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Summary

In situ polymerization of bioactive monomers was investigated as an aternative to conventional preser-
vative treatments. The results are presented in a series of two papers. In Part 1 of the study, six acrylate
monomers with covaently bonded, potentially bioactive moieties were synthesized: (1) pen-
tachlorophenolyl acrylate (PCPA), (2) tributyltin acrylate (TBTA), (3) 8-hydroxyquinolyl acrylate
(HQA), (4) 5,7-dibromo-8-hydroxyquinolyl acrylate (DBHQA), (5) diethyl-N,N-bis(acryloxyethyl)
aminomethy! phosphonate (Fyrol 6 acrylate, FEA), and (6) tetrabromobisphenol A acrylate (TBBPAA).
All of these acrylates, except F6A, were purified. Southern pine sapwood samples were treated with
acrylate solutions (except TBBPAA) at different retention levels and various amounts of crossinker
(trimethylolpropane trimethacrylate, TMPTM), polymerized in situ, and then acetone leached. The rel-

Fyrol 6 acrylate ative amount and location of the polymer in earlywood and latewood of selected samples were deter-
Synthesis mined by scanning electron microscopy and x-ray analysis. Distribution of the compounds varied with
Southern pine treatment. Biological and thermal properties of the treated wood are discussed in Part 2 of this series.
Scanning electron

microscopy
X-ray analyss

Introduction

A bioactive polymer is a polymer attached to a bioactive
chemical that inhibits wood degradation (Rowell 1983). A
bioactive polymer can be formed by condensation of the
bioactive groups into the polymer or grafting them to the
polymer, or by synthesizing the bioactive monomer and
polymerizing it in situ in the cell voids.

Bioactive polymers have been grafted to cotton cellulose
for the textile industry. The use of antibacteria and anti-
fungal agents for preservation of textiles and paper started
in the early 1940s; today, the main applications are for med-
ica treatment, hygiene, and aesthetics. Vigo (1976 ab)
reviewed the representative classes of compounds, various
chemical and physiochemical approaches for attaching
these agents to fibers, mechanisms by which the product is
effective against degradation, and test methods for evalua
tion. The compounds show antibacterial, antifungal, and
broad-spectrum antimicrobia activity. Toxicity and cost
vary with each compound.

One application of the synthesis of a bioactive monomer
and in situ polymerization is for paint and coatings through
polymer anchoring of mildewcides. In reviewing the litera-
ture on polymer anchoring of mildewcides in paint, Pittman
(2976) found few examples in which a biocide had been
directly anchored to the coating material, except in the case
of antifouling marine coating (Steele and Drisko 1976).
Antifouling coating is applied to underwater surfaces to
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prevent the accumulation of organisms like barnacles and
algae. Since then, Pittman and his research group have syn-
thesized and evaluated the biological activity of many poly-
mers with chemically bound biocides (Stahl and Pittman
1978; Pittman 1981; Pittman et al. 1978, 1982; Pittman and
Lawyer 1982).

Bioactive polymers can be introduced into wood in three
ways: (1) monomer or polymer grafting to reactive groups
on the cell wall polymers, (2) nongrafted bulk polymer for-
mation in the void structure of wood, or (3) chemical oxi-
dation and derivatization of polymeric oligomers.

Grafting of organotin polymers to wood has been per-
formed extensively (Mendoza 1977; Montemarano and
Cohen 1976). Trialkyltin compounds are very toxic to
marine fouling organisms (Andersen 1979) and wood-
decay organisms (brown-rot, white-rot, and soft-rot fungi)
(Subramanian et al. 1981 a,b). Sheldon (1975) showed that
trialkyltin compounds eventualy degrade to inorganic tin
oxides by the action of ultraviolet (UV) light, microorgan-
isms, etc.

Y The Forest Products Laboratory is maintained in cooperation
with the University of Wisconsin. This article was written and pre-
pared by U.S. Government employees on officia time, and it is
therefore in the public domain and not subject to copyright. The
use of trade or firm names in this publication is for reader infor-
mation and does not imply endorsement by the U.S. Department of
Agriculture of any product or service.
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Treatment of wood with vinyl polymers is advantageous
for not only preservation but also the improvement of
mechanical properties and water repellency. Vinyl
monomers can be polymerized by using catalysts (Meyer
1965) or radiation techniques (Siau et al. 1965). Raff et al.
(2965) improved dimensiond stability through polymeriza
tion of styrene and styrene-divinyl benzene in wood. Lang-
wig et al. (1968) polymerized t-butylstyrene, epoxy
monomers, and methyl methacrylate in wood by in situ
impregnation. Hardness and static bending strength
increased but mechanical properties showed little change.
Gaylord (1973) developed a method for impregnating wood
in situ with styrene and maleic anhydride monomers that
formed a 1:1 charge transfer complex. At low temperatures,
heating produced uncatalyzed polymerization.

Forest Products Laboratory researchers have been inve-
stigating bonding of fluorophenyl isocyanates to wood cell
wall polymers and reaction of 8-hyclroxyquinoline, pen-
tachlorophenol, or b-naphthol with ethylene-maleic anhy-
dride copolymer to cell wall polymers (Chen and Rowell
1986). The goal is to lower chemical load by using bonded
biocides as controlled-release compounds.

Filling cell lumens with preformed bioactive polymers
leads to problems with solubility and penetration. Because
polymers have low solubility, high viscosity, and large
molecular size, they are difficult to load into wood. Instead,
it is possible to synthesize a monomer with a bioactive
group, fill the wood with the monomer, and then polymer-
ize or copolymerize in situ with a carrier monomer using a
catalyst. This results in higher loading of the bioactive poly-
mer into the wood.

Methyl methacrylate (MMA) polymerizes to a plastic
material (poly(methyl methacrylate)) by chain or addition-
a polymerization. A toxic group can be attached to the
monomer through the ester linkage. The resulting bioactive
methacrylate contains a toxic ester instead of the methyl
ester. Rowell (1983) synthesized and treated wood with
methacrylate derivatives of pentachlorophenol (PCPM),
pentabromophenol (PBPM), and tributyltinoxide (TBTOM)
at various concentrations. There was no increase in wood
volume, indicating little or no cell wall penetration. Rowell
found that al levels of MMA-PCPM and MMA-PBPM
treatments were similar to MMA aone in weight loss dur-
ing a soil block test with Gloeophyllum trabeum. Thus,
biodegradation resistance is likely due to a moisture barrier
and increase in density resulting from the polymer, not the
release of the toxic chemical. The PCP and PBP esters were
stable and did not release the active biocide. All levels of
MMA-TBTOM were effective; no weight loss occurred
when the treated wood was exposed to brown-rot fungi.

Treatment of wood with methacrylate polymers
decreased the rate of moisture pick-up and improved
mechanical properties, including modulus of easticity and
rupture, fiber stress at proportiona limit, work to maximum
load, maximum crushing strength, and hardness index,
compared to those properties of untreated wood (Langwig
et al. 1968; Rowell et al. 1982). However, treatment with
methacrylate polymers causes high polymer weight gain
and is expensive.

Materials and M ethods

Pentachlorophenol (PCP) and tributyltin oxide (TBTO) were cho-
sen for analysis because they are current wood preservatives, 8-
hydroxyquinoline (HQ) is the only wood preservative approved for
use in contact with food; and 5,7-dibromo-8-hydroxyquinoline
(DBHQ), Fyrol 6 (F6) and tetrabromobisphenol A are fire retar-
dants that may aso provide biologica resistance. The chemicas
were obtained from commercial suppliers and used without further
purification; Fyrol 6 was obtained from Akzo Chemical Inc.
(Dobbs Ferry, NY) and the other chemicals from Aldrich Chemi-
ca Company (Milwaukee, MI).

Nuclear magnetic resonance (NMR) spectra were acquired on
a Bruker WM-250 megahertz FT-NMR. Spectra were run in liquid
state using 5-mm tubes and deuterated solvents (CDCl,) with an
interna standard of tetramethylsilane. The pulse angle was 30°
with arelaxation delay of 2 s. All samples were run at room tem-
perature (22 °C.)

Electron impact and methane chemica ionization gas chro-
matography/mass spectrometry (GC/MS) spectrum were acquired
with a Hewlett Packard 5890 Series 2 GC and a Finnigan Model
4500 MS. Superincos software was used. The volatilization tem-
perature was 220°C and the ionizing energy 70 electron volts. The
filament current was 0.2 mA.

Ynthesis of bioactive monomers
Pentachlorophenolyl acrylate (PCPA)

(o]
OH 0CC=CH,
Cl. Cl l"[ c H a
+ H2C=C'C|=O > + HClL
Cl
Cl )4 Cl ot 9 i

PCPA was prepared according to the literature (Rowell 1983) with
some modification. Dry chloroform (500 ml), 66.63 g (0.25 mol)
PCP, and 41.8 ml (0.30 mol) triethylamine (TEA) were placed into
a1000-m] three-neck round-bottom flask and stirred at room tem-
perature until PCP dissolved. Acryloyl chloride (24.4 ml, 0.30 mol)
was added dropwise to this mixture with mechanical stirring while
cooled in an ice bath, so that the temperature did not exceed 35°C.
After the acryloyl chloride was added, the solution was stirred for
2 h a room temperature The chloroform solution was washed once
with 1000 ml ice water and twice with 1000 ml water, separated
from the water, and then dried over sodium sulfate. The solution
was filtered and the chloroform removed under reduced pressure a
50 °C. The resulting solid was recrystallized from hot ethyl ether.
Upon cooling, white crystals were obtained.

Tributyltin acrylate (TBTA)

H
(CeHo)ySnOSN(CHo); + 2(H;C=C'-(|:=o) = 2CH=CH) + Hy0
OH (|3=0
Q
Sn(CeHo)s

TBTA was synthesized according to the literature (Rowell 1983;
Mendoza 1977; Montermosa et al. 1958) with some modification.
Tri-n-butyltin oxide (TBTO), 202.6 g (173.2 ml, 0.34 mol), was
dissolved in 500 ml carbon tetrachloride. Acrylic acid, 48.9 g (46.5
ml, 0.34 mal), and boiling chips were added to the solution. The
mixture was refluxed for 3 h and then allowed to cool before
adding sodium sulfate to remove the water byproduct. After filter-
ing off the sodium sulfate, carbon tetrachloride was removed under
reduced pressure, resulting in a crystaline solid. The solid was
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recrystallized by dissolving it in hot hexane, followed by cooling,
filtration, and washing with cold hexane. The final product was a
white needlelike crystaline material.

8-Hydroxyquinolyl acrylate (HQA)

(o)

I
- OC'C=CH2
N\ | H N
+ HpC=CC=0 —» N
— ]
Cl =

HQA was prepared according to the literature (Pittman et al. 1978)
with some modification. Chloroform was used instead of benzene.
Dry chloroform (100 ml), HQ (7.30 g, 0.05 mal), and TEA (85 ml,
0.06 mol) were placed in a 250 ml three-neck round-bottom flask
fitted with a thermometer, addition funnel, and mechanica sirrer,
and dtirred until HQ dissolved. Acryloyl chloride (5.0 ml, 0.06
mol) was added dropwise to this mixture with mechanica stirring
while cooled in an ice bath, so that the temperature did not exceed
35 °C. The solution was stirred for 3 h a room temperature (21 °C).
The chloroform solution was washed once with 250 ml 5%
NaHCO;, then twice with 250 ml ditilled water. The chloroform
layer was dried over Na,SO,. The solution was filtered and the
chloroform removed under reduced pressure a 50 °C, resulting in
a light-brown syrup. The sample was cooled and yellow crystals
were formed. White crystals of HQA were formed upon recrystal-
lization from hot ethyl ether.

+ Hcl

Diethyl-N;N-bis(acryloxyethyl) aminomethyl phosphonate (Fyrol
6 acrylate, F6A)

Q

C-CH=CH,
CHaCH20H OCHyCH3 | H CHCHO  oCH,CH;
N~——CH,"P=0 +2(HyC=CC=0) > N——CHy-B=0 +2HCl
CH,CH,0H OCH,CH3 Cl CHyCH 0 OCH,CH3

C-CH=CH,

1

o

Fyrol 6 (6.126 g, 0.024 mal), TEA (5 ml, 0.036 mal), and chloro-
form (60 ml) were placed in a three-necked round-bottom flask fit-
ted with a thermometer and dropping funnel. Acryloyl chloride
(5.84 ml, 0.072 mol) was added dropwise to this mixture with
mechanica gtirring while cooled in an ice bath, so that the tem-
perature did not exceed 35 °C. The solution was then stirred for 3
h a room temperature (21 °C). The chloroform was removed under
reduced pressure, leaving F6A as a light-brown viscous liquid.

5,7-Dibromo-8-hydroxyquinolyl acrylate (DBHQA)

9 -
OH 0CC=CH,
Br N H B JH N
-~
+ HpC=CC=0 —» 1+ BOI
— | _
c

Br Br

DBHQ (7.884 g, 0.026 mol) was dissolved in 750 ml chloroform
with warming (30°C) in a 1000-ml three-necked, round-bottom
flask. Triethylamine (5.23 ml, 0.0375 mol) was added, followed by
dropwise addition of acryloyl chloride (4.9 ml, 0.06 mol). The
mixture was stirred for 5 h and then washed once with 1 1 of
5 % NaHCO; and twice with 1 1 water. The solution was dried over
Na,SO, and then filtered. The chloroform layer was removed
under reduced pressure and acetone was added to crystallize (1 h)
the unreacted DBHQ, which was filtered off (3.63 g, 45.87 % yield,
mp 200°C.) The acetone was removed under reduced pressure,
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hexane was added, and the mixture was cooled to crystallize. The
fina product, DBHQA, was filtered from the solvent and dried.

Tetrabromobisphenol A acrylate (TBBPAA)

Br CHy JBr H

| i
HO-@-C'-QOH + 2(CHy=C-C=0) —>

4 CHy B a
B Br
2 A\ G 9
CHz=q-C-o©—'c 0-C-C=CH, + 2HC
H Br CH, Br H

TBBPA (2.718 g, 0.005 mol) was dissolved in 65 ml toluene and
0.65 ml pyridine (0.008 mal). Acryloyl chloride (0.81 ml, 0.01
mol) was added dropwise to the solution. The temperature rose
from 23 °C to 27 °C and a white precipitate instantly formed that
was not identified by NMR. After 45 min, the temperature dropped
to 23°C. The solution was stirred for 3 h and then filtered to
remove the precipitate formed in the reaction. Toluene was
removed under reduced pressure, leaving a clear syrup that formed
white crystals of TBBPAA on drying.

Wood trestments

Compound solutions were prepared in acetone or methanol just
prior to treating at different retention levels (1 %, 2 %, 5 %, 10 %,
15 %, and 20 %). The crosdinking agent was trimethylolpropane
trimethacrylate (TMPTM) (5 %, 10 %, 20 %, 30 %, 40 %, and
50 %). The catalyst was 0.4 % 2,2'-azobis-(2,4-dimethylval eroni-
trile) (Polysciences, Inc., Warrington, PA). All solvents used for
synthesis and treatment were obtained from Aldrich Chemical
Company.

Southern pine sapwood samples (2.54 by 2.54 cross section by
0.635 cm axial) were dried a 105°C in a forced-draft oven for
24 h, cooled for 1 h a room temperature in a glass dessicator over
phosphorus pentoxide, and weighed. (Subsequent weight measure-
ments were performed in the same way.) Samples were then placed
in a treating chamber (ASTM D 1413, ASTM 1976) and the sys-
tem was evacuated for 30 min with a water aspirator (28 mmHg).
The selected solution was placed in the treating chamber until it
covered dl the samples and was held there for 5 min. Samples were
held in place with a glass weight to prevent floating. The vacuum
was released and the chamber was brought to atmospheric pres-
sure. Samples were allowed to soak in the solution for 30 min, and
were then removed from the chamber, wiped of excess solution,
weighed, and wrapped immediately in duminum foil. They were
then placed in @52 °C oven, flushed with nitrogen, and |eft for 18
h to dlow polymerization. The foil was then removed and the sam-
ples weighed. Samples were oven dried a 105 °C for 24 h and then
weighed once more.

This experimenta procedure varied for HQ and HQA. These
samples were oven dried a 35 °C instead of 105 °C because of the
low melting points of HQ (72 °C-74 °C) and HQA (5I°C-52 °C).

Leaching

Solubility in acetone (methanol for F6A) was determined for al
bioactive compounds, monomers, and polymers. Polymer was pre-
pared from each bioactive monomer and leached in hot acetone
(methanol for F6A) for 2 h. The weight percentage of polymer
remaining was calculated. Treated wood samples were leached to
remove any unpolymerized monomer. Samples were placed in a
Soxhlet extractor fitted with a 250-ml flat-bottom flask and
extracted with acetone (methanol for F6A) for 2 h. Samples were
then removed from the extractor, dried in a forced-draft oven at
105 °C for 24 h, and weighed.
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Microscopic analysis

Scanning electron microscopy (SEM) was performed on selected
samples with a Joel 840 instrument. Longitudina sections were
gold coated, and the earlywood and latewood were observed at
150 x and 250 x magnifications, respectively. Representative pic-
tures were taken of both earlywood and latewood. X-ray micro-
analysis (EDXA) was performed on selected samples with a Tra-
cor Northern 5500 energy dispersive spectrometer. Cross sections
were carbon coated and observed a various magnifications. Rep-
resentative pictures of both earlywood and latewood were taken.

Results and Discussion

Synthesis and identification of bioactive monomers

The synthesis of PCPA was scaled up to produce a larger
amount of compound for treating wood samples. The melt-
ing point was the same as the literature value (81 °C),
although the 91 % yield (72.54 g) was much higher than the
literature value (58%) (Rowell 1983). Thin layer chro-
matography (TLC) on silicagel-coated sheets in a solvent
system of hexane/chloroform (1:1 v/v) showed an R; of 0.76
for PCPA and Rpcp Of 1.9. The Ry of PCP was 0.41. In the
literature, the R; of PCPA is 0.74, Rpep is 3.1, and R; of PCP
is 0.25 (Rowell 1983). Short-wave UV light was used to
locate the compounds on TLC plates.

The synthesis of THTA was also scded up. Synthesis
resulted in the same melting point of 74 °C, but a dightly
higher yield (71.7 %, 175.9 g) compared with the literature
value (60.7 %) (Shostakovskii et al. 1961; Rowell 1983).

In the synthesis of HQA, the solvent was changed from
benzene (Pittman et al. 1978) to chloroform, resulting in a
purer product. It was difficult to recrystalize the yellow
crystals with warm ethyl ether, and the yield decreased from
81.3 %, 8.09 g (mp 48 °C-49 °C) to 74.4%, 7.4 g (mp
51 °C-52 °C). This was expected and the yield is till high
given the resulting purity of the white crystalline product.
The literature values are 36 °C for melting point and 79.3 %
for yield (Pittman et al. 1978). TLC in a solvent system of
hexane/chloroform (1:2 v/v) showed an R; of 0.61 for HQA
and Rgyo of 0.79. The R of 8-HQ was 0.48. The NMR
spectra of HQA aong with the chemica structure and peak
assignments are shown in Figure 1. HQA showed a few
impurities from 1-4 ppm, but otherwise was consistent with
structure. The NMR literature values are (CCl,) d 4.9-5.7
(m, 3, CH, = CH), 5.9-6.4 (m, 3, Ar), and 6.5-7.3 (m, 3,
Ar) (Pittman et al. 1978). Andysis for carbon, hydrogen,

Table 1. Assignments for GC/MS spectra of F6A and TBBPA
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Fig. 1. 'H NMR spectrum of 8-hydroxyquinolyl acrylate.
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Fig. 2. 'H NMR spectrum of Fyrol 6 acrylate.

and nitrogen (C-H-N analysis) yielded the following val-
ues for C,HgNO,: calculated values were C, 72.35; H,
4.55; N, 7.03 and found values were C, 72.08; H, 4.66; N,
7.01.

Fyrol 6 (F6), a phosphonate ester, is specifically
designed for use as a flame retardant in rigid urethane
foams; the commercia product is only approximately 85 %
pure. Two impurities may be ethanol (1%) and
diethanolamine (0.1%). If Fyrol 6 acrylate (F6A) were to
be used commercialy, it would necessarily be impure since
the bulk chemical (F6) has impurities. In the study reported
here, F6A (14.8 g.) was prepared but not purified because

Compound Time m/z ID
F6A 5min.4s 291.2 (M - CH, = CHCOOH) + H)"
2782 (M - CH,COOCH = CH,)"
2262 (M - P(OEY),0)*
TBBPA 13 min, 35s 651.8 M*
2 acrylations 597.8 (M - C;H,0)"
8 min, 13 s 597.7 M+
1 acrylation 582.7 (M - CHp)"
5min, 12 s 543.7 M+
no acrylations 528.8 (M - CHp)"
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Fig. 3. 'H NMR spectrum of 5,7-dibromo-8-hydroxyquinolyl acry-
late.
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Fig. 4. 'H NMR spectrum of tetrabromobisphenol A acrylate.

of the difficulty in removing the impurities due to the
involvement of amino phosphonate moieties. The C-H-N
andysis of CisHygNO,P yielded calculated value of C,
49.59; H, 7.16; N, 3.86 and found values of C, 38.85; H,
6.99; N, 4.48. The carbon content of synthesized F6A was
10.74% lower than the calculated value, hydrogen was
0.17 % lower, and nitrogen was 0.62 % higher. This indi-
cates that the impurities in F6A contain nitrogen. The NMR
spectrum shows consistency with structure but impurities as
well (Fig. 2). The broad pesk at 4.7 ppm is OH, and pesaks
occurred at 7.6 and 11.4 ppm. In the GC/MS spectrum of
F6A, the acrylate appeared a 5 min, 4 s; another unidenti-
fied product appeared at 4 min, 5 s. Assignments are shown
in Table 1.

In the synthesis of DBHQA, there was difftculty in crys-
tallizing the acrylate. Acetone was added to precipitate out
the starting material, DBHQ, because of its low solubility in
acetone (10 mg/ml). The resulting yield was 45.1%, 4.19 g;
mp was 115 °C compared to literature values of 106 °C-
108 °C (Becke et al. 1974) and 114 °C-116 °C (Huber-
Emden et al. 1971). The C-H-N analysis of C,,H,Br,NO,
yielded calculated values of C, 40.34; H, 1.96; N, 3.92 and
found values of C, 40.19; H, 2.10; N, 3.74. The NMR spec-
trum of DBHQA shows consistency with structure except
for a water pesk at 1.6 ppm (Fig. 3). The sample was not
completely dry.

Holzforschung / Vol. 55/ 2001 / No. 4

Table 2. Solubility of bioactive compounds, monomers, and poly-
mers a room temperature (22 °C)

Chemical Compound Monomer Polymer
(mg/ml (mg/ml (wt %
acetone) acetone) remaining)
MMA 97
PCP 60 250 99
TBTO 860 250 67
HQ 75 118 48
DBHQ 10 100 96
F6 Insoluble® Insoluble’ 89

2 Soluble in methanol 523.
® Soluble in methanol 133.

TBBPA was synthesized with a few impurities (mp
98 °C-100 °C), but the yield was very low (15 %). There-
fore, TBBPA was not pursued as a treatment. The C-H-N
andysis of C,,O,H,Br yielded calculated values of C,
38.67, H, 2.46 and found values of C, 39.43, H, 2.83. The
NMR spectrum of TBBPAA shows consistency with struc-
ture, with minor impurities between 2.3 and 4 ppm (Fig. 4).
The peak at 0.1 ppm is silicone from the TLC plate, a tech-
nique used for purifying the compound. GC/MS showed
acrylation of most of the compound at both hydroxyls (13
min, 35 s), less acrylation at one hydroxyl (8 min, 13 s), and
the presence of a small amount of the starting materia (5
min, 12 s). Assignments are shown in Table 1. The carbon
and hydrogen values (0.76 and 0.37, respectively) of the
synthesized TBBPAA were higher than the calculated val-
ues, indicating that the impurities contain both.

Leaching of treated wood samples

The solubility of the bioactive compounds and monomers is
shown in Table 2. PCP, TBTO, HQ, and DBHQ dissolved in
acetone; the most soluble chemicad was HQA (48%). F6
and F6A were insoluble in acetone, but highly soluble in
methanol (89%). After polymerization and leaching, the
weight percentage of polymer remaining was high in MMA
(97 %), PCPA (99%), and DBHQA (96%), but low in
TBTA (67 %).

Microscopic analysis

Earlywood and latewood of the acetone-leached control
sample are shown in Figures 5 and 6, respectively. For
PCPA-treated samples, the polymer appeared globular
(Fig. 7); treatment was not uniform throughout the wood, as
confirmed by EDXA mapping of chlorine. The TBTA poly-
mer appeared smooth and evenly distributed in both early-
wood (Fig. 8) and latewood; the lumens were full, as con-
firmed by x-ray distribution mapping. For HQA-treated
wood, polymer was present in latewood (Fig. 9) but not ear-
lywood. In F6A samples, earlywood and latewood (Fig. 10)
lumens were only lightly covered by polymer. In DBHQA
samples, polymer was uniformly distributed in the lumens
of both earlywood (Fig. 11) and latewood, as confirmed by
x-ray distribution mapping and spectra.
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Fig. 5. SEM of leached earlywood control (150 x).

Fig. 8. SEM of leached TBTA-treated earlywood a 20%
TBTA/5 % crosdinker loading (150 x).
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Fig. 9. SEM of leached HQA-treated latewood at 10% HQA/5 %  Fig. 10. SEM of leached F6A-treated latewood at 10% F6A/5 %
crossinker loading (250 x). crossinker loading (250 x).
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DBHQA/5 % crosdinker (150 x).

Conclusion

Six potentialy bioactive monomers were synthesized. All
were polymerized in wood samples in situ, with the excep-
tion of TBBPAA because of its low yield. Microscopic
analysis showed that the bioactive polymer is located in the
lumens of the tracheids, but trestment uniformity varies
with each polymer.

Acknowledgements

We thank Dr. Roger Pettersen for performing GC/MS, Kolby Hirth
for NMR, and Thomas Kuster for SEM and x-ray microanalysis.

References

ASTM. 1976. Standard Method of Testing Wood Preservatives by
Laboratory Soil-Block Cultures. ASTM-D 1413, American
Society for Testing and Materials, Philadelphia, PA.

Andersen, D.M. 1979. Organotin preservatives for wood struc-
tures. Ship Development Report (DTNSRDC/SME-78/41).
Department of the Navy. pp. 1-33.

Becke, F., A. Amann and H. Bittermann. 1974. Bactericidal and
fungicidal (acryloyloxy)- and (crotonoyloxyl)quinolines. Ger-
man Patent No. DE 2237903. BASFA.-G., 7 p.

Chen, G.C. and R. Rowell. 1986. Approaches to the improvement
of biological resistance of wood through controlled-release
technology. In: Proceedings of 13th International Symposium
on Controlled-Release of Bioactive Materials. Norfolk, VA. pp.
75-76.

Gaylord, N.G. 1973. Process for impregnatini porous, cellulosic
material by “in situ” polymerization of styrene—maleic anhy-
dride complex. U.S. Patent No. 3765934. .

Huber-Emden, H., A. Hubele and G. Klahre. 1971. Fungicidal and
bactericidal 8-quinolyl acrylates. German Patent No. DE
2105174. CIBA Ltd. 48 p.

Shostakovskii, M.F., V.N. Kotrelev, S.P. Kalinina, G.1. Kuznetsov,
LV. Laine and A.l. Borisova. 1961. Organotin monomers and
polymers. IV. Tin-containing esters af acrylic and cinnamic
acid.Vysokomolekul. Soedin. 3, 1128-1130.

Holzforschung / Vol. 55/ 2001 / No. 4

"Fig. 11. SEM of leached DBHQA-treated earlywood at 5 %

Langwig, J.E., J.A. Meyer and R.W. Davidson. 1968. Influence of
polymer impregnation on mechanical properties of basswood.
Forest Prod. J. 18, 33.

Mendoza, J.A. 1977. Wood preservation by “in siru” polymerization
of organotin monomers. (Thesis) Washington State University.

Meyer, J.A. 1965. Treatment of wood—polymer systems using cat-
alyst-heat techniques. Forest Prod. J. 15, 362-364.

Montemarano, J.A. and S.A. Cohen. 1976. Antifouling glass-rein-
forced composite materials. Research and Development Report
(MAT-75-33) Department of the Navy. pp. 1-14.

Montermosa, J.C., J.M. Andrews and L.P. Marinelli. 1958. Poly-
mers of tributylin acrylate asters. J. Polymer Sci. 32, 523-525.

Pittman, C.U. Jr. 1976. Chemical anchoring of mildewcides in
paint. J. Coatings Technol. 48, 31-37.

Pittman, C.U. Jr. 1981. Copolymerization of pentachlorophenol
acrylate with viny! acetate and ethyl acrylate. Polymer-bound
fungicides. J. Appl. Polymer Sci. 26, 2403-2413.

Pittman, C.U. Jr. and K.R. Lawyer. 1982. Preliminary evaluations
of the biological activity of polymers with chemically-bound
biocides. J. Coatings Technol. 54, 41-46.

Pittman, C.U. Jr., K.S. Ramachandran and K.R. Lawyer. 1982.
Synthesis of fungicidal monomers, polymers, and lattices. J.
Coatings Technol. 54, 27-40.

Pittman, C.U. Jr., G.A. Stahl and H. Winters. 1978. Synthesis and
mildew resistance of vinyl acetate and ethyl acrylate films con-
taining chemically anchored fungicides. J. Coatings Technol.
50, 49-56.

Raff, A.V,, LW. Herrick and M.F. Adams. 1965. Polymerization of
styrene and styrene divinylbenzene in wood. Forest Prod. J.
July, 260-262.

Rowell, R.M. 1983. Controlled release delivery systems. In: Bioac-
tive Polymer-Wood Composites. Marcel Dekker Inc., New
York. pp. 347-357.

Rowell, R.M. 1984. Bonding of toxic chemicals to wood. Appl.
Biochem. Biotechnol. 9, 447-453.

Rowell, R.M., R. Moisuk and J.A. Meyer. 1982. Wood—polymer
composites: cell wall grafting with alkylene oxides and lumen
treatments with methyl methacrylate. Wood Sci. 15, 90-96.

Sheldon, A.W. 1975. Effects of organotin antifouling coatings on
man and his environment. J.Paint Technol. 47, 54-58.

Siau, J.F,, J.A. Meyer and C. Skaar. 1965. Wood—polymer combi-
nations using radiation techniques. Forest Prod. J. 15, 426-435.

Stahl, G.A. and C.U. Pittman, Jr. 1978. Polymer films containing
chemically bound fungicides. J. Coatings Technol. 50, 62—65.

Steele, M.D. and R.W. Drisko. 1976. Fungal-resistant organotin
resins. J. Coatings Technol. 48, 59-63.

Subramanian, R.V., J.A. Mendoza and B.K. Garg. 1981a. Wood
preservation by organotin polymers: “in situ” polymerization of
organotin monomers. Holzforschung 35, 253-259.

Subramanian, R.V,, J.A. Mendoza and B.K. Garg. 1981b. Wood
preservation by organotin polymers: improvements in strength
and decay resistance. Holzforschung 35, 263-272.

Vigo, T.L. 1976a. Antibacterial finishing of textiles. ChemTech. 6,
455-458.

Vigo, T.L. 1976b. Antibacterial fibers. In: Modified Cellulosics.
Academic Press, Inc., New York. pp. 259-284.

Received March 3¢ 2000

Rebecca E. Ibach and Roger M. Rowell
USDA Forest Service

Forest Products Laboratory

One Gifford Pinchot Drive

Madison, Wisconsin 53705-2398
U.SA.





