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ABSTRACT

&bber wood Is an Important low cost and plentifully available timber In

KeraJa. Because of the acute timber scarcity, the timber from rubber trees now

finds many appl1catlons. The highly perishable nature of this timber due to Its

susceptlbll1ty to Insect and fungal attack ltmtts Its wider utilization. The present

study was aimed at developing appropriate techniques for converting this highly

perishable timber Into durable, value-added products.

A highly toxic but conventional preservative. the copper-chrome- arsenate (CCA)

composttlon as well as more environmentally safer chemicals of low marnmal1an

toxictty, vtz., boric acid and borax, were Investigated. In addition, the feasIbility

of developing a more environmentally friendly and non-conventional method of

wood preservatron through chemically modifying the wood by acetylation

technique was also studied. In order to ensure the availability of raw material

throughout the year and to prevent the possIbilIty of fungal and borer attack

during the storage period, the potential of under-water storage of the timber was

also Investigated. The effect of under-water storage on the physical and

mechanical properties as well as on treatabilIty was Investigated In order to see

whether the utilization value was affected or not and also to arrive at an optimum

under-water storage period.

It Is found that rubber wood can easily be diffusion treated with 10% boric acid

equivalent (BAE) solution to Improve Its durabll1ty. The study determined the

maximum thickness of wood that could be diffusion treated and the dlstrtbutlon

of chemicals In the treated wood. Wood of thickness up to 50 mm can be easily

diffusIon treated wIth 10% BAE solution to adequate loadIng of chemicals as
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prescribed In the NewZealand and British Wood Preserv:tngAssoclation's (BWPAl

specifications (0.2% BAE retention In the core of sample and 0.4% BAE retention

as a whole respectively). Wood of 75 mm and 100 mm thickness can be diffusion

treated with 10% BAE solution, but only the New Zealand specification can be

achieved. Reducing the duration of dipping time from 40 minutes to 30 minutes

for the 25 mm thick material and from 160 minutes to 80 minutes for the 50mm

thick material does not affect the achievement of desired dry salt retention (DSRl.

The optimum storage period Is two, three, rune and tweleve weeks for 25, 50, 75

and 100 mm thick wood respectively, In order to get uniform distribution of

chemicals.

Rubber wood Is easy to treat by the vacuum-pressure Impregnation method

using boron chemicals as well as with CCA preservatives. An economical

treatment schedule consrsung of 15 minutes Initial vacuum of 85 kPa followed

by a pressure of 1000 kPa for 15 mlnutes and a final vacuum of 85 kPa for

5 minutes (denoted by 15'/15'/5') was arrived at for treating rubber wood In

air-dried, partially-dried and green conditions with boron as well as CCA

compounds. Further, It was also found that small variations In the extent of

vacuum or pressure dId not sIgnificantly affect the achievement of desired DSR.

Treating WIth 3% BAE solution by employing the economical schedule gave

nearly double the loadIng of chemicals suggested by the Indian Standard

(6.5 kg/m3 for use In humid condition but not In ground contact) In air-dried

wood and just adequate retention for partially dried wood. For rubber wood In

green condttion, the use of 4 to 5% BAE solution gave the desired DSR.

It Is found that In rubber wood the penetration of chernlcals through lateral sides

of the timber IS equally efficient as that In the longttudtnal direction. The

thickness and length of wood have more Influence than the suface area per unit

volume for the achievement of the desired DSR. Due to active lateral penetration

of preservative, the various lengths and thicknesses of sizes required for common
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end-uses are not a problem for the achlevement of desired DSR Also It Is found

that altering the strength of boron compounds In the treatment solution does

not In any way adversely affect the solution pick-up.~ the variation In solution

pick-up with the concentration of boron solution Is little. the concentration of

solution required to achieve any desired DSR range can be predicted at an

agreeable level of accuracy.

Commercial scale testing of the economical schedule with full load wood In the

treatment cylinder showed that the schedule was capable of achieving the

desired DSR In the case of air-dried, partially dried and green wood. both for

boron and CCA treatments, provided solutions of optimum concentrations are

employed depending upon the thickness and moisture content of the material.

Further. It Is seen that the newly developed economical schedule Is more

productive, much time- and energy-saving than the traditional schedules being

followed In some commercial units.

Commercial scale testing of the CCAimpregnation ofgreen rubber wood showed

that the use of 3 to 4% solution provides desired DSR In treated wood while

employing the economical schedule. Except for very hlgh thicknesses In the

range of 100 mm. the use of 3% CCAsolution is effective for green rubber wood

[about 65% moisture content). When the moisture content Is higher than thls

level It Is desirable to use 4% CCAsolution.

The penetration of both boron and CCA preservatives in the wood treated at

air-dried, partially dried and In green condition using the economical schedule

Is found to be uniform and through and through.

Chemical analysts of the treated wood Indicates that a net average measured

DSR of 3.0 kg/m3 Is sufficient to fulfil the requirements of New Zealand and

BWPA speclflcatlons In the diffusion as well as impregnation treatment.

Chemical analysis of CCA Impregnated wood shows that the absorption of the
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constituent elements of CCAIn the timber treated using the economical schedule

Is In the desired ratio. provided the treatment conditions are properly momtored

(I.e., the pH and concentration are not altered and sludge formation due to

successrve treatments Is prevented). Hence, care has to be taken to ensure

proper treatment conditions during CCAImpregnation treatment for achieving

the desired absorption of the different consututents of the preservative.

As far as storage method Is concerned. It was found that rubber wood can be

stored under water without any threat of sapstain development. Even though

under-water storage for a pertod of 3 to 4 months reduced the physical and

mechanical properties of wood. except for maximum compresstve stress (MCS)

the reduction of the properties (density. fibre stress at Ilmlt of proportionality

(FSLP), modulus of rupture (MOR) and modulus of elasticity (MOE)) was found

Inslgnlflcant as to affect the uti1lzation value of the timber. As the MCS was found

significantly lowered even with a storage pertod of one month. It Is advisable to

avoid the use of under-water stored wood for end-uses where MCS Is crttical.

The treatabl1lty was found to Improve due to under-water storage. The

economlcal schedule was found to be capable of achieving the desired DSR

during Impregnation treatment of under-water stored wood at all moisture

content levels. For the treatment of under-water stored wood at atr-drted

condition the use of 3% BAEsolution IS sufficient, whereas for the treatment of

under-water stored wood at very high moisture content levels (95% MC). the use

of 6% BAE solution Is essential to achieve the desired DSR levels.

The feaslblllty of chemically modifying rubber wood by acetylation technique for

Improved dimensional stablllty and btoligtcal resistance was investigated on

solid wood blocks. It was found that an acetyl weight percent gain (WPG) of

18-22 can be achieved. which has been reported to be adequate to offer

protection from biodegradation. Anti-shrink efficiency (ASE) In the range of

85-88% was achieved. Indicating very good dimensional stability for the
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acetylated rubber wood. Effect of chemical modification on physical and

mechanical properties was also studied. MOR decreased slightly as the WPG

increased. MOR of acetylated wood Is slightly less than that of the untreated

wood. but the difference Is not large enough to affect the utilization value. MCS

was found unaffected by acetylation. Density Is Improved to an average extent

of 9%. In general. acetylation technique was found promosing as a

non-conventional and non- toxic. environmentally friendly way of protecting

rubber wood and to Impart Improved dimensional stablllty required for speclalty

products.

Medium density fibre boards (MDF) made from acetylated fibres at a WPG of

14 showed that their dimensional stability was superior than that of the control

boards. An average ASE of 94.8% was achieved for the thickness swelling of

acetylated boards. Acetylation was found to Improve the MORof the MDF boards.

The study has shown that rubber wood can be utilized as a potential raw material

for the manufacture of MDF boards particularly for speclalty products by

applying the acetylation technique.

In brief. appropriate technology for the storage and preservative treatment of

rubber wood to prevent biodegradation has been developed through the present

study. Thts will help In the optimum utilization of this highly perishable but

plentifully aval1able non-conventional timber resource. This wtll tndtrectly help

in conserving our natural forests since the pressure on forests for timber could

be partially relieved by utilizing this resource.
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1. INTRODUCTION

Wood Is the most Important and major forest product. It Is one of the oldest

known raw materials and from the pre-htstonc period man used It for fuel. tools.

boat making and house construction. It Is biological In Origin. renewable and

biodegradable.

Wood Is also a modern raw material as well. Huge trrnber vaultmgs and precious

furniture exemplify Its glory. Besides solid wood applications, wood has become

a valuable materlalln reconstituted forms such as plywood, particle board, fibre

board. etc. It forms the basic substance for pulp and I?aper, films. fibres,

additives, chemicals and many other products.

About one third of the world's land surface IS covered by forests which contain

a total growing stock of about 300 bllhon m3 of wood (Stelnlln 1979). Hence It

Is one of the most Important products of nature. The global consumption of wood

Increased drastically since the early part of this century and further rapid

Increase In consumption ISpredicted for the future (FAO 1981). The world's total

annual requirement of round wood by 2000 A.D. Is estimated to vary between

3800 and 6200 million m3
. The demand for Industrial round wood and pulp

wood Is increasing day by day. The consumption of the most Important product

of chemical conversion ofwood, pulp, Is also increasing day by day. The decrease

In the internal sources of supply and a growing concern for environmental

protection In the developed countries resulted in an increased exploitation of

tropical forests In the developing countries culminating in the fast depletion of

tropical hardwoods and the resultant Increase In price. FAO (1992) reported a

substantial raise in the prices of various forms of wood.
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One of the primary and htstonc reasons for the continuous decrease In the forest

wealth of India Is the Increasing demand for fuelwood with the growing

population. A further burden was from the excess demand for timber during the

two world war periods for ship building and railways. The post world war period

witnessed major agricultural expansion activities which resulted In a significant

loss of forest cover, causing a further decrease In timber production. The demand

for timber for construction. Joinery. furniture and for the manufacture of modern

construction materials like plywood. fibre board. etc. increased over the years.

All these developments exerted pressure on the limited timber resources

resulting In a rapid Increase In timber prices. In India, the projected demand for

wood Is 63 ml1llon m3 by 2000 AD. (Govt. of India 1976).

In Kerala State. the Imbalance between demand and supply of wood has been

on the Increase due to factors like growth of population and Increased demand

for timber with the increase In standard of ltvtng. Also, the negligence of

sustained yield management practices of the forests led to loss of forest cover.

The rapid rate of declining forest wealth created more environmental awareness

which resulted In the stoppage of clearfelllng of natural forests. and consequent

shortage of timber supply. This has led to a further Increase In timber prtces In

the State.

Krtshnankutty (1990) reported that the effective demand for industrtal timber

In Kerala durtng 1987-'88 was 2.5 million m3 round wood equivalent. The long

term trend In Umber prices, as reported by Krtshnankutty (1989 a). gives a clear

indication of scarcity of timber resources In the State. Projections for the future

indicate that the likely supply-demand dlspartty can be neutralized to some

extent by economizing the timber use.

1.1 WHY RUBBER WOOD?

It is clear that timber plays a significant role in the economy of Kerala.

Development of wood-based tndustrtes Is therefore of great Importance to the
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State. But with the current rate of dwindling timber resources. there Is

uncertalnlty over the avaUabl1lty of raw material for timber Industries. Thls

critical situation calls for drastic changes In the pattern of raw material supply

and utilization. One approach to partially solve the problem Is to evolve

appropriate technologies for the utl1lzatlon of non-conventional timbers.

Rubber plantations are an Important non-conventional source of timber. Rubber

plantations ensure a sustained supply of rubber wood as the plantations are

managed on a rotation of 25-30 years. Utilization of this resource can indirectly

contribute to the conservation of natural forests. The major rubber growtng

ASEAN countries have the potential of producing 19 million m3 of rubber wood

logs per annum based on an annual replanting rate of 3% and an estimated yield

of 100 m3 per hectare (Ser 1990).

India Is one among the leading rubber growing countries In the world. According

to the estimates of the Rubber Board of India (RRII 1992). the total annual wood

production Is about 1.27 mlllton m3• out of which 600,(, Is stem wood and the

remaining 400/0 branch wood. Kerala State accounts for about 86% of the total

area under rubber cultivation In India (Mannothra 1993. George and Joseph

1993).

A study conducted by Krlshnankutty (1989 b) showed that rubber wood

accounted for around 65% of the total consumption of Industrial wood. excluding

sawrntlltng In Kerala, Indicating the signtncant contribution of rubber wood In

the mdustrtal economy of the State.

The consumption pattern of rubber wood In India. as reported by the Rubber

Board of India Is given below (RRII 1992):
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Consuming sector
Quantity consumed

Relative share (%)
(ml1Hon m3

)

Packing case 0.49 64.5

Safety matches 0.13 17.1

Plywood 0.10 13.1

Processed wood 0.03 3.9

Others 0.01 1.4

Total 0.76 100.0

This clearly shows the need for more value addition and more efficient utilization.

as Is evident from the Insignificant share of processed rubber wood In the total

consumption.

It Is estimated that about 50% of the demand-supply Imbalance of wood can be

resolved by rubber wood (Mannothra 1993). Thus rubber wood can play a very

Important role In the timber scenarto of the State. Conversion of this perishable

wood Into value added products through chemical treatments warrants attention

since It Is available at comparatively low cost and the plantations are Hkely to

become one of the most promising sources of wood In the state. Because of the

acute timber scarcity. the stem wood of rubber tree now finds many appHcatlons.

Effective utilization of this wood wl1l relieve pressure on our forests to a

Significant extent.

1.2 NATURE OF THE PROBLEM

Perishable nature of rubber wood - Its susceptibility to fungal and Insect attack

- ltmtts Its wider utilization. Rubber wood will continue to be under-utilized If It

Is not treated with preservative chemicals for protection against fungi and
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Insects. It Is because of this reason that rubber wood has been traditionally used

for firewood. packingcases and match veneers and splints. Only through

developing appropriate techniques for the protection. wood from rubber tree can

be effectively and efficiently utilized. The protection can be approached In two

different angles. one with the use of conventional toxic preservatives and the

other by non-conventional method using environmentally friendly non-toxic

chemicals, like chemical modification.

1.2.1 Biodegradation

Rubber wood Is classed under the category of perishable timbers. It Is highly

susceptible to the attack of biological organisms such as fungi. Insect borers.

termites and marine borers. Through the cut ends of the logs. soon after felltng,

fungal infection starts. The sapstainmg fungi causes a bluish black stain and

the aesthetic value of the timber gets affected. Along with this, the Infestation

of decay fungi causes deterioration of the wood which affects Its physical and

mechanical properties. Also rubber wood Is highly susceptible to the attack of

Insect borers during the air-drying period. Heavy Infestation of Insect borers can

lower Its mechanical strength. Under marine conditions rubber wood Is affected

by the Intense attack of marine borers.

1.2.2 Natural durablllty

The high susceptfbtltty of rubber wood to the attack of biological organisms

makes It to be grouped under the 'durability class 3 type' of timbers. whose

average life In ground contact Is less than 60 months (BIS 1982). Balasundaran

and Gnanaharan (1990 a) reported rubber wood as 'non-resistant' to decay fungi.

Varma and Gnanaharan (1989) recorded It as highly susceptible to termite

attack In ground contact. Santhakumaran and Srlnlvasan (1989) and Rao et al.

(1993) found that rubber wood was eastly degradable In marine conditions. All

these studies clearly Indicate that rubber wood Is not naturally durable.
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1.3 OBJECTIVES OF THE STUDY

Preservative treatment Is the most Important aspect to be taken care of for the

effective utilization of this perishable Umber. Appropriate preservation

techniques suitable for small scale Industries as well as medium to large scale

industries need to be developed/standardised. Diffusion treatment. suitable for

both sectors. and vacuum-pressure Impregnation (VPI) treatment. SUitable for

the latter. have to be standardized. Even though conventional wood preservative

chemical composition such as copper-chrome-arsenate (CCAjls more effective.

due to the Increased environmental concerns emphasis has been given In the

present study for the use of environmentally safer chemicals like boron

compounds.

To ensure the availability of raw matertal throughout the year. rubber wood will

have to be stored for few months. Because of Its acute susceptibility to

biodegradation. the method of storage Is very Important. Under-water storage Is

an effective way to protect timber from the attack of biological organisms. This

method of storage needs to be evaluated In the case of rubber wood. It Is also

tmportant to assess the effect of under-water storage on the physical and

mechanical properties as well as on the treatability.

As environmental concerns are becoming more and more Important these days.

the possibtltty of using non-toxic compounds for wood preservation needs to be

explored. Chemical modification of wood structure Is a novel and environ

mentally frtendly method ofwood preservation. This can be achieved by blocking

the conftrrnattonal sites required for the highly speclftc enzyme-substrate

reactions. thereby moduytng the wood so that the attacking mrcroorgantsms do

not recogntze It as a food source. Further. replacing the polar hydroxyl groups

with less polar groups results In reduction in hygroscoplclty which means

Increased dimensional stability.
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It was decided to develop and standardize the optimum treatment conditions for

the production of 'modified' or 'Improved' rubber wood through chemical

modification by acetylation technique. Another aspect of the study was to

evaluate the effect of acetylation on the physical and mechanical properties of

rubber wood for different end-use appltcatlons. The utilization potential of

modified rubber wood fibres for the preparation of medium density fibre board

(MDF) and the effect of acetylation on the dimensional stabUlty and strength

properties of MDF were also Included as part of the study.

Thus the broad objective of the study was to develop appropriate techniques for

converting the highly perishable rubber wood Into durable, value-added

products; thus to effect saving of our valuable natural forest from the pressure

for timber.
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2. REVIEW OF LITERATURE

&bber wood becomes avaJlable at the time of harvesting the trees after their

economtc llfe. In earlier days. majOrity of this wood was used only for fuelwood

purposes and later for the manufacture of short-life packing cases. Of late. due

to the acute scarcity of timber. the uttllzation potential of rubber wood Is realized

on a worldwide level and several workers have evaluated Its suitability for various

end-uses. The timber has an attractive pale straw colour. straight grain and

moderately coarse texture. Its characteristic smooth finish and colour make It

a favourable choice for making attractive Items. Rubberwood has a density range

of 500-600 kg/m3 and Is classified as a light hardwood. The wood possesses

medium strength properties comparable With many conventional structural

timbers (Gnanaharan and Dhamodaran 1993). It has good machining properties

(Hong 1985, Khoo 1993. Shukla et al. 1984). It has good drying characteristics,

and kiln-drying schedules have been reported (Asano and Choo 1990, Choo and

GrewaI 1983. FRlM 1980. Grewal 1979 a & b, Hong 1985. Sharma and Kukretl

1981. Sharma 1989).

Several authors have reported Its anatomical (Ashaart Hajl Amtn 1986. Panikkar

1971, Pendlebury and Petty 1993, Rao et al. 1983, Rao and Hernavatht 1989,

Reghu et aL 1989 a & b. Tlsseveraslnghe 1970); chemical (Azlzol and Sudln

1989, ChJnchole and Apte 1969. D'Auzac and Pujarnlscle 1967. Guha and Lee

1972. Khoo 1993, Llm 1985. Patrtck 1956. Sandermann et al. 1965. Slmatupang

et al. 1993, Sudln et al. 1990. Tan 1989. Tomlmura et al. 1989 a. Tomlmura

1993); physical (Bhat et al. 1984. Sharma et al. 1982) and mechanical

(Gnanaharan and Ohamodaran 1993. Kamala and KrIshna Rao 1993, MTIB
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1982. Sanyal and Dangwal 1983. Shukla and La1 1985 and Shukla 19891

properties.

The Umber Is widely suggested for various end-uses such as structural timber

for construction purposes (Tan and Hong 1989. Shukla 19891. furniture (Cheow

1982. Tan 1975. Todd 1970) parquet floortng (All Zafar 1990. Jagadeesh and

Darnodaran 1992. Mohd. Shukrl 1983. Tan and Mohd. All 19801. plywood (BlIje

et at 1989. Wong 1979). particle boards (Lew and Sim 1982. Wong and Ong

19791. fibre boards (Jaln 1965. Khoo et al. 19901. cement and gypsum bonded

particle boards (Gnanaharan and Dhamodaran 1985. Slrnatupang et al. 1993.

Sudin et al. 1990), solid bent works (Ser and Llm 1980. Sharma et al. 19821.

moulding works (Stm and Mohd. Arshad 1980). handicrafts IKrlshna Rao et al.

1993). wood-polymer composites (Kaderkutty 1989). etc. From the strength

point of view. rubber wood was evaluated for its suttabllity for door and window

shutters. furniture. dunnage pallets. tool handles and as a structural timber for

construction purposes. bestdes its wide use for match veneers and splints as

well as for compressed shuttle blocks (Kamala and Krtshna Rao 1993. Shukla

1989).

Even though the timber Is having many merits. the most serious problem for Its

efficient uttlizatron Is Its perishable nature. It Is highly susceptible to the attack

of sapstatning and decay fungi. Also It Is susceptible to Insect borers and

termites. Hence. for any utiltzatton purpose. the timber needs to be protected

with preservatives. It Is this aspect that is reviewed In depth In this thesis.

2.1 BIODEGRADATION

The fungal problem in rubber wood has been studied by All (19771. All et al.

(1980). Florence (1989). Florence and Sharma (1990) and Ttsseverastnghe (1969.

1970). The common blue stain fungus Botryodiplodia theobromae together with

surface moulds like Aspergillus. Penicillium and Trichoderma and
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basidiomycetous decay fungi like Ganoderma applanatum. Lenzites palisotii,

Porta spp. and Trametes corrugata are reported to attack rubber wood. Blue

statn fungi cause deep penetrating dtscolouration In the untreated rubber wood.

The moulds cause only superficial infection which can easily be removed during

product manufacture while the rotting fungi are more serious as they cause

wood decay under humid conditions.

Hong (1982) reported that the decay fungus Ganoderma applanatum caused the

greatest weight loss In wood samples and showed a preference for lignin

degradation. &hizophyllum commune decayed the samples at a slower rate. but

preferred lignin to cellulose whereas Porta spp. caused the least weight loss and

showed a slight preference for cellulose. Out of the 10 commercially Important

timber species studied by Florence (1989. 1991) and Florence and Sharma

(1990) rubber wood was the most affected by Botryodiplodta theobromae and

this species has been consistently Isolated from blue stain, Infection of rubber

wood by various workers (Hong 1980. 1981. Hong et at. 1982, 1985).

Balasundaran and Gnanaharan (1990 a) reported the decay resistance of rubber

wood against GloeophyUum trabeum (brown-rot fungus) and Polyporus

versicolor (white-rot fungus) and classified the timber as 'non-resistant' towards

decay fungi. Ananthapadmanabha et at. (1989) tested the differential decay

resistance of rubber wood against Ceratocystis ulmi, Chaetomium globosum.

Fomes annosus. GloeophyUum trabeum, Polyporus hirsutus. P. meltae and P.

versicolor. Both the above studies concluded that rubber wood had the least

natural resistance to some of the common tropical decay fungi, even though the

resistance to different fungi appeared to be relatively different.

Norhara (1981). Tan et at. (1979) and Ttsseverastnghe (1970) documented the

Insect borer attack In rubber wood. Bostrychld borers Heterobostrychus

unicornis and Sinoxylon conigerum were found to be the main Insect species

attacking rubber wood In Sri Lanka. Heterobostrychus aequalis. Minthea
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rugicol!is, Sinoxylon anale and Xylothrips flavipes caused serious damage to

rubber wood In Malaysia. Abood et al. (1992) reported that Minthea rugtcollis

was the most destructive and commonly found insect borer attacking drted

rubber wood In Malaysla.Gnanaharan and Mathew (1982) listed 10 species of

Insect borers attacking rubber wood In Kerala. India and reported that Sinaxylon

anale caused the most serious damage.

Rao et aL (1993) and Santhakumaran and Snntvasan (1989) stated that rubber

wood was easily degradable in marine conditions. Main species of marine borers

encountered were Bankia comapanellata, B. rochi, Lyrodus pedicellatus,

Martesia striata and Nausiiora hedleyi.

2.2 PROPHYLACTIC TREATMENTS

Application of anti-transptrant endcoats was found effective as prophylactic

treatment against sapstatn of tropical hardwoods [Olcflnboba 1973). Hong et al.

(1980) found incorporation of 2% Captafol and 1% Fennotox S2in Shellkote, a

bituminous compound,prevented the development of sapstaln for a period of

4 weeks. In a similar study. Tan et aL(1980) reported about the control offungal

attack during the storage of rubber wood. End treatment with 2% Captafol or

3% sodium pentachlorophenoxtde (NaPCP) incorporated In Shellkote gave a

fairly good control of fungal attack for a period of 4 months.

Lewts and Spence (1985) stated that effective prophylactic treatments have a

significant role In Increasing the viability of rubber wood as a raw material. They

also stressed the need for the treatment integrating from the log to the sawn

umber in conjunction with rapid extraction and conversion to obtain full.

practical benefit. They reported that end-grain sealingwith 'Shellkote' containing

fungtctdes such as 4% NaPCP or 1.5% 'Antlblu 3739' (active Ingredient.

methylene-bls-thlocyanate (MB11 and 2-thlo cyano methyl thto benzo thtazole

rrcMTB)) or 4% Captafol could reduce the rate of sapstatn penetration. though
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not prevent It. Significant stain and mould on sawn umber can be prevented by

a 1 or 2 minute dip treatment In 1.5% 'Antiblu 3739' or 2% NaPCP. ShI and Tan

(1986) suggested the treatment with a BBP mixture (3.5% borax, 3% boric acid

and 3.5% NaPCP) for the protection of rubber wood In China.

Jose et at (1989) reported that NaPCPwas the best preservative and In combina

tion with boric acid and borax controlled fungal and Insect borer attack. They

also reported that oxycarboxln, next to NaPCP, showed promise In controlling

fungi and Incorporation of Insecticide. viz.• monocartophos and phosphamtdon

was effective against Insect borer attack for two months. According to them the

use of 10% copper sulphate solution was effective against Insect borer attack

for two months.

2.3 SAPSTAIN CONTROL

Sodium salt of pentachlorophenol (NaPCP) was the most Widely used

preservative for the control of sapstaln. A concentration of 0.4-0.5% was

suggested (BCL 1972) to control sapstain development. The compound Is highly

toxic to fungi. PCP Is known to be toxic to humans and other animals also. NaPCP

has been known to produce Irritant skin problems after long periods of handling.

Now It has been banned in a number of countries, Including India. Because of

the concern for the toxicity of PeP there is a constant search for finding

alternatives which could be readily available for the control of sapstatn.

Hong (1981) screened 18 preservatives for their efficacy against sapstam and

mould fungi (Botqpdiplodia spp.. Sphaeronaema spp. and Trichoderma spp.)

Isolates from rubber wood. NaPCPwas used as the standard. Only one. Baslment

9230. was found to match NaPCP in terms of overall antifungal activity. Six other

commercial products. Busan 30. Benomyl, Fennotox 52. Mltrol PQIC and Mltrol

PQIL were found promising but warranted further tests. Hong et al. (1982)

reviewed the btodetertoratlon problems of rubber wood and the control measures
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against sapstatn, mould, fungi and Insect borers. The common method of control

suggested Is the dip treatment using a preservative mixture of 1-2% NaPCP and

1.5% borax. Synthetic pyrethrolds and organic solvent-based preservatives are

also used, though In much smaller quantities. Gnanaharan and Mathew (1982)

reported that 0.3% Busan In 10% bone acid equivalent lBAE) solution could not

control fungal growth In rubber wood. Higher doses of Busan were not trted as

they would not be cost effective. In field tests conducted at Brazil, only a higher

dose of Busan (1.5%) showed effectiveness against sapstatn and mould fungi

(MIlano 1981). Plackett (1982) found that treatments with 1% and 2% Busan

were 89% and 970/0 effective respectively against sapstain and mould over a

5-month field test pertod.

Hong et al. (1982) reviewed the work on the protection of rubber wood against

stains caused by sapstarrung fungus (BotrlPdiplodia theobromae) and mould

fungi (Aspergillus niger. Curvularia spp., Fusarium spp,. PeniciUium spp..

