This article was downloaded by:

On: 19 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

International Journal of Polymeric Materials
Publication details, including instructions for authors and subscription information:
| http://www.informaworld.com/smpp/title~content=t713647664

Water Repellency of Several Wood Species Impregnated with Vinyl

Monomers

M. H. Alma?; D. Maldas®; H. Hafizolu®

@ Department of Wood Science and Technology, Kyoto University, Kyoto, Japan ® Pulp and Paper
Research Center, Quebec University, Quebec, Canada © Department of Forestry Industrial Engineering,
| Black Sea Technical University, Turkey

To cite this Article Alma, M. H. , Maldas, D. and Hafizolu, H.(1995) "'Water Repellency of Several Wood Species
Impregnated with Vinyl Monomers', International Journal of Polymeric Materials, 30: 3, 159 — 165

To link to this Article: DOI: 10.1080/00914039508028594
URL: http://dx.doi.org/10.1080/00914039508028594

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713647664
http://dx.doi.org/10.1080/00914039508028594
http://www.informaworld.com/terms-and-conditions-of-access.pdf

12: 06 19 January 2011

Downl oaded At:

Intern. J. Polymeric Mater.. 1995, Vol. 30, pp. 159-165 © 1995 OPA (Overseas Publishers Association)
Reprints available directly from the publisher Amsterdam B.V. Published under license by
Photocopying permitted by license only Gordon and Breach Science Publishers SA

Printed in Malaysia

Water Repellency of Several Wood Species
Impregnated with Vinyl Monomers

M. H. ALMA
Department of Wood Science and Technology, Kyoto University, Kyoto 606, Japan

and

D. MALDAS
Pulp and Paper Research Center, Quebec University, Three-Rivers, Quebec, Canada

and

H. HAFIZOGLU
Department of Forestry Industrial Engineering, Black Sea Technical University, Turkey

(Received April 15, 1995)

Several hard and soft wood species (e.g., poplar, beech, alder, pine, fir and spruce), originated from
Turkey, were prepared to wood plastic composites (WPC) with styrene (St) and a mixture of styrene
and methylmethacrylate (St-MMA) monomers by using capillary uptake method. The average water
uptake of the monomers-treated wood specimens was approximately between 43 to 64% due to water
soaking for 72 h. The average water repellent effectiveness (WRE) of WPC was 54% and 55% for St
and St-MMA, respectively. As far as water uptake is concerned, poplar gave the highest WRE values,
whereas beech had the lowest one.

KEY WORDS wood species, styrene, methylmethacrylate, wood plastic composites, water repellent
effectiveness.

1. INTRODUCTION

Wood is a three-dimensional polymeric composite made up primarily of cellulose,
hemicellulose, and lignin, which are responsible for most of physical and chemical
properties exhibited by wood. In fact, wood is very susceptible to moisture, and
moisture in cell wall have a great influence on the all wood properties, but moisture
in voids affects only weight.!~*

Impregnation of wood with vinyl monomers followed by in situ polymerization
is one of the practical methods to minimize the amount of absorbed water. For
example, the water uptake of 81% was reported for methylmethacrylated-wood
specimens at 80% WPG.* The water uptake of 60% was found for various wood
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species treated with St.5> Moreover, a WRE of 85-99% was reported for southern
pine impregnated with multifunctional monomers.®

However, all accessible sites for water uptake are not completely sealed off even
at about 190% WPG of polymer,? and many monomers used to make WPC do not
penetrate the cell walls and do not completely fill the voids after polymerization
due to shrinkage of the polymer.!’

The objectives of this research were to polymerize monomer, St and a mixture
of St-MMA in several hard and soft wood species, originated from Turkey, and
compare to the performance of wood polymer composites in view of water resis-
tance.

2. MATERIALS AND METHODS

2.1 Materials

Both hardwood and softwood species of Turkish origin, such as black poplar
(Populus nigra L.), black alder (Alnus glutinosa Mill. Gaertn.), oriental beech
(Fagus orientalis 1..), scotch pine (Pinus sylvestris L.), oriental spruce (Picea or-
ientalis L), and caucasian fir (Abies nordmanniana L.), were used as wood samples.
Test specimens, having dimensions of 25 x 25 X 12.5 mm, were prepared by
sawing sapwood longitudinally.

Styrene (St), and a mixture (5:2 weight ratio) of styrene-methyl methacrylate,
(St-MMA) were used as monomers. 2,2'-azobisisobutyronitrile (AIBN) was used
as an initiator for the in situ polymerization. Both St and MMA were purified from
inhibitors, 1,4-benzendiol and monoethyl ether of 1,4-benzendiol, by using CaCl,.

