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1. WRY AID HOW WOOD DRIES 

Solle problems involved in the operation of driers and drying 

processes. 

'l'be 11ain thrust behind the de'Yelopment or modern vood-drying 

techniques has been derived troll new contributions to our knowledge 

or the physical nature or vood and or its d.ryin~ processes. 

~nerally, softwood has a relathely dry duramen (water content 

100 Kg/m3 , moisture 31-35%), vhile its sapwood has a high moisture 

content (570 Kg/m.3 , 120-16o%). Exceptions: Veymouth pine vi th 

heartwood moisture averaging 80%, and the "vet heartwood" or the 

Silver Fir reaching up to 220% (Boo Jtg/a3 ) where present. Hardwood 

is moister and the differences between the moisture content or the 

sapwood and or the duramen are less •rked!f. r.enerally, the vood 

~ts moister as one moves toward the top, because the sapwood prevails 

in this area. Moisture diminishes vith age, hence the wood supplied 

by young forests is damper than the one obtained from mature ones; 

similarly, vood coming from trees of different ages are usually 

moister than vood coming rrom forests in which trees are all or 

the same age. 

Part of the water contained in the vood runs freely in the 

cellular an'1 intercellular cavities (free water), the rest, however, 

:s enclosed by the cell valls (hygroscopic humidity). Hygroscopic 

h'Ullidity accounts for 30 to 38% or the weight or the dry lil'Oeous 

substance (saturation polnt or the cell valls) • 

-~·, 

!!The hmd.dity or fr1,ab voocl, e. ~·, beechvoo.J is include~ between 
80 and ~. vhicb •an• a water content or if50-500 Kgs for each 
cubfo 11. or wood, vhile the degree of' humidity or poplar-wood 
may exceed even 2~ ( i. e. , more than 6oo Jtgs of water in each 
cubic •· or vood. 

.. 
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In an unsaturated enrlronaent (unsaturat~ air), free humidity 

(i. e.~ the one which exceeds the saturation point or the walls) is 

subject to eT&poration. 

As to the water present in the cell walls, the vood 1l&Y' be considered 

a hygroscopic material, which means that it is subject to change!S in 

humidity, vith the enrlronmental air. On a humidity scale ranging 

fro• O to the vall saturation point, the 1IOOd acquires a degree or 

110isture vbich is in equilibriua with a relathe hmidity and the 

temperature or the surrounding air (Table 1); it it is moister than 

the point of equilibrim it dries, it it is drier tbAn the point or 

equilibriua it grove moist. 

lfoiat.ure at vb.icb wood •tabilh.es (moisture content equilibri-) u 
a function ot the temperature and buli4itr ot t~ surrounding air. 

Relathe -· ~ture ot Air 0 c 
Bmidity 

0- 5 5-10 10-15 15-20 2:>-25 25-30 30-35 or air u a 
S of ••tu-

ration Voo4 Moist.are (Per Cnt.) 

holl ' 0 

20 25 5 5 5 5 5 5 5 
25 30 6 6 6 6 6 6 5 
30 35 1 1 1 1 1 6 6 
;,5 lio 8 1 1 1 1 1 1 
lio li5 8 8 8 8 8 8 8 
la5 50 9 9 9 9 9 9 8 
50 55 10 10 10 10 10 9 9 

55 6o 11 11 11 10 10 10 10 
6o 65 12 12 12 11 11 11 11 

c>5 TO 13 13 13 12 12 12 12 
'70 75 lli lli ·11i lli 13 13 13 

75 80 16 16 15 15 15 15 lli 
8o 85 18 18 lT 17 17 lT 16 
85 90 20 20 20 19 19 19 lC 

90 95 23 ;a 22 ~ 22 n 21 

9' 100 2T 26 26 26 26 26 ~ 

~ 
35..Jio 

. 