Sphaeronaema spp. and Trichoderma spp.) as well as against decay fungi

(Chaetomiumspp., Ganodermaspp.. Polyporus spp., Pycnoporous sanguineus,

&hizophyUum commune and Stereum spp.l. The control measures suggested

Include apphcauon of endcoats incorporated with preservative chemicals,

keeping logs under water In log ponds (for long-term storage), etc. for

unconverted bl11ets. For sawn timber, Immediate dip treatment In anti-stain

chemicals, followed by preservative treatment and proper drying practices can

protect the timber from biodegradation. Hong et al. (1983) compared the

standard treatment (1.5% NaPCP + 2% borax) with four less toxic preservatives

In a simulated timber-yard trtal with boards of rubber wood. Sapstaln attack

was not significantly different between treatments.

Tan et aL (1983) suggested the Incorporation of 2% NaPCP In the treatment

solution for effective control of sapstaln Infection durtng seasoning. As an

alternative to NaPCP. Incorporation of 2% 'Baslllt SAB' In the treating solution
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appeared to be moderately effective against sapstalnJng Infection, If the wood

was treated on the same day of conversion.

Hong et al. (1985) reported that the alkyl ammonium compound (MC).

benzylkonlum chloride, at a concentration of 0.12% completely inhibited the

growth of the sapstaln fungus. Botr!pdiplodia theobromae; mould (Fusarium

spp.) as well as two decay fungi lJY:noporus songuinllUs and Schlzophyllum

communei. Gnanaharan (1986) reported that two formulated products of alkyl

ammonium compounds. vtz., 'Slnesto B' (at 2.0% active ingredient

concentration) and 'Akzo EN 494' (at 0.7% a.t, concentration) had a potential to

replace the NaPCP, the environmentally unfriendly compound used for the

purpose.

Florence (1989) and Florence and Sharma (1993) reported that the application

of sodium azide could InWblt the fungi. These studies report the efficacy of the

compound at various concentration levels but the compound Is hazardous In

nature. Florence and Sharma (1990) reported that the bacterium Bacillus

subtUis had the potential as a bto-control agent against the sapstain fungus.

Botr!1Jdiplodia theobromae. Florence et aL (1993) studied the Influence of

moisture content of rubber wood on the growth of sapstaln fungus

BotTlPdiplodia theobromae and suggested that If the moisture content of the

wood was reduced to less than 24%, the wood can be protected from fungal

sapstatn,

2.4 BORON DIFFUSION TREATMENT

Diffusion treatment with boron compounds Is one of the Simplest, cheapest and

effective way of protecting wood from btodetertoratton. Because of the advantages

of borates such as low toxicity, colourless, odourless nature and ease to handle,

boron treatment has been a popular method of protecting timber In New Zealand

and Australia for the last 40 years (Carr 1957, Harrow 1952, Tamblyn et al.
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1968. Tarnblyn 1975). Research on preserving wood with borates has been

reviewed by Cockcroft and Levy (1973) and Bunn (1974). Because of the

environmental concerns on toxic chemicals like arsenic and chromium In the

copper-chrome-arsentc (CCAj type of preservatives. recently renewed worldwide

Interest Is focused on the application of boron compounds for timber

preservation. Although the method of Simple diffusion treatment with boron

compounds Is cheaper. one disadvantage Is that a long diffusion storage period

Is required to meet the core retention speciflcauons. The Timber Preservation

Authority of New Zealand suggests 4-6 weeks diffusion storage period for 25 mm

thickness and 8-12 weeks for 50 mm thickness (NZIPA 1986. cf. Page et al.

1987). Thus a good portion of the production wlll always be Immob11lsed In the

diffusion storage stage. Further. It has been reported that certain sapstatn and

mould fungt grow prollfically on boron- treated timbers during diffusion storage

period (McQulre 1959). This problem was observed In the case of rubber wood

also (Ttsseverasmghe 1969. 1970). This necessitates the Incorporation of a

suitable antt-sapstam chemical In the preservative solution. The most effective

and cheap chemical. though banned now-a-days. Is still NaPeP. Substitutes for

NaPeP as anti-sapstam chemical are under search. McQulre and Goudle (1972)

tried to develop methods for an accelerated boron diffusion treatment of timber.

They tried the hot and cold process with subsequent diffusion storage at a

temperature of 40°C. By this method the diffusion storage time was brought

down to half a week from the normal 4 weeks for the 25 mm thick sizes. Though

the method drastrcally cuts down the diffusion storage period. It requires

sophisticated machinery. This method wlll not be suitable for small size sawmills

In India.

Tisseverastnghe (1975) developed a method to Introduce preservatives Into wood

by employing the prtnctple of differential release of capUlary tension In the

vessels of wood. This method Involves spraying a boron solution of lower

concentration on green wood with a spray cycle of 15 minutes on and 15 minutes
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off. It was claimed that full penetration was obtained In 25 mm square within

12-15 hours. A modification of this method will be to have repeated Immersions

In the preservative solution for shorter times Instead of one Immersion for longer

time. But this will also be a cumbersome process.

Vlnden and McQulre (1980) reviewed the developments tn wood preservation

processing techniques In New Zealand. Vlnden et al. (1985) reviewed the

practical alternatives and options for the accelerated boron diffusion treatment.

The status of research on berates as wood preserving compounds in the United

States was reviewed by Barnes et al. (1989). An International conference was

held In 1990 to take stock of the worldwide status of boron compounds as wood

preservatives (Hamel 1990). Trials on protection of timber with boron

compounds. mainly with fused borate rods and sodium octaborate tetrahydrate,

were reported by Lebow and Morrell (1989). Morrell and Lebow (1991) and

Morrell et al. (1990. 1992). The latest development In thI~ field Is the vapour

phase boron treatment. developed by Burton et al. (1990). Turner et aL (1990)

and Bergervoet et al. (1992). In developing countries tnterest still exists In the

boron diffusion treatment mainly because of the fact that the treatment method

Is Inexpensive and Simple.

With regard to rubber wood. Gnanaharan and Mathew (1982) reported that It

can be treated by diffusion process with 1()OA> boric acid equlvalent (BAE) solution

containing 0.5% NaPCP. Reports of Gnanaharan (1982); Gnanaharan et al.

(1983) and Dhamodaran and Gnanaharan (1989) showed the achievement of

0.4% 8AE dry salt retention (DSRJ In samples of thickness 25 mm with a dipping

time of 40 mtnutes In 10% BAE solution. Treatment by this method provides

protection against decay fungi (Balasundaran and Gnanaharan 1990 b) and

msect borers (Gnanaharan et al. 1983) and termites (Varma and Gnanaharan

1989). The effect of Immersion time on loading and distribution of boric acid tn

rubber wood was reported by Dhamodaran and Gnanaharan (1984). This study
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showed that DSR Increased with Increase In immersion time. although the rate

of tncrease was low. For higher thicknesses prolonged immersion time reduced

the DSR Hong et al. (1985) suggested a diffusion storage period of 10 weeks

for rubber wood with 35% moisture content (MC) to ensure 100% penetration

of test pieces of cross-section 50 x 50 mm. Fresh sawn wood 175%MC)and wood

with 45% MC required only a shorter diffusion period of 3 weeks and 6 weeks

respectively for lO00Al penetration. A minimum diffusion period of 21 days was

suggested for sizes of cross- section 50 x 50 nun to achieve 0.2% BAE retention

In the core of treated rubber wood. They also Indicated the possibility of using

multi-salt formulations such as boron. fluorine. chromium and arsenic (BFCAJ

compounds for the dip-diffusion treatment of rubber wood.

2.5 VACUUM-PRESSURE IMPREGNATION (VPI)
TREATMENT

2.5.1 Boron impregnation treatment

While using a 2% BAE solution. Tan et al. (1979) obtained a mean solution

absorption of around 200 kg/m3 In the freshly converted wood and 350 kg/m3

In one-week-old pieces. Green rubber wood Is considered relatively easy to

impregnate with preservatives when compared with other Malayslan light

hardwoods (Fan et al. 1983). Tan (Unpublished. cf. Hong et al. 1982) suggested

a treatment schedule of 90 kPa Initial vacuum for 45 minutes followed by a

pressure of 1050 kPa for 75 minutes and a final vacuum of90 kPa for 15 mtnutes

while usmg a 3% borax pentahydrate solution for the treatment of fresh sawn

rubber wood boards of thickness 50 to 70 mm. Hong et al. (1982) also suggested

to air-dry the pressure- treated timber for at least a week to achieve sufficient

distribution of the preservatives before kiln drying. They reported that air drying

periods of less than one week did not achieve the toxic threshold value of 0.2%

BAEat depths of 12 mm or more in the treated timber. To overcome this problem

the freshly sawn timber could be air-dried for a week prtor to treatment. Such
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timbers were found to contain more than 0.2% BAE up to a depth of 28 mm.

even though they were kiln-drted tmmedlately after treaiment.

Tan et al. (1983) compared the effects of two different treatment schedules on

57 mm thick green rubber wood with a moisture content of about 60% and 35%

while using a 3% BAE solution. They employed an initial vacuum of 90 kPa for

a period of 45 minutes for both the schedules. The effect of'varytng the pressure

period on solution absorption was studied while exerting a pressure of 1050 kPa

for two different lengths of time. vtz., 150 minutes and 75 minutes. A final

vacuum of 90 kPa was maintained for a penod of 15 minutes In both the

schedules. They found that reducing the pressure treatment time from 2.5 hours

to 1.25 hours did not result In an appreciable change In the absorption by freshly

sawn and partially drted (MC around 35%) wood. They achieved a DSR of around

7.5 kg BAE/m3 for the green wood with average MC around 60%. Hong et al.

(1985) reported that rubber wood could be treated under, the Bethel full-cell

process with boron compounds achieving a DSR of 16 kg/m3 for air-dried wood.

They also found that rubber wood could be treated In green condItion and the

preservative retennons were almost directly proportional to the moisture content

of the boards.

Hong and Ltew (1989) reported the effect of three different treatment schedules.

viz.• fun-cell. full-cell to refusal and full-cell with 12 cycles of vacuum/pressure

while using a 3% BAEsolution. In their study. an Increase of pressure time from

45 minutes to 90 minutes allowed slightly higher retention values. They also

concluded that It Is possible to treat freshly sawn rubber wood with boron

preservatives using the full-cell VPl process provided adequate pressure time

was given to achieve the desired loading of chemicals. According to them the

appllcatton of repeated rapid cycles of vacuum and pressure was a possible

modification of the full-cell process for shortening treatment time to achieve

adequate levels of preservative loadings.
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Salamah et al. (1989) reported on the double vacuum process for the treatment

of rubber wood and they achieved a core loading of 0.2% BAE. But the treatment

schedule employed by them was too lengthy, an initial vacuum period of 225

minutes and pressure period of 150 minutes and a final vacuum for 10 minutes.

However, for green wood, they reported that a combination of diffusion-vacuum

pressure process was necessary to achieve the required chemical loading. This

chemical loading Is achieved within a period of less than a week only, after

pressure treatment.

2.5.2 CCA impregnation treatment

Tan et al. (1979) and Hong et al. (1982) reported that rubber wood was easily

treatable by the Bethel vacuum-pressure process using copper-chrome-arsenic

(CCA) preservatives. They reported that complete penetration of CCA was

achieved In 50 mm thick boards at an average DSRofabout 16 kg/m3. Tan et al.

(1979) suggested a treatment schedule of 90 kPa initial vacuum for 45 minutes,

followed by a pressure of 1500 kPa for 150 minutes and a final vacuum of 90 kPa

for 20 minutes while using a 3% Tanalith CT 106 solution and achieved a

solution absorption of 500 kg/m3 CCA (cf. Hong et al. 1982).

Kuppusamy and Srtnlvasan (1989) reported a case study of penetration and

absorption of the components of CCA In a treated rubber wood door shutter

received from a commercial source. Although the penetration of the preservative

as well as DSR were found to be good. data on absorption of individual

components of CCA showed significantly low arsenic and high copper retention.

This study throws light on the need for taking proper care during the CCA

treatment of rubber wood.

Sontl et al. (1989) reported that rubber wood can be pressure Impregnated at a

moisture content of about 55-66% using CCA compound.
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2.15.3 Impregnation treatment with other chemicals

MartawldJaJa and Martawtdjala (1971) reported that pressure Impregnation of

rubber wood posts with creosote resulted In a mean durabUlty greater than

22 years.

Hong et al. (1985) reported that rubber wood could be effectively pressure

treated with alkylammonlum compounds (AAC) to desired retention levels. Tests

ustng 1.5% benzylkonlum chloride achieved a retention of around 7.5 kg/m3
.

This value Is very much higher than the toxic thresholds, ranging from

0.2 kg/m3 , as reported by Butcher et al. (1977). AACs have both insecticidal and

fungictdal activity, but have comparatively low mammalian toxtcity. They have

good fixative action when Impregnated Into the wood. Rubber wood Is found to

fix between 7.5 and 9.0 kg/m3 of benzylkonlum chloride even after subjecting

the treated samples to leaching.

Synthetic pyrethrotds, which are available In the form of emulslflable

concentrates as deltamethnn, permethnn and cypermethrln, and other aqueous

preservative formulations such as TCMTB (thto cyano methyl thto benzo

thiazole), MET (methylene-bts-thtocyanate) and TBP-M (trtbrornophenol

metaborate) are some other compounds which have potential for pressure

treatment. But, according to Hong et al. (1985), all this needs more rigorous

evaluation for their performance. Sontl et al. (1989) reported that the

formulations 'Antiblu' (MIlT) and 'Antiborer' (cypermethrln) are effective for

protecting rubber wood. 'Antiblu' at a concentration of 1.5% and 'Antiborer' at

concentrations 0.1-0.25% were suggested. Anananthapadmanabha and

Srtruvasan (1993) tested a proprietary chemical possessing Insecticidal and

fungicidal properties with active ingredient 'deltarnethrtn', a photo-stable

synthetic pyrethroid, and sold under the trade name 'K-Otek-Combl', which was

effective In protecting rubber wood against biodetertoratton and maintaining the

natural colour.
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The oscillating pressure method (OPM) has been practised In Malaysia for the

treatment of rubber wood with synthetic pyrethrotds. However, the efficacy In

terms of penetration and the retention of the compounds has not been assessed.

Salarnah et aL (1992) treated rubber wood samples at green, partially dried and

drted conditions by employing the OPM method using cypermethrln at 0.2%

concentration. The amount of cypermethI1n detected In treated wood by High

Performance Liquid Chromotography (HPLC) was much lower than that by

calculation. Rubber wood samples of low moisture content gave better

penetration of eypermethrtn. Also It was found that the amount of cypermethIin

detected decreased as the drying time Increased. A formulation that can

compensate for the amount lost during drying may be able to provide a better

retention In rubber wood.

2.6 METHOD OF STORAGE

Storage of raw material for a few months Is most likely required for running a

medium to large-scale rubber wood processing unit. as the avaJIabllity of this

timber may not be always regular throughout the year. Because of Its acute

susceptibility to biodegradation, the method of storage of rubber wood Is very

Important. Tan et aL (1980) showed that under-water storage Is an effective way

to protect wood from ImmedIate fungal attack. They toed under-water storage

up to a pertod of one month only. They found that this method of storage of raw

material was supertor to the application of endcoats to prevent sapstaln

development during the storage period.

In brtef a perusal of available literature on rubber wood indicates that It Is a

timber with great potential. It Is apparent that If proper chemical treatment Is

given rubber wood can substitute any commercial grade timber used for vartous

purposes.
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2.7 CHEMICAL MODIFICATION

Chemical modification of wood structure Is one among the many methods of

non-convenuonal wood preservation technlques using non-toxic compounds to

Improve the biological resistance and dimensional stabUlty required for speclalty

products. It essentially consists of a chemical reaction between some reactive

part of a wood component and a chemical reagent, with or Without catalysts, to

form a covalent bond between the two. Rowell (1975,1977.1983.1988.1991 a &

b) reviewed the diverse asepcts of chemical modification of wood. Recently.

Kumar (I994) also reviewed the chemical modification of wood and stated that

acetylation holds a great potential out of the various wood modification methods.

2.7.1 Acetylation

Acetylation, the esterification reaction, IS a single site reaction with the most

abundant reactive sites, viz.• the hydroxyl groups In I1gnln-,hemlcelluloses and

cellulose In wood. Bulking the hydroxyl groups with acetyl groups results In

blocking the conftrmattonal sites requtred by the highly stereospecific

enzyme-substrate reactions to undergo. Thus the attacking organisms cannot

recognize the modified wood as a food source. Acetylation results In a reduction

of hygroscoplclty due to the non-avallabtltty of hydroxyl groups for hydrogen

bonding with water from the atmosphere and thereby Imparting Increased

dimensional stablUty. The external volumetric shrinkage wUl also decrease as a

result of the bulking of the fibres and resulting Increase In the volume of dry

cell-wall.

Acetylation has a number of advantages: the reagent. acetic anhydride. Is non

toxic to humans; decay resistance can be achieved; catalysts and solvents are

not essential; mechanical properties of treated wood are not Significantly

reduced; there Is little colour change. good penetration and good dimensional

stability. etc. (Rowell 1975).
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2.7.2 Acetylation procedures

The most common reagent used for aceylation Is acetic anhydride. whtch reacts

With wood hydroxyls With or Without catalysts forming wood ester and releasing

acetic acid In the wood structure.

Many of the properties of acetyJated wood depend on the method of acetylation.

The temperature of treatment. duration of reaction and types and amount of

catalysts all play a significant role In the extent of fibre degradation during

treatment. The amount of moisture present In the wood Is also Important. Some

moisture (2- 5%) seems to be needed for best reaction. but above this level the

water hydrolyses the acetic anhydride to acetic acid.

Several acetylation procedures USing acetic anhydride vapour have also been

published (Acora et al. 1979, 1981, Ozoltna and Svalbe 1966). Stngh and Kumar

(1981) evaluated various catalysts for vapour-phase acetylation with thto acetic

acid. Rowell et al. (1986 b) found that the rate of acetylation was much lower for

the vapour than for the liquid phase reaction. even though weight percent gains

(WPG) above 20 was achieved by both methods. Liquid phase acetylation was

more effective In reducing swelling In both liquId and water vapour tests than

was the vapour phase acetyJated wood (Rowell et al. 1986 a & b).

Rowell (1986) and Rowell et al. (1986 cl suggested a new procedure to acetylate

flakes that greatly reduced the reaction time and Simplified the chemical

recovery. Thts procedure eliminated both catalyst and organic eo-solvent by a

Simple dip procedure foJlowed by heat curing. recovering the excess or unreacted

chemical and finally oven-drying the reacted flakes. An acetyl WPG of 15-20%

could be achieved In 1-3 hours with southern pine and 2-4 hours with aspen

flakes. Flake boards made from flakes acetylated by the new dip procedure

performed nearly Identically In dtrnenstonal stabflizatton tests with boards made

from flakes acetyJated by refluxtng acetic anhydride/xylene and was superior to
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boards made from flakes acetylated with vapour phase acetylation with acetic

anhydride alone.

2.7.3 Biological resistance

At weight percent gain (WPG) above 17. acetylated wood has been found to be

resistant to attack by different fungl such as Conlophora cerebeUa (Bekere et al.

1978. OzoUnaand Sva1be 1966. Rugevttsa 1977. Sva1be et al. 1978); Conlphora

puteana (Goldstetn et al. 1961); Gloeophl,llum trabeum (Goldsteln et al. 1961.

Koppers 1961. Peterson and Thomas 1978); Lent/nus lepideus (Goldsteln et al.

1961); Polyporous oerstcotor ICoriolus versicolor) (Goldstein et al. 1961, Koppers

1961. Tarkov et al. 1950); Poria incrassata(Goldsteln et al. 1961, Tarkov et al.

1950); Poria microsporia (Tarkov et al. 1950) and Poria mont/cola (Goldsteln

et al. 1961).

Acetylated wood exhibits good resistance to most decay' fungi (Milltz 1991,

Takahashi et al. 1989). but has been found Ineffective In controlling the attack

of lower fungi. Even a WPG of 20 conferred no protection against mould and

stain fungi lWakellng et al. 1992) and acetylated samples failed In cooling tower

trials within one year (Kumar 1994).

Wood flakes acetylated by the dip procedure suggested by Rowell (1986) and

flake boards prepared from such material (Rowell et al. 1987) also showed greatly

tmproved resistance to attack by brown-, white- and soft-rot fungi and tunelUng

bacteria at acetyal WPG above 15. Veneer-faced low density particle boards made

from totally acetylated material were shown to have resistance to attack by fungt,

Trametes vers/calor and Tyromyces polustris In a 8-week sol1 block test.

The average service life of acetylated yellow birch stakes In ground contact was

reported to be 17.5 years compared with 2.7 years for the untreated control

(GJovlk and Davidson 1973). Acetylation Improved resistance against decay
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at 6-20 WPG and against subterranean tennJtes at 13-18 WPG (Kumar and

Agarwal 1982. Kumar and Kohll 1986. Vldelov 1986). Agarwal et al. (1986)

reported that mango wood acetylated with thlo acetic acid to a WPG of

12.8 became resistant to termites by making It unpalatable.

Acetylated wood resisted martne borer attack, but the efficiency does not match

wtth CCA or creosote (Johnson and Rowell 1988).

2.7.4 Dimensional stabllizatloD

An antlshrtnk efficiency (ASE) of over 60% is achieved by acetylation to

20-25 WPG (Koppers 1961. Kumar and Agarwal 1982. Tarkov et al. 1950).

Cell-wall modification results In lowertng of cell-wall moisture and the fibre

saturation point (Codd et al. 1992. Kumar et al. 1991. MUltz 1991).

Smgh and Kumar (1981) obtained a maximum ASE of 66.6 at an acetyl content

of 15.3%. Rowell (1982) observed that acetylation took place on the hydroxyl

groups of cell-wall polymers with the formation of stable acetate groups. At WPG

of approximately 20. modified wood will have an ASE of 60-70 In repeated water

soaking tests and at this level ofWPG. the oven-dry acetylated specimen was of

the same size as under green condition.

Boards made with aspen flakes. acetylated to about 15% weight gain exhibited

one-sixth to one-seventh the thickness swelling In compartson to unacetylated

controls when samples were subjected to 24-hour water-soaking tests. Water

sorption and thickness swelling Is greatly reduced at a WPG of around

20 (Youngquist et al. 1986 a).

2.7.15 Physical and mechanical properties

Acetylated wood is more dense than untreated wood and has fewer fibres of

lignocellulose per unit volume (Dreher et al. 1964). There is a slight wood colour

change (usually darkening) upon acetylation.
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Generally. most reaction systems. even those done under relatively mild

condiuons, cause a slight reduction In strength properties. Depending upon the

nature of wood species and the reaction condiuons this effect can be sigmncant

sometimes. Narayanamurty and Handa (1953) reported a sllght decrease tn

modulus of elasticIty (MOE) due to acetylation. Slmtlarly, shear strength parallel

to gain Is found decreased (Dreher et al. 1964). Acetylated bamboo showed

reduced strength properties (Zhou et al. 1985).

Reactions under very mild condttlons yielded products without much signtncant

loss In mechancial properties. Goldsteln et al. (1961). MIlltz (1991) and Tarkov

et al. (1950) produced acetylated wood without adversely affecting the

mechanical strength to a significant extent. Impact strength Is found unaffected

(Roppers' 1961). Rowell and Banks (1987) found no sigrnftcant loss of tensile

strength due to acetylation of ptne and lime (Pinus syloestris and TUIa IJUlgcuis).

Further, they also reported that any massrve loss In toughness Is unlikely due

to acetylation.

Increase In certain mechanical properties are also reported tn some cases.

Compresslve strength (MCSJ. fibre stress at llmlt of proportionality (FSLP) and

work to propotional limit are reported to be Increased. Modulus of rupture (MOR)

of softwoods Is tncreased (Narayanamurty and Handa 1953). Hardness Is also

reported to be Increased due to acetylation (Goldstetn et al. 1961). These

tncreases In certain strength properties may be due to the tnl1uence of higher

density of the acetylated wood.

Reconstituted board products made from acetylated wood can behave In various

ways as far as their mechanical properties are concerned, depending upon the

manufacturtng conditions and restn Ingredients. Acetylation process adversely

affected the strength properties of aspen flake board at an acetyl weight gain of

20 (Youngquist et al. 1986 b). Creep, an Important strength parameter for
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long-term loading of wood members. Is largely reduced in acetylated wood

(Nortmoto et al. 1987. 1992).

Dynamic mechanical properties of acetylated wood are reported to Improve.

probably due to the lowertng of cell-wall moisture (Akltsu et al. 1993). Resonance

frequency. an Important factor In Instrument tones. gets stablUzed In the case

of acetylated wood (Sasakl et al. 1988. Yano et al. 1988). Acetylation also reduces

the effect of changing humidity on acoustic properties due to stabtlizauon of the

cell-walllYano et al. 1986).

2.7.6 Weathering properties

Acetylated wood exhibited colour stability and reduced .Incidence of surface

checking (Dunnlngham et al. 1992. Plackett et al. 1992). Resistance ofacetylated

wood to degradation by natural weathering was Investigated at different levels

of acetylation by Imamura (1993). Even after exposure to sunlight for more than

one year. acetylated wood of above 20% weight gain retained nearly its original

surface colour. The erosion rate of early wood and latewood, and wood substance

loss dunng weathering were significantly reduced in wood which had been

chemically modified by acetylation. Acetylated wood behaved differently than

untreated controls when exposed to sunlight or sunlight and ram, as revealed

by electron microscopic studies. Acetylation also reduced the rate of surface

degradation due to UV radiation. but the protection was lost after exposure for

8-weeks due to loss of acetyl content (Plackett et al. 1992). Weathering degrade

and rate and extent of swelling can be reduced by combining acetylation and

lumen-filling treatment with methyl methacrylate (MMA) (Felst et al. 1991).

2.7.7 Acetylation of rubber wood

Not much work has been done on the chemical modification of rubber wood.

Tomlmura et al. (1989 b) found that medium density fibre (MDF) boards made

with acetylated rubber wood showed excellent water resistance. but their
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mechanical properties decreased considerably. In another study. Ibrahlm and

Mohd. All (1991) reported that tn the case of rubber wood the weight gain during

acetylation with acetic anhydride Increased with longer curing time. The

dimensional stability of modified rubber wood samples was considerably

improved.

Even though the high processing costs do notJustify the modification treatments

at the current level of development. as traditional commercial wood preservation

techniques are relatively much cheaper and equally effective. rising

environmental concerns have. however. threatened to phase out some of the

conventional wood preservatives. In this context. chemical modification seems

to be a good alternative. Due to this reason cell-wall modification studies have

been receiving greater attention during the recent years. and many reactions

like acetylation. yieldtng enhanced wood properties, have shown technical

feasiblllty. As of today. the matn property advantage tn cell-wall rnodiflcatton Is

Its resistance to biodegradation and Improved dimenstonal stability.
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3. MATERIALS AND METHODS

3.1 BORON DIFFUSION TREATMENT

Bortc acid (HaBOa) and borax (sodium tetraborate decahydrate, Na:/B407.

lOH20l. both technical grade. were used as preservaUve chemicals. A 10% boric

acid equtvalent (BAE) solution prepared by dissolving 5 kg of boric acid and

7.5 kg of borax In 100 1 water was used as the treatment solution. Sodium

pentachlorophenoxlde (NaPCPI at a concentration of 0.5% was Incorporated In

the boron treatment solution for preventing the development of sapstam and

mould fungi during the diffusion storage period.

Fresh green rubber wood blllets from slaughter tapped trees of age 30-35 years.

collected from felling areas In central KeraJa were used In the study. The billets

were sawn Into cross- sections 25 x 25.50 x 50. 75 x 75 and 100 x 100 mm with

a length of 300 mm. Fifteen samples of each cross-section were treated by Simple

diffusion method with a 10% BAE solution.

The weight of each sample before and after the treatment was recorded In order

to calculate the dry salt retention (DSR).

Solution pick-up (kg/m3 )
dUference in treight (kg)

=
volume oJ UXJod (m3 )

DSR (kg/m3 j = solution pick-up (kg/m3 j x concentration (%)

34



The DSR, In terms of BAE % was obtained as.

DSR(%BAE) = DSR (kg/m
3

) X

density oJ UXJod (kg/m3
)

100

The density and moisture content of samples were determined by taking

sub-samples from the samples undergoing treatment.

The dipping time for the dJfferent thicknesses of samples was determined by the

following formula suggested bY Harrow (1952).

Solution concentration (%) x ,JTime (hr)
Loading (%) x thickness of lOOOd (cm)

= K(constant)

Harrow arrived at a K value of 7 for radtata pine and Winters (n.d) suggested a

K value of 8 for different species. Dhamodaran and Gnanaharan (1984) also

found that a K value of 8 holds good for thicker samples of rubber wood. A net

average DSR of 0.4% BAE was taken as the minimum threshold level of DSR

that should be achieved by diffusion treatment. Hence in the above formula.

loading % can be substituted as 0.4 and K as 8. Therefore the above formula

can be rearranged as.

2

T = { 3; t}

where T = dipping time (hr); t = thickness of wood (cm) and

C = solution concentration (%BAE).

Using this formula. dipping time for vartous thicknesses of wood was calculated

and it was rounded to 40. 160. 360 and 640 minutes respectively for 25. 50.

75 and 100 mm thick samples. To determine the effect of thickness on the

diffusion treatability of rubber wood. the above dipping times were employed.
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3.1.1 Effect of diffusion storage period

After Immersing the samples of varying thicknesses for the appropriate dipping

time. the solution was drained and the samples were kept for diffusion storage

(close packing In polythene bags). In order to determine the optimum storage

period. out of the 15 samples In each size category kept for dtffuslon storage. a

set of five samples was Withdrawn at three dtfferent Intervals as given below:

Sample size Dfffuston storage Withdrawal period
(mmxmmxmm) (No. of weeks)

25x 25x 300 2 3 4

50x50x300 3 5 8

75x 75x 300 6 9 12
---

lOO x 100 x 300 9 12 16

From each sample. sub-samples were taken from the surface. middle and core

portions (Fig. I a) for determtnmg the distribution of chemicals. Also. two

diagonal samples were taken as 'over-all' (Fig. 1 b) In order to determine the net

I fI III

Fig. 1 Sub-sample for chemical analysis. W. I. 'Surface'
(area of cross-section - 5/9); n. 'Middle' (area of
cross-section - 3/9); nI. 'Core' (area of cross-section
- 1/9). (B). IV. 'Overall' (two dlagonals)
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average DSR In each sample. The samples were sliced Into very thin sections

and subjected to chemical analysis. as per the procedure of Wilson (1959)

(section 3.2.4.1).

3.1.2 Effect of surface area per unit volume

In order to know whether It is the surface area or the thickness of the wood

whlch plays the major role In solution pick-up. diffusion treatment with 10%

BAE solution was repeated with samples of length 300 mm and cross-sections

25 x 25: 25 x 50: 25 x 75: 25 x 100: 50 x 50: 50 x 75 and 50 x 100 mm with

10 samples In each set. The mean DSR was determined. The DSR per surface

area per unit volume was calculated.

3.1.3 Effect of dipping duration

In order to determine the effect of treatment duration on ~e DSR, samples of

300 mm length and of cross-section 25 x 25 and 50 x 50 mm were kept dipped

In 100/0 BAE solution for various length of time as given below:

Sample size Diffusion treatment period
(mmxmmxmm) (minutes)

25x 25 x 300 10. 20. 30 and 40
f-- ~---

_.
50x50x300 20. 40. 60. 80 and 100

There were 10 samples in each set. The DSR was determined.

3.1.4 Variation of solution pick-up with concentration

The basal portion of one rubber tree of age 30-35 years. collected from a felling

area In central Kerala was selected for preparing the study material. A clear billet

of 300 mm length. having no apparent defect was peeled in a rotary peeling lathe.
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The thickness of the veneer was 1.5 mm. The outermost layers and the layers

close to the Inner core were rejected. The veneer sheet was then cut Into samples

of 15 mm width. These samples were then carefully atr-drted and 15 defect free

clear specimens were selected for the dip treatment with solutions of varted

concentrations. The treatment solution concentration varied from 1 to 10% BAE

and dipping time was 10 minutes for every batch. The volume of each samples

was recorded and the weight of matertal before and after treatment was noted.

The moisture content. density and the solution pick-up were determined.

The viscosity of treatment solution was determined by capillary flow and surface

tension by capillary rise method In order to correlate with solution pick-up. The

vartatton of pH with concentration of treatment solution was also recorded. The

density of treatment solutions was also measured with hydrometer for the

purpose of correlating It with actual concentrations.

3.2 VACUUM-PRESSURE IMPREGNATION (VPI)
TREATMENT

3.2.1 Treatment with boron chemicals

Atr-dned (MC 12-18%) samples of size 63 x 63 x 1000 mm were Impregnated

with 3% BAE solution. The study was conducted tn a pilot-type preservation

cyltnder (0.3 m diameter and 2.0 m long). The Bethel full-cell process was

employed for the treatment.

After an tnltlal vacuum pertod the preservative solution was Introduced into the

treatment cyltnder contalnlng the timber charge. with the vacuum pump

working. After fl1ltng the cylinder the vacuum pump was stopped. The charge

was subjected to a pressure for a particular pertod after which the preservative

solution was withdrawn from the cylinder to the storage tank and a vacuum was

once again applied to free the timber from excess preservatives.
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The maximum obtainable vacuum of 85 kPa and pressure 1000 kPa were used

In the study. To arrtve at the optimum treatment schedule, the effect ofvarytng

the Initial vacuum time and pressure treatment time on the solution pick-up

was studied. Final vacuum was maintained at 85 kFa for 5 minutes In all the

trials.

To study the effect of different moisture levels on the uptake of chemical solution,

three levels of moisture were tried: green wood (MC about 75%); partially dried

wood (MC about 50%) and air- dried wood (12-18% MC). The dimension of the

test samples remained the same as above. Trials were taken WIth 6% BAE

solution for green wood. The dry salt retention was determined for every trial.

The penetration of chemicals In the treated wood was tested as per IS:2753 (BIS

1964) (section 3.2.3.1). The chemical analysis of boron Impregnated samples

was done as per the same procedure and sampl1ng pattern mentioned earl1er,
(section 3.1.1).

3.2.1.1 Lateral penetration

The butt log of two rubber trees of age 30-35 years was collected from a felling

area In Trtchur, Kerala. One log of 1 m length and another of 2 m length were

prepared. The sampling pattern Is as shown In Figure 2. This particular pattern

was suggested In order to minimize the variation In solution pick-up due to the

position of samples In the wood. Eight replicate samples of length 1 m and 2 m,

having cross-sections 25 x 25 and 50 x 50 mm with and without end-sealing

were treated with 3% BAE solution and DSR was determined. The schedule

employed consisted of an mtual vacuum of 85 kPa for 15 minutes followed by a

pressure of 1000 kPa for 15 minutes and a final vacuum of 85 kPa for 5 minutes.

The significance of penetration through lateral sides and effect of doubling the

sample length on solution pick-up was analyzed by subjecting the DSR data to

statistical analysis.
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Fig, 2 Pattern of sample selection for studying the effect of
lateral penetration of preservatives

3.2.2 Treatment with CCA preservative

Freshly felled 1.5 m long rubber wood billets, converted into 25 x 25, 50 x 50,

75 x 75 and 100 x 100 mm cross-sections were used for the study. A 2%

concentration of CCA ('ASCU' brand) preservative was used. Treatability was

studied at two moisture levels: partially dried (MCabout 50%) and air-dried (MC

about 15%). The full-cell Bethel process was followed for the VPI treatment. An

tnitlal vacuum of 85 kPa followed by a pressure of 1000 k,Pa and a ftnal vacuum

of 85 kPa was applied In all the trials. The final vacuum period was maintamed

for 5 mtnutes In all the trials (same as in boron impregnation treatment). The

effect of three dtfferent treatment schedules on the DSR was examined: (1)

15 minutes initial vacuum and 30 mtnutes pressure (referred as 15'/30'); (2)

30'/60' and (3) 30'/90'. DSR was determined as mentioned earlier.
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3.2.3. Determination of penetration of preservatives

Penetration of preservattves In treated wood was tested as per the Indian

Standard IS:2753 (Part 1)-1964 (BlS 1964).

The extent of penetration was tested by cutting the middle portion of treated test

sample and spraying chemicals on the cut surface.

3.2.3.1 Penetration of boron

The following two reagents were prepared.

Reagent 1: Alcoholic extract of turmeric powder. prepared by refluxing 2 g

turmertc powder with 100 ml 95% alcohol for 1 hour followed by cooling and

fIlteling.

Reagent 2: Extract of salicylic acid and hydrochloric actd, prepared by saturating

with salicylic acid a mixture of 80 ml distilled water and 20 ml of 30% hyrochlortc

acid.

The alcoholic extract of turmeric powder was applied on a reasonably dry surface

of the material to be tested. The surface was allowed to dry for a few minutes

and the salicylic acid - HCI extract was applied. The treated surface wl1l develop

red colour, while the untreated surface wl1l remain yellow.

3.2.3.2 Penetration of CCA

Reagent was prepared by dissolving 0.5 g chrome azurol S and 5.0 g sodium

acetate In distilled water and diluted to 100 m!.

The reagent was applied In the form of a mist. evenly over the surface to be

tested. Immediately after spraying, the parts of the surface treated with CCA

preservative change to blue colour, while the untreated parts will remain red.
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3.2.4 Chemical analysis of treated wood

3.2.4.1 Analysis for boron

Chemical analysis was carried out for the determination of boron In diffusion

treated as well as VPI treated timber, as per the procedure of WUson (1959). In

order to determine the actual DSR The method essentially consists of leaching

the chemicals by relluxlng with a very dilute solution of hydrochloric acid.

followed by titration with alkali in the presence of neutral mannitol using

pyrocatechol violet as Indicator.

3.2.4.2 Analysis for CCA

Integrated Coupled Plasma Spectrophotometry (ICP) and Atomic Absorption

Spectrophotometry (MS) were followed In order to determine the amount of

copper. chromium and arsenic present In the CCAtreated rubber wood samples.

3.2.5 Full scale testing in commercial plants

3.2.5.1 Treatment with boron compounds

Full scale trials were taken In six commercial plants. The concentration of boron

treatment solution was measured with a hydrometer and was further confirmed

by chemical analysts. Observations for the determination of DSR were taken on

marked samples. DSR density and moisture content of test samples were

determined.

3,2,5.2 Treatment with CCA preservative

CCA treatment was tested at two commercial scale plants. The sample sizes,

concentrations of solution and other observations required for DSR

determination were recorded with respect to marked samples.
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3.3 DETERMINATION OF PHYSICAL PROPERTIES

3.3.1 Moisture content

Moisture content (MC) of wood samples was determined by the procedure

prescribed by Indian Standard IS: 1708-1986 (BIS 1986). Mter determrning

Initial weight. the sample was kept In an oven at 105°C for about 48 hours and

weighed after cooling In a desiccator. The heating. cooling and weighing were

repeated until constant weights were obtained. The moisture content was

calculated as follows:

Moisture content (MC) % ; Initial lLeight - Oven dry lLeight x 100
Oven dry lLeight

3.3.2 Density

Basic density was determined as per the Indian Standard IS: 1708-1986 (BIS

1986).

It was determined by measuring the volume of wood sample by water

displacement method and then placing the sample In an oven at 105°C for

48 hours and again determtning its oven-dry weight after cooling in a desiccator,

Basic density (kg/m3) Oven-dry treight (kg)
=

Green volume (m3)

3.4 DETERMINATION OF MECHANICAL PROPERTIES

The main mechanical properties Investigated tn the study are the bending and

cornpressive strength. The mechanical properties were determined according to

Indian Standard IS:1708-1986 (BIS 1986). The specimens were defect free and

20 x 20 x 300 mm in size for static bending test and 20 x 20 x 80 mm for

compression parallel to grain test. The span for static bending test was 280 mm.

Load was applied continuously durtng the test at a constant rate. Fibre stress
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at limit ofproportlonalty (FSLP), modulus of rupture (MOR), modulus of elasucrty

(MOE) and maximum cornpresstve stress (MCS) were determined using the

formulae gtven below:

3.4,1 Fibre luell at Umlt of proportionality (FSLP)

Fibre stress at limit ojproportionaLity, FSLP (Nlmm2) _ 3PI
- 2bh2

where, P = load, In N, at the limit ofpropoUonalitywWch shall be taken as the

point In load-deflecUon CUIve above whlch the curve deviates from

straight line,

1=span of the test specimen, In mm (280 mm)

b = breadth of test specimen, In mm (20 mm)

h = depth of the test specimen, In mm (20 mm)

3.4.2 Modulus of rupture (MOR)

Modulus ojrupture(MOR) (NI mm2) 3P'I
= 2bh2

where, P' = maximum load, in N. Other parameters are the same as menUoned

in the earlier secuon, 3.4.1.

3.4.3 Modulus of elasticity (MOE)

Modulus ojelasticity (MOE) (kNI mm2 )
PI 3

= 40-00.1 bh3

where, 6 = deflecUon, In mm, at the limit of proportionality (from graph)

3.4.4 Maximum compresslve stress (MCS)

P'
Maximum compressioe stress (MCS) (Nlmm2) =

.1
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where p' = the maximum crushing load (In N) and

A = the cross-sectional area (In mm2
) of sample

3.5 UNDER-WATER STORAGE

Fresh rubber wood billets of 500-750 mm girth and 1 m length were used for

the study. Eighteen btllets were kept tn round form with bark tntact and

18 billets were squared. Some more billets were converted to planks of 150 mm

width and 25. 50 and 75 mm thickness. There were 30 planks for each thickness.

Squared billets and sawn planks were kept under water (tap water) In one tank

and the round bUlets with bark were kept tn another. Both the tanks were tn an

open (outside) place. Water was replaced every 10 days.

At the end of 45,60.90, 120 and 180 days. 5 planks each of25. 50 and 75 mm

thickness. 3 squared billets and 3 round blllets were removed. The blllels and

sizes were sawn as shown in Ftg.S to look for the extent o~ sapstaln.

3.5.1 Evaluation of physical and mechanical properties of under
water stored rubber wood

Rubber wood stored under water for 3. 4. 5 and 6 months were subjected to

testing for their physical and mechanJcal properties as described earlier.

All strength data were corrected to 12% moisture content for comparison

purposes, using the formula suggested by Sekhar and Rajput (1968). According

to them.

Md8d
strength property at 12% MC. 812 = 12

where. Sd Is the strength property at a moisture content Md.

All the tests were repeated on samples prepared from non-ponded, air-dried

control material for comparison purpose.
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3.5.2 Treatability of under-water stored rubber wood

Samples after storage In water were grouped for sizes for the boron Impregnation

treatment trials. A 3% BAE solution was employed for the treatment. Wood at

air-dried condition as well as at high moisture content level was treated. For the

treatment of mateIial at high moisture content, trials were conducted with 6%

BAE solution also, to study the effect of concentration on DSR.

To study the effect of under-water storage on treatablUty, mateIial stored under

water for a period of45 days and sawn Into sizes 63 x 63 x 1000 mm and air-dried

was used, This material was treated with 3% BAE solution using three different

schedules, vtz., 15 mtnutes Initial vacuum of 85 k a followed by a pressure of

1000 kPa for another 15 minutes and a final vacuum of 85 kPa for 5 mtnutes

(denoted by 15'/15'/5'), 15'/30'/5' and 30'/30'/5' (vacuum was 85 kPa and

pressure 1000 kPa In all the cases). The effect of duration of under-water storage

on treatability was studied on matertal stored under water for 2,4 and 6 months

and sized Into 50 x 50 x 1800 mm. In order to observe the effect of moisture

content, this batch was treated at high moisture content level (95% me), with

3% BAE solution. In order to determine the effect of concentration, 3 and

6 months ponded mateIials at high moisture content level (MC 95%) was

subjected to treatment with 6% BAE solution also. The schedule, 15'/15'/5'.

was employed.

The effect of different treatment schedules on the DSR of under-water stored

rubber wood at high moisture content (MC 95%) was studied on vartous sawn

sizes with 3% BAE solution. Since the study material was of dJfferent sizes, In

order to observe how the surface area available for penetration affected the

achievement of desired DSR the recorded DSR was divided with surface area of

each samples.

Penetration of boron In the treated Umber was also tested.
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3.6 CHEMICAL MODIFICATION OF RUBBER WOOD

3.6.1 Acetylation technique

Sawn sizes obtained from freshly felled rubber trees were first air-dried and then

oven-dried (l05°C for 48 hours). They were re- sized Into samples of cross

sections 10 x 10 mm and 20 x 20 mm. Oven-dried and weighed samples of size

20 x 20 x 5 mm were used for acetylatton, which was carried out with 1 molar

acetic anhydride solution in pyrtdtne for various lengths of time at reflux

condition (temperature - about 120°C). After the reaction, the treated samples

were washed with acetone and again refluxed in acetone for three hours In order

to remove the unreacted reagents and byproducts. The samples were oven-dried

and weighed again for the determination of weight percent gain (WPG). The

treatment duration yielding the best or optimum WPG was repeated with two

different cocentratlons of acetic anhydride, vtz., 1.5 and 3.0 molar solutions. In

this trial, in order to achieve an easy and more loading of chemicals, vacuum·

impregnation of acetic anhydride followed by refluxing tn the same reagent was

carried ou t.

3.6.2 Determination of weight percent gain (WPG) of chemicais

In order to determine the WPG, the Initial weight of Indtvldual samples (OD) was

recorded. The oven-dry weight of samples after completing the acetylation

procedure was noted.

Tnen; WPG =

OD weight sample OD weight ofswnple
after acetylation - before acetylation

OD weight of sample before acetylation
x 100

3.6.3 Determination of antishrlnk efficiency CASE) of acctylated
rubber wood

For dimensional stabtlrty studies, samples of size 20 x 20 x 5 mm were used.

Dimensional stablUty was calculated by determining the volurnetrtc sweJUng
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coefficients of modified as well as control samples. The volumetric swelling

coefficients are determined from the volume measurements made on samples

before and after water soaking. Anttshrtnk efficiency (ASE) percent values were

calculated as per the formula suggested by Rowell (1983).

SLrelling coefficient. S = x 100

where, VI = wood volume of OD sample before humidity conditioning or
wetting

V2 = wood volume of the same sample after humidity conditioning
or wetting with water

Then, ASE"A> = SI-52 x 100
SI

where, SI = un-treated volumetric swelling coefficient

S2 = treated volumetric swelling coefftclent

ASE = Antlshrink efftciency or reduction in swelling (%)

The untreated volumetric swelling coefflctent SI was determined on control

un-treated, oven-dried rubber wood samples of size 20 x 20 x 5 mm. The samples

were prepared in such a way that the dimensions were accurate to the extent

possible. The volume of samples before and after wetting was determined by

measuring the dimensions of individual samples by using a digital vernier. For

this purpose, points were marked on all the six faces of the samples and on all

the ocasslons measurements were taken between these marked points. After

measuring the volume, samples were kept immersed in water for 10 days and

the volume was again recorded. In this way, SI was calculated. S2, the treated

volumetric swelling coefficient. was also determined by the same procedure, by

taking observations on treated samples.
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Rowell and Ellis (1978) reported that values of percent dimensional stabthzatton

were more realistic after the first soaking cycle for those treatments where the

bu1klng chemicals have reacted with the cell-wall compenents. Hence. the effect

of repeated water leaching of modified samples on dimensional siabllity was

determined. For this. volumetric swelling coefficient. 82.1. was determined from

truual OD volume and the first water swollen volume. and ASEI was calculated

based on 82.1. Stmtlarly, 82.2 was determined from first water swollen volume

and re-oven dried volume, and ASE2 was calculated based on 82.2. 82.3 was

determined from re-oven dry volume and second water swollen volume. and

ASE3 was calculated based on 82.3. 82.4 was determined from second water

swollen volume and second re- oven dried volume. and ASE4 was calculated

from 82.4.

The first leaching duration was 10 days and the second, 20 days. The weight

loss of samples due to the total 30 days leaching was also noted by recordtng :

the weight before and after leaching of the samples.

3.6.4 Evaluation of physical and mechanical properties of
modified rubber wood

Static bending test was carried out on samples of size 10 x 10 x 150 mm,

acetylated by the following three different conditions: (1) Treatment In 1 molar

acetic anhydrtde solutlon In pyrtdlne under reflux condtuons for 12 hours,

(2)vacuum trnpregnauon treatment with 1.5 molar solution followed by refluxmg

for 3 hours and (3) vacuum Impregnation with 3 molar solution followed by

refluxing for 3 hours. The WPG and density were also determined from the weight

and volume data recorded before and after the reaction.

Compression test parallel to grain was conducted on samples of size 10 x 10 x

30 mm, acetylated by vacuum Impregnatlon with 1.5 molar solution. Here also

the density and WPG were calculated.
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Due to the technical restrictions and difficulties In acetylating thicker and longer

samples In the particular acetlyating system employed for this work. test

samples selected were smaller In size. All the mechanical tests were carried out

on oven-dried material. both on treated and non-treated control samples for

comparison purpose.

3.7 PREPARATION OF MEDIUM DENSITY FIBRE
BOARDS (MDF) FROM ACETYLATED RUBBER
WOOD FIBRES

A 0.5 m long billet from the basal portion of a rubber tree of age 30-35 years.

was collected from a felling area In Trtchur, Kerala, debarked. sawn and chipped.

defibrated and oven dried. The material was acetylated using an excess of acetic

anhydride without any solvents or catalysts for 2 hours at 120°C In a glass

reactor. The acetylated fibre was washed with acetone to remove the unreacted

or excess reagents and byproducts at reflux condiuons and filtered under

vacuum. All the modified fibre material were oven dried and weighed again and

the WPG was calculated.

MDF boards were made with a phenol-formaldehyde (PF) resin (JI047+). Fibres

were mixed with resin (8% by weight). made Into a mat form and hot pressed at

160°C In a hydraulic press for 10 minutes. About 6mm thick boards were thus

prepared. The boards were condJtioned at 65% RH at 23°C for 48 hours. Control

boards were also made In a slmllar way with non-acetylated fibres.

3.7.1 Evaluation of physical and mechanical properties and
dimensional stability of MDF prepared from acetylated
rubber wood fibres

The MDF thus made were cut Into 150 x 15 mm size and subjected to static

bending test. Boards made with control (non-acetylated) fibres were also

subjected to the same test.
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Dimensional stability tests were carried out on samples of size 40 x 40 mm. The

initial thickness and volume of the samples were recorded using a digital vernier

and subjected to swelling by keeping In water for 24 hours. The volumetric and

thickness swelling was determined by measuring the thickness and volume of

swelled samples. The swelling coefftclent and anttshIink efficiency (ASE)

percentage values were calculated as per the formula suggested by Rowell

(1983). as described in sectton 3.6.3. Density of sample was calculated from the

OD weight and volume data.

52



4.1

4. RESULTS AND DISCUSSION

SPECIFICATIONS FOR DRY SALT RETENTION (DSR)
OF PRESERVATIVES IN TREATED WOOD FOR
PERISHABLE TIMBERS

the very purpose of preservative treatment is to protect timber from

btodetertorauon, the preservative retention In the treated Umber should be

checked against the standard threshold value of the chemical for ensurtng

effective protection. In this regard, vartous countrtes have specified minimum

threshold levels of different wood preserving chemicals in the treated wood.

These values may vary depending upon the seventy of the prevatllng conditions

existing In these countries.

The New Zealand specification for hardwoods susceptible to the Insect borer,

L~tus, Is 0.2% bortc acid equivalent (BAE) In the core of treated wood (McQulre

19(2), In 1980, even though New Zealand reduced the core retention require

ment In softwoods to 0.1%, it retained the retention level of 0.2% for hardwoods

(NZfPA 1986). The core Is defined as one-ninth of the area of cross-section taken

at the geometrtcal centre of the timber (BeL 1972). To ensure specified core

loading of 0.2% BAE, McQuire (1962) found that the overall DSR measured by

weight differences should be about 1% BAE. However, Gnanaharan and Mathew

(1982) found that McQulre's (1962) findings In the case ofradlata pine were not

applicable In the case of rubber wood. They found that the chemicals penetrated

throughout the cross-section of rubber wood suggesting that it was very

permeable and did not pose any problem for the chemical to diffuse Into the

core.
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The British Wood Preserving Association's IBWPA) specification Is In terms of

net dry salt retention In the whole sample. It recommends an average total DSR

of 0.4% BAE (BeL 1972). This means when the whole sample Is chemically

analysed. It should contaln an average 0.4% BAE retention.

According to the Australian specifications also. for effective protection against

Infestation by Lyctid beetle and Anobiid borers (house long-horn beetle), a

minimum retention of 0.2% in the susceptible wood is required (Taylor 1967.

Anonymous 1980). Even though none of these specifications are recommended

specifically for rubber wood. adoption of the above specified threshold levels can

effectively protect the timber. Malaysia Is following a core loading of 0.2% BAE

In the treated rubber wood (see Hong et al. 1982. Tan et al. 1983. Hong and Llew

1989. Salamah et al. 1989). A number of wood preservation companies In South

East Asia have specified treating rubber wood to an average retention of

0.2%BAE.

According to WJlliams and Amburgey (1987). the minimal loading that prevents

survival of Lyctid beetle larvae in wood is much below 0.2% BAE. According to

them a threshold value range of 0.5% BAE retention will effectively offer total

protection from decay fungi.

As is evident from the above discussions. there are two types of specifications:

one speciJ'ying a core loading of 0.2% BAE; the other specifying a net average

DSR of 0.4% BAE In the total sample. For ensuring a very effective protection.

the present study was concerned to achieve a core loading of 0.2% BAE and

over-all retention of 0.4% BAE.This will ensure protection of a perishable timber

like rubber wood. in a tropical country like India.

An overall retention of 0.4% BAE equates to an average DSR of 2.4 kg/m3 boron

chemicals in the treated rubber wood with a density range of 500-600 kg/m3 .
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Even though boron compounds have been used for over 30 years In Australia

and Europe for protecting timber, a standard for boron- treated umber for above

ground, protected uses has been Issued only recently by the Amertcan Wood

Preservers' Association (AWPA). AWPA has promulgated a pressure treatment

standard calling for a retention of 0.17 pound per cubic feet (pcf) B203, which

is equal to 2.72 kg/m3 In the outer one Inch (25 mm) for material greater than

50 mm thick (AWPA 1991). Further, It Is also required to attain penetration to

a depth of 2.5 Inches (62 mm). or 85% of the sapwood.

The Indian Standard IS:401-1982 (BIS 1982) recommends a minimum DSR of

6.5 kg/m3 boron compounds. for building timbers for Internal use but In ground

contact or In humid conditions: 5 kg/m3 for Internal use and not In contact with

ground. and In dry conditions. It further envisages penetration of preservatives

in the treated timber to a depth of 19 mm In the former and 12 mm in the latter.

The recommended retention, In the case of CCA preservative, can vary in the

range of5.0-6.5 kg/m3. For use as shooks for packing cases, ammunition boxes.

cable drums and pallets (above ground, not under cover), the minimum

recommended DSR of CCA is 4 kg/m3 with a minimum penetration of 6 mm.

All these values are recommended not specifically for rubber wood, but the

recommended levels of retention will hold good for rubber wood too.

4.2 BORON DIFFUSION TREATMENT

4.2.1 Developing simple diffusion treatment with boron chemicals

The average moisture content (MC) of rubber wood samples was 60% and density

550 kg/m3. The mean dry saIt retention (DSR) values achieved by the treatment

with 10% BAE solution with samples of'varytng thicknesses are given in Table I

and Figure 4. Mean DSR In terms of kg BAE/m3 varted from 3.4 to 2.1, and in

terms of%BAE, from 0.6 to 0.38 In the case of25 to 100 mm thick sections. The

values of %BAE retentlons reported in Table 1 are the calculated values.
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Table 1. Dry salt retention (DSR) obtaIned in boron diffusion treatment
(CV values (in %) are given within brack.ets)

Sample size (DSRJ (kg/m~ %BAE

(mm x mmx mm)
Mean Range Mean Range

25x25x 300 3.4 2.5-5.2 0.60 0.45-0.94
(27.5)

50x50x300 2.9 2.2-3.8 0.53 0.41-0.70
(13.8)

75x 75x 300 2.3 1.1-3.9 0.43 0.21-0.73
(29.1)

100 x 100 x 300

I
2.1 1.2-3.4 0.38 0.21-0.62

(28.3)

n = 15

1.0

0.9

o.

_ O.
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-e
CD 0
::e .•
~ 0.4
o

e

0.2

o. ,

2S 50 7S
Thickness ("'m,

100

Fig." Variation of dry salt retention (DSR) with thickness
in boron diffusion treatment
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Results of an earlier trial reported by Gnanaharan and Mathew (1982) for the

diffusion treatment of 25 mm thick cross-section with 10% BAE solution for the

Identical dipping time of 40 minutes are also In comparable range with the

present results. They obtained a DSR of 3.06 kg/m3 which Is equivalent to a

calculated retention of 0.57% BAE. By chemical analysis they got an average

value of 0.43% BAE retention for the same material kept for a diffusion storage

period of 1 month. Further, Gnanaharan et al. (1983) proved that the material

thus treated to a DSR of about 0.4% BAEwas protected from the attack of Insect

borer, Sinoxylon Male. The mean DSR value obtained In the present trial Is

3.4 kg/m3 and 0.6% In terms of %BAE. Thus the earlier finding (Gnanaharan

1982) that unmerslng 25 mm thick rubber wood material In 10% BAE solution

at room temperature for 40 minutes gave adequate loading of chemicals, Is

further confirmed by the present study.

4.2.2 Optimum storage period

The effect of different diffusion storage periods on the distribution of chemicals

In the treated wood Is presented In Table 2 for cross-sections varying from 25 to

100 mm. It can be seen that the BWPA specification requirement of a net average

DSR of 0.4% BAE (BeL 1972) can be achieved within a diffusion storage period

of two weeks for 25 mm thick section and within three weeks for 50 mm thick

cross-section. In the case of 75 and 100 mm thick sections, the 'overall' DSR

achieved was around 0.3% BAE only. But, It is evident that In all these cases,

the DSR In the core Is greater than or equal to 0.2% BAE. which Is sufftcient to

offer protection, as per the New Zealand specification for hardwoods susceptible

to Lyctus beetle attack (McQulre 1962). This clearly points out that there Is no

need for keeping rubber wood of up to 50 mm thickness for longer diffusion

storage period as normally suggested for other hardwood species: 4 weeks per

every 25 mm thickness (see Vinden et al. 1990). In the case of 75 and 100 mm

thick sizes, the minimum diffusion storage period tested, viz., 6 weeks and

9 weeks respectively, are just adequate to achieve the DSR required as per the
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New Zealand specification of O. 2% BAE In the core. To ensure better penetration.

It would be desirable to go for a diffusion storage period of9 weeks and 12 weeks

for the 75 and 100 mm thick cross-sections respectively. As seen In Table 2. this

results In a core loading of 0.24 and 0.22% BAE retention for the 75 and 100 mm

thick sizes respectively.

Tllb1e 2. Effect of varying diffusion storage period on dry salt retention
(DSR) (%BAE) (DSR determined by chemical snalysia)

Position Size
2 weeks 3 weeks 4 weeks

(mm x mm)

25x 25

Overall 0.45 0.47 0.54

Surface 0.59 0.60 0.61

Middle 0.48 0.51 0.56

Core 0.41 0.41 0.42

Size 3 weeks 5 weeks 8 weeks
(mm x mm)

50x 50 ,

Overall 0.40 0.43 0.48

Surface 0.42 0.46 0.50

Middle 0.35 0.39 0.40

Core 0.30 0.34 0.36
Size 6 weeks 9 weeks 12 weeks

(mm x mm)

75x 75

Overall 0.32 0.33 0.37
-~..- - -~

Surface 0.33 0.35 0.38

Middle 0.26 0.29 0.32

Core 0.21 0.24 0.25

Size 9 weeks 12 weeks 16 weeks
(mm x mm)

100 x 100

Overall 0.30 0.31 0.34

Surface 0.31 0.34 0.35

Middle 0.24 0.28 0.32

Core 0.20 0.22 0.25

n=5
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Further increase in the diffusion storage period did not result in appreciable

Increase In the DSR. Also it can be seen that the chemicals are distributed more

or less uniformly within the samples of various thicknesses for the suggested

diffusion storage periods.

Earlier studies by Balasundaran and Gnanaharan (1990 bl, Gnanaharan et al.

(1983) and Varma and Gnanaharan (1989) reported that a net average DSR of

0.4% BAE offered protection from fungi, termites and insect borers.

Table 3 and Figure 5 shows a comparison between the %BAE values obtained

from the volume pick-up and density data and the actual values obtained by

chemical analysis. The results summarized In Table 3 are those extracted from

Table 2. The treated wood samples of 25, 50, 75 and 100 mm thick cross-sections

subjected to chemical analysts mentioned in this Table were kept for diffusion

storage for a period of 2, 3, 9 and 12 weeks respectively. The calculated values

of total net average DSR In terms of %BAE retention and the mean of actual

values obtained by chemical analysis differ by about 20% within a range of 9 to

25 per cent. This Indicates that a total net average DSR of about 0.48% BAE

(determined by gross absorption) gives an actual net average DSR of 0.4%

(determined by chemical analysis) in the wood. This is equivalent to a measured

DSR of about 3.0 kg/m3
, for a density range of 500-600 kg/m3 for TU bber wood.

So, If the BWPAspecification of a total net average DSR of 0.4% BAE has to be

achieved, then a total DSR of 3.0 kg/m3
, as measured by gross absorption has

to be achieved. This is also in agreement with the retention value specified by

the Amerctan Wood Preservers' Association (AWPA 1991).
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Table S. Comparison between the calculated values (mean of 15) of %BAE
l'etenUon and the actual values (mean of 5) obtained by chemical
anal,.... in diffusion tl'eated material

Size Calculated [AI Actual (B) Difference %
(mrnxmrnxmrn) [(A-B) x 100l/AI

25x 25x 300 0.60 0.45 25.0

50x50x300 0.53 0.48 9.4.
75x 75x 300 0.43 0.33 23.3
100 x 100 x 300 0.38 0.31 18.4

DSR (%BAE)

0.7r--------------,------,

0.6

0.5

0.4

0.3

0.2

0.1

o
25 50 75

Thickness (mm)

• Observed

[]]Actual

100

Fig. 5 VarlaUon of dry salt retentton (DSR) with thickness
in boron diffusion treatment - Results of chemical
analysis

4.2.3 Effect of surface area per unit volume

Table 4 shows the results of the effect of surface area per unit volume of the

samples on the DSR. No clear trend is observed. Rather. than the surface area

per unit volume of wood. it may be the thickness of sizes that is playing a

signincant role in the achievement of desired DSR.
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Table 4. Effect of .urface area on dry .alt retention (DSR) achieved by
boron dlffualon treatment

DSR (kg/m3)
Surface DSR

area (m2)

Sample size CV(%) Volume Surface(mmxmmxmm)
(m3) area perMean Range

unit
volume

25x 25x 300 3.4 2.5-5.2 27.5 167 0.020
25 x 50x 300 2.4 1.7-3.2 19.5 127 0.019
25x 75x 300 2.8 2.1-3.9 21.6 113 0.024
25 x lOO x 300 3.1 2.4-4.0 15.5 107 0.029
50x 50x 300 4.1 3.6-4.7 8.5 87 0.048

50x 75x 300 4.1 3.2-4.7 10.7 73 0.056

50x 100 x 300 4.0 3.1-5.6 17.4 67 0.060
75x 75x 300 2.3 1.1-3.9 29.1 60 0.039
100 x 100 x 300

,
2.1 1.2-3.4 28.3 47 0.044

'Extracted from Table 1; n =15. In all other cases n = 10.

4.2.4 Effect of treatment duration

Table 5 and Figure 6 shows the effect of treatment duration (dipping time) on

the DSR in the treatment of 25 x 25 and 50 x 50 mm thick sizes. It can be seen

that a dipping tune of 30 minutes is sufficient to achieve the minimum

requirement of DSR for 25 mm thick sizes, and for 50 mm thick sizes, the

minimum requirement of DSR can be achieved by a treatment time of

80 minutes. So it is possible to reduce the duration of diffusion treatment for

25 mm thick material from 40 minutes to 30 minutes and from 160 minutes to

80 minutes in the case of 50 mm thick sizes. This again confirms that rubber

wood is easily treatable and the dipping time (determined by the formula

suggested by Gnanaharan 1982, Dhamodaran and Gnanaharan 1984) can be

further decreased for material of up to 50 mm thickness. As it was found that

diffusion treatment with 10% BAE solution cannot achieve a total net average

DSR of 0.4% BAE in sizes beyond 50 mm cross-sections (Tables I and 2), there

was no point In trying to reduce the dipping penod for these sizes.
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Table 5. Effect of duration of dipping OD the dry Bait retention (DSR,l

25 x 25 x 300 mm
Dipping

pertod (No. DSR(kg/m3l

ofmtnutesl CV(%) Av. BAE% Range
Mean Range

10 2.2 1.6-2.7 18.7 0040 0.29-0.49
20 2.9 1.9-3.9 30.6 0.53 0.35-0.71
30 3.1 2.2-3.6 16.3 0.55 0.40-0.65
40 3.4 2.5-5.2 27.5 0.60 0.45-0.94

50x50x300mm
20 1.5 1.1-2.1 18.0 0.26 0.19-0.36
40 2.0 1.3-2.5 18.3 0.35 0.23-0.43
60 2.6 1.9-3.2 14.5 0.44 0.33-0.55

80 3.0 2.7-3.5 10.2 0.52 0.45-0.60

100 3.6 3.2-4.3 11.2 0.62 0.54-0.73

n.10.

DSR (%BAE)

4r----------------------.,

3

2

1

... Thickness 25 mm

+ Thickness 50 mm

90 10080706050403020
0
1
LO---------------l-----,.....J

Dipping duration (minutes)

Fig. 6 Effect of dipping time on dry salt retention (DSR,l
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4.2.5 Variation of solution pick-up with concentration

Table 6 shows the vartatlon of solution pick-up with concentration of treatment

solution while dip treating air-dried rubber wood veneers. It can be seen that

the vartauon is very little except for solutions of 1-2% concentration where the

chemlcal pick-up Is only slightly higher than that with other higher

concentrations. Hence the concentraUon required to achieve any desired DSR

can be worked out to an acceptable level of accuracy.

Table 6. Variation of solution pick-up with concentration of treatment
solution

Average solution pick-up•Concentration of treatment soluUon
(%) (kg/m3

)

I 220
....•-

2 220
3 200
4 2p5
5 200
6 200
7 200
8 200
9 205

10 200

'CVrange 1-10%

Variation in surface tension and viscosity with soluUon concentraUon Is also not

large enough to influence the chemical pick-up significantly (Table 7). The

variation of pH of treatment solution with concentration Is also found negligible.

Hence increasing the concentration of boron compounds in the treatment

solution will not in any way adversely affect the solution pick- up. The density

of treatment solution is found linearly related to concentration (Figure 7). Hence

the variation of concentration of treatment solution during different batches of

treatment can be monitored by checking the solution density by using a

hydrometer.
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Table 7. Variation of solution properties with concentration of treatment
solution

Mean Mean surface
Solution vlscoslty of tension of Hydrometer pH of

concentration treatment treatment , treatment
(% BAE) solution solution readings solution

(centipoise) (x 10-3 N/m)

1.0 1.0 3.7 1008 7.95
2.0 1.1 3.7 1014 7.93
3.0 1.1 3.8 1020 7.92
4.0 1.1 3.9 1026 7.94
5.0 1.1 3.9 1032 7.95
6.0 1.1 3.9 1038 7.97
7.0 1.2 3.9 1044 7.99
8.0 1.2 4.0 1050 7.93
9.0 1.3 4.2 1056 7.95

10.0 1.3 4.2 1062 7.97

'A hydrometer ceding of. say 1008. means solution density of 1.008 glee)
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~
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Fig. 7 Plot of solution density (measured as hydrometer
readings) versus concentration of treatment solution
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4.2.6 Summary of diffusion treatment

If we were to meet the New Zealand specification of 0.2% BAE in the treated

hardwood core. up to 100 mm thlck sizes can be diffusion treated. Instead. If

the BWPA specification of a net average DSR of 0.4% BAE has to be achieved.

then only up to 50 mm thick sizes can be diffusion treated with 10% BAE

solution. ThIs means. to satisfy both these specifications. rubber wood up to

50 mm thickness can be diffusion treated effectively with 10% BAE solution. In

tropical countries where biodegradation Is more intense. It Is desirable to adopt

the BWPAspecification of a net average DSR of 0.4% BAE in the treated rubber

wood.

For end-uses requiIing thicker sections and/or high chemical retentrons, It Is

advicable to treat the timber by employing the vacuum-pressure impregnation

process in order to attain the specified or recommended DSR.,

The optimum storage period for diffusion treated materials were standardized

as 2 weeks for 25 mm thick section and 3 weeks for 50 mm thick cross-section.

The optimum dipping duration Is standardized as 30 minutes for 25 mm thick

material and 80 minutes for the 50 mm thick sizes.

4.3 VACUUM-PRESSURE IMPREGNATION (VPI)
TREATMENT - PILOT PLANT INVESTIGATIONS

The objective ofVPI treatment was to offer effective protection to thicker sections

where boron diffusion treatment is not adequate and to achieve higher loading

of chemicals required for specific end-uses. This Includes a DSR range of around

3 to 6.5 kg/m3 BAE. In the case of CCA treatment the objective was to achieve

a DSR In the range of 5-6.5 kg/m3
.
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4.3.1 Boron impregnation treatment

4.3.1.1 Effect of varying the initial vacuum period

In the full-cell process, initial vacuum is applied to ensure that the atr-pockets

In the wood are removed. However, there are no reports In the literature on the

effect of varying the duration of initial vacuum penod on DSR. While varying the

vacuum perlod from 0 minutes to 30 minutes at an Interval of 15 minutes, an

interesting phenomenon was noticed (Table 8). The DSR was maximum when

the initial vacuum was retained for 15 minutes. One might expect that the

chemical plckup will increase with Increasing duration of vacuum perlod.

However, maintaining the vacuum for 30 minutes resulted In low DSR (FIgure

8). The DSR obtained with 15 minutes vacuum was more than double the value

obtained with no vacuum (0) or vacuum for 30 minutes. This Is rather difficult

to explain.

Table 8. Effect of varying the initial vacuum period on the dry salt
retention (DSR) of alr-dried robber wood by pressure treatment

Treatment (DSR) (kg/m3
)

Schedule
vac/pr/vac

CV(O/O)

(minutes) Mean Range

Trial I

0/15/5 6.3 5.2-7.1 11.8

15/15/5 13.1 12.0-14.3 7.8
--_._-- --

30/15/5 5.8 4.5-8.2 24.9

Trial U
-

10/15/5 6.5 4.9-7.1 30.2

15/15/5 13.9 9.3-18.8 24.6

20/15/5 5.4 4.0-6.3 17.2

n=5
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Fig. 8 Effect of varying vacuwn period (keeping pressure
period constant) on dry salt retention (DSRj in boron
impregnation treatment of air·dried wood

It was decided to confirm this phenomenon. This time, trials were taken with

inlUal vacuum period of 10. 15 and 20 minutes to see whether there was any

tnverslon effect on DSR Here also it was noUced that DSR was maximum with

the vacuum period of 15 minutes. Decreasing or Increasing the duration of

vacuum even by 5 minutes resulted in low DSR. WhIle these trials confirmed

the trend observed In the first set of trials. It failed to explain the peculiar

phenomenon observed. It was decided to verify thJs while studying the effect of

varying the pressure treatment duration.

"

4.3.1.2 Effect of varying the pressure period

The following treatment schedules. both to study the effect of varying pressure

treatment period and also to see the peculiarity of 15 minutes InlUal vacuum
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period, were tried: InIUal vacuum for 0 minutes and pressure for 30 minutes

(referred asO'/30'!; 10'/30'; 15'/30'; 15'/45'; 15'/60'; 20'/30'; 30'/30' and 30'/60'.

Results obtained with these schedules and results obtained In the previous trials

are combined and presented In Table 9 for easy comparison. It can be seen from

Table 9 and Figure 9 that Increasing the pressure treatment time (for the InJUal

vacuum period of 0', 10', 20' and 30') resulted In Increased DSR This Is to be

normally expected. However, In the case of Inttial vacuum period of 15 minutes,

there was no advantage In Increasing the pressure treatment period. ThIs clearly

shows that the optimum InlUal vacuum period Is 15 minutes. Further studies

are needed to understand why the chemical plckup reaches maximum with

initial vacuum period of 15 minutes and then drops.

Table 9. Effect of varying initial vacuum and pressure period the dry salt
retention (DSR) of aIr-dried rubber wood under pressure treatment

Treatment DSR [kg/m3
) ,

Schedule CV(%)
vac/pr/vac
(minutes) Mean Range

0/15/5' 6.3 5.2-7.1 11.8
- -

0/30/5 8.7 7.1-10.2 3.4

10/15/5
,

6.5 4.9-7.1 30.2

10/30/5 7.7 5.9-10.0 19.4

15/15/5' 13.1 12.0-14.3 7.8

15/15/5' 13.9 9.3-18.8 24.6

15/30/5 13.9 12.6-15.4 7.4

15/45/5 11.2 9.3-15.7 23.0

15/60/5 13.2 10.9-15.9 16.5

20/15/5' 5.4 4.0-6.3 17.2

20/30/5 6.9 6.3-7.5 7.4

30/15/5' 5.8 4.5-8.2 24.9

30/30/5 10.1 8.9-11.1 9.4

30/60/5 14.8 13.6-16.5 9.3

'Taken from Table 8.
n=5
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Fig, 9 Effect of varying initial vacuum and pressure period
on dry salt retention (DSRj in boron impregnation
treatment

Indian Standard (B1S 1982) recommends a boric acid retention of 6.5 kg/m3 for

building timbers for Internal use. Out of the 13 different schedules tried.

IQ schedules met this requirement. Out of these IQ schedules, the most

economical schedule is one with 15 minutes initial vacuum, 15 minutes

pressure and 5 minutes final vacuum period (15'/15'5').

The DSR obtained In air-dried rubber wood using the economical schedule

arrived In this study is more than double the amount suggested by the Indian

Standards. This clearly shows that rubber wood can be treated even at higher

moisture levels.
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4.3.1.3 Effect of varying moisture levels and concentration of treatment
solution

The economical schedule was chosen and 3% BAEsolution was used for treating

Partially dried (50"A> MC) and green (75% MC) rubber wood. The results are given

in Table 10. Whereas partially dried rubber wood barely met the DSR value

recommended In the Indian Standard. It was very low (3.8 kg/m3
) In the case of

green rubber wood. Tan et al. (1983), using a 3% BAE solutnon, obtained a DSR

of 7.5 kgfm3 in 57 mm thick green rubber wood. However. this was possible

wtth a pressure trealment time of 75 minutes at 1050 kPa pressure. As boron

chemicals are diffusible. it was decided to increase the concentration of the

treatment solution rather than increasing the pressure treatment time. One

more trial of green wood was taken with 6% BAE solution and the average DSR

obtained was 13.5 kg/m3 (Table 10). ThJs shows that rubber wood In green

condition can be treated quite easily. By choosing the right concentration level

of the treatment solution. the required chemical retention values can be met·

even when the moisture level is high.

Table 10. Effect of moisture levels on the dry salt retention (DSR) of rubber
wood under boron impregnation treatment

Moisture level DSR (kg/m3
)

and concent- ....~~---r-.. CV (%)
ration solution Mean Range

3% BAE solution

Air-dried 13.9 9.3-18.8 24.6
(12-18% MC)

PartIally dried 6.5 5.2-7.1 11.5
(50% MC)

...-- '-
Green 3.8 3.3-4.6 12.9
(75% MC)

'._- ----~ -------, --------" ._ L ____ ..••____

6% BAE solution

I
-

Green 13.5 12.3-14.5 6.6
(75% MC)

n=5
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4.3.1.4 Effect oflength ofllamples

Table 11 shows a decrease In DSR while doubling the sample length, from 1 m

to 2 m while treating under the economical schedule. But this decrease does not

affect adversely the achievement of desired DSR The achievement of a DSR of

12.5 kg/m3 for 2 m long samples shows that sample length does not cause

problems in the achievement of desired DSR.

Table 11. Effect of sample length on dry salt retention (DSRj of green
rubber wood under boron impregnation treatment with 6% BAE
solution

Slze of wood DSR (kg/m3
)

(mm x mmx mm) CV(%)
Mean Range

63 x 63x 1000 13.5 12.3-14.5 6.6
63x 63 x 2000 12.3 9.1-14.6 17.3

'Extracted from Table 10.
n=5

4,3,1.5 Effect of end-sealing

The average moisture content at the time of treatment was 40% for samples of

cross-section 25 x 25 mm and 13% for samples of cross- section 50 x 50 mm

and the density was 550 kg/m3
.

The extent of penetration of preservatives through the lateral side of the Umber

were tested on end-sealed samples. Table 12 shows the effect of end-sealing as

well as length on the DSR in sizes of cross-section 25 x 25 mm and 50 x 50 mm.

The results are subjected to test of significance by the 3-way-ANOVA (Table 13).

There is no stgnflcant difference between the DSR values achieved In samples

with and Without end-sealing. The F-value for the tnteractlon of thickness and

length on DSR is found highly significant. This explains the situation observed
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In here as well as In many earlier occasions that as the thickness and length of

sample Increases DSR decreases correspondingly. Thus thickness has a major

role In tnfluenclng the DSR and as the thickness increases the length of samples

will also affect DSR

Tllble 12. Effect of end·seallng and sample length on dry salt retention
(DSR)

Sample size
Without end-sealing With end-sealing

(mmxmmx DSR(kg/m1 DSR(kg/m3)
mm) CV (%) CV (%)

Mean Range Mean Range

25 x 25 x 1000' 11.19 10.0-12.0 6.0 11.16 10.3-11.9 4.6

25 x 25 x 2000' 11.49 11.2-11.9 2.1 11.37 10.7-11.9 5.2

50 x 50 x 1000" 13.0 12.0-14.1 5.5 12.73 11.2-14.6 9.5

50 x 50 x 2000" 9.58 8.5-11.1 9.7 9.11 7.3-10.0 9.3

• Average MC 40%
.. Average MC 13%

n=8

Tllble 13. Test of significance (3 way ANOVA) on the effect of end-sealing
and length

Source of variation DF MSS F-value

With and without I 876.160 1.352".
end-sealing (S)

Thickness m I 686.440 1.059".

72.963"
-

Length (L) I 47295.376

SxT 1 377.331 0.582".

SxL 1 92.160 0.142".

TxL 1 63504.000 97.968
..

SxTxL 1 13.876 0.021".

Error 56 648.212

.. = stgnflcant at 1% P level
ns = not slgnlflcant
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ThIs study shows that penetration of chemicals through the lateral surfaces Is

very active In rubber wood. Due to this reason, for the boron Impregnation

treatment of rubber wood, as far as common end-uses are concerned, sample

length up to 2 m does not cause any significant problem In achieving the desired

DSR The results thus indicate that the thickness and length of wood Influences

DSR Inversely.

4,3.2 Chemical analysis of boron impregnated rubber wood

Table 14 shows the distribution of chemicals In 'surface' 'middle' and 'core'

portions as well as the net average %BAE retention as 'overall' value, as

determined by chemical analysis. All the values are very much higher than the

requirement.

Table 14, Chemical analysis of bocon impregnated rubber wood· dry salt'
retention (DSR) values in terms of %&\E' (CV (%) values in
brackets)

63 x 63 x 1000 mm
63 x 63x
2000 mm

Partially Green wood Green woodAir-dried drted (MC
(MC 75%) (MC 75%)wood treated 5()OAJ) wood

treated with treated withwith 3% treated wt th
6%BAE 6%BAEBAE solution 3%BAE

solution solution solution

'Overall' 2.31 (20.3) 0.70 (26.2) 1.70 (Il.l) 1.57 (13.7)

'Surface' 2.43 (20.7) 1.05 (17.4) 2.55 (9.2) 1.99 (24.8)

'Middle' 2.05 (30.3) 0.78 (11.6) 0.97 (16.5) 1.42 (17.9)

'Core' 1.16 (14.0) 0.47 (9.4) 0.97 (12.6) 0.96 (9.5)

n=5
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Table 15 and Figure 10 shows the difference between the 'calculated' and 'actual'

dry salt retention in terms of %BAE. The measured DSR values In kg/m3 and

the corresponding retention In terms of %BAE are also given in this Table. The

calculated values of total net average DSR in terms of %BAE retention and the

mean of actual values obtained by chemical analysis differ by about 30% within

a range of 9 to 42 percent.

Table 15. Comparlaon between the calculated values of %BAE and the
actual values obtaIned by chemical analysis in pressure treated
material

ca
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63 It 63 It 1000 mm

AIr-dried wood treated 14.0 2.54 2.31 9.1
with 3% BAE solution

Partially-dried wood 6.5 1.20 0.70 41.7
(MC 50%) treated with
3% BAE solution

Green wood (MC 75%) 13.5 2.59 1.70 34.4
treated with 6% BAE
solution

63 It 63 It 2000 mm

Green wood (MC 75%) 12.3 2.28 1.57 31.1
treated with 6% BAE
solution

n=5

Comparison of chemical analysis of boron impregnated wood (Table 14 & 15)

with that of diffusion treated wood [fable 2 & 3) proved the earlier conclusion

that for the boron treatment of cross- sections greater than 50 mm thickness

vacuum-pressure impregnation method needs to be employed for achieving the
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Fig. 10 Results of chemical analysis of boron impregnated
rubber wood

desired 'core' and 'overall' retentions. Table 14 clearly shows that even for

partially dried wood (MC 50%). treatment with 3% BAE solution achieves an

actual core retention of 0.47% and 'overall' retention of 0.70% BAE. Also, results

are strmlar in respect of the Impregnation treatment of green wood with 6% BAE

solution. All the DSR values In terms of %BAE obtalned from the chemical

analysis of boron impregnated wood are much higher than the requlrments.

Comparing with the data on chemical analysis of diffusion treated wood

rrable 3), It can be seen from Table 14 that the DSR achieved for sizes greater

than 50 mm thickness in the boron impregnation treatment with 3% BAE

solution also satisfies the New Zealand and BWPAspecifications. As mentioned

in section 4.2.2, the measured DSR required to satisfy the New Zealand and

BWPAspecifications. vtz., 3 kg/m3
• can be achieved by adopting the economical

schedule in the VPI method in sizes greatern than 50 mm thickness. Hence it

can be concluded that for samples of thicker cross- sections (greater than 50 mm

thickness) where diffusion treatment Is not able to achieve the desired DSR

75



required for ensuring effective protection, Impregnation treatment Is the best

alternative. Also In cases where more quanUly of timber needs to be treated

within a short time, whether in smaller or bigger cross-sections. impregnation

method can be employed.

4.3.3 Reconfirmation trial in pUot plant

4.3.3.1 Air-dried wood

Air-drted rubber wood samples of different sizes obtained as balance material

while sawing for vanous purposes were utilized for a further reconfirmation of

the economical schedule, 15'/15'/5'. The treatment was carrted out In the pilot

plant used for the earlier experiments.

The average moisture content of the material was about 17% and density

500 kg/m3 . Results of the trial are given in Table 16. A DSR of 11.2 kg/m3 was

achieved for material of length 2 m and thickness 13 mm by using a 3% BAE .
, 3

solution. WhIle the length was reduced to half, the DSR obtained was 14.2 kg/m

for the 50 mm thick sections. The DSR value was slightly low while the thickness

Increased to 63 mm. The greater length of the samples may be the reason for a

low DSR In smaller cross-sections.

Table 16. Boron impregnation treatment of air-dried rubber wood with 3%
BAE solution. Reconfirmation trial in pilot plant

Size of wood DSR(kg/m3
)

(mmxmm x mm)
1--.... .- CV (%) n

Mean Range

23 x 13 x 2000 11.2 9.6-15.4 13.0 15
~.

50x 50x 1000 14.2 12.6-15.6 8.9 5
--_.

