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Abstract

Celtis mildbraedii (esa fufuo) is a high density hardwood; however esa fufuo has a medium dimensional stability.
In this study, esa fufuo was chemically modified with acetic anhydride (AA) and propionic anhydride (PA) in dry
pyridine to improve its dimensional stability. The dimensional stability of the modified samples was found to be
superior to the unmodified samples. The average percentage volumetric swelling coefficient (%S) values of the
modified and unmodified samples were AA = 5.09a, PA = 5.21b and De-ionized water= 7.28c.The average
percentage water absorption coefficient (%WAC) values of the modified and unmodified samples according to
the treatment were AA = 47.80a, PA = 48.01a, De-ionized water (DW) = 84.70b. The AA modified samples were
better dimensionally stabilized when using %S followed by the PA modified samples and the DW samples which
were the least stabilized. However, by using %WAC there was no significant difference in dimensional
stabilization between AA and PA modified samples. The percentage anti-shrink efficiency (%ASE) of the AA
modified samples was higher than that of the PA modified samples (AA = 29.26b, PA = 28.21a) indicating a
superior dimensional stability for AA modified samples to that of PA. The water repellent efficiency (%WRE) of
AA = 43.604a and PA = 43.458a, which indicated that there was no significant difference between the AA and
PA modified samples.
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Introduction

Polymers made up mainly of cellulose, lignin and
hemicelluloses are found in the wood cell wall. Even
though wood is used for many purposes due to its
valuable properties, it also displays some
disadvantages, such as poor dimensional stability and
high moisture absorption (Deka et al., 2003). The
cellulose, hemicelluloses and lignin contain
hydrophilic hydroxyl groups (-OH) that can attract
water molecules from the surrounding environment
through hydrogen bonding when the environment is
moist and can also give out water molecules into a dry
surrounding environment (Islam et al., 2012). These
changes in the moisture content which cause changes
in dimension of the wood lead to shrinkage and
swelling of wood. When covalent bonds of the
accessible hydroxyl groups of the polymers in the
wood cell walls are formed by appropriate chemical
treatment, absorption of water into the cell walls is
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reduced and changes in the dimensions of the wood
are also reduced (Schneider & Brebner, 1985; Haetely
and Schneider 1993; Rowell 1983; Pandey, et al.,
2009).

The disadvantage of wood materials such as
dimensional changes in wood is pronounced in some
wood species. There is abundance of these wood
species in the Ghanaian forest and one of such species
is esa fufuo. The acetylation of wood to improve its
dimensional stability has been studied for over sixty
years (Tarkow et al., 1946; Goldstein et al., 1961;
Bongers & Beckers, 2003; Papadopoulos, 2010). The
shrinkage values obtained in the study properties of
10 Ghanaian high density lesser-used-species of
importance to bridge construction in which Celtis
mildbraedii was among, were high and in heavy
construction ~ where shrinkage is important,
knowledge of the dimensional changes is important
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(Ofori et al., 2009)). The total longitudinal shrinkage
of Celtis mildbraedii was between 0.2 - 0.3% and
therefore attention should therefore be paid to
structural design detailing in uses where longitudinal
stability is important (Ofori et a/ 2009).

Wood species are used due to their inherent properties.
While some of the properties of the lesser used species
are known, some are yet to be determined. Those
species with properties below the required properties
needed for their use therefore needs to be looked into
and ascertain how their properties could be improved.
The objective of this work was to chemically modify
Celtis mildbraedii using propionic anhydride and
acetic anhydride to improve its dimensional stability.

Materials and methods
Sources of wood materials

The Celtis mildbraedii log used for the study was
obtained from Pan African Engineering Company in
Kumasi in Ghana. The log was felled from the
Krokosua Hill forest located at Juaboso in the Bia
District of the Western region of Ghana.

Preparation of wood samples

The log was quarter sawn at the Bandsaw Mill at Pan
African Engineering Company in Kumasi. Samples
free from sapwood, knots and other defects with no
visible infections by mold, stain or fungi were cut
from the heartwood. The freshly sawn samples were
quickly dried in a kiln for two weeks to prevent
infection. The kiln dried lumber was sawn and then
sanded to a dimension of 20mm x 20mm x 10mm
(tangential x radial x longitudinal) for the estimation
of dimensional stability.