5 

5 
-6 

'I 

1 

8 

9 

10 

11 
!.2 

13 
lli 
16 
18 
21, 
~5 

l 
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The tvo processes are not wholly renraible and it has been 

established that, the difference in preBBure being equal, the 

degree ot moisture ot the vood obtained through absorption is 

leBBer than the one obtained throURh drying. 'l'bis pbenoaenon, 

which is known as bfateresis, entails a 2-11% difference in vood 

JBDisture between the tvo res~i-.e processes and is explained 

"through the tht!Ory according to which a part of the OB raai.n 

linked to vne another" and "through the reduction in vettability 

of the dry surfaces". 

'l'bis phenomenon is associated vith the tact that the drying 

speed is far greater than the vater absorption speed. '!'he vood, 

thus, presents a certain degree of b{groscopic inertia vhich is 

stronger for the rises than for the redu=:tions in hUlliclity. 

When the hygroscopic humidity diminishes, the vood shrinks 

(i. e., it diainishes in siz.e), when the to!'ller rise111, the vood 

swells up again. 

The anisotrow of the shrinkages, namely, the ratio among the 

three linear shrinkages, tor the most types of wood is approximately: 

~1 : ~r : ~t • 1 10 20 

Shrinkages , too, are a speci fie feature of the wood species , 

though they extend oTer a rather vi de range, nen tor samples or 

wood belonging to the saae species. 

Table 2 shov8 also the ratio between taqential shrinkage and 

radial ebrinkage, which may be used as an index of vood detormabili ty. 

The latter, in tact, increases Yith 8ll)' increase in the ~t ti _ ra o. 

Pr 
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Table 2 

Wood-air moisture content equilibrima and shrinkage-swelling in the 60% 
and 90% relative air moisture (R.H.) range with air temperature around 
200C (F. P .R.L. Princes Risborough), "Dimensional Instability" and 
"Deform~bility". 

llkpuS.IL 
~-SftlUq ia 

&IS .... 90J ..... l'&llg& 

~-i•l rd.al 
u_..s,erin ~ - ~&ll .. , + '.Gpr t • r 

Obecte Cira-. 
S....J 19 12 1.2S 0.18 o.a 0.12 

.lbwmsi• 15 11 1.3 0.32 0.1 0.11 
lfapl• 2] lJ.S 2.8 0.29 1 ... 0.15 

llircll 21.s 12 2.5 0.2' 2.2 0.23 

lleecll 20 12 3.2 O.'°O l.l 0.21 
OU (Ellnlpe J 20 12 2.5 o.n 1.5 0.19 

.&all 20 12.5 1.1 0.2• 1.3 O.lT 
lroco 15 11 :L.O 0.25 o.s 0.12 

CIMn7 19 12.S 2.0 o.n 1.2 0.18 
i.nll (tvop) 19 11 1.1 o.28 o.a 0.11 
Lhlla (Frati J 11 12 l.l 0.22 1.0 0.11 

llla,Ja snad• f'olia 2) 1• 1.9 0.21 l.s 0.11 
....,,. i-.sis 20 n.s 1-5 0.23 0.9 0.1• 

~ 
(SrietlDla) 19 12.S 1.J 0.20 l.O 0.15 

lllbri 19 13 1.1 0.)0 1.1 0.11 

lftl 20 12 2.) 0.29 1.3 0.16 

Atl'icaa wlaut 11 13 1.) o.26 0.9 c.1a 

llllrope.11 wls1lt 111.5 11.s 2.0 0.29 ;..6 0.2) 

ltd oat 11.5 u.5 2.• o.~ 1.) 0.19 

&la 22 11 2.• o.zr 1.5 0.11 

Sapeli 20.s 13.5 1.8 o.26 1.1 0.19 

TKt-' hdo-...11 15 10 1.) o.26 o.8 0.16 ..... 15 n.5 0.9 o.26 o.6J 0.19 

Abura - u.5 - 0.20 - o.oa 

Sip) 20 1• - 0.20 - 0.15 

-n .. l 0.14 o.n luipo 15 - -

+ Sllrln~ll#.'t coeftidnt• ,.,,. a 11 loH or .,htvre or tM -" 
Mt.,.,. tlle •'""" cu~nt .,.uUillri,. ~-· •- la,.,. 
table. 

ti-. 
def' on. iuta-

&bi-11ilit,. 
litJ' 

.. t i';j t 

-.. - ~.o· r 

O.]O l.S 

o.•9 1.9 

o.•• 1.9 

o.•9 1.1 

o.6J. 1.9 

0.50 1.6 

o.•1 1 •• 

O.JT 2.0 

0.19 1.1 

o.•1 2.1 

0.39 l.J 

o.311 1.2 

O.JT 1.6 

0.35 1.J 

o.lo8 1.1 

o.•s 1.a 

o ... 1.• 
0.52 1.1 

o.Sl 1.8 

o.•• 1.6 

o.•s l.• 
o.•2 l.b 
o.i.s 1 ... 

o.2a 2.s 

o.1s l.l 

0.)1 l.• 
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Practically, shrinkage begins vben the a~e~~ moisture content 

of the wood is considerably higher than J{)j, because the outer layers 

start to yield their saturation moisture vbile t.he inner layers are 

still very daap. 

The average degret:: or hmclity lllll'king the beginning or the 

shrinkage process depends, basically, on permeability, thickness, 

initial moisture content, intensity or drying, and mechanical resistance 

(plasticity Yben subjected to t@Dsion and to COllJ>ression). 

Finished wood products tend to adjust to the environment in which 

th~ are placed; their moisture content equilibri• should therefore be 

baaed on local climatic conditions so as to stacilize them in both their 

dimensions and their shape. This leads us to consider the relevant vood 

moisture regulations concerning products .anu1'actured t""or different en­

rironaents, exposures and aicrocli-tes (Table 3). 

Rec~ded Final Wood Moisture for Some Products 
J 

ec-rcial lmber 

Building timber • • 

JluTact tiaber 

Puela (plJ'IOOC1 0 built-up Uoartls 0 particle 
boards• etc.). YenHring ~ 

ec-rcial •eneeringS • • • 

Cores for 'built-up ..,_rd.a 
Outaide t'l'lllle• • • • • • • 

Inaide trues • . • • • • • 

Parquetry noora and interior ..tcbbc.ardiag 

J"tandture tor interiors ancl •lmllrJ' fittings 

PUniture and tools to be ued oatdoors 
(tor gardening, etc.) 

Apicult'.inl uchinH and ca.c'-rt 

Motor-car coachvort • • • • • • • • 

llailvaJ' carriage• (internal puts) 

Aircrat't constructions 

Vatercratt• • • • • • • 

S}lortbg equipment 

fo7a to lie used iadoors 

To,. to be uaed outJoon 

Vooclen lu ts 

Rine butts 

llectric&l ot11ui~r.nt. 

9'asical i:iatr""'"''t'' 

Dies 

Prme• 

.· . 
.. 

16 - 20 

12 - lb 

12 - 15 

6 - 8 

12 - Hi 

6 - 1 

12 - 15 

8 - 10 

6 - 8 

6 - 10 

12 - 16 

12 - JS 

1 - 10 

6 - 8 

6 - 10 

12 - 16 

a - 12 

6 - 10 

10 - 15 

6 - 9 

1 - 12 

'5 - 8 
•; 8 
(, 8 

6 10 

l? - 16 

1 



En'riromtental conditions normal~ 'ftJ'7 throughout the year in 

~ccordance vith the different seasons and l'OQll conditioning equi:pment. 

Ir the variations do not exceed the hysteresis limits, vood misture 

does not 'Y&!'1', as long as it has preriousl.y been treated in st~h a ~ 
that re:~tlbes the lover lillit. Due to hygroscopic inertia, vood 

moisture does not Yary eTeD vben subjected to occasional changes 

exceeding the aboYe..-entioned liaits. lf7groscopic inertia incniases 

vith the volumetric weight and thickness of the vood as veil as vith 

the degree of thoroughness vith vhich the vood has been T&r.1ished llDcl 

the water-repellent characteristics of the products used for treating 

the vood. 