63x 63x 1000 12.7 9.3-14.7 16.3 5

All the values are much higher than the IS recommendation of 6.5 kg/m3 boron

chemicals In the treated wood for Indoor purposes In humid conditions (BlS

1982). As all the results from this trial satisfy this requirement, It Is proved
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beyond doubt that the schedule, 15'/15'/5', can be utilized economically for the

pressure impregnauon treatment of air-dried rubber wood with boron

compounds.

4.3.3.2 Partially dried wood

In connection with a training programme meant for popularizing the uuuzauon

of treated rubber wood among rural carpenters, rubber wood of various sizes

was Impregnated with 3% BAE soluUon. The sizes were treated by employing

the schedule 15'/15'/5' In the pilot plant. The sizes were partially dried and had

an average moisture content of 50% and possessed an average density of

556 kg/m", Sizes of different thicknesses. varying Irorn 25 to 63 mm (sample

size of 10 to 40 pieces) were treated.

Table 17 gives details on the various sizes that were treated, the DSR achieved,

and number of samples In each thickness. The average DSR for various sizes .,
ranged from 5. I to 9.7 kg/rn''. For rubber wood with density of500 to 600 kg/m3

,

the BWPA speclflcatlon of 0.4% BAE in the treated wood corresponds to

3.0 kg/m3 BAEIn terms ofgross absorptlon (sectlon 4.2.2 and 4.3.2). The values

obtained In this study are much higher, and especially for indoor furniture a

DSR of 3 kg/m3 BAE will be sufficient.

Table 17, Boron impregnation treatment of partially dried rubber wood
(50% MC) of assorted sizes wltb 3% BAE solution employing a
treatment schedule of 15'/15'/5'

Size
DSR (kg/m3

)

I
No. of

(mmxmmxmm) CV(%) bsamples
Mean Range (n)

1050 x 25 x 25 9.7 7.9-11.4 15.7 40
600x 50x 30 9.1 7.1-10.9 11.7 20
450 x 63 x 38 7.0 6.6-7.8 5.5 10
458 x 50 x 50 6.9 5.2-8.8 16.9 10

825 x 56 x 56 5.8 5.2-6.3 5.7 10

450x 100x63 5.1 4.3-5.5 7.2 10
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The penetration of chemicals In the treated wood was tested as per IS: 2753-1964

(Part I) (BIS 1964) and found to have uniform through and through dtstributton.

The DSR decreased with Increase In thickness. This Is to be expected as all the

sizes were treated together using the same schedule. It would be Ideal to sort

out sizes by thickness and carry out treatment separately to have control on

chemical pick- up. Otherwise, as was observed here, lower thickness material

will tend to absorb more chemical at the cost of thicker matertal, This can be

seen In the higher retention of chemicals (6.5 kg/m3 BAE) when the samples of

63 x 63 mm cross-section were treated In the previous trial (Table 10), compared

to only 5.8 kg/m3 BAE obtained even for cross-section of 56 x 56 mm (In this

trtall, when treated with samples of other thicknesses. If a mixture of different

thicknesses cannot be avoided, It should be ensured that the thickest material

gets the minimum required DSR.

If we are aimtng for a DSR of 3.0 kg/m3 BAE for indoor furniture, this study

indicates that there Is scope to reduce the concentration of the chemical solution.

This ural has confirmed the validity of the treatment schedule for partially dried

rubber wood, even for treating sizes of different thicknesses together.

4.4 FULL SCALE TESTING OF THE ECONOMICAL
SCHEDULE IN COMMERCIAL SCALE PLANTS

4.4.1 Air-dried wood

A full scale testing of the economical schedule for the boron Impregnation

treatment was conducted for air-drted wood with an average moisture content

of 18% and density 550 kg/m3 In a commercial scale treatment cyUnder oflength

3 m and diameter 1.25 m, available with M/s. Wood Tech Industrles,

Irinjalakuda, Kerala. There was a sUght modification with regard to the extent

ofvacuum employed. The treatment plant was set for the appllcatton of a vacuum

of 115 kPa and for this particular study the same extent of vacuum was
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employed. A treatment solution of 4% BAE concentration was used. The trial

was carried out with full load of wood in the cylinder.

Table 18 shows the mean DSR achieved in the treatment. There is not much

variation between the DSR values of the two different sizes treated. A pooled

mean DSR of 12.35 kg/m3 was achieved. This falls in the same range of DSR

found for the boron impregnation treatment of air-dried rubber wood In the

earlier trials using a pllot plant. The DSR achieved Is much higher than the IS

recommendation. The initial and final vacuum applied in the earlier trials was

only 85 kPa. The findings of the present study Indicate that as far as air-dried

rubber wood is concerned. small increase in the amount of vacuum does not

significantly Increase the DSR. Further. this trial established the utility of the

economical schedule for commercial scale treatment of air- dried rubber wood.

Table 18. Boron impregnation treatment of air-dried rubber wood in a .
commercial scale treatment plant using the economical
schedule

DSR (kg/m31
.

Size of wood
(mm x mm x mm]

CV(%)

Mean Range

BOx 56 x 2500 12.2 11.1-12.7 4.3

25 x 38x 2000 12.5 9.7-17.9 22.6

n=7

4.4.2 Partially dried wood - Effect of length of sizes

The boron impregnation treatment facilities available with M/s. P.

Subbaramayyar & Brother. a rubber wood processing industry In Chalakudy.

Kerala, were utllized for the commercial scale testing of the economical schedule

on partially dried rubber wood. The treatment cylinder had a diameter of 0.9 m

and length 6 m. In order to observe the effect of length of samples. It was decided

to go for samples of length 0.45. 0.90 and 1.8 m with cross- section 63 x 63 mm.

79



The concentration of treatment solution used was 1.6% BAE. The factory has

been regularly treating the above cross-section with a solution of the above

mentioned concentration for the purpose of manufacturing shuttle blocks. The

effect of length of samples on DSR was investigated by employing the economical

treatment schedule. Due to some technical reason. it was possible to apply a

pressure of 500 kPa only. This also helped in another way to see the effect of a

reduced pressure on DSR.

The average moisture content of the samples was around 50% and density about

550 kg/m3 .

The effect of the variation of sample length on DSR by employing the schedule

15'/15'/5' is detailed in Table 19. The results showed that the DSR decreased

as the sample length increased (FIgure 11). The DSR varied from 5.1 to

2.7 kg/m3
, as the sample length varied from 0.45 to 1.8 m. The corresponding

DSR In terms of %BAE varies from 0.46 to 0.88. This data showed that for

partially dried rubber wood the concentration of solution used, vtz., 1.6% BAE,

is adequate to achJeve only low DSR, as desired In the case of shuttle blocks.

For end-uses where more loading of preservatives is desirable, a soiutlon of

hJgher concentration shouid be employed. Hypothesis tests for means (t-test)

shows significantly different values of DSR in all the three length categories

studied [fable 20). Length affects the DSR In thicker sections as already shown

[fable 13). But even then, in all the length classes studied, sufficient DSR was

achieved as per the BWPA spectflcations. This shows that as far as the end-uses

are considered, even though the length of samples is significant In determining

the DSR. up to 1.8 m length does not pause problems in achieving the desired

DSR. provided solutions of appropriate concentrations are used. The same is

the case for the results shown In Table 11 also. For the end-uses such as for

shuttle blocks of size 63 x 63 x 450 mm, where only low boron retention is

sufficient, the use of 1.6% BAE solution Is suggested in the schedule 15'/15'/5'

for partially dried rubber wood.
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Table 19. Effect oflength ofsamples on dry salt retention (DSR) Inpartially
dried wood while employing the treatment schedule 15'/15'/5'.
using 1.6% BAE solution

Size of wood DSR(Kg/m3
Av.

(mrnxmrnxm) CV(%)
BAE%

Range

Mean Range

63 x 63 x 450 5.10 3.6-6.5 14.9 0.88 0.58-1.24

63x63x900 3.05 3.1-2.5 10.9 0.54 0.41-0.67

63 x 63 x 1800 2.72 1.7-3.5 15.4 0.46 0.29-0.65

n.15

DSR (kgIm3)

6,-----------------------,

5

4

3

2

1

Ol..-_..l--"-"--- --'---"--'- l..-""""-'_---'

450 900
Length (mm)

1800

Fig. 11 Effect of length of samples on dry salt retention
(DSRl In partially dried wood
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Table 20. Test of significance of means for the effect of length of samples
on dry nit retention (DSR) of partially dried woad whlle
employing the economical schedule

Source of vartauon OF t-value

Between lengths
10,6307 •450 mm vs 900 mm 28

450 mm vs 1800 mm 28 9,5575
..

900 mm vs 1800 mm 28 -2.4108"

- Significant at 1% P level.

4.4.3 Green wood

M/s. Sakthi Wood Treats, Trtvandrurn, Kerala, extended facility for impregnatJng

green wood (MCaround 70%) with 6% BAEsolution by employing the economical

schedule, 15'/15'/5': with the exceptJon that the maximum pressure exercised

was only 800 kPa. instead of 1000 kPa. The treatment cylinder had a length of

6 m and a diameter of 0,9 m. The cylinder was fully loaded with rubber wood of .

length 2,25 m and of two different cross-sections, 75 x 75 and 88 x 88 mm.

The results of the trial run are given in Table 21. A mean DSR of 12,9 and 11.8 kg

BAE/m3 was achieved for samples of cross- sectJons 75 x 75 mm and 88 x 88 mm

respectively. As in earlier studies, here also It was observed that as the thickness

increased DSR decreased. The DSR achieved for both sizes Is much higher than

the requirement of various specifications. Hence this study confirms that the

reported schedule, 15'/15'/5', could be adopted for commercial scale boron

impregnatJon treatment of rubber wood in green conditJon.

Table 21. Commercial scale testing of boron impregnation treatment of
green rubber wood (MC 70%) with 6% BAE solution employing a
treatment schedule of 15'/15'/5'· dry salt retention (DSR) data

Size of wood OSR (kg/m3
)

(mmxmmxm) CV (%)
Mean Range

75x 75x 2.25 12.9 9.5-15.9 16.5
88x 88x 2.25 11.8 10.1-13.0 8.0

n = 10
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Tan et aL (1983) treated 57 mm thick green rubber wood with a 3% BAE solution

by employing an tnltlal vacuum of about 90 kPa for 45 minutes foIlowed by a

pressure of 1050 kPa for 75 mtnutes and a final vacuum for 15 minutes. They

achieved a DSR of 7.5 kg BAE/m3
. However, this study, using 6% BAE solution

and employing the economical schedule of 15'/15'/5', achieved a pooled mean

DSR of 12.4 kgjm3 In green rubber wood. This trial carried out In a commercial

plant with fuIl load of wood conftrms the validity of the economical schedule

developed In a pilot plant. As the pressure used In this study was only 800 kPa

compared to 1000 kPa tn the pilot plant study It can be seen that lowering the

pressure slightly did not affect the achievement of the required DSR. The present

study also suggests that the concentration of the treatroent solution can be

reduced according to the DSR requirements.

M/s. Plantation Corporation of Kerala Ltd (PCKL) extended their facilities for the

commercial scale boron Impregnation treatment of green rubber wood. The

company was treating rubber wood with a solution of concentration 6.67% BAE

employing a vacuum of 85 kPa and a pressure of 1000 kPa. The economical

schedule was tested tn this plant. Table 22 shows the results of a trial on three

different sizes of rubber wood In green condition. The mean DSR varies from

13.7 to 12.2 kgjm3 for sizes of thickness 20 to 40 mm. This shows that high

levels of retention can be achieved. As the DSR achieved Is much higher than

the requirement, It Is clear that the concentration of treatment solution can be

lowered.

Table 22. Commercial scale boron impregnation treatment of rubber wood
in green condition witb 6.67% BAE solution by employing a
vacuum of 85 kPa and a pressure of 1000 kPa employing tbe
economical schedule

Size of wood DSR (kg/m3
)

(mm x mm x mm)
CV (%) n

Mean Range

250 x 20 x 2150 13.7 13.0-14.2 4.8 3
115 x 40 x 1700 12.2 11.0-12.9 9.0 3

115 x 40 x 2150 12.2 10.9-14.7 11.3 6
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In order to observe the effect of a lower concentration, another trtal was condu

cted with a solution of 5% BAE concentration on assorted sizes In almost green

condition. As the company was interested In carrying out the treatment with a

reduced pressure for technical reasons, this trial was taken with pressure at

BOO kPa. Table 23 shows the results of the second trtal. The DSR achieved vanes

from 11.3 to 5.6 kg/m3 for sizes of thickness 15 to 75 mm. A pooled mean DSR

of 8.9 kg/m3 achieved shows that the concentration of treatment solution can

be lowered for the economy of the treatment system. Also It showed that Iowermg

the pressure sUghtly not adversely affect the achievement of desired DSR. The

relationship between moisture content and DSR Is evident from this study. For

mateJials of almost siml1ar thickness, higher DSR is achieved in wood with lower

moisture content. Partially dried (MC 45-50%) wood picked up more chemical

than green wood.

Table 23, Commercial scale boron impregnation treatment of rubber wood
in green condition with 5% BAE solution by employing a vacuum .
of 85 kPa and a pressure of BOO kPa in the economical schedule

Size of samples DSR Av. BAE% MC% Densi\r.
(mmxmmxmm) (kg/m3

) (kg/m)

140 x 15 x 775 11.3 2.24 51.3 501.7

50 x 25x 875 9.1 1.69 83.9 542.3

150 x 40 x 1125 ILl 2.22 50.3 498.5

150 x 40 x 1350 9.2 1.93 74.7 477.2

50 x 50 x 875 9.1 1.89 46.6 484.3

140 x 50 x 1275
,

6.8 1.35 74.1 508.3i

140 x 75 x 1300 5.6 1.04 71.2 537.9

It was possible to conduct another commercial scale treatment trtal of rubber

wood in green condition by utl1lZing the boron impregnation facl1ities available

with M/s. Emson Treat Wood, Aluva, Kerala. This Company was making use of

a vacuum of 100 kPa followed by a pressure of 800 kPa. The Company was

following their traditional schedule of 30 minutes initial vacuum followed by a

pressure period of 60 minutes and a final vacuum of 30 minutes (30'/60'/30').
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They were treating wood with 2.4% BAE solution. Table 24 shows the results of

the treatment trial. In general. It can be seen that the solution strength is not

sufficient to achieve the desired DSR. Application of the newly developed

schedule also did not achieve the desired DSR. So It was clear that the solution

cocentrauon should be above 2.4% BAE for treating rubber wood In green

condition. Comparison of the present results (Table 24) with the results of the

earlier trial In the PCKL Plant (Tables 22 and 23) showed that the newly

developed economical schedule Is more productive. much time-and energy

saving than the traditional schedule being followed. provided treatment solution

of appropriate concentration Is employed.

Table 24. Commercial scale boron impregnation treatment of rubber wood
in green condition with 2.4% BAE solution by employing a
vacuum of 100 kPa and a pressure of 800 kPa

Size of sample DSR (kg/m3
)

(mm x mm x mm) Schedule
Mean !

CV(%) n
Range .

80x 30x 700 30'/60'/30' 6.6 5.2-7.4 13.1 5

80x40x 1500 30'/60'/30' 5.7 3.9-6.9 17.7 10
llOx45x 1300 15'/15'/30' 4.6 3.5-6.3 20.5 10

Averagemoisture content = 70%
Mean density = 560 kg/m"

4.4.4 Effect of a more intensive initial vacuum on DSR

The full scale tesung reported under secllon 4.4.1 was conducted employing the

economical schedule. but by exerting a more intensive vaccurn, 115 kPa Instead

of 85 kPa. The extent of pressure was the same as what was regularly used.

1000 kPa. The results of the treatment detailed in Table 18 show that a pooled

mean DSR of 12.35 kg/m3 can be achieved. As this value Is in comparable range

with the results obtained from the earlier trials (see Tables 10 & 16), the present

trial Indicated that small increase in the extent of vacuum does not significantly

affect the achievement of desired DSR.
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4.4.5 Effect of sample s4e on DSR

The commercial scale boron Impregnation facilities available with M/s. Supreme

Tech Wood Exporters, Ollur, KeraIa were utilized for the present study. The

economical schedule was employed for the treatment, but the extent of vacuum

employed was 100 kPa Instead of85 kPa and the pressure exerted was 1200 kPa,

instead of 1000 kPa. A 4% BAE solution was employed for the treatment. The

effect of thickness on DSR was studied on samples of length 900 mm and with

cross-sections 25 x 25, 50 x 50, 75 x 75 and 100 x 100 mm.

The samples were treated In green condition (MC 70%). The average density of

samples was around 525 kg/m3
.

The effect of size on DSR as revealed from the experiment is detailed In Table 25.

It can be seen from Figure 12 that the DSR varies from 8.4 to 14.0 kg/m3 in the

case of sizes of cross- sections 100 x 100 mm to 25 x 25 mm. It was found that·,
the smaller sizes achieved higher and the bigger sizes lower DSR. So, as far as

possible, treatment of similar sizes in one charge Is always desirable. In

treatments with different sizes In the same charge, It should be ensured that the

thickest sizes acquired the desired or specified DSR.

Table 25. Effect of size on DSR of green rubber wood while employing
economical schedule for the commercial scale boron
impregnation treatment

Size of wood DSR(kg/m3
)

(mmxmmxmm)
CV (%)

Mean Range

25 x 25x 900 • 13.9 11.9-15.6 7.8

50x50x900 11.4 9.4-13.0 9.1

75x 75x 900 8.8 7.2-9.4 8.2
-~

100 x 100 x 900 8.4 8.0-8.8 3.7

n = 10
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Fig. 12 Effect of size of samples on dry salt retention (DSRj
in green wood

Table 26 and Figure 13 shows the effect of sample length on DSR. Test of

significance of means (Hest) indicated that dou bling the sample length from

900 mm, in cross-sections 25 x 25 mm does not affect the DSR significantly.

The effect is significant for cross-section 50 x 50 mm [Table 27). In earlier trials

also a slmJlar trend was noticed.

Table 26. Effect of length of samples on DSR while boron impregnation
treatment of green wood

Size of wood DSR [kg/m3
)

[mm x mmx mm)
CV(%)

Mean Range

25 x 25 x 900' 13.9 11.9-15.6 7.8

25x25x 1800 13.7 10.5-15.1 9.2

50 x 50 x 900'
---

11.4 9.4-13.0 9.1

50x50x1800 9.3 8.2-10.3 7.1

n.IO
• Extracted from Table 25.
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Fig, 13 Effect of length of samples on dry salt retention
(DSR) in green wood

Table 27. Test of slgnl.flcance for means It-test) on the effect of sample
length on DSR

Source of vanatton OF t-value

25x25x900mm 18 0.2848°S

vs
25 x 25 x 1800 mm

50x50x900mm 18 5.3208 ..
vs

50x 50x 1800 mm

ns =not slgnUlcant
" • slgnUlcant at 1%P level

As all the OSR values In Table 25 and 26 are much higher than that In the IS

recommendations, the applicabllily of newly developed schedule, 15'/15'/5', Is

once more reiterated for commercial scale applications.
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As the earlier trials were with 3 and 6% BAE solutions, the present study with

4% BAE solution indicated that the concentratton of treatment solution can be

brought down to 4% BAEfrom 6% BAE, for the treatment of green rubber wood,

But it should be remembered that the vacuum and pressure applied were slightly

higher than in the earlier trials.

Table 28 shows the DSR achieved while treating wide planks of larger lengths

(150 x 20 x 3000 mm) In green condltlon with a 4% BAE solution. The high DSR

(14 kg/m3
) achieved may be due to the low thickness of the planks.

Table 28, Boron impregnation treatment of green rubber wood planks with
4% BAE solution by employing the economical schedule with
100 kPa vacuum and 1200 kPa pressure

Size DSR (kg/m3
)

(mmxmmxmm) CV(%) n

Mean Range •

150 x 20 x 3000 14.0 10.2-20.7 23.8 10

4.5 CCA IMPREGNATION TREATMENT

4.5.1 Pilot plant trials

4,5,1.1 Air-dried wood

Air-dried rubber wood (MC around 14%) was subjected to vacuum- pressure

treatment with 2% CCA solution in the pilot-plant. Table 29 shows the effect of

variation of thickness on DSR while treating with a schedule 15'/30'/5', The

vacuum applied was 85 kPa and pressure 1000 kPa. The DSR varied from 9.9 to

8.0 kg/m3 for sizes of cross-sections 25 x 25 to 100 x 100 mm (FIgure 14). It

can be seen that for air-dried wood, sufficient DSR as per the recommendations

of Indian Standard (6.5 kg/m3
) for exposed non- ground contact applications
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can be achieved by using 2"Al CCAsolution under this particular schedule, even

for samples of higher thickness (up to 100 mm). This means that as far as sizes

required for common end-uses are concerned, CCAImpregnation of rubber wood

Is not at all difficult and required loading can be achieved.

Table 29. Effect of thickness variation on the dry sal retention (DSR) of
CCA whlle impregnating air dried rubber wood uaing 2% solution
under the schedule 115'/SO'/15'

Sample size DSR(kg/m3 )

(mmxmmxmm) CV (%)
Mean Range

25x 25x 1500 9.9 8.5-12.8 17.7

50x50x1500 9.6 9.3-9.9 2.3

75x75x1500 8.3 7.5-9.4 8.5
100 x 100 x 1500 8.0 7.8-8.2 1.9

n-5

DSR (kg/m3 )

12....---------------------,

25 50 75
Thlckness (mm)

100

Fig. 14 Effect of thickness variation on the dry salt
retention (DSRj of CCA
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Table 30 and Figure 15 shows the effect of three different schedules on the DSR

while using a 2% solution for the treatment of air-dried wood. All the three

schedules, vtz., 15'/30'/5', 30'/60'/5' and 30'/90'/5' are found capable of

achieving the desired DSR For saving time and energy, the shortest schedule,

15'/30'/5', could be utilized for achieving effective protection.

Table 50, Effect of different treatment schedules on the dry salt retention
(DSR) of CCA whUe treating aIr·drled (MC around 14%) and
parUally dried (MC around 50%) wood with 2% solution on
samples of size 100 z 100 z 1500 mm

MC 14% MC 50%
Treatment

DSR (kg/m3) DSR (kg/m3)schedule
CB(%) CV(%)

Mean Range Mean Range

15'/30'/5' 8.0 7.8-8.2 1.9 5.5 5.0-6.2 7.9

30'/60'/5' 8.8 8.6-8.9 1.5 7.0 6.3-8.0 9.0
-

30'/90'/5' 9.0 8.7-9.7 4.7 6.5 5.8-7.7 I J.J

n-5

30'/90'/5'30'/60'/5'
Schedule

15'/30'/5 '

DDSR at MC 14% D DSR at MC 50% I
r-t-r-

1 .'
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Fig. 15 Effect of treatment schedule on dry salt retention
(DSR) of CCAIn air-dried and partially dried wood
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4.5.1.2 Partially dried wood

Table 30 also shows the effect of the above mentioned three different treatment

schedules on the DSR of CCA while treating partially dried (MC around 50%)

rubber wood of the thickest cross-sections (100 x 100 mm) with a 2% solution.

It can be seen that the schedule, 30'/60'/5', satisfies the DSR requirements even

for the thickest sizes. This tmplies that for sizes of lower thickness. even shorter

schedule may satisfy the DSR requirements.

4.5.2 Full-scale testing of CCA Impregnation of green rubber wood
in commercial scale plants

The commercial scale vacuum pressure Impregnation treatment plant available

with M/s. Wood Tech Industries, Irtnjalakuda, Kerala, was utlllzed for the CCA

impregnation of rubber wood In green condition (MC around 75%) with a 4%

solution. A more concentrated solution than the earlier trlals was selected due

to the higher moisture content of the test material. The cylinder had a length of

3 m and 1.2 m diameter. ThIs plant was set for applying a vacuum of 1I5 kPa

and a pressure of 1000 kPa. The same conditions were followed for the present

trial and the economical schedule developed for boron Impregnation treatment.

15'/15'/5', was tested for the CCA Impregnation. The treatment was done with

fun load wood In the cylinder.

Table 31 shows the result of the treatment. Achievement of a mean DSR of

10.4 kg/m3 shows the applicability of the economical schedule arrived at for the

boron treatment of green rubber wood for CCA treatment too. The value of DSR

achieved Is higher than the IS recommendation for building timbers (BIS 1982).

The high DSR value achieved Indicates that the treatment solution concentration

can still be lowered In order to economise the treatment.
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Table 31. CCA Impregnation of green rubber wood (MC 75%) with 4%
solution while employing the economical schedule with 115 kPa
vacuum and 1000 Ir.Pa pressure

Size of wood DSR(kg/m1

(mrnxmrnxmrn) CV(%) n
Mean Range

105 x 38 x 2000 10.4 7.2-13.8 15.6 20

It was possible to carry out another commercial trial with a CCA solution of 3%

concentration at M/s. Sitaramson Wood Chem Process Pvt, Ltd., Ollur, Kerala.

In this particular plant, the economical schedule, 15'/15'/5', was employed as

In the above trtal with the exception that the vacuum appl1ed was only 85 kPa.

Here also the treatment was conducted with a full load of wood in the cyl1nder.

Table 32 shows the results of the above trtal on green rubber wood (average MC

around 65%) employing the economical schedule with 85 k a vacuum and

1000 kPa pressure. It can be seen that except In the case of very thick sections

(150 x 100 mm), the destred DSR is achieved by treating with 3% CCA solution.

For thicker sizes it is desirable to go for solutions of Wgher concentration In

order to achieve the required loading of preservatives.

Table 32. CCA Impregnation treatment of green rubber wood (MC 65%)
with 3% solution while employing the economical schedule with
85 kPa vacuum and 1000 kPa pressure

Size of wood DSR(kg/m3
)

(mrnxmmx mm)
CV(%)

Mean Range

70 x 25x 2475 8.7 7.5-10.3 8.8

150 x 30 x 2475 6.5 6.1-7.1 5.0

90 x 40 x 1500 6.9 5.7-8.3 11.1

150 x 100 x 2200 4.7 3.6-6.2 14.7

n = 10
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In all the cases the penetration of CCA in the treated wood was tested as per the

Indian Standard (BIS 1964) and found uniform and through and through

penetration and distribution of preservative.

These two commerclal scale trials confirmed the applicability of the economical

schedule, 15'/15'/5'. for the CCA impregnation too.

4.5.3 Chemical analysis of CCA treated wood

Table 33 shows the result of ICP and AASanalyses for the quantity of individual

constituents (copper. chromium and arsenic) of CCA in the treated timber.

Results ofICP and AASanalyses are in agreeable range. The range of coefficients

of variation Is 12-41 percent. Table 34 is the summarized form of Table 33. This

compares the mean values of Cu, Cr. and As retention in treated wood, between

the calculated values from gross solution absorption measurements and the

mean values of the AASand ICP analyses. It was found that there is no stgntflcant

dtfference between the DSR as measured by gross absorption and as determined

by the chemical analysis. The total oxide content also shows the same trend

between the calculated and determined values. For a DSR of 7.5 kg/m3 CCA as

determined by chemical analysis. an equivalent oxide content of 3.0 kg/m3 is

detected in the chemical analysis. The ratio of As : Cu : Cr in the treated wood

is found to be 1.0 : 2.8 : 3.2, conforming to the rano of 1:3:4 in the treatment

solution. This implies that treating rubber wood in green condition with CCA is

not a problem as far as the absorption of the individual components in the treated

wood is concerned. But this may be an exceptional situation. In a recent study.

Kuppusamy and Sharma (1987) reported that the pH of the solution increased

from about 2 when freshly prepared to more than 2.5 or 3.0 when the same CCA

solution was repeatedly used for treatment. resulting in the formation of sludge.

They observed that more arsenic than copper and chromium got precipitated

and there was a progressive reduction In the strength of the preservative solution

after each treatment charge. As a consequence, they found that the treated
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timber contained less arsenic than expected. The proportions of the components

of CCA in the treated timber increased from I: 2.9 : 3.5 (As:Cu:Cr) In their first

charge to I: 4.4 : 5 In their fifth charge. the retention of arsenic being much

lower compared to the copper and chromJum In the material treated In the fifth

charge. Kuppusamy and Srtntvasan (1989) also reported the case of a selective

absorption of the constituents of CCAin a door shutter made ou t of rubber wood.

received from a commercial source. In their study. although the penetration of

the preservative was found to be good. data on the absorption of individual

components showed a significantly low arsenic and high copper retention. As

against the normal ratio of I: 3: 4 of As. Cu and Cr In the treating solution, they

found that the material received by them showed an average ratio of I: 7.1: 5.3.

Indicating a very low arsenic retention compared to copper and chromium.

Table 34. Comparison of mean values of the results of chemical analysis
with the results calculated from gross solution absorption .
measurements (CV (%) values are given in brackets)

Parameters By gross absorption By chemical analysis
measurements (kg/m3) (kgjm3 )

DSR 7.30 (26.3) 7.50 (17.3)

Total oxides 2.87 (26.4) 3.00 (17.3)

Cr03 1.22 (26.5) 1.71 (18.3)

CuO 0.87 (26.3) 1.05 (24.8)

As20s , 0.79 (26.6) 0.43 (13.3)

Cr ~ 0.63 (26.6) 0.89 (18.3)
----- f-----

Cu 0.69 (26.4) 0.77 (29.5)

As 0.51 (26.7) I 0.28 (13.3)

The disproportionate or selective absorption of the constituents of the CCA

solution may be attributed to the treairnent conditions. especially the pH of

solution. concentration and the extent of sludge formation after every charge In
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the solution. This kind of loss of preservative In the form of sludge can be avoided

by monitoring the pH of the treating solution at every possible stage of treatment

and correcting it with chromic acid whenever it exceeds 2.5. which Incidentally

may bring back Into solution the portion of the preservatives sedimented out

(Kuppusamy and Srtnrvasan 1989). Another way to tackle this problem. even

though cumbersome. is to chemically analyse the treatment solution after every

treatment charge and make good the loss of the components observed to keep

the treating solution In the proper proportion. Hartford (J 986) and Pizzl (1983)

also gave a comprehensive account on the importance of pH. sludge. impurities.

plant keeping, etc. while the treatment of timber with CCA. Unless proper care

is taken during CCA treatment. it is possible that the strength of the solu tlon

may get reduced considerably after few charges which may not only result In

poor retention than expected. but also inadequate dtstnbutton of the toxic

components In the treated timber. The present study clearly showed that treating

rubber wood In green condition with CCA is not a problem as far as the

proportionate absorption of the individual constituents, of the preservative

formulation Is concerned, provided the treatment conditions. especially the

treatment solution concentration and pH. are carefully monitored. Treating

green timber with 3% CCA solution achieves the desired chemical loading by

employing the economical schedule, 15'/15'/5'.

4.5.4 Summary of vacuum-pressure impregnation (VPI) treatment
trials

It is found that the new economical schedule arrived at Is suitable for employing

In the treatment of rubber wood at air-dried, partially dried and in green

conditions. Destred DSR requirements can be achieved by using treatment

solution of appropriate concentration.

Commencal scale trials proved the utility of the economical scheudle not only

for boron impregnation. but also for the impregnation of CCA preservative. and

even for the treatment of green wood (MC around 75%). Thickness. length and

moisture content of the samples affect the DSR.
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It Is found that for tile treatment of green timber the use of 4% BAE solution Is

sufficient to achieve the desired DSR levels while employing the economical

schedule. For wood In air-dried and partially dried condttlons, the concentration

of treatment solution can be lowered to 3% BAE. For the treatment of green

material using CCA preservative. the use of 3% solutlon Is found sufficient to

achieve desired DSR. For wood In air-dried and partially dried conditlon, the

concentratlon of CCA solution can be lowered to 2 percent. For wood samples

with high thicknesses (around lOO mm) and with very high moisture content

the concentratlon of treatment solutlon has to be increased in the order of 5-6%

for boron and 4% for CCA, In order to get desired DSR levels.

Even though thickness and length are found to affect DSR, the general

conclusion is that as far as sizes required for various end-uses are concerned,

the effect of variation of these parameters was found not casulng any problem.

in the achievement of desired DSR levels (due to the active lateral penetration

of preservative), provided treatment solution of appropriate concentratlon Is

employed.

4.6 UNDER-WATER STORAGE

4.6.1 OptilDUlD storage conditions

No sapstaln development was observed in billets either with intact bark or

without bark kept under water for a period up to 6 months. Beyond 3 months

algal growth was observed on the samples causing a greenish colour on the

surface of the samples. However, this was found limited only to the surface and

the wood inside was clean as found from sawn samples. More bacterial activity

was noticed after 4 months causing foul smell. This was in spite of the fact that

water was changed frequently (every ten days) to reduce algal and bacterial

growth.
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To avoid extractJves from the bark polluting the water. It Is advisable to store

wood under water In squared billet forrn. This will further help to accommodate

more volume. Sawn sizes can also be stored under water.

4.6.2 Effect of under-water storage on physical and mechanical
properties

Table 35 shows the effect of under-water storage on the physical and mechanical

properties of rubber wood In air-dried conditions (MC 12%), For comparison

purpose. the physical and mechanical properties data of non-ponded, air-dried

rubber wood at 12% MC were extracted from earlier report of Gnanaharan and

Dhamodaran (1993). It can be seen that from an under-water storage period of

3 months onwards up to 6 months. values of physical and mechanical properties

show a decreasing trend (Figure 16). The slightly high value of MOR for wood

stored under water for 3 months may be due to the sampling errors. Except this,

the values of all other mechanical properties of under-water stored wood are

lower than the ncn-ponded. air-dried wood,

Table 35. Effect of under-water storage on the mechanical properties of
robber wood (CV (%) values are given in brackets)

L Under-water storage period (No. of months)
Property, I 0·· 3 ~4 I 5 -I 6

- - - ..- -~

FSLP 60.45 53.47 48.70 45.83 38.49
(N/mm2) (24.4) (19.0) (19.3) (5.6) (24.0)

--
MOR 98.35 107.90 96.83 87.55 70.16
(N/mm2

) (4.2) (13.2) (9.4) (12.4) (22.3)

MOE 15.67 14.77 11.69 9.06 7.23
(kN/mm2) (37.8) (34.9) (22.6) (27.1) (32.4)

------- --~._--_._----. -----

MCS ~52.73 44.01 ! 50.12 45.01 36.75
(N/mm2

) (9.5) (7.1) I (11.8) (14.1) (15.7)
- -----

, - .- - - ---- -_._- t------•, Densitr, 580.0 557.9 551.3 513.9 , 473.3
i (kg/m) ~ (5.5) i (5.9) (3.4) , (6.7) I (8.3)

:.Mean of 12 samples, all other parameters, mean of B samples.
Values of the mechanJca1 properUes of non-ponded air-dried rubber wood at
12% MC. extracted from Gnanaharan and Dhamodaran (1993).
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Fig. 16 Effect of under-water storage period on the physical
and mechanical properties of rubber wood

Ltese (1984). In his review on the wet storage ofwlnd-blown conifers In Germany.

observed a reducUon of up to 10-15% In Impact bending and compression

strength after 3 years of wet sprinkler storage of pine wood. He did not observe

further reducUon after 5 years wet stroage, MOR and MOE after 4 years

sprinkling were sufficiently high to sausfy the standard requirements of marine

(boat) timber for which the level Is higher than the construcUon timber. He found

no slgnflcant strength reduction affecting later uUUzation due to prolonged wet

storage. The findings of this study are contrary to the above findings. may be

due to the difference in nature of the Umber species.

The percentage reduction in properties of wood stored under water for various

duration does not show any uniform trend. The data were subjected to test of
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significance by the ANOVA technique and Table 36 gives the results of the test.

Pair-wise comparison was made between non-ponded, a1r-drted wood and

3, 4 and 5 months ponded wood. It can be seen that the reduction in values of

FSLP, MOR and MOE due to under-water storage is not Significant up to a

storage period of3-4 months. The reduction In wood density is also not signflcant

for 3 months, but significant at 5% level for wood stored for 4 months and hlghly

signficant (I% level) for wood stored for a period of 5 months. Naturally, storage

beyond 5 months will adversely affect all the mechanical properties.

Table 36, Analaysis of variance (ANOVA) of the data on the effect of
under-water storage on mechanical properties of rubber wood 
Test of significance

Between non-ponded Between non-ponded Between non-ponded

Property and 3 months ponded and 4 months ponded and 5 months ponded

D.F M.S F. ratio D.F M.S F. ratio D.F. M.S F. ratio

FSLP 1 146.091 O.91:1 n5 1 320.333 2.5431lS i , 641.526 5.722'

MOR I 245.708 2.318~ 1 6.871 O.137 1lS 1 352.242 7.379·

MOE 1 2.493 0.081 ns 1 46.138 2.2161l8 1 131.209 6.389'

MCS 1 228.202 13.045" I 20.384 0,681 tl8 1 178.641 5.471'

Density 1 3037.500 2.854nlJ 1 5075.042 7.388' 1 26467.042 24.038"

!'is = Not significant
u = Significant at 5% P level

= Significant at 1% P level

In the case of MCS, 3 months under-water stored wood Is slgruflcanlty different

(at I% level) from the non-ponded air- dried material. But for 4 months under

water stored wood It was found non-significant. For 5 months under-water

stored wood, It is again found significant. To clarify the situation. wood stored

under water for a period of I and 2 months were also subjected to compression

parallel to grain test at air-dried condition. The mean values of MCS were 38.39

and 41.66 N/mm2 respectively (mean of 6 samples each). The mean MCS for

non-ponded air-dried rubber wood is 52.73 N/mm2 This clearly shows that the

higher values obtained for the MCS of 4 months under-water stored air-dried
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wood material may be due to sampling problems. The general conclusion drawn

from this data Is that, as far as MCS Is concerned, under-water storage

significantly affects this properly. Hence for end-uses where MCS Is critical, It

Is advisable to avoid under-water storage of rubber wood.

4,6.3 Effect of under-water storage on treatability

The treatability was tested for under water stored wood at air- dried condition

(MC 16%) and at a Wgh moisture content (95%) level.

Table 37 shows the effect of under-water storage on the DSR of atr-drted material

treated with 3% BAE solution, under three different treatment schedules. It can

be seen that for the treatment of air-dried wood, under-water storage for a period

of 1.5 months does not make an appreciable difference in the achievement of

DSR when compared with the non-ponded, air-dried wood (Figure 17). As .,
revealed In earlier studies. here also it has been shown that the application of

the schedule 15'/15'/5'is adequate to achieve the desired DSR.

Table 37, Effect of under-water storage and treatment schedule on the dry
salt retention (DSR) of rubber wood, while boron impregnation
treatment with 3% BAE solution, in alr-dried condition

1.5 months under-water
Non-ponded air-dried wood

stored and air-dried wood
Treatment --
schedule DSR (kg/m3

) DSR (kg/m3
)

CV(%) CV(%)

Mean Range Mean Range

15'/15'/5' 13.5 12.5-14.6 5.7 13.1 11.9-14.4 7.8

15'/30'/5' 14.0 13.3-15.2 5.5 13.9 12.7-15.4 7.3

30'/30'/5' 11.8 9.3-13.8 15.8 10.1 8.9-1Ll 9.4

n=5
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Fig. 17 Effect of treatment schedule on the dry salt
retention (DSR) of under-water stored wood treated
in aIr-dried condition with 3% BAE solution

As immediate Impregnation after conversion can reduce the posslb1l1ty of

biodegradation during the atr-drytng stage, possfbtlrty of treating under-water

stored wood at high moisture content (MC95%) was Investigated. Two, four and

six months under-water stored wood was Impregnated with 3% BAE solution

employing the treatment schedule 15'/15'/5'. Data In Table 38 show that only

low DSR values were achieved (The average DSR In terms of %BAE varies from

0.58 to 1.08). But there Is significant difference In DSR as the under-water

storage period Increased. ThIs clearly Indicates that as the duration of

under-water storage Increases the treatb1l1ty at high moisture level also

Improves. ThIs may be attributed to some bacterial attack as well as due to the

removal of some starch and other water leachable extractrves from wood due to

pondtng thereby improving the permeablhty. The DSR recommendation as per
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the Indian Standard (BIS 1982) was not achieved with the use of3% BAEsolution

under the particular treatment schedule employed for the material at very high

moisture content. However, tf we are aiming for DSR of around 3 kg/m3 (on an

average, 0.48 %BAE retention) (see section 4.2.2 and 4.3.2), the concentration

of the solution used (3% BAE) seems to be sufficient. Otherwise, the concent

ration should be increased accordingly.

Table 38. Effect of duration of under-water storage on DSR, while boron
impregnation treatment with 3% BAE solution at high moisture
content (95% MC), employing the treatment schedule 15'/15'/5'

Under- water DSR (kg/m3
) I Av. Mean

storage period CV (%) I BAE%
Range density

(No. of months) Mean Range
..

I

2 2.8t3.3 I 14.0 +0.58 0.53-0.67 481.9

4
, ~--_.

0.75-1.11 491.14.6 4.0-4.8, 6.9 I 0.95
.. --

6 4.9 4.2-5.9 2.8 i 1.08 0.94-1.27 449.5

n=5

By doubling the concentration of treatment solution from 3%, higher DSR values

were achieved (Table 39) for the ponded material with high moisture content

(Figure 18). With the use of a solution of higher concentration, the improvement

in treatability Is not found significant in the case ofmaterial at very high moisture

content (950/0 MC). The earlier experiments on the treatability of non-ponded

wood at green condition (75% MC) with a 6% BAE solution resulted In very high

loading of chemicals. The lower DSR values achieved in the treatment of

under-water stored wood may be due to much higher moisture content level (an

average moisture content of 95%). However, this study proves conclusively that

for the treatment of under-water stored rubber wood at comparatively higher

moisture levels, the use of 6% BAE solution Is a must to achieve the DSR

requirements.
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Table 39. Effect of doubUng the concentration of treatment solution from
3% BAE on the DSR of 3 and 6 montha under-water stored rubber
wood with high molature content (9S%) level under boron
impregnation treatment by employing the treatment schedule
IS'/IS'/S'

3%BAE 6%BAE
f---

DSR(kg/m1Under-water DSR(kg/m1· • Mean
storage period CV(%) CV(%) densl~
(No. of months) Mean Range Mean Range (kg/m

3 3.0 2.7-3.5 11.0 6.8 6.0-8.5 14.5 447.9

6 4.9 4.2-5.9 12.8 6.9 5.6-8.2 15.0 473.7

n=5

£ill] DSR in 3% BAE 0 DSR in 6% BAE

7

6

5

4

3

2

1

3 months
Storage period

6 months

Fig. 18 Effect of concentration of treatment solution on the
dry salt retention (DSR) of under-water stored wood
treated at high moisture content (MC 9S%) level
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Table 40 shows the effect of dtfferent treatment schedules on the DSR of

6 months under-water stored wood at hJgh moisture content level (MC 95%) with

the use of a 3% BAE solution. As the sizes used for this treatment under vartous

schedules were not uniform, the DSR values were divided by the surface area

of samples in order to see whether the DSR per unit surface area exhibits any

uniform trend. No specific trend in DSR or DSR per urut suface area is noticed

for the vartous treatment schedules attempted. A DSR of above 6.5 kg/ma BAE

was achieved only by the treatment schedule 60'/60'/5'.

Penetration of chemicals in the treated wood was tested In all the cases and

found untform and through and through.

Table 40, Effect of treatment schedule on the dry salt retention (DSR) of
6 months under-water stored rubber at high moisture content,
while boron impregnation treatment with 3% BAE solution

DSR (kg/m3
) I Meal} value

Treatment
CV (%) I of DSR/ Size of

schedule t Surface area samples•
Mean Range

(kg/m3/m2)

0'/15'/5' 3.0 2.5-3.7 16.7 17.8 S2

0'/30'/5' 2.4 1.8-2.8 16.0 I 14.2 S2,

0'/60'/5'
--t-

2.9 2.6-3.4 11.8 ! 14.7 S;J

15'/15'/5' 3.5 2,3-5.7 39.9 20.7 S2
-

, 15'/30'/5' 4.5 3.9-5.9 18.1 26,7 S2
... -.. ~.~ .._--

15'/60'/5' 4.4 I 3.2-5.5 25.3 20.6 S,
- -- ---,~._. - " - --------- --- . -- - --- ..-.

30'/15'/5' 4.1 3.7-4,5 8.2 19,2 S,
--

30'/30'/5' 2,9 2.5-3.3 I 10.4 17.2 S2

30'/60'/5' 5.3 4,6-5.7 13.7 31.4 S2
--'-,'-

45'/15'/5' i 2.2 2.0-2.5 9.8 10.3 S,

60'/15'/5' 5.9 4,5-8.9 33.7 27.7 S\

60'/30'/5' 2.9 2.3-3.5 14.6 13.6 I S\
I

60'/60'/5' 7.4
i

5.6-8.9 16.0 34.7 I S,
.

Size of sample SI = 93.8 x 43.8 x 1050 mill
&2 = 75.0 x 37.5 x 1050 IIlIll

S3 = 81.3 x 81.3 x 1050 mm

n=5
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4.6.4 Summary of the effect of under-water storage

It was found that for long tenn storage of rubber wood, under- water storage

can be employed effectively without any problem of sapstain development. Even

though due to under-water storage all physical and mechanical properties are

found lowered, the reduction in property, except MCS, is not significant for a

storage period of 4 months. The reduction in MCS due to under- water storage

is significant for a storage period of even one month. Hence in end-uses where

MCS is critical. It Is advisable to avoid under-water storage practice. For all other

purposes. an under-water storage of 3-4 months does not adversely affect the

utilization value of the timber.

The under-water stored wood is found treatable In any moisture content level

by employing the economical schedule. Generally, under-water storage Improves

the treatability. Any desired DSR levels can be achieved by using proper'

concentration of treatment solution.

4.7 CHEMICAL MODIFICATION OF RUBBER WOOD BY
ACETYLATION

4.7.1 Effect of treatment conditions on acetyl weight percent gain

Table 41 shows the effect of treatment duration as well as concentration of

reagent on weight percent gain (WPG). A WPG of 14.3 achieved by reacting with

I molar acetic anhydride solution for 3 hours on samples of 20 x 20 x 5 mm

cross-sections improved to 18.8 by vacuum Impregnation with 1.5 molar

solution followed by refluxing for 3 hours. The WPG value is improved to 22.3 by

vacuum impregnation with 3 molar solution followed by reflwdng for 3 hours.

This clearly indicates that the reaction conditions have got a significant influence

on the WPG that can be achieved by acetylation (FIgure 19).
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Table 41. Effect of acetylation conditions on Weight Percent gain (WPG)

-51: -5 I:
~g ~g
=.3 'ell I:.a ~o 5l I: o 5l

Refluxing In 1 molar solution
e1~~ s 1~~

• • § e e ~ § e a e
C) l:l. Lt) "0

<.> ""0 '"
~.§...;~ ~.§(')~

Treatment Duration (hr)

0.5 1.0 1.5 2.0 2.5 3.0 3.0 3.0

MeanWPG 6.8 9.8 10.8 13.0 13.3 14.3 18.8 22.3

CV(%) 6.8 6.9 5.1 3.9 3.7 3.2 2.9 7.0

n 5 5 5 5 5 5 20 10

WPG
25,...----------------.------,

15

ElWPG in condition I 0 WPG in condition 11

ffi)wPG in condition III

0.5 1.0 1.5 2.0 2.5
Treatment duration (hrs)

3.0

Fig. 19 Effect of acetylation conditions on the weight
percent gain (WPG)
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At WPG above 17, acetylated wood has been found by soil block tests to he

resistant to attack by the fungi Coniphora puteana,(Bekere et al, 1978, Goldsteln

et al. 1961, Ozolma and Svalbe 1966. Rugevttsa 1977 and Svalbe et al. 1978),

GloeophyUum trabeum (Goldstein et al. 1961, Koppers' 1961 and Peterson and

Thomas 1978), Lentinus lepideus (Goldsteln et al. 1961). Polyporous oersieo!or

(Corio!us oersieo!or] (Goldsteln et al. 1961, Koppers' 1961 and Tarkov et al.

1950), Poria inerassata (Goldsteln et al. 1961 and Tarkov et al. 1950), Poria

tnicrosporia (Tarkov et al. 1950) and Poria montieo!a (Goldstetn et al. 1961). The

present study on the effect of treatment condition on the chemical modification

shows that adequate levels of acetyl weight percent gains required to achieve

effective biological resistance. as per the above mentioned reports, can be

achieved in the case of rubber wood also.

4.7.2 Dimensional stability of acetylated rubber wood

Rowell (1975) reported good dimensional stability at 15-20 acetyl WPG. Hence,

samples with WPG above 15 were subjected to dimensional stability tests and

the results are summarized In Table 42. Sufficient leaching periods were

provided by keeping the samples submerged In water for 10 days for the first

soaking and 20 days for the second soaking. As such the modified samples were

subjected to prolonged leaching, the anushnnk effeclency (ASE)values wll1really

reflect the extent of dimensional stabllizatlon achieved through the treatment.

Data from Table 42 reveals the fact that fairly good dimensional stability can be

achieved by acetylating rubber wood above 18% weight gain. Rowell and EIlls

(1978) reported that acetylation of southern pine with acetic anhydride gave the

most consistent ASE values after repeated water wetting tests. The values

reported by them vary from 69.6 to 65.4 for ASE] to ASE4 at 21.1 WPG. For

rubber wood. the present study achieved ASE values ranging from 94.0 to 77.6%

forASE] toASE4atI8.8WPG and 96.4 to 81.4% farASE] to ASE4 at 22.3WPG.

This indicates a strong bonding and very llttle loss of chemical during the

leaching cycle. Actually. it was observed that only 5.2% weight loss occurred
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after 1 month soaking of modified wood with 18.8 WPG. Hence. the data on

dimensional stability tests by repeated water leaching on modified rubber wood

indicates the possibility of achieving good dimensional stability by acetylation.

It is found that a pooled mean ASE of 85.5 to 87.8% can be achieved with an

acetyl weight gain of 18.8 to 22.3 percent.

Table 42. Dimensional stablllty of acetylated rubber wood - Effect of
repeated water leaching of modified samples on antlshrlnk
eftlclency (ASE). (CV (%) values are given In brackets)

WPG ASEI% ASE2% ASE3% ASE4%
Pooled
mean

18.8' 94.0 83.5 87.0 77.6 85.5
(2.9) (6.6) (9.7) (11.1) (11.8) (7.9)

22.3•• 96.4 89.0 84.2 81.4 87.8
(7.0) (3.1) (4.0) (2.5) (1.8) (7.5)

n = 20
M n = 10

4.7.3 Effect of acetylation on physical and mechanical properties

The results of the effect of acteylatlon on mechanical properties of rubber wood

are detailed in Tables 43 and 44. There is asllght reduction in modulus of rep tu re

(MOR) as the WPG increases. But the extent of reduction In MOR due to

acetylation is not big enough to affect the utilization value. as seen from the

MOR value of untreated wood (FIgure 20). Oven dried untreated control samples

showed a mean MOR value of 101.7 N/mm2 and maximum cornpressrve stress

(MCS) of 50.9 N/mm2 Gnanaharan and Dhamodaran (1993) reported MOR

value of 98.4 N/mm2 and MCS value of 52.7 N/mm2 at 12% MC. The sllghtly

low MCS value (50.9 N/mm2) obtained for the oven dried control material may

be due to the small sample size. The present study material came from the

bottom portion of one single tree only. For atr-drted wood a modulus of elasticity

(MOE)of 15.7 kN/mm2ls reported in the earlier study. The present study showed

2a MOE of 8.3 kN/mm for oven-dried untreated wood. This lower value may be
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due to the very low moisture content of the present material. The MOE of treated

wood does not differ from that of untreated material to such an extent that the

utilization value is lowered. The MCS Is not found different for treated and

untreated samples.

Table 43. Effect of acetylation on modulus of rupture (MOR) and modulus
of elasticity (MOE) (CV ("Al) values are give!), in brackets)

Mean Mean
Mean

Mean MOE
Details of treatment process

WPG densltr MaR
(kN/mm~

n
(kg/m) (N/mm2

)

12 hr refluxtng In 18.3 605.7 100.4 9.0 15
1 molar solution (7.91 (4.8) (15.6) (10.0)

Vacuum Impregnation with 18.5 602.9 98.4 9.0 15
1.5 molar solution and (6.7) (4.0) (13.7) (16.4)
3 hr refluxing

Vacuum Impregnation with 22.0 588.1 96.4 7.3 5
3.0 molar solution and (5.0) (4.9) (17.7j (7.8)
3 hr refluxmg

Oven-dried untreated 0.0 557.9 101.7 8.3 15
control samples (4.5) (9.8) (11.9)

Table 44. Effect of acetylation on maximum compressive stress (MCS) at
18.5 WPG. (CV ("Al) values are given in brackets)

Modlfled wood Control
(untreated, OD)

Mean MCS(N/mm2
) 50.9 50.9

(9.6) (6.2)

Density 596.7 547.4
(4.3) (5.0)

n = 15
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Fig. 20 Effect of acetylation on the physical and mechanical
properties of rubber wood

Density of oven-dried control samples was found to be 545.8 kg/m3
. Due to

acetylation this tncreased to 603-606 kg/m3 for a WPG range of 18.3 - 18.5. The

lower value obtained for the density of acetylated material at WPG 22.0 may be

due to the limlted number of samples (n=5 only). On an average, density Is found

Improved to the extent of 9 percent.

Acetylated wood remains In a permanent swollen state and there are less fibres

per unit area compared with untreated wood (Agarwal et al. 1985). The less

number of fibres per unit area has a tendency to lower the strength value. This

may be the reason for lower MORvalues for treated wood. even at higher density.

In general. It is found that acteylatton of rubber wood does not affect the bending

and compressrve strength significantly. Narayanamurty and Handa (1953)
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reported a slight decrease in MOE due to acetylation. Here also MOE is found

to be lower at 22 percent weight gain than the untreated material. Koppers'

(1961). and Dreher et al. (1964) reported that acetylation Increased the

compresstve strength. MOR Is increased for softwoods. but decreased for

hardwoods. All these reports indicate the possibility of a species effect also.

Agarwal et al. (1985) reported that the MOR and MCS improved with increase

In chemical add on. They reported that at optimum treatment level, the

mechanical properties are higher than those of untreated control. But the fact

remains that their acetyl WPG were very much lower than in the present study.

For fir, mango and gurjan wood they tested, the WPG range was from 4.1 to

8.6 only. Further, they used thioacetic acid as the reagent.

The general conclusion is that rubber wood could be acetylated effectively with

good weight percent gain needed to prevent blologJcal degradation and to achieve

good dimensional stability. The mechanical properties are also not lowered due·

to the modification reaction to such an extent that the utilization value is

lowered.

Even though chemical modification may not be cost-effective when compared to

the conventional wood preservation methods. due to the increasing environ

mental concerns, in future, it may attract further attention for specified end

uses. The present study clearly indicates the potential of utilizing rubber wood

for such purposes.

4.8. PREPARATION OF MEDIUM DENSITY FIBRE (MDF)
BOARD FROM ACETYLATED RUBBER WOOD FIBRES

4.8.1 Method for acetylating rubber wood fibres and preparing MDF
board

Sawn wood from the basal portion of a rubber tree was utilized for this study.

The wood was chipped, then defibrated and oven- dried. The oven dried, weighed

fibre material was reacted with excess acel1c anhydride without any solvent or
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catalyst for 2 hours at 120°C In a glass reactor. The acetylated fibre was washed

with acetone to remove unreacted or excess reagents and byproducts and filtered

under vacuum. All the materials were again oven-dried. The weight percent gain

(WPG) achieved was found to be 14.0.

MDF boards were made as detalled In section 3.7. Mean density of the wood

material used was 545 kg/m3
. After acetylation. at an acetyl WPG of 14, the

mean density ofMDF boards made with acetylated fibres was around 835 kg/m3
.

The control boards made with non-acetylated fibres showed a density of around

780 kg/m3.

4.8.2 Dimensional stability of acetylated MDF board from rubber
wood

Table 45 shows the results of volumetric and thickness swelling tests on

acetylated boards. At an acetyl WPG of 14. the anUshrink effeclency (ASE) of

boards made with acetylated fibres was 85.5% for volumetric and 94.8% for

thickness swelling. The study made by Tomtrnura et al. (1989 b) reported about

75% decrease In thickness swelling at a WPG of 15.4 for MDF boards made with

acetylated rubber wood. Youngqulst et al. (1986 a) reported that the wet

thickness swell Is about 4.5 limes more for the controls. Rowell et al. (1989)

also reported excellent dimensional stability for acetylated wood, as determined

from llquld water tests.

Table 45. Effect of acetylation on dimensional stability of MDF boards
made with acetylated rubber wood fibres at an acetyl WPGof 14 
AnUshrlnk efficiency (ASE) values (CV (%) values are given in
brackets)

AnUshrink efficiency percentage (ASE%)

Volumetrtc swelling Thickness swelling

85.5 94.8

(17.0) (4.7)

n=5
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4.8.3 Effect of acetylation on the bending strength of MDF board
from rubber wood

Boards made from acetylated fibres showed slight improvement in bending

strength than the control boards (Table 46). This Is contrary to the findings of

Torrurnura et al. (1989 a). where the mechanical properties of acetylated rubber

wood MDF boards were reported to decrease considerably. The present findings

on the improvement In bending strength Is favoured by another report by

Agarwal et al. (1985) on the acetylation of solid wood with thtoacetic acid. They

reported that MOR MCS and toughness improved with increase In chemJcal add

on and at optimum treatment level. properties were higher than that of the

untreated controls. Rowell et al. (1989) reported that MOR and MOE were slightly

reduced for totally acetylated veneer-faced low-density particle boards of 20 mm

thickness made from acetylated seraya (Shoreaspp.) wood and faced with 3 mm

thick veneers from Douglas-flr (Pseudotsuga menziesi!1. Youngqutst et al ..

(1986 b) found that acetylation process adversely affected the strength proper

ties of aspen flake board at an acetyl WPG of 20. All these reports Indicate that

the wood species and board manufacturing conditions affect the mechanical

properties of the modified wood.

Table 46. Effect of acetylation on bending strength of MDF boards made
with acetylated rubberwood fibres at an acetyl WPG of 14 (CV (%)
values are given in brackets)

MDF boards made MDF boards made
Property

from acetylated fibres from control

I (non-treated) fibres

I MOR (N/mm2)
'I

24.60 20.89

! I (30,'i1...-__~I (36.0)
, . --:-+---_. . ---_."-------. ----

MOE (kN/mm2
) 2.09 2.11

i
I

(26.3) I (34.5)
.._..._._.-

Density (kg/m3
)

I
834.7

I
788.7

[13.1) (15.0)

n = 10
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4.8.4 Summary of chemical modification of rubber wood

It Is found that rubber wood could be acetylated effectively achieving good weight

percent gains (WPC) needed for irnparung biological resistance and dimensional

stability. The treatment conditions were found to have Influence on the

achievement of desired WPG levels. Antlshrtnk efficiency (ASE) in the range of

85-88% are achieved with acetyl weight percent gains of 18.8-22.3 percent. The

physical and mechanical properties are found not lowered due to the

modification reactions to such an extent that the utilization value Is lowered.

Also, it was found that MDF board made from acetylated rubber wood possess

superior properties as far as its dimensional stabilizatlon is concerned. At an

acetyl WPG of 14, the ASE ofMDF boards made with acetylated fibres was found

85.4% for volumetric and 94.8% for thickness swelling, indicating the

achievement of excellent dimensional stabtltty, The mechanical property,

bending strength, of the MDF board is also found not adversely affected due to

acetylation,

The higher values of bending strength and dimensional stabtlity show that

chemical modiflcatton through acetylation has great potential to improve the

properties of rubber wood for its applications in re-constituted wood products.

This opens up the posslbtllty of utilizing rubber wood for specialty products

through chemical modification,
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5. CONCLUSIONS

The conclusions drawn from the various experiments conducted during the

study are listed below.

o Rubber wood is easily treatable by diffusion method using boron

preservatives. Desired dry salt retention (DSR) can be achieved

by the use of 10% boric acid equivalent (BAE) solution.

o Up to 50 mm thick sizes of rubber wood can be effectively

diffusion treated with 10% BAE solution. fulfilling the New

Zealand and BWPAspecifications (0.2% BAE retention In the core

and 0.4% net average retention as a whole respectively). Both

75 and 100 mm thick sizes can be diffusion treated with 10%

BAEsolution. but only the NewZealand specification of 0.2% BAE

retention In the core can be achieved. For Imparting effective

protection to thicker sections and In cases where DSR greater

than 3 kg/m3 Is desired. It Is advisable to opt vacuum-pressure

Impregnation treatment.

o The study has optim1zed the diffusion storage period for rubber

wood. A storage period of 2. 3. 9 and 12 weeks Is required for 25.

50. 75 and 100 mm thick material respectively. to attain uniform

distribution of chemicals In the treated wood.

o Rather than the surface area per unit volume of wood. it Is the

thickness of sizes that Is playing a significant role in the

achievement of desired DSR In the boron diffusion treatment.
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o Reducing the duration of dipping time from 40 minutes to

30 minutes for the 25 mm thick material and from 160 minutes

to 80 minutes for the 50 mm thick matenal does not affect the

achievement of desired DSR as recommended by the BWPA

specification while employing the boron diffusion treatment.

o Rubber wood Is easy to treat by the vacuum-pressure

Impregnation method using boron chemicals. The initial vacuum

period was found to be cnucal for rubber wood. A vacuum of

85 kPa for a duration of 15 minutes was found to be optimum.

Increasing the vacuum pertod beyond 15 minutes was found to

reduce the chemical pick-up considerably.

o Although the chemical pick-up Increased with Increase In

pressure treatment time. even a pressure of 1000 kPa for

15 minutes was found to give more than adequate loading of

chemicals In air- drted, partially drted and even In green wood.

o The optimum treatment schedule of 15 minutes Initial vacuum

of 85 kPa followed by 15 minutes pressure of 1000 kPa and a

final vacuum of 85 kPa for 5 minutes (denoted by 15'/15'/5') Is

the most economical treatment schedule. Employing this

schedule, when alr-drted wood was treated with 3% BAE solution

nearly double the level of loading of chemicals recommended by

the Indian Standard was achieved.

o If the concentration of treatment solution Is Increased to 5-6%

BAE, even green rubber wood can be pressure treated to the

required loading of chemicals prescribed In the Indian Standard.

o As rubber wood can be pressure treated even In green condition

using a higher concentration of treatment solution, attack by
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sapstaining fungi before trealment can be avoided. However, as

there are certain fungi which can attack boron-treated wood, a

suitable fungicide should be Incorporated with the boron solution

to take care of the staining problem that might take place after

trealment and before kiln drying.

o It Is estimated from the chemical analysis of boron Impregnated

as well as diffusion treated timber that, a measured DSR of

around 3 kg/m3 equivalent to a calculated retention of 0.5% BAE

will satisfy the New Zealand and BWPAspecifications.

o The economic schedule arrived at Is capable of achieving the IS

prescnpuon of 6.5 kg/m3 DSR (as measured from gross solution

absorption), provided proper level of concentration of treatment

solution Is selected depending upon the moisture content of the

matertal and the thickness of sizes.

o In rubber wood. the penetration of chemicals through lateral

sides of the timber Is equally efficient as with that of longitudinal

side. The thickness and length of wood are the most Influencing

factors than the surface area per unit volume of the material for

the achievement of desired DSR. The penetration of preservatives

through the lateral side of the samples is found very active.

o The vartation In solution pick-up due to change in concentration

of trealment solution Is found to be neglegible in the case of

rubber wood. Hence. the concentration required for achievtng any

desired DSR range can be worked ou t to an acceptable level of

accuracy. Similarly. as the variation in surface tension, viscosity

and pH due to concentration change Is not very large. altering

the strength of boron compounds In the treatment solution will

not In any way adversely affect the solution plck- up.
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o The density of the boron solution Is found linearly related to

concentration. Hence. the variation of concentration of treatment

solution during different batches of treatment can be monitored

by checking the solution density using a hydrometer.

o Full scale testing of the economical schedule arrived at for the

boron impregnation treatment in commercial scale plants

showed that the schedule is capable of achieving the desired DSR

in the case of air-dried, partially dried and green wood.

o Comparison of the economJcal schedule with the schedules

followed In some commercial treatment units showed that the

newly developed economical schedule Is more productive, much

time-and energy-saving.

o As far as the effect of size of wood on DSR Is concerned. It was

found that as the size Increased DSR decreased correspondingly.

As thickness and length of samples play a significant role in

deterrrunrng the extent of solution pick-up. in treatment charges

where materials of different thickness and length are

unavoidable. care must be taken to ensure that the thickest and

longest material achieves the desired DSR. But In general. It was

found that as far as common end-uses are concerned, neither the

variation In thickness nor the length of the material pose

problems for the achievement of the desired DSR due to the active

lateral penetration of preservative, provided treatment solution

of adequate concentration Is used.

o From the results of full scale testing of the economical schedule

using solutions ofvarious concentrations In different commercial

plants. the following points are brought out:
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(a) The use of 3% BAE solution provided more than sufficient

DSR In the case of air-dried wood. and Just adequate DSR

for parUally dried rubber wood.

(b) For the treatment of rubber wood In green condition, use

of 4% BAE solution will achieve the desired DSR

(c) A concentration of 1.6% BAEis sufficient to offer protection

of sizes used In the manufacture of compressed shuttle

blocks (63 x 63 x 450 mm) if treated In parUally dry

condition (MC around 5()%). ThIs will achieve a boron

retention level of around 3.0 kg/m3 BAE.

o Small variations In the extent of vacuum (ranging from 85

115 kPa) and pressure (ranging from 800-1200 kPal do not affect

the achievement of desired DSR. Even the application of 500 kPa

pressure is found sufflclent to give the desired DSR In small

dimension sizes required for the production of compressed

shuttle blocks.

o Rubber wood is easy to treat with CCA also. Pilot plant trials

showed that for sizes of cross-sections varying from 25 x 25 to

100 x 100 mm, In alr-drted and parUally drted conditions,

sufficient DSR as prescI1bed In the Indian Standard for non

ground contact applications can be achieved by USing 2% CCA

solution.

o Full scale testing of the CCA Impregnation of green rubber wood

in commercial scale plants showed that 3-4% CCA solution can

be employed effectively for achrevmg the desired DSR while

employing the economical schedule, 15'/15'/5'. It has also been

shown that except for high thicknesses (I 00 x 100 mm) the use
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of 3% CCA solution is adequate to achieve desired DSR In green

rubber wood with around 65% moisture content. When the

moisture content is higher than this level, at around 75% MC,

and for thicker sizes, it is desirable to go for a CCA solution of

higher concentration, vtz., 4 per cent.

o The penetration of CCA in the treated wood (treated in arr-drted,

partially drted and in green condition) was found to be uniform

and through and through.

o Chemical analysis of CCA impregnated wood showed that the

absorption of the constituents of CCA (copper, chromium and

arsenic) in the treated timber Is in the desired ratio, provided the

treatment conditions are Ideal (l.e., the pH and concentration of

solution are not altered and sludge formation due to successive

treatments is avoided).

o For commercial scale treatment of rubber wood with CCA

solution, as the solution is reported to be extremely sensitive to

pH and hence due to the posstbtltttes of selective precipitation or

sludge formation. the light concentration and pH of solution after

every charge of operation have to be ensured for the proper

absorption of the constituents of CCA (copper. chromium and

arseruc) in the treated timber.

o Rubber wood can be stored under water without any problem of

sapstaln development. To accommodate more volume and to

avoid the problem of polluting water with the extractives from

bark. it is advisable to store wood under water in squared blllet

form. Sawn sizes can also be stored under water. If the storage is

in an artificial pond, the water needs to be changed once in a

week or ten days to avoid foul smell.
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o Under-water storage reduces all the physical and mechanical

properties of wood when compared with non-ponded wood. Up to

three months under water storage does not slgntflcantly affect

the wood density; up to four months the reduction Is slgnlflcant

at 5% level. Whereas fibre stress at limit of proportionality (FSLPl,

modulus of rupture (MOR) and modulus of elasticity (MOEl are

not sigmftcantly affected up to a storage period of four months,

MCS is slgnfficantly lowered due to under-water storage, even for

a period of one month. Hence for all other end-uses except in

cases where MCS is important, a storage period of 3-4 months

does not stgntflcantly affect the u tl1Izatlon value of the timber. For

end-uses where MCS is critical, It is advisable to avoid the use of

under-water stored wood.

o It has been found that the economical schedule Is adequate to

achieve the desired DSR In the case of under-water stored wood

at atr-drled condition and at comparatively high moisture content

level (95% MC). In general, the treatablllty 1mproves as the

under-water storage period tncreases. The use of 3% BAE

solution is sufficient to achieve only the BWPA speclflcatton

requirement ofDSR for under-water stored wood at high moisture

content level (95%). while treating the wood employing the

economical schedule. By increasing the concentration of solution

to 6% BAE. adequate DSR can be achieved for the under-water

stored wood at high moisture content level.

o The effect of dtfferent treatment schedules on the DSR of

6 months under-water stored wood at high moisture content level

(95%) indicates that using 3% BAE solution with the economical

schedule. 15'/15'/5', does not achieve the DSR as desired by the

Indian Standard. In this case the treatment schedule has to be

modified to 60'/60'/5'. The DSR per unit surface area of wood
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does not exhibit any uniform trend. Hence, rather than the

surface area. It may be the thickness ofwood and length that may

be Influenctng significantly the achievement of desired DSR while

treating tn a particular schedule. If the economical schedule has

to be employed, the concentration of treatment solution has to

be tncreased to 6% BAE tn the case of material with very high

moisture content.

o Whenever the under-water stored wood treated at high moisture

content level passes the DSR requtrment, the penetration of

boron in the treated wood is found uniform and through and

through.

o In the chemical modlflcatlon of rubber wood, the reaction

conditions have significant tnfluence In the weight percent gains

(WPG) that can be achieved by acetylation. WPG up to 22.3 was

achieved tn the present study, and WPG above 17 Is reported to

be sufficient to achieve good biological resistance. Hence, rubber

wood could be chemlcaly modified by acetylation so as to achieve

adequate weight percent gains needed for improving Its biological

resistance.

o A pooled mean anttshrtnk efftctency (ASE) of 85.5 to 87.8%

achieved for the acetylated rubber wood with an acetyl WPG of

18.8-22.3 showed the achievement of very good dimensional

stablUty of acetylated rubber wood.

o Density Is found to Increase to an average extent of 9% due to

acetylation.

o The mechanical properties are not lowered due to the

modification reaction to such an extent that the utilization value

124



is lowered. In general. chemical modification of rubber wood by

acetylation technique holds a good potential for the environ

mentally friendly way of non-conventional wood preservation.

o At an average WPG of 14. the mean ASE of medium density fibre

boards (MDF) made from acetyiated rubber wood fibres is found

to be 85.5% for volumetric and 94.8% for thickness swelling.

indicating excellent dimensional stability for the acetylated

boards.

o Boards made from acetylated fibres showed slight improvement

in bending strength. Hence, acetylation of rubber wood is not

adversely affecting the utilization value of the re-constituted

board product made out of It. Hence. acetylation has great

potential to Improve the properties of rubber wood for its

applications in re-constituted board products such as MDF.
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plant investigation of boron treatment of rubber wood:
19 at an economical treatment schedule*

Iran and T. K. Dhamodaran
t Research Institute, Peechi .- 680653, Kerala, India

al treatment schedule (15 minutes initial vacuum of
inutcs pressure of 1000 kPa ; 5 minutes final vacuum
is arrived at for treating air-dried rubber wood in a
linder. Treating with 3%. BAE (boric acid equivalent)
ltcd in a dry salt retention of 13.1 kg/m J , Also, the
t that green rubber wood can be treated to required
ntion level by employing the above treatment schedule
rsing the concentration of the treatment solution to

haftlich vertretbare Borsiiure-Behandlung von
'ilot-MaDstab

rftlich vcrtretbare Borsaure-Behandlung van Hevea
'urde unter folgenden Bedingungen erreicht: 15 min
urn bei 85 kPa, 15 min Druckbehandlung bci
'tin Endvakuum bei 85 kPa. Mit einer Konzentration
saure-Aquivalent Illhrte diese Behandlung bei luft
Holz zu einem Salzeintrag von 13,1 kgjm 3

• Auch in
kann die geforderte Salzmenge eingebracht wcrdcn,

nzentration der Losung auf 6% erhoht wird.

:ion

: among the major rubber (Hevea brasiliensis
Jell. Arg.) growing countries of the world.
e. with an equable climate, accounts for more
of India's rubber plantations. Area under

-eases each year and as of 1986-87, it was
(Anonymous 1988). Now nearly 1.2 million
er wood is available in the market every year.
I estimated that by 2000 AD, about 2.0 million
'er wood per year will become available. As
id is available in plenty at comparatively low
r plantations have become a major source of
,ply in Kerala. Rubber wood, despite the
s highly perishable, accounted for 65% of the
trial wood consumption in Kerala during
due to the acute shortage of industrial timbers
ncreasing price (Krishnankutty 1989). This

entific Paper No. 233. The authors are thankful to
.ukumaran for the technical help and Ms. Sugatha Devi
recessing the manuscript. This paper was presented in
:1 Meeting of the International Research Group on
eservation held at Orlando, Florida, USA during
y 1993

clearly indicates that rubber wood plays a significant role
in the industrial economy of Kerala. Considering the
industrial scope of this wood from a non-conventional
source, the Kerala Foresl Research Institute started
working on the preservative treatment of rubber wood.
Adding value 10 this perishable timber not only improves
the economy of the state but also helps in reducing
pressure on forests for industrial timber.

Gnanaharan (1982) standardised a simple diffusion
treatment with boron chemicals. The treatment was found
to be effective in giving protection to rubber wood against
borers (Gnanaharan et al. 1983), decay fungi (Balasun
daran, Gnanaharan 1990) and termites (Varrna, Gnana
haran 1989). Dhamodaran and Gnanaharan (1984) stu
died the effect of immersion time on the retention of
boron chemicals in rubber wood. It was found that
chemical retention increased with immersion time even
though the rate of increase was low. but with increase in
thickness of wood. prolonged immersion proved to be
detrimental. Further, Gnanaharan and Dhamodaran
(1990) studied methods of storage and the effect of
under-water storage on Ihe treatability of rubber wood.

The above studies showed that rubber wood was easy
to treat and the boron chemicals were able to diffuse
across the whole cross-section even up to 100 mm.
However, during the diffusion storage, Botryodiplodia
theobromae, Fusarium decemellulare, Aspergillus sydowii
and Penicillium citrinum were found to grow and stain
the wood (Balasundaran, Gnanaharan 1990). Gnanaha
ran (1983; 1984; 1986) evaluated different anti-stain
chemicals. Even though a number of chemicals were
found to have potential to replace sodium penta
chlorophenoxide (NaPCP) they were not cost effective.
As NaPCP has been banned in most of the countries, it
has become imperative to find an alternative way to
overcome the problem. As boron chemicals are highly
diffusible, and as they do not get precipitated. treating
green rubber wood by pressure method will be advanta
geous.

Tan et al. (1983) examined the feasibility of treating
green rubber wood by vacuum-pressure impregnation.
They found that reducing the pressure treatment time
from 150 minutes to 75 minutes did not lower the
absorption of chemicals in green wood. However, they
did not examine reducing the pressure treatment time
further. From the experience gained in conducting the
treatability study on rubber wood, we felt that there was
scope for reducing the pressure time considerably. There-



e this study was undertaken to optimise the treatment
edule for treating rubber wood, and also to sec the
.ct ofdifferent moisture levels on the chemical uptake.

((aterials and methods

sh sawn green rubber wood pieces of size
x 63 x 1000 mm were brought to the laboratory
n the sawmill. The test samples, carefully air-dried to
18% moisture content (MC) were used in this study.

"he study was conducted in a pilot-type preservative
tment cylinder (0.3 m diameter and 2.0 m long). The
.irnum obtainable pressure of 1000 kPa and vacuum
:5 kPa were used in the study. Final vacuum was
ntained at 85 kPa for 5 minutes in all the trials. To
'e at the optimum treatment schedule, the effect of
'ing the initial vacuum time and the pressure treat
t time on solution pickup was studied.
'0 study the effect of different moisture levels on the
.ke ofchemical solution, three levels of moisture were
I: green wood (MC ofabout 75°;;,): partially air-dried
, of about 50%) and air-dried (12 18'1'0 MC). The
ensions of the test samples remained the same as
.e.
rials were taken with 3% BAE (boric acid equiva
solution (w/w). The solution uptake (kg/m') of each

le test samples was determined from the weight
rcnce before and after treatment and the volume of
j: the dry salt retention (DSR) was calculated by
iplying the uptake by solution concentration, BAE%
rtion was determined by dividing the DSR (kg/m')
le density of wood (kg/m').

.sults and discussion

Effect of carving the initial vacuum period

e full-cell process, initial vacuum is applied to ensure
the cell lumina become empty and the whole lumen
be filled with the preservative chemical solution.
ever, we could not find any study reported in the
ture on the effect of varying the duration of initial
urn period. While varying the vacuum period from
nutes to 30 minutes at the interval of 15 minutes,
teresting phenomenon was noticed (Table I). The
was maximum when the initial vacuum was retained
5 minutes. One might expect that the chemical
rp to increase with increasing the duration of vacuum

period. However, maintaining the vacuum for 30 minutes
resulted in low DSR. The DSR obtained with 15 minutes
vacuum was more than double the value obtained with
no vacuum (0') or vacuum for 30 minutes. This finding
is difficult to explain.

It was decided to confirm this phenomenon. This time,
trials were taken with initial vacuum period of 10.15 and
20 minutes to see whether there was any inversion effect
on DSR. Here also it was noticed that DSR was
maximum with the vacuum period of 15 minutes. Decrea
sing or increasing the duration of vacuum even by 5
minutes resulted in low DSR. While these trials confirmed
the trend observed in the first set of trials, it failed to
explain the peculiar phenomenon observed. It was deci
ded to verify this while studying the effect of varying the
pressure treatment duration.

3.1 E.I/ec! of carving the pressure treatment period

The following treatment schedules, both to study the
effect of varying pressure treatment period and also to
sec the peculiarity of 15 minutes initial vacuum period,
were tried: initial vacuum for 0 minutes and pressure for
30 minutes (referred as 0'/15'): 10'/30': 15'/30'; 15'/45':
15'/60': 20'/30': 30'/30' and 30'/60'. Results obtained with
these schedules and results obtained in the previous trials
are combined and presented in Table 2 for easy com
parison. It is clear from Table 2 that increasing the
pressure treatment time (for the initial vacuum period
of 0', 10', 20' and 30') resulted in increased DSR, This is
to be normally expected. However, in the case of initial
vacuum period of 15 minutes, as can be seen from the
Table, there was no advantage in increasing the pressure
treatment period. This clearly shows that the optimum
initial vacuum period is 15 minutes. Further studies are
needed to understand why the chemical piekup reaches
maximum with an initial vacuum period of 15 minutes
and then drops.

The Indian Standard Specification (lSI 1982) recom
mends a boric acid retention of 6.5 kg/m' for building
timbers for internal use, Out of the 13 different schedules
tried, 10 schedules met this requirement. Out of these
10 schedules, the most economical schedule is one with
15 minutes initial vacuum, 15 minutes pressure and
5 minutes final vacuum period,

In New Zealand, the requirement of retention for
hardwoods susceptible to Lyctus borers is 0.2% BAE in
the core (McQuire 1962). To ensure the above requirement
in radiata pine, McQuire (1962) found that the overall
DSR should be about 1% BAE. As the average density

I. Effect of varying initial 'vacuum
I on the dry salt retention (DSR) of
cd rubber wood

Treatment
Schedule
vac/pr/vac
(minutes)

DSR (kg/m')

Average Range CV(%,j

BAE%

Average Range

Trial I
0/15/5
15/15/5
30/15/5

Trial 11
IOlt 5/5
t5/15/5
20/15/5

6.3 5.2- 7.1 118 J.t 0.94-1.27
13.1 12.0- t4.3 7.8 2.3 2. t4-2.56
5.8 4.5- 8.2 24.9 1.2 0.88- 178

6.5 4.9 7.1 30.2 t.3 0.90- 188
13.9 93·18.8 24.6 3.2 1.70-4.90
5.4 4.0- 6.3 17.2 I1 0.79-1.26
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:t of varying initial vacuum
Treatment DSR tkg.m '! BAE~'ooeriod on the dry salt retention

.rbbcr wood schedule
vac/pr/vac Average Range CV('%) Average Range
(minutes)

0/15/5'" (d 5.2 7.1 II~ II 0.94 1.27
0/)0/5 K.7 7.1 10.2 ).4 16 1.J) -1.92
10/15/5' 6.5 4.9 7.1 30.2 I.J 0.90 188
10/30/5 7.7 5.9 10.0 19.4 16 119 2.24
15/15/5'" 13.1 12.0 14.3 7.K 2.3 2.14·2.56
15/15/5'" 13.9 9.3 18.K 24.6 3.2 1.70-4.90
15/30/5 13.9 12.6 15.4 7.4 2.5 2.16-2.75
15/45/5 11.2 9.3 157 2.1.0 2.2 187·2.74
15/60/5 13.2 10.9 15.9 16.5 2.K 2.20- 3.60
20/15/5* 5.4 4.0 6.) 17.2 II 0.79-1.26
20/30/5 6.9 6.) 7.5 7.4 1.4 1.19· 1.59
30/15/S''' 5.8 4.5 8.2 24.9 1.2 0.88 1.78
30/30/5 10.1 8.9 I 1.1 9.4 1.8 1.57-2.09
30/60/5 14.K 13.6 16.5 9.) 2.9 2.60-3.29

'" Taken from Table 1

wood is around 600 kg/m', 1% BAE will be
to DSR of 6 kg/m'. This is close to the Indian
Specification recommendation of 6.5 kg/m]
obtained in air-dried rubber wood using the
I schedule arrived in the study is more than
'amount. This clearly shows that rubber wood
ited even at higher moisture levels.

of varying moisture levels

irnical schedule was chosen and 3% BAE
as used for treating partially dried (50% MC)
(75% MC) rubber wood. The results are given
. Whereas partially dried rubber wood barely
;R value recommended in the Indian Standard
on, it was very low (3.8 kg/m') in the case of
ier wood. Tan et al. (1983), using a 3% BAE
ibtained a DSR of 7.5 kg/m' in 57 mm thick
oer wood. However, this was possible with a
'eatment time of 75 minutes at 1050 kPa pres
rron chemicals are diffusible, it was decided to
he concentration of the treatment solution
n increase the pressure treatment time. One
I of green wood was taken with 6% BAE
nd the average DSR obtained was 13.5 kg/m'
This shows that treating green rubber wood

.roblem. By choosing the right concentration
le treatment solution, the required chemical
la lues can be met even when the moisture level

4 Conclusion

The study has confirmed that rubber wood is easy to
treat and the pressure treatment time can be considerably
reduced. The initial vacuum period was found to be
critical for rubber wood and a vacuum of 85 kPa for a
duration of 15 minutes was found to be optimum.
Increasing the initial vacuum period beyond 15 minutes
was found to reduce the chemical pick up considerably.

Although chemical pick up increased with increase in
pressure treatment time. even a pressure of 1000 kPa for
15 minutes was found to give more than adequate loading
of chemicals.

The most economical treatment schedule (15 minutes
initial vacuum of 85 kPa; 15 minutes pressure of
1000 kPa; 5 minutes final vacuum of 85 kPa) gave nearly
double the required loading of chemicals in air-dried
rubber wood, when treated with 3% BAE solution.

If the concentration of the treatment solution is
increased to 6% BAE, even green rubber wood can be
treated to achieve the required loading of chemicals.

As rubber wood can be treated even in green condition
using a higher concentration of treatment solution, attack
by the sapstaining fungi before treatment can be avoided.
However, as there are certain fungi which can attack
boron-treated wood, a suitable fungicide should be
incorporated with the boron solution to take care of the
staining problem that might take place after treatment.

The economical treatment schedule arrived at in this
study is both time and energy saving. Also, the boron

'ect of moisture levels on the dry
n (DSR) of rubber wood Condition

of wood

3% BA E solution
Air-dried"
(12--18% MC)
Partially dried
(50% MC)
Green (75% MC)
6% BAr; solution
Green (75% MC)

DSR (kg/m')
A vcragc Range

131 12.0·143

6.5 5.2 . 7.1

).8 ).). 4.6

13.5 12.3·· 14.5

7.8

t 1.5

12.9

6.7

BAE%
Average Range

2.3 2.14-2.56

1.1 0.86-1.18

0.64 0.5)-0.76

2.59 2.)0-2.87

• Taken from Table 1



ical penetration was found to be across the whole
-section of wood.
le treatment schedule arrived at by using a pilot
treatment cylinder should be verified in a com

ial cylinder. Also, further study should be conducted
rderstand the role of the initial vacuum period on
hemical pickup.

ferences

vmous: Statistics for planning. Department of Economics
d Statistics. Government of Kcrala, Trivandrum 1988
mdaran, M.; Gnanaharan, R.: Laboratory evaluation of
eservative treated rubbcrwood against fungi. Journal of Tropi
I Forest Science 2 (1990) 303-306
rodaran. T. K.; Gnanaharan, R.: Effect of immersion time on
iding and distribution of boric acid in rubber wood by
fusion process. Journal of Indian Academy of Wood Science
(1984) 19- 23

aharan, R.: A simplified boron diffusion treatment for rubber
aod. International Journal of Wood Preservation 2 (19821
9-172
aharan. R.; Preliminary note on the fungal problem l11

bber wood. International Research Group on Wood Prcscrva
m Document No. IRG/WP/3246 1983

Gnanaharan. R.: Evaluation of an alkyl ammonium compound
as a fungicide to control sapstain and mould during diffusion
storage. International Research Group on Wood Preservation
Document No. IRG/WP,i3282 1984

Gnanaharan. R' Anti-sapstam chemicals for diffusion treatment or
rubber wood. International Research Group on Wood Preser
vation Document No. IRG,iWP,,'J367 1986

Gnunuhurun. R.: Dhamodaran. T. K.: Opurnum storage and
treatment conditions for rubber wood. Kcrala Forest Research
Institute, Peechi 1990

Gnanaharan. R.; George Mathew: Dhamodaran, T. K.: Protection
of rubber wood against the insect borer Sinoxvlon anale Lcs.
(Coleoptera: Bostrychidae). Journal of Indian Academy of
Wood Science 14 (1983)9-11

Indian Standards Institu tion (ISI): Code ofpractice forpreservation
of timber. IS (1982)401--1982

Krishnankutty. C. N.: Industrial wood use 111 Kerala. The role of
rubber wood. Paper presented in the First National Seminar on
Rubber Wood. December. 1989. Kottayam, Kerala

McQuire. A. J.: A pilot-plant investigation into the pressure
treatment of green radiata pine with boron. New Zealand Forest
Service. Forest Research Institute. Rotorua. Research Note. 29
1962

Tan. A. G.: Chong. K. F.: Tarn. M. K.· Preservative treatment
of green rubbcrwood ;' Hcvea brasiliensis I by vacuum-pressure
impregnation. Malaystan Forester 46 (1983) 375-386

Varma. RV.; Gnanaharan. R Field evaluation of preservative
treated rubber wood ( Herea brusiltensis. against subterranean
termites Material und Organismen 24(989) 287 ~290



Hclz alsRoh- und Werksloff 52(1994)323-324ClSpringer- Verlag 1994

rercial scale trial ofan economical schedule for boron impregnation
nent ofgreen rubber wood
r.K. Dhamodaran, R. Gnanaharan

unical treatment schedule, developed at the Kerala
-search Institute for boron impregnation of rubber
IS tested in a commercial wood treatment plant. A
lean dry salt retention (DSR) of 12.4 kg/m' was achieved
~r wood in green condition with average moisture con
ound 70%. using a 6% boric acid equivalent solution.
firms the success of the schedule for commercial appli
; the DSRachieved is much higher than the standard
tion of many countries.

elfe Anwendung eines wirtschaftlichen Verfahrens lur
rnierung von Gummibaumholz
it Research Institut in Kerala wurde ein wirtschaftliches
n zur Borimpragnferung entwickelt. Dieses Verfahren
m in einem Gewerbebetrieb an frischem
aumholz mit mittleren Holzfeuchte urn 70% getestet.
Tranklosung, die 6% Bor-saure-Aquivalente enthielt,

le rnittlere Salzretention von 12,4kg/m' erreicht. Dies
eine erfolgreiche Obertragung des Verfahrens fiir
zielle Zwecke; den die Salzretention ist hoher als es die
s vieler Lander erfordern.

tion
ant investigation of an economic schedule (application
.nute initial vacuum of85 kPa followed by a pressure of
for 15 minutes and a final vacuum of85 kPa for 5 min-

; reported earlier (Gnanaharan and Dhamodaran 1993).
green rubber wood (average moisture content of about
ler this schedule with 6% boric acid equivalent (BAE)
resulted in a dry salt retention (DSR) of 13.5 kg/m'. As
~ is more than twice the Indian Standard requirement of
for construction wood (ISI 19B2), this indicated the

this schedule for boron impregnation treatment of
ood even in commercial wood treatment plants.

and methods
hi Wood Treats, Trivandrum, Kerala extended facility
icting the trial in their treatment cylinder of 0.9 m
and 6 m length. The same schedule,ls'l1s'/s', as tried in
plant investigation, was used for the treatment, with the
I that the maximum pressure exercised was only 800
)b BAE solution, as in the earlier study for green wood,

-linderwas loaded with rubber wood oflength 2.25 m
o different cross sections, 75x 75mm and 88 x 88 mm.
ilesin each size were marked and their initial weight

and volume recorded. The full charge was subjected to vacuum
and it took about 15 minutes to reach the maximum achievable
vacuum of 85 kPa and then the vacuum was retained in that con
dition for 15 minutes. After filling the cylinder with the treat
ment solution, pressure was applied and it took 30 minutes to
reach the maximum pressure of 800 kPa and the pressure was
maintained at that condition for IS minutes. After the treatment,
solution was returned to the storage tank and a final vacuum of
85 kPa was applied for just 5 minutes. After the treatment, the
marked samples were weighed again. From the weight differ
ence, volume of wood, concentration of treatment solution and
density of wood, the dry salt retention (DSR) in terms of kg
BAE/m' and %BAE was calculated.

3
Results anddiscussion
The average moisture content of the material was around 70%
and density 550kg/m'.

The results of the trial run are given in Table 1. An average
DSRof 12.9 and Il.B kg BAE/m' (2.36 and 2.14% BAErespectively)
was achieved for samples of cross sections 75 x 75 mm and 88 x
88 mm respectively. As found in earlier studies, it was observed
that as the thickness increased DSR decreased. The pooled mean
DSRwas 12.4kg/m'. The DSRachieved for both sizes is much
higher than the requirement of Indian Standard (ISI 19B2), and
the specifications of New Zealand (see McQuire 1962) and British
Wood Preserving Association (see BeL 1972)for furniture wood.
Hence this study confirms that the recently suggested schedule,
15'115'115', could be adopted for commercial scale boron impreg
nation treatment of rubber wood.

Tan et al. (19B3) treated 57 mm thick green rubber wood with
a 3% BAEsolution by employing an initial vacuum of about 90
kPa for 45 minutes followed by a pressure of 1050 kPa for 75 min
utes and a final vacuum for 15 minutes. They achieved a DSR of
7.5 kg BAE/m'. However, this study, using 6% BAEsolution and
employing Ihe economic schedule of IS'hS'IS', achieved a pooled
mean DSRof 12.4kg/m' in green rubber wood. This trial carried
out in a commercial plant with full load of wood confirms the
validity of the economic schedule developed in a pilot plant. As
the pressure used in this study was only 800 kPa compared to
1000 kPa in the pilot plant study it can be seen that lowering the
pressure slightly did not affect the achievement of the required
DSR. This also suggests that the concentration of the treatment
solution can be reduced according to the DSR requirement.

Table I. Vacuum-pressure impregnation treatment of green rubber wood (MC
70%) with 6% BAEsolution with a treatment schedule of 15'/15'/5' - DSRdata
(n = 10)

313

Sizeof wood DSR (kg/m') CY(%) BAE(%)
(mm x mm x m)

-st Research Institute. Peechi 680 653,India Mean Range Mean Range

---
tific Paper NO.241. Our sincere thanks are due to Mr. Sanjeev I 75 X 75 X 2.25 12.9 9.5-15.9 16.5 2.36 1.73-2.B9
[Executive, Sakthi Wood Treats. Trivandrum, Kerala, for BB X BB X 2.25 I1.B 10.1-13.0 B.O 2.14 1.84-2.37
he facility for this study.



sslon
udy has confirmed that rubber wood in green condition
~ pressure treated with boron compounds employing the
mic schedule developed at the Kerala Forest Research
ite (15 minutes initial vacuum of 85 kPa followed by appli
l of a pressure of 800 to 1000 kPa for 15 minutes and a final
m for 5 minutes) in commercial scale plants also.

5
References
Borax Consolidated Ltd. (BCL):'TIMBOR'-Plant Operator's Manual, BCL,

London, 21 pp. 1972
Gnanaharan, R.;Dhamodaran, T. K.1993: A pilot plant investigation of boron
treatment of rubber wood: Arriving at an economical treatment schedule.
Holz Roh- werkstoff si: 279-289
Indian Standards Institution (151): Code of practice for preservation of timber.
IS:401-1982. 151. New Delhi 1982
McQuire, A.J.1961:A pilot-plant investigation into the pressure treatment of
green radiata pine with boron. New Zealand Forest Service, Forest Research
Institute, Rotorua. Res. Note 29
Tan, A.G.; Chong, K. F.;Tarn, M. K. 1983: Preservative treabment of green rub
ber wood (Hevea brasiliensisiby vacuumrpressure impregnation. Malaysian
Forester 46: 375-386



J. Timb. Oev. Assoc. (India). Vol. XXXIX. No. 2. April 1993

VERIFICATION OF AN ECONOMICAL SCHEDULE FOR BORON IMPREGNATION
TREATMENT OF PARTIALLY DRIED RUBBER WOOD

By

T.K. Ohamodaran and R. Gnanaharan

Kerala Forest Research Institute. Peechi680653. Kereta. India.

Introduction

Gnanaharan and Ohamodaran (1993)
prc .nted an economical schedule for the

boron impregnation treatment of rubber

wood (Hevea brasiliensis). This schedule
consists of an initial vacuum of 560 mm

Hg for 15 minutes followed by a pressure
of 10 kg/cm' for another 15 minutes and
a linal vacuum of 560 mm Hg for 5
minutes. This schedule was arrived at by
treating air-drled rubber wood, and it
was checked with partially dried and
green rubber wood. It was found that,
in the case of partially dried rubber wood,
a dry salt retertion (OSR) of 6.5 kg/m3

could ba achieved in samples of 63 x 63
mm cross-section, which just met the
OSR value recommended in the Indian
stondard for building timbers in internal

a._" (151, 1982).

In connection with a training pro
gramme for popularising the utilization
of treated rubber wood among rural
carpenters, rubber wood of various sizes

were impregnated with 3% BAE
solution. The sizes were treated

by emploving the above mentioned
schedule (15'/15'/15') in a pilot
plant of 300 mm diameter and 2 m long
cylinder. The sizes were paruallv dried
and had an average moisture content of

50<J!oo SIzes of different thicknesses,

varying Irom 25 to 63 mm (sample Size

of 10 to 40 pieces), were rr-ark ed, and

initial weight and d rrnensons were noted.

Also samples were taken 'or test.1n9 '.he
rnoistur e content and cen:-,:lv. rhe OSH.

was calculated from the wf.:ight dif te

rence and the concentr auo-i of tr eatrne nt

solution, and the perc~... ntaqe boric ac.o

equivalent (~/~BAE) retent'(Jr' in ~~e rr eat

ed samples was ca'cu'ated from t~e JSR
and density data.

Results and Discussion

The average moisture content of the

material before treatment was found to

be 50°h.1 and possessed an average den

sity of 556 kg/m'.

Table 1 gives deta.ts on the various

sizes that' were treated the DSR ach:evecl,

the average BAF~/o rtten!:on and number

of samples in each rhickness. The ave

rage DSR for varrous StIeS ranqed f~om

5.1 to 9.7 kg/m". The pooled mean DSR

is 7.3 kg/m:3, which equals to a calcula

ted net average retention of 1.3°/;, BAE
and is more than adequate as per the

prescnpuon of Indtan Standards for

building timbers In mter na! use {151,

, 982). The Bnusn Wocd Preservtnq

Assocranons (BW PA) ~~eC:' ICfJtlOf1 tor

retention of boron IS 04(~(j BAE (Bel,
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Table 1

Vacuum-pressure impregnation treatment 01 partially dried rubber wood (50% MC) 01
assorted sizes with 3% BAE solution employing a treatment schedule 01 15'/15'/15'

Size DSR Range CV% Av. BAE% Range No. 01

(mm x mm X mm) (kg/m') samples
(n)

1050x25 x25 9.7 7.9 -11.4 15.7 1.75 1 42 2.05 40

600x 50 x30 91 7.1-10.9 11.7 1.64 1.28 1.96 20

450x 63 x 38 7.0 66 - 7.8 5.5 1.26 1.19 1.40 10

458x 50 x 50 6.9 5.2- 88 16.9 1.24 0.94 1.58 10

825x 56 x 56 58 5.2- 63 5.7 1.05 0.94 1.13 10

450 x 100x 63 5.1 4.3- 5.5 7.2 0.92 0.77 0.99 10

1972). For rubber w.ood with density 01
500 to 600 kg/m3• DSR will work out
to 2.0 to 2.4 kg/m3 BAE. The values
obtained in this study are very much
higher, and especially lor indoor furni
ture a DSR 01 2.5 kg/m3 BAE will be
sufficient. The penetration 01 chemicals in
the treated wood was tested as per IS:
2753 part I (ISI, 1964) and lound to have
unilorm through and through. distribu
tion.

The DSR decreased with increase in
thickness. This is to be expected as all
the sizes were treated together by the
same schedule. It would be ideal to sort
out sizes by thickness and carry out treat
ment separately to have control on cherni
cal pick up Otherwise. as was observed
hera, lower thickness matertel will tend
to absorb more chemical at the

cost 01 thicker material. This can
be seen in the higher retention of
chemicals (6 5 kg/m3 BAE) when the
samples of 63 x 63 mm crosssection
were treated in the previous trial, compar
ed to only 5.8 kg/m3 BAE obtained even
lor cross-section 01 56 x 56 mm (in this
study), when treated with samples of
other thicknesses. 11 a mixture 01 diffe
rent thickness can not be avoided, it
should be ensured that the thickest
material gets the minimum required DSR.

11 we are aiming lor a OSR 01 2.5
kg/m3 BAE lor rubber wood. this study
indicates that there is scope to reduce
the concentration 01 the chemical sotutfon.
This trial has confirmed the validity of
the treatment schedule for partially dried
rubber wood, even for treating sizes 01
different thicknesses together.
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Summary

An economical schedule developed at the Kerala Forest Research Institute
for boron impregnation treatment of rubber wood was further veritied on patrially

dried samples (about 50% moisture content}, A pooled mean dry salt retention of

73 kg/m3 was achieved by using a 3% boric acid equivalent solution 01 boric acid

and borax. This confirms the utility of the newly developed schedule for the boron

impregnation treatment of partially dried rubber wood.
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MECHANICAL PROPERTIES OF RUBBERWOOD FROM A
35-YEAR-OLD PlANTATION IN CENTRAL KERALA, INDIA*

R. Gnanaharan & T.K. Dharnodaran

\ \ /lod .\1 imcr On 'I Will, Krmla Forest Research l nstitule, Peedu MW 653, Krralu, India

Ut 1/-1l'1 d .\111\ iv»:

GNANAHARAN, R. &: DHAMODARAN,T. K. 1993. Mechanical properties of
rubberwood from a 35-y-old plantation in central Kerala, India. The nu-chunirul
JlI'C,pc.orlic.o:-. nf air-dried rubbe-rwood (1lnwtJ brasiliensist from a 35-y-old plantation ill
1111.' ccntral II'g"iIHl of Kerala weft' determined. I1 was found that tlu- me-chanical
properties n-su-d. n.uuclv. modulus of ruplure (MOR), modulus of elasncitv (MOE)
andmaximum cOInpl't'ssin· stress (!\tCS) were higher for the 3:>-)"old mau-rial rh.ur
ill! lower ,l).W nuur-ri.rl re-ported ill the literature ° These properties wen: rompurahh
\\1111 Ilu}:-.t, Ill' otlu-r convr-ruional timbcrs grown ill Keralu. The studv ..Iltlwt'd that
ruhhc.°"\OlIlIIH}!'l'\(o,\:-,(''\ uu-dium strcllgth properties

....e\ wonI'\: Kuhh('I\HICJ(I· '''lll.'llgth propenic.'!'l

GNA,'1AHARAN, R. &: DHAMODARAN, T. K. 1993. Ciri-eiri mekanikal kayu getah
dari ladang getah berumur 35 tahun di Kerala tengah, India. Ciri-c-iri me-kanikal k.n II

gtOI;th tHrvea IIItllil/t'/Hil) \";lIlgtelah di knll1g udara di laporkan. Kayugt·lah ini bera..,J.1
d.ui bdallg gl'Lah lx-ruruur ~~:) tahun di Kerala tengah, India. Hasil-hasil kajian vang
lalu uu-laporkan. ciri-riri mckanikal scperti modulus kerekahan (MOR), modulus
kekcnvalan (~IOE) d.ui krrcgangan mam patan maximum (MCS) adalah lehih tinggi
hag"i kavu gt'Lah y;tlIg hcra....al dari ladallg gClah bcrumur :\5 tahun be-rbanding dengan
kavu getah dad ladallg gelah yang lebih rnuda. Ciri-eiri ini menempatkan kavu g-elah
,Ltl,tII1 [(OHj ~'ang '\(·t;llldillj.{ dengan kaVII balak yang tumbuh di Kerala. Kajian ini
nu-uuujukkau kavu get;,11 uu-mpunyai kckuatan sede-rbana.

Introduction

Ki-rala Slate accounts for a major share. nearly90%. ofrubber tHeoea brasiliensi ..)
plantations in India. Rubber plantations have become a major source of industrial
umber in Kerala. Knowledge of the physical and mechanical properties of
rubh..rwood is ..""ntial lor its proper utilization. Sanyal and Daugwal (19H:l)
reported tbe results of physical and strength properties of rubberwood from 25
l<J :~O--,,·old trees from Kouavam, Kerala. Shnkla and Mohan Lal (19H5) tested wood
from ~~-y-()Id rrees from Quilon, Kcrala. It ':Vas seen from the above studies that
rubberwood from 25- to :lO-.\"<lld trees had 22% lower MGR values and 26% lower
\!OE values than those of 22-y-old trees (Table 2). Generally, one would expect
rhc- strt'nf(th values to taper oITafter attaining the maximum. 1Iis not dear whether
these lower values were due to locality differences, even though both Kotrayam and
Quilon are in the southern region of Kerala, The low strength values may be clue
l<J alii' one of the following reasons. Either the trees were of lower af(e, around
20)' or less, or they had such fast growth resulting in low strength values. Sanyal

1< I\FJU .')nt'1I11!u Papn So. 23-1
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and [)anh'wal (1(I~t~) u-sud the m.uerial which had been kiln-dried. Ifthe kiln
dl)'ill~ had been carried out properly, I here WOII Id be 1)0 reason for the kiln-clrviIIg

10 have reduced the strength values so drastically. It is probable that Ihe kiln
dl)'ing- was not douc ac(onIill~ 10 the rig-hI schedule. One more possibility is
that the u-su-d material had unsion wood presl'llt ill them. In this uncertainty, it
was decided ID confirm whether strength value-s of ruhbcrwood, alu-r reaching a
maximum around the age of ~() year.,"" declined alu-rwards. Also, in Kc-rala rubber
tree-s an- generally felled at the ag" of 3!'i)' fur replanting. So, this studv was
conducted 10 evaluate the strength properties of wood from 35-y·dd Ire"s from
cenlral Kerala.

Material and methods

As the gelleral practice in Kerala is to f('1I rubber trees at the age of around
~~:»): «H- replanting. the study material was obtained from a ~~f)-y-old planuuion
wh icll was being ck-artelk-d. '1'1 It' plan uuiou was located Ileal' Tric hur in tht- central
region or Kcrala (7ti" 1(;' I': longitnr!t- and 1000:~I'latitude). The plantauon.jn

gClleral, was undulating with gentle slopes and good drainage. Stones and
boulders wer« present ou rh« surface hut sheet rocks Were absent. The soil of the
are .., varied from reddish brown to ycllowish red ill colour, vel)' gravelly loam)
sand to gravelly sandy loam ill texture, granular to massive in structure and with
low organic matter.

Trees selected had girrh varying Irom HO III 100 rm. These trees were raised
from bud material and not seeds. The logs were immediately sawn into Silt'S of
~ X ~ X ~O nil and air-dried. From the air-dried material six clear specime-ns, Dill'

from each tree, we-re selected randomly and IT-sized to 2 X 2 X :lO Oil for slatic
hending lest and ~ X ~ X H till for compn-ssiou test.

St.u«: bending lest and compression parallel to grain test were carried out in a
'Arusler' Universal Testing Machine. Tests were limited to these two as modulus
uf ruplure (MOR), modulus of elasticity (MOl':) and maximum crushing stress
(MCS) will give a fairly good indication of the urilizaticn potential. Density was
determined by the water displarement method and moisture content hy oven
drying. The rests were done a.s per the Indian Standard IS: 1708 (Bureau of Indian
Standards 1986). All the slrength data were corrected to 12% moisture conu-ut for

comparison purposes, using the tormula suggested by Sekhar ancl Rajput ( I~ltjH).

Results and discussion

Table (1) reporrs the mean, range and CV values of fibre stress at Ihe limit of
proportionality (FSLP), MOR, MOE, MCS and densily of the air-dried wood. It
can be seen that rubberwood fn)J11 the :l5-y...old trees grown in the central region
01' Kerala had a mean MOR 01' 9H.·' N I//If(', MOl': of 1:,.7 kN mm', MCS 01' 52.7
.IV mm' and density ol'5HOkl-: m'. 1':""n thollgh wide vuriat ion was uouced in I lu- FSI.P
and MOl': values, this Was not so ill the case of MOR, MCS and dellsity values.
Coefficients of variation of MOR, MCS and dcnsitv were vel)' low compared to



tlu- "tllIes suggested in the literature (LJSFPI. 1974). In the ,ase of MOR, CV was
oul, 4.~(;;. (agaiust suggested value of 16%), MCS, 95% (agaiust IH%) and density,
.~.;)(:; (~tg;liIlSl lOfj~J). Coefficieru of variation of FSLP (~-t.4(}(-) was nlarginally
higher than the sllggested value of 2~%. This clearlv shows that the sample sile
was adequ.iu-.

Table l. Strt"ngth prope-rties ofair...dried (12{/r, r-.ICJ flllJlwn..ood

I'ICII)("'I\ .'Ie.lll '" I{;lJlg(" rv I(~.j

J-.~I.P, .vmrn tiO,4:1 --11.70 KO.ld ~·1,4

.\H>I( .\ '" 9l"\_:t~ ~ll. :!:! . ]U:!.:20 I.:!
\IOE. kS III I :·J.ti7 ~Uti :.!S.II :~7.l'!

.\U:S,.\' mm S~.73 4:t:!3 .'"1:).95 '~.:)

Ikll"ity. hK IIi :IHO.(J ~):~lj 1):!..J -I,:')

Tabl« (~) shows that the values of the mechanical properties obtained in the
present stlldy are higher than those of other studies reported from India and
~labvsia (Sanval & Dangwal 198/, MTIB 19H~, Shukla &- Mohan Lal 19H:».
Comparing the presem study either with that ofSanyal and Dangwal (19H:~), or
that of Shukla and Mohan La! (1985), it is seen that strength values increase
with age. In rapid-grown Fum/yplus, Jain (1969) found that there was no such
differe-nce ill strength values between wood of 13- to 14-y-old trees and that of
~O-l() ~! -j-olrl rrees, which means that fast gTo\ving trees auain maximum strength
mur h earl icr than trees growing in natural forests, Rubber I fees (} lrura brasilirnsi \)
also hav« fairly fast grovvth. However, in Heuea, strength values continue to in
cn·ast' cvrn lip to :~5 years. This has tu be continued by tesling wood front different
age tfees growing' in the same locality.

Table 2. Phv..ical and ruechancial properties of dried rubberwood It Olll different plau'"

1,11(;1l1l1ll Moi..nuc Dt'mil)' ~IOR "l( )1': ~H :~ Kc'lt'lt'lltC'

routeru. I~, kg III
,

,"mm
, k.\'mm ,

.\'1/111/

.\1<11.,\ '1.1 17.~ 550 6t.i.M ~IA:! ~:.! '~ j MTlH (l!lI"it>
I\.IJlla\.1II1 11.i 562 :'JK.7 h 07 tl.1 Sally"l & Dan...... al

(tYK:I)

(.lUdOll IV) ~67 7S.h /'i.to ~7.~ Shukla & Mchan LOll

O~I}6l

Ilidllll 12,0 5KO lJHA l~ui7 :·1:.!.7 Present slllfh

The present study did not give any indication of possible influence of site
{actors. Whether locality plays a major role in variation in strength values or
not can he ascertained only when trees of the usual felling age, that is 35 years,
from differcut Iocalities in Kerala are tested.

There is no strong correlation between density and MOR, and density and
MOE. But the correlation coefficient between density and MC..s is signi!;can!
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(Table :» and nearly 74% variation in MCS can be explained by density alone.

Table 3. Con-elation cocfficicut for the relationship between densit}
and III her mechanical propenie.'t of air-dried rubber......-ood

X V K'

lkllSil\ r-.to l{ O.()li~

Ikmil\ .... fOE 1l.:dH

IkllSil\ M(:S O.71ti

Table (4) compares the physical and mechanical properties of some couunou
timbers of Keralu which <lrt' widely utilised for various end-uses. It can be Sc..TIl

that mechanical properties of" rubberwood are in (he comparable range of most
of the conventional timbers.

Table 4. Physical and mechanical properties 01 some common timber sprnt."s
growing in Kcrala (Nazma 1'( al. Iy~ I) ill comparison will. rubberwood

Spnies IIt'lhm MOR \1<» ,\IL""
It}!, III ll/ mm k.\' mm .vmm

(PI/1J/1Il J,1'Jtll/di) (ll·.l~) ti:,t, ~:-'.9 I:!.o 5:i.:!
Albhia It-bbnH (~o~koj (i·1Il Hx7 I :!.:~ :d.4
.'\!/Ji:'/IIIKllJlllli.lljI!l/' (~,d,l ..in ..) ;-)~F,-IUtO 14:~.H H.:} 71'1.7
..\r/fJIw11lt,\ 11"1"11I/1/'.1'11111 (jar ~ I ;J~FI HO.i) 10.1 4~l.li

'\r/llfwtnH 1I;IIUI'H \ailli) :-I~FI %.~I l~.~ lil.h
t.'lJfII,\ lIuulntl (ItJ{"11l1l1 pdllll) 7iil 9:!.7 1;}.9 .~7.'.!.

t arviilra wlm\/f1 (..ilvcr O<l\..1 ,i-HI ti:t:~ x.3 :~X.~I

( ;1'/111;1/ li/lijoiilj (dhalll.1l1) 7H:} 1:~O.:! l,jA 70.\
Altllll,l1jl'fll indica (lll;1I1KII) wu ~ I(J.-, It,:! "'1.."1
l/-ml/lIltlifl/JIllUm/ll/l! (kind;ll) 7W) 111.x 14.:\ Id,~1

XIiill rylollllt/fl (i I u I) w,o I09.X 1-I.H i \'·1

/Ii'1'1'f1 Imtlliif'llli\ (rubhl'rw'Judj * ~l'iO 41'1.4 1.~7 ~}'.!.. 7

*-Dala fnuu pll· ...e-ru ~llld)

It is ~cnerally thought that rubherwood is weak. However. this study has
shown that rubberwood from :\5-)"Old trees of the central region of Kerala has
strength values comparable with those of many structural timbers. This study ha.
indicated that strength values increase with agc. and from the utilisation point of
view. it is advisable to fell the trees around :\5)' for replanting.
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