Experimental run

Celtis mildbraedii samples were subjected to 3
treatments, with each treatment containing 30
replicates. The treatments included: 1. The use of IM
acetic anhydride (AA), 2. The use of propionic
anhydride (PA) and 3. The use of de-ionised water
(DW), which also served as a control for the
experiments. After the modification process, samples
were soaked in de-ionized water for five days and then
oven dried. Volumes and weights of the water
saturated and oven dried samples were taken. The
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water soak/oven dry was repeated for five times. The
degree of dimensional stability was determined by
estimating the volumetric swelling coefficient (%S),
anti-shrink efficiency (%ASE), water absorption
coefficient % WAC and water repellant efficiency (%
WRE) using the repeated water-soaking method
described by Rowell, & Ellis, (1978).

Modification

The method of modification as described by Hill et
al., (2006) was adopted. Samples in sets were placed
in a soxhlet extractor for solvent extraction using
toluene/methanol/acetone (4:1:1 by volume) for eight
hours in order to remove the extractive substance.
Samples were then dried for 12 hours in an oven at
105° C (£5°C) and allowed to cool to ambient
temperature over a silica gel. Samples were weighed
on a Sartorius balance. Weighed samples (W1) were
vacuum impregnated with pyridine for one hour at
100°C (£5°C), followed by impregnation with a one
molar solution of the acetic anhydride in a pyridine at
100°C (£5°C) for 8 hours. The modification processes
were repeated but with propionic anhydride and then
with de-ionized water for the control samples. At the
end of the reaction samples were separately placed in
ice-cold acetone to stop the reaction. Samples were
again put into soxhlet apparatus for soxhlet extraction
and samples were re-weighed (W2) after oven drying.
From the results the weight percentage gain due to
modification (%WPG) and the percentage hydroxyl
substitutions (%OH) were calculated.

Determination of dimensional stability

The water absorption coefficient (%9WAC), water
repellent efficiency % WRE and anti-shrink efficiency
%ASE were calculated as shown in equation (1), (2)
and (3) respectively.

YWWAC = (Wa- Wp)/ Wr x 100 (1)

Where W, is the initial weight of an oven-dried
sample before water soaking and W, is the weight
after water soaking for 5 days

%WRE = (W W)/ W, x 100 (2)

Where W, is the water absorption of untreated wood
sample, and W, is the water absorption of treated wood
samples (oven dry).

%ASE) = (Sy— S)/Sr x 100 3)
Where Sr is the volumetric swelling coefficient of the
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untreated samples, and S; is the volumetric swelling
coefficient of the treated samples.

The volumetric swelling coefficient %S was
calculated as in equation (4).

%S= (Vo-V1)/Vi x100 (4)

Where/l is the volume of wood after soaking and V;
is the volume of wood before soaking.

Fourier Transfer Infra-red spectroscopy (FTIR)
measurement

FTIR spectra were obtained using a Perkin Elmer
FTIR spectrometer. The surfaces of the modified and
unmodified samples were removed and analyzed.

Statistical analysis

Genstart, 12" edition was used for the analytical
analysis. The significant differences between the
modified and unmodified wood samples were
evaluated using analysis of variance (ANOVA).

Results and discussion

Weight percentage gain (% WPG) and percentage
hydroxyl substitution (% OH)

After the modification the average % WPG of the AA
and PA modified samples for the estimation of
dimensional stabilization were found to be 20.414%a
and 20.991%b respectively and the average %OH of
the AA and PA modified samples were 32.602%a and
24.975%b respectively.

Estimation of dimensional stability of modified
and unmodified samples using %S

From the averages of %S values in Table 1, the
modified samples had lower %S values in all the
cycles than the control samples indicating that the
modification using the PA and AA did improve the
dimensional stability of the samples. The PA
modified samples had the least %S in cycle 1
indicating the best dimensionally stabilized followed
by the AA modified samples and the unmodified
(control) samples, the least dimensionally stabilized
in cycle 1. In cycle 2 and 3 there was no significant
difference in %S between the PA and AA modified
samples indicating there was no difference in
dimensional stabilization whilst in cycle 4 and 5 the
AA modified samples had lower %S values indicating
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they were better dimensionally stabilized than the PA
modified samples in those cycles.

The average %S values from the 5 oven-dry/water-
soak cycles of the AA, PA modified samples and that
of the control (DW) samples shows that at P < 0.05,
there were significant differences in dimensional
stability among the samples. The mean %S values of
the AA modified samples had the lowest %S value
therefore the highest dimensionally stabilized
followed by the PA modified samples and the DW
samples were the least dimensionally stabilized. The
%OH substitution by the AA modified samples was
higher than that of the PA modified samples hence
blocked more of the hydroxyl groups of the cell walls
of the AA modified samples. Again the %WPG of the
AA modified samples was higher than that of the PA
modified samples that reduced amount of water that
was absorbed by the AA modified samples more than
that of the PA modified samples. Higher bulking of
the AA modified samples than the PA modified
making the AA modified sorbed less water.

Table 1: Average %S values of the samples at each
Cycle

Treatment/ Cycles
Chemical

1 2 3 4 5 Average
AA 4.89b | 4.73a | 5.14a | 5.66a | 5.40a | 5.09a
PA 4.60a | 4.8la | 498a | 5.59b | 6.06b | 5.21b
DW 691c | 6.94b | 7.41b | 7.35¢c | 7.58c | 7.28¢c

*Means with the same letters are not significantly
different at P < 0.05

Estimation of dimensional stability of wood
samples using % ASE.

From the %ASE averages in Table 2, the PA modified
samples had a higher %ASE values in cycles 1 and 3
indicating a better dimensionally stabilized than the
AA modified samples in those cycles. In cycle 2, 4
and 5 the AA modified samples had a higher
dimensional stabilization.

To compare the dimensional stabilization between PA
and AA modified samples, the averages of the 5
cycles were compared as shown in Table 2. The AA
modified samples had a higher value meaning they
were better dimensionally stabilized than that of the
PA modified samples. This may be due to the AA
modified samples having a higher %OH substitution
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and hence a better blocking of hydroxyl groups (OH)
in the cell wall to reduce sorbing of water molecules
by hydrogen bonding than that of PA. Increased
%ASE means the chemical did not only react with the
hydroxyl groups of the wood component but also
blocked water molecule movement pathways inside
the wood cell wall as confirmed by Baysal et
al.(2004).

Table 2: Average %ASE of PA and AA Treated
Celtis mildbraedii Wood Samples at each Cycle.

Treatment/ Cycles
Chemical

1 2 3 4 5 Average
AA 29.20a | 31.78b | 30.61a | 28.44b | 28.74b | 29.26b
PA 31.34b | 30.72a | 32.86b | 23.99a | 20.12a | 28.21a

*Means with the same letters are not significantly
different at P < 0.05

Estimation of dimensional stability of wood
samples using %0 WAC

From Table 3, there was no significant difference in
%WAC between the AA and PA modified samples in
cycle 1 and 2 indicating the same amount of water was
absorbed. In cycles 3 and 4, the AA modified samples
were better stabilized than the PA modified samples
due to a lower absorption of water in AA modified
samples whilst in cycle 5 the PA modified samples
were better stabilized than the AA modified samples.
From cycle 1 to 5, the modified samples (AA and PA)
had lower %WAC values than the unmodified
samples indicating the modified samples were better
dimensionally stabilized. Lower WAC means fewer
water absorption sites remain, and this effect
contributes to the reduction in water uptake (Gindl, &
Gupta, 2002).

The averages of %WAC of 5 oven-dry/water-soak
cycles in Table 3 shows that the PA and AA modified
samples were not significantly different from each
other. The AA and PA modified samples had lower
water absorption co-efficiency than the untreated
samples. Lower water absorption for the treated wood

samples could be attributed to blocking of some
sorption sites (i.e. hydroxyl groups) in the interior of
wood cell lumens and the cell wall (Gindl & Gupta,
2002).

Table 3: Average % WAC of wood Samples at each
cycle

Treatment/ Cycles
Chemical

1 2 3 4 5 Average
AA 40.29a | 45.61a | 48.90a | 51.6la | 52.60b | 47.80a
PA 40.27a | 45.53a | 50.08b | 51.6la | 52.60b | 48.01a
DW 78.16b | 79.30b | 81.812¢ | 92.05¢ | 92.17c | 84.70b

*Means with the same letters are not significantly
different at P < 0.05

Estimation of dimensional stability of wood
samples using % WRE

In Table 4, cycles 1, 2 and 4, the AA modified samples
had the same %WRE values as that of the PA
modified samples. This indicated that the water
absorption of the AA and PA modified samples was
the same.

The average %WRE values from the 5 oven-
dry/water-soak cycles in Table 4, shows that there was
no significant difference between the AA and PA
treated samples. The effect of the chemicals on
dimensional stabilization of the wood samples was the
same.

Table 4: Average % WRE of Wood Samples at
each Cycle

Treatment/ Cycles
Chemical

1 2 3 4 5 Average
AA 48.45a | 42.48a | 40.23b | 43.92a | 42.93a | 43.60a
PA 48.48a | 42.59a | 38.79a | 43.41a | 44.02b | 43.46a

*Means with the same letters are not significantly
different at P < 0.05

FTIR spectroscopic analysis of chemical modification of Celtis mildbraedii

FTIR spectroscopic analysis was used to confirm that there were covalent bonds formed between the reagents
used for the modification and the hydroxyl groups of the polymers in the wood cell walls.
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Figure 1 shows a spectrum of the control samples. It shows peaks marked at 3340cm’!, 1231cm™ and 1030cm™.
Peak marked 3340cm correspond to O-H (H-bonded). Peaks at1030cm!correspond to O-C phenols and peak at
1231cm ! correspond to O-C of alcohol. The peak at 1231cm™ corresponds to O-C stretching band (Saikia, Ali,

Goswan, & Ghosh, 1995).
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Figure 1: Spectrum of the unmodified Celtis mildbraedii wood samples

Figure 2 is a spectrum of AA modified samples. It shows peaks at 3338cm-1, 1716 cm-1, 1155
cm-1 and 1031cm-1. Peak marked 3338 cm-1 correspond to O-H (H-bonded). Peaks at 1030cm-
1 correspond to O-C phenols. The peak marked 1716 cm-1 and 1155 cm-1 confirms ester
formation.
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Figure 2: Spectrum of the acetic anhydride modified Celtis mildbraedii wood samples
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According to Bellamy (1975); Saikia, Ali Goswan, & Ghosh (1995); Kuo, Lazakava & Reisev, (1988); Anderson,
Pawlak, Owen, & Fiest (1991), the peak at 1726 cm'is attributed to the carbonyl groups C=0 attached to the
wood. The peak at 1723cm! is also attributed to C=O stretching vibration in conjugated ketones and ester
carbonyl group esterification of hydroxyl groups (Kuo, McClelland, Chien, Walker, & Hse, 1988; Anderson et
al., 1991). Peaks at 1159 cm! indicate new ester groups are formed (Bodirkau, Carmen & Spiridon, 2009).

Conclusions

Using the average %S, dimensional stability of the AA, PA and the DW modified samples were in the increasing
order DW < PA < AA with their %S in the order 7.23¢ < 5.20b< 5.08a respectively. The average %ASE also
showed that the dimensional stabilization of the AA modified samples at P <0.05 was superior to the PA modified
samples (AA =29.26b, PA = 28.21a).

From the average %WAC there was no significant difference between the AA and PA modified samples (AA =
47.80a, PA = 48.01a), however, the modified samples had a lower %WAC than the unmodified (DW = 84.70)
indicating the modified samples were better dimensionally stabilized at P < 0.05. Using the % WRE there was no
significant difference between the average of AA and PA modified samples (AA = 43.604a, PA = 43.458a).

From the average volumetric swelling coefficient %S, anti-shrink efficiency, water absorption capacity and water
repellant efficiency, the dimensional changes of the modified Celtis mildbraedii was improved.

Acknowledgements
We are grateful to Mr. Gideon Amankwah of Soil Research Institute of CSIR- Ghana for his assistance on the

statistical analysis, Mr. Brutse of Biochemistry Department, KNUST and Mr. Amankwah of Chemistry
Department of Kwame Nkrumah University of Science and Technology, Kumasi, Ghana for their assistance for
the laboratory works.

References
Anderson, E. L., Pawlak, Z., Owen, N. L., & Fiest, W. C. (1991). Infrared studies on Wood weathering, Part 1:
hardwoods, Apps. Spectroscopy. 45(4): 648 -652.

Baysal, E., Ozaki, S. K., & Yalinkilic, M. K. (2004). Dimensional stabilization of wood treated with furfuryl

alcohol catalyst by borates, Wood Sci. Technol. 38: 405- 415

Bellamy, L. J. (1975). The infrared species of complex molecules, 3™ ed; volume 1, Cambridge, UK: Chapman
and Hall, University Press.

Bodirkau, R., Carmen, A., & Spiridon, 1. (2009). Composites with PVC and hardwoods” BioResources 4(4):
1285-1304.

Bongers, H. P. M., & Beckers, E. P. J. (2003). Mechanical properties of acetylated solid wood reated on pilot
plant scale. In: Proceedings of 1st European Conference on Wood Modification, 2-4 April 2003, Ghent,
Belgium, 341-351.

Deka, M., Saikia, C. N., & Baruah, K. K. (2003). Studies on thermal degradation and termite resistant properties
of chemically modified wood, Bioresource Technol. 84: 151-157.

Gindl, W., & Gupta, H. S. (2002). Cell-wall hardness and Young's modulus of melamine-modified spruce wood
by nano-indentation, Compos. Part A, 33: 1141- 1145.

Goldstein, I. S., Jeroski, E. B., Lund, A. E., Nielson, J. F., & Weaver, J. W. (1961). Acetylation of wood in lumber
thickness. Journal of Wood Chemistry and Technology 11(8): 363-370.

Hartley, 1. D., & Scheider, M. H. (1993). Water vapour diffusion and absorption characteristics of sugar maple
(Acer saccharum, Mash.), wood polymer composites, Wood Sci. Techmol. 27: 421-427

UDSIID Vol 4(2): 2026-5336: 2017



Hill, C. A. S., Hale, M. D., Ormondroyd, G. A., Kwon, J. H., & Forster, S. C. (2006). The decay resistance of
anhydride-modified Corsican pine exposed to the brown rot fungus Coniophoraputeana. Holzforschung,
60: 625-629.

Islam, S. M., Handan, S., Rusop, M., Rahman, M. R., Ahmed, A. S., & Idrus, M.A. (2012). Dimensional stability

and water repellent efficiency measurement of chemically Modified tropical light hardwood, BioResources
7(1): 1221-1231.

Kuo, M. L., McClelland, L. S., Chien, P. L., Walker, R. D., & Hse, C. Y. (1988). Applications of infrared
photoacoustic spectroscopy for wood sample, Wood Fiber Sci. 20(1): 132 — 145.

Ofori, J., Mohammed, A. L., Brentuo, B., Mensah, M., & Boamah-Tawiah, A, R. (2009). Properties of 10
Ghanaian high density Lesser- Used-Species of potential importance to bridge construction — Part 1: Green
Moisture Content Basic Density and shrinkage Characteristics. Ghana Journal of Forestry, 25:67-74.

Pandey, K. K., Jayashree, & Nagaveni, H. C. (2009). Study of dimensional stability, decay resistance and light
stability of phenuysothiocyanate modified rubberwood, BioResources, 4 (1): 257-267.

Papadopoulos, A. N. (2010). Modified wood composites, BioResources, 5(1): 499-5.

Rowell, R. M., & Ellis, W. D. (1978). Determination of dimensional stabilization of wood using the water-soaked
method, Wood Sci. 13: 104-111.

Rowell, R. M. (1983). Chemical modification of wood, Forest Prod. Abst. 6 (12): 363-382.

Saikia, C. N., Ali, F., Goswan, T., & Ghosh, A. C. (1995). Esterification of high cellulose extracted from Hibiscus
cannabinus L; Ind. Crops Prod. 4: 233 — 239.

Schneider, M. H., & Brebner, K. 1. (1985). Wood polymer combinations: The chemical modification of wood by
alkoxysilane coupling agents, Wood Sci. Technol. 19: 67-73

Tarkow, H., Stamm, A. J., &Erickson, E. C. O. (1946). Acetylated wood. Report, Forest Products Laboratory,
USDA Forest Service, 1593.

UDSIID Vol 4(2): 2026-5336: 2017