Any variation in the saturation misture content ?"esults in 

dimensional changes and deformation of the vood (see Table 2 abaft). 

Through drying, therefore, relathe stabilization is Clbtainecl. 

Wood penaeability is the single ft>St illportant factor in the 

cn7ing process. Radial pe?'lle&bilit7 is considerably greater than 

tangential permeability; thus, lateral boards dry in considerably 

less time than central ones. Radial pel'lleability increases .iith 

the size of the rays. Unfortunately, as the size and f'requency of 

the rays increases, the resistance of the wood to tranaTeraal tensile 

stress di:ainishes and this, eYentually, leads to clefts in the ¥00Cl. 

Unless the vood is IJC>aked in vater iimediately, the drying 

process begins as soon as the tree is cut dovn, because the free 

vater tends to eY&porate t'roa the surff\Ce of the vood (Phase I). 

As this proceH extends to eTer-deeper lnels - through the diftuioa 

of the vapour which dnelops in depth as a result of vood porosity 

and, partly, of capillary mowment in permeable voocl - a fairlJ' 

regular parabolic gradient for tbickneH moisture is obtained nm 

before reaching the first critical. point. In wood characterized bJ' 

medium per11eability, ft.pour clift'Wtion and capillary mYmenta are 

more lillited, ancl the water tencla to be cliftusecl -.inly through tbe 

cell val.la; hence, the moisture gradient in the thickneH ia sharper 

and the parabolic shape is reacbecl as soon u the out.er lqer• er~liab 

a condition of equilibrila with the enTirowat.J. air. h to imper­

meable vood, its 11urtace mist~ reacbe• a condition of equilibrim 

vith the air ftrJ shortly after the beginnbg ot the clrying pJ"OCt!88 9 

l 
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wllll!reu the greater part of the inner lqera preser#e the-ir initial 

.,inure content. In this phase, aecbanical. resistance is at a 

wini-, and high temperatures are dangerous. 

Shrinkage starts vhen the cell walls or the peripheral layers 

re8Ch the saturation moisture content; as this uroceH be~ns, the 

hl;Jers are subjected to tensile stress; the latter is more readily 

obRnable in aedita-permeabilit7 wood (lat critical. point). At the 

.- time, the speed of clr,Jing begins to slov down (II phase). The 

aerage moisture content of the wood at the ti.rat critical point is 

approzillatel7 2/3 of the initial moisture content + l()j for penaeable 

111DOC1, and about 2/3-3/4 'Jf the initinl moisture content for wood vitb 

lll!di~ per11e&bilit7. 

'ftds is thP phase in vhich the checks appear; they extend rro. 
the nrface of the YOOd toward the centre (mostly along the rays) 

..a, if rieved set"t.fonally, the)' appear to be vedge-sbaped. 

As a 21-21'% anrage moisture content is reached, the dr,Jing 

pi\iCeBB enters into its III phase, vh~re: 

(a) the tensile stress is inverted (stress applied 

at the centre) ; and 

(bl the outer layers ue, in all cases, in equili­

brita with the final climate which, is normal.17 very 

dry (2-5%). 

'!be 1111Cbanical resistance of the wood increases during this pli&se. 

"- 4rying proceBB •lows down because the diffusion of water ciccurs 

.. fnJ7 through the cell 'V&lls. 

Daring this phase, the surface checks close, and the wooden 

piecea stretch and grov wider at the centre. 

Drying speed is directl7 proportioftal to peneabilit7, tempera­

~ 91!4 a1.r circulation speed (air lDsillf', its effectiYeDeSB in the 
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III phase), and iuversel.y proportional to density, to the size of 

the pieces and to the relative huaidity of the air. 

The drying stage in which the moisture content drops troll 45 to 

25% is the one where wood is aost vu1nerable to the action of blueing 

fungi and of other vood-daae.gin~ or~isms. The longer the vood 

moisture remains within this stage, the greater the danger. 

In this connection, particular attention should be paid to the 

dryillft of biodegradable fresh vood vhich tends to be subject to fungal 

attack. This cateROry includes the sapwood of all wood species and 

wood species characterized by an Wldifferentiated heartwood (such as 

beech), particularly the tropical kinds of "whitevood" (Ramin, Iloaba, 

Koto, Obeche, Aniegre, etc • ) • Tel this one must add the problem posed 

by internal blackening. 

Due tc the catalyzing action of temperature when water or 

vapour are present, the ligneous species containing glucosidea, 

polphenols and acids are subject to chemical reactions vhicb can 

blacken the inside of the savn logs. Temperatures approximating 

35°c provide optimal conditions for the xylophagous organiDIS, vhile 

any rise in temperature above this value enlu.i.nces the danger of in­

ternal blackening. The only safe method against fungal attack and 

biodegradation is (bnides complete saturation> a chemical inhibiting 

treatment. This kind of mould should be dried by treating it at 10.1 

temperatures and at low relative air humidity levels. 

Here, too, each case should be considered separately, taking 

into account the savin~ afforded by kiln-drying, on the one hand, 

and the fact that, even vhen the seasoning process is not induced 

artificially, fungal attack uy occur and temperatures leading to 

internal blackening may be reached on the other. 

The tropical woods display sClllle peculiar features and detects 

which extend the ran~e or the problems connected vith drying. In 
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particular, this is true 1·or the species of south-east Asia vhich are 

firstly less known and l\l'e secondly characterized by less foreseeable 

Md mre -nriable reactions. Tropical vood is represented, almost 

exclusiYel.y, by diff'use-porous hardwood; many of these species, however, 

contain ·resin and oleiferous canals, both in the vood and in the pa­

rencbJmatic rays. The accuslllation and hardening of these substances 

in the outer layers during drying fora an excepdonal. barrier for the 

vat er vhich cannot fiov freely to the surface. This phenoaenon often 

results in collapse and. in the formation of vate1· pockets inside the 

vood. Generally, the differences in permeability are sharper, even 

within the saae species, and so are the differences between the sapwood 

and the heartwood and, therefore, between different boards drawn from 

the Salle log. 

Scme vood species contain substances vl:ose vapours emit a bad 

odour (Raain and others) consequently air emitted from the drier 

during the drying process pollutes the environment. Same factories 

located in the proxillity of buil1;-up areas have had to install special 

plants ror filtering the .Ur emi~ted by the driers. 

Many kinds or v~d contain salts in varying quantities: the 

latter interfere vitb the electric measureaent of the vood moisture 

coutent and often lead to variations from standard values, preventing 

the automatic devices from operating no1"11&l.ly. 

Woods characterized by interlocked grain, softness or its 

heartwood and by growth stressea pose particular problems. 

As far as permeability is concerned, the follovinp; rou,:h 

classification can be taken as a guideline: 

permeable wood: all types of hardwood endowed 

with tracheids, generally speaking, thC1se kinds 

01' wood whose duruaen (or heartwood) is undiffer­

entiated, are 111:st cOlllDOllly clas&ified among the 

diffule-porous types of voocl, e. g.,: beechwood, 
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limevood, poplar-wood and the so-cal1ed tropical 

kinds of vhite vood, such 1rs: Obeche, Abura, 

Jelutong, etc.; the sapvnod o'f all gilds ot ~d; 

aedilm-peraeable vood: lDldifferenti .. ted sap-vood 

and heartvood of c~nifers, due to the areolated pits; 

im:pe!'lle&b1e vood: hardvood dunaen vi th c1osed 

vessels due to t7lo1:1es, such as: oak, chestnut, 

many tropical and southern kinda of vood aa vell 

as the false heartwood of unditterentiated-duruaen 

hardwood. 

It tol1ovs that an7 voocl-drying operation requires specific 

techniques or should, at least, be controlled in such a ~ as to: 

increase the speed of the drJ'ing process; 

avoic.l d..-ge, such as: bioregreasion, splitting 

and checking ot the vood, distortion, streBBes, etc.; 

obtain the desired tinal J10isture content, i. e. , the 

stabilization ot shape and dillensions. 

2. DRYIIG MEAIS 

2.1 Air and Coabustibl'! Gas 

The main characteristics of air are; temperature, p:reBSure, 

specific volume, voluaetric weight, buaidity and beat content 

(enth&!py), vbich are interdependent in accordance vitb vell-kDovn 

basic lava, from vbich it tollovs that: 

the weight of air is proportional to its prHsure; 

ate• tends to spread to vhere the pre11Sure is lowest; 

it the at.,spheric pressure of the air-st ... mixture 

is kept constant, a rise in te11P9rature causes the 

clry air to expancl and its preHure to drop, hence 

a rise in the pressure of the st .. : one .-, 

l 
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conclude that a rise in temperature enables the 

air to include largt!r quantities or steam. 

The maximum pressure that steaa can reach in the V£t air is called 

"saturation pressure". 

It the actual pressure ot steaa (P ) tor a ghen temperature is 
T 

less than the saturation pressure (P ) , the air is not saturated. 
v:. 

'l'be ratio between the above tvo quantities is called "relative moisture 

ot air". It is usually expressed as a percentage, naaely aultipl.ying 

the ratio by 100. The moisture ot air cau be e>.presaed vith the ratio 

between the ¥eight of the steam contained in the air and the weight or 

the steam in its saturation condition. It the relative air/moisture 

is leas than 100%, it tollovs that the pressure of the steam contained 

in the air is less than the saturation pressure and, therefore, the 

air can absorb the steam from those areas where the pressure ot the 

latter is highest. This process is known as "evaporation". 

Exactly how much steam the air can contain depends on the 

temperature. The maximum steam content (saturation 110isture) tor 

some temperatures is show in Table 4, which applies to a pressurized 

76om •reury column (1 atm • 1.033 Kg/m2). 

Air Saturation PreHure an4 Moisture at Different Teaperatures 

Taper3ture Saturation Saturation A'baolute SatUI'ation 
iD c PreH in Water iD Humi4it1 in g Per 

•of Hg g/cu • kg of Dry Air 

10 9.2 '·" 7.6 

20 17.5 17.3 lli.T 

30 31.8 30.lt 21.2 

"° 55.3 51.1 li8.8 

50 92.5 82.1 86.2 

6o lli?.lt 130.1 152 

TO 233.T 198 276 

8o 355.1 293.9 5115 

90 505.8 li23.1 lliCO 

100 76o 6oo drJ air is absent 
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'l'be heat of vet air ill equal to the sua of the heat; cc:m.tents 

ot dry air and of the ateea contained in it; thus, the heat content 

ot air nt a giTeD temperature increases vhen the huaidit7 increases. 

In the drying process, air can fulfill a two-told t'balcti.on: 

heating the material (Wood + Water) and discharging the water 

(evaporation); alternatively, it ~ fulfill only the latter 

tunction. In either case, the air underROe• variations in t•­

perature and hum.dity that can be reTersed through conditioning. 

In its narrowest sense, air conditioning consists ot the following 

processes: 

a rise in temperature through heating, i. e., 

through the addition of heat; 

a fall in te11perature through cooling, i.e., 

through the reduction of heat; 

an increase in relative humidity through 

110istening, i. e., the addition of steam; 

a drop in huaidit7 through drying, i. e., 

through the remoft.l of steam. This can be 

executed through a partial change of air or 

through the partial condensation of the steaa 

contained in the air. 

Combustible gas has sillilar characteristics to those of air; 

moreover, it can be mixed vith air and steaa tor conditioning purposes. 
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2.2 Stem 

'!'he byg;.'Oscopic equilibri._ ot vood in flaturated steua at standard 

at.oepheric pr~ssure is just a t~ per c~nt units below the saturation 

point ot the ce!l walls • 

Superheated steaa is steaa that bas a higher temperature than 

the aaturaticn one with respect to a given pressure. 811.turated 

ateaa, