plots demonstrating a combined effect of 
wood (southern pine, red oak, and a mixture 
of the eleven species), zinc borate, and PE.G 
on resin gel time are shown in Fig. 5 (a: 5% 
ZB, b: 10% ZB, and c: 20% ZB). The effect 
of borate and PEG on the gel time varied from 
species to species. At the 5% ZB application 
rate, the gel time was reduced by 2%, -0.1 % 
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Wood Flake pH 

0- m I I I I 

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 

Acid Buffer Capacity 

Base Buffer Capacity 

FIG. 6. Scatter-plots of resin gel time as a function of wood flake pH (a), acid buffer capacity (b), and base buffer 
capacity (c). 
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(an increase), and 4.2% for southern pine, red 
oak, and the mixture, respectively. Adding 
PEG to the resin-wood-borate mixture led to 
an increase in the gel time for all three species 
groups. At the 10% ZB application level, the 
gel time was reduced by 3.5% for southern 
pine, 1 % for red oak, and 7.5% for the mix- 
ture. Adding 40% PEG at this borate appli- 
cation level led to a significant recovery of the 
reduced gel time for the mixture. At the 20% 
ZB application rate, there was an average of 
9% reduction in the gel time for all three spe- 
cies groups. The use of PEG led to some re- 
covery in the gel time, but the extent was 
smaller compared to the two smaller borate 
application levels, especially for the mixture. 
This indicates that PEG can help only to a 
certain extent in offsetting the negative effect 
of borate on the resin gel process. Once the 
borate content reaches a certain level, PEG 
may not provide significant improvement in 
the gel time. Sean et al. (1999) used PEGr to 
improve the flow properties of phenol-foi-m- 
aldehyde resin in the presence of zinc borate 
for OSB manufacturing. They found an im- 
provement in resin flow with the addition of 
the flowing agent. The curing time of PF resin 
increased markedly with an increased amount 
of PEG presence, as compared to the contrlols. 

Correlation between jake chemical 
properties and resin gel time 

There was no significant correlation be- 
tween the gel time of PF resin and flake pH, 
acid or base buffer capacity (Fig. 6) .  Johns and 
Niazi (1980) found that the gel time of UF 
resin was directly correlated with acid buffer 
capacity for both softwood and hardwood ex- 
tracts. They showed that the gel time of UF 
resin decreased with a decrease in wood pH 
and with an increase in acid buffer capacity. 
The difference may be because of the type of 
materials (solid wood versus wood flakes) and 
resin type (UF versus PF) used in the two 
studies. 

CONCLUSIONS 

The chemical properties of wood flakes 
from eleven southern species and gel time of 

PF OSB face resin under the influence of 
wood, zinc borate, and PEG were investigated 
as part of a study with an ultimate goal of 
developing chemically modified OSB for res- 
idential construction. It was found that the pH 
of the southern hardwood flakes was acidic, in 
which white oak was the most acidic (pH == 

4.60) and elm was nearly neutral (pH = 6.93). 
Flakes from southern pine had a relatively low 
pH value of 4.98, compared to the southern 
hardwood flakes. For most species tested, the 
alkali buffer capacity was larger than the cor- 
responding acid buffer capacity. The total 
buffer capacity varied from 0.09 for cypress 
to 0.358 for hackberry. Wood species alone 
had little effect on the gel time of the resin. 
The measured gel time decreased as th~e 
amount of zinc borate increased. The reduced 
gel time was partially recovered by using PEG 
in combination with the borate. The effective- 
ness of PEG varied with wood species and th~e 
level of borate used. The gel time of PF resin- 
wood mixture had no direct correlation with 
the pH of wood and buffer capacity for the 
species studied. Work is on-going to develolp 
borate-modified OSB using southern woold 
species and to investigate strength, long-term 
durability, and termite resistance of the prod- 
uct. 
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