2.2 Iimpregnation Process and In situ Polymerization

A capillary uptake method was used for the impregnation of vinyl monomers (i.e.,
St and St-MMA) into the wood. The samples, which were conditioned previously
to about 9% equilibrium moisture content (EMC) in a humidity chamber, were
subjected directly to a vacuum of 25-cm Hg for 30 min at ambient temperature to
remove air from wood. The free vinyl monomers containing 0.1% (by weight of
viny! monomers) AIBN, were introduced into vacuum chamber containing wood
samples until the wood samples were covered. After 1 hour of impregnation,
vacuum was released, and the impregnation process continued for another 24 h
under atmospheric pressure in order to get sufficient penetration of the monomers
into wood samples. Finally, impregnated wood samples were taken out and wiped
out to remove excess monomer from wood surfaces. The wood samples were
wrapped up in aluminum foil and thermally polymerized at 60-70°C for 24 h. After
polymerization, the unwrapped samples were oven-dried at 50°C for 12 h to remove
unreacted monomers. The weight of samples were taken after curing procedure.
All of the samples, both control and treated, were immersed in liquid water for
various periods of time. After each soaking period, the excess water were wiped
out from wood surfaces and weight of the samples were taken. The water uptake
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was determined for 2, 4, 8, 24, and 72 h on the basis of oven-dry measurements,
and calculated using the following Equation (1):

Wl_WO
D=—+—x 1
W 100 (1)

where D is the water uptake (%), W, is the weight of water-soaked specimen (g),
and W, is the weight of oven-dried specimens (g).

Water repellency which was measured for various periods as resistance to water
uptake is expressed as water repellent effectiveness (WRE), and it was calculated
from the Equation (2)*:

D. - D
WRE___f__‘
D,

x 100 )
where D, is the water uptake of untreated samples immersed in water for various
period (g) and D, is the water uptake of treated samples immersed in water for
the same time as control (g).

Scanning electron microscopy (SEM) was performed to examine the distribution
of St-MMA co-polymer in poplar wood samples. The samples (3 x 3 X 3 mm)
were coated with gold palladium (Au:Pd = 50:50) vapor in a vacuum evaporator
(Technics Sputter Coater). The samples were examined in a scanning electron
microscope (JEOL SEM) operated at 20 Kev.

3. RESULTS AND DISCUSSION

Table I shows relation between the density of wood species under study and the
average weight percent gain (WPG). The WPG values vary between 17 and 39%
for the wood samples treated with St only and between 15 and 64% for those

TABLE 1

The density of several untreated wood and WPG of St- and a mixture of St
and MMA -treated wood species

Wood species Treatment Density* WPG
(g/cm3) (%)

Poplar St 0.382 39.13
St-MMA 0.387 64.17

Alder St 0.521 27.39
St-MMA 0.539 39.16

Beech St 0.638 17.23
St-MMA 0.629 15.30

Pine St 0.450 20.70
St-MMA 0.445 17.22

Spruce St 0.415 24.81
St-MMA 0.432 2520

Fir St 0.446 28.84
St-MMA 0.440 25.93

‘Density of untreated wood.
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TABLE 11

Comparison of water uptake percent of St- and a mixture of St and MMA-
treated several wood species with those of untreated ones a function of various
water soaking times

Water uptake (%)

Treatment Soaking time (h)

2 4 8 24 48 72
Poplar
Control 735 103.4 116.4 139.3 162.7 170.3
St 155 26.2 354 459 56.5 63.9
St-MMA 07.6 15.2 25.2 325 41.3 454
Alder
Control 432 555 64.4 78.0 933 974
St 09.7 15.1 222 338 43.0 493
»§t-MMA 08.4 12.9 20.1 31.1 413 48 9
Beech
Control 421 56.1 614 73.2 83.0 858
St 08.1 139 211 320 386 457
St-MMA 06.7 13.2 20.6 29.9 374 429
Pine
Control 493 69.4 725 84.9 97.8 110.8
St 176 25.6 36.1 405 50.8 57.0
St-MMA 12.2 20.7 28.1 39.4 49.6 56.4
Sprue
Control 644 86.2 90.7 1018 1213 132.8
St 17.2 26.2 305 421 523 60.1
St-MMA 135 22.6 316 47.6 55.6 61.4
Fir
Control 736 87.6 96.7 107.7 128.8 136.4
St 125 220 312 434 528 61.0
St-MMA 10.2 18.6 26.0 35.7 441 50.2

treated with a mixture of St and MMA under the experimental conditions. It is
also evident from this table that the highest impregnation yield (64%), i.e., WPG,
is found for poplar with a density of 0.38 g/cm®, whereas the lowest one (15%) is
for beech with a density of 0.682 g/cm?, suggesting a significant relation between
the impregnation yield and the density of wood.

Similarly, WPG of 8-63% were reported for various wood species treated with
several vinyl monomers,® and WPG of 25-102% for several monomers were found
for pine species.®

Table II presents the water uptake values (in percent) of the wood samples. As
shown in the table, during the first 2 h of water soaking, the water uptake of
untreated samples ranges from about 42 to 74%, whereas that of WPC samples
containing St and a mixture of St and MMA ranges from 9 to 18% and 8 to 12%,
respectively. As for a 72-h water soaking test, the water uptake values of the
untreated wood samples are about 97 to 170%, whilst those of WPC in the presence
of St and a mixture of St and MMA are approximately 46 to 64% and 43-61%,
respectively.

These results reveal that through the deposition of St-MMA copolymer in voids
of wood (as shown in Figure 1), hygroscopicity of wood can be controlled to some
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FIGURE 1 SEM micrograph of poplar treated with a mixture of St and MMA (3000 x ).

Wood + St-MMA
A ‘ AIBN

s ~osH CH
MMA/St Mf—HZC wA, CH, —CHM CH, —CH—CHZ— CwMMA/St

H3CQQ? H-,COOC
. H— (|) H
O/

PS-PMMA

Wood-[PS-PMMA]
SCHEME I Hypothetical reaction of wood-[PS-PMMA] composite.

extent. It is also obvious from Table 1 that, in general, the performance of St-
treated samples is somewhat higher than that of St-MMA treated ones regardless
of wood species even though the amount of polymer loading, i.e., WPG obtained
for St treatment is higher than that of a mixture of St and MMA treatment, for
example, for pine, fir, and beech. This can be attributed to the hydrogen bonding,
which reduce hydrophilic behavior of wood, between MMA and —OH groups of
cellulose in wood in the presence of an initiator (as shown in reaction Scheme I).

On the other hand, after a water soaking test of 72 h, the highest water uptake
values are observed for St-treated poplar with the lowest density, while the lowest
values are for beech with higher density in the case of St-treatment.

The water repellent efficiency (WRE) is listed in Table IIl. As shown in this
table, during the first 2 h of water immersion, the WRE of the samples treated
with St ranges from 64 to 87%. while those of ones treated with the mixture of St
and MMA ranges from 75 to 90% for the same wood species. On the other hand,
during a 72-h water immersion, the wood samples treated with St result in WRE
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TABLE IlI

WRE of St- and a mixture of St and MMA-treated several wood species
immersed in water for various soaking times

WRE (%)

Treatment Soaking time (h)

2 4 8 24 48 72
Poplar
St 789 746 69.6 67.0 65.2 62.4
St-MMA 89.6 85.2 78.3 76.6 745 73.3
Alder
St 77.4 728 65.3 56.5 53.8 493
St-MMA 80.4 76.7 68.7 60.0 55.7 49.7
Beech
St 80.6 75.2 65.7 56.2 535 46.7
St-MMA 83.8 76.7 66.3 59.1 54.8 499
Pine
St 64.2 63.0 50.1 487 485 478
St-MMA 751 70.1 61.2 51.1 492 49.0
Sprue
St 73.2 695 66.3 58.5 57.2 547
St-MMA 79.0 73.7 65.1 53.1 54.1 52.0
Fir
St 829 748 67.7 59.7 589 55.2
St-MMA 86.6 78.7 73.1 66.8 65.7 63.1

ranging from about 49 to 63%, while for those treated with the mixture of St and
MMA, WRE changes from 49 to 73%. Incidentally, WRE of about 33, 45 and 61%
was reported for pine, spruce, and beech impregnated with mocroinimeric initia-
tor.10

As in water uptake measurements, the mixture of St and MMA is found to be
more effective than St alone with result to WRE evaluation. This phenomenon can
also be explained by the reaction Scheme I, that is, hydrogen bonding between
MMA and —OH groups in wood.

Poplar wood species has a highest WRE range (between 70 and 90%) in the case
of St-MMA treatment, regardless of water immersion time, in comparison with
the other species. This is explained by the highest amount of WPG as shown in
Table I.

CONCLUSION

The treatment of several soft and hard wood species with St alone and the mixture
of St and MMA brought about a considerable reduction in water uptake of wood.
St-MMA comonomer treatment was found to be more effective than St alone as
far as water uptake and WRE are concerned. Furthermore, poplar species showed
the best water resistance performance amongst the other species used. Wood pol-
ymer composites thus prepared can be used for some special materials, e.g., vases,
bowls, desk, caddies, letter holder, bag pipes, ancient abacus, etc.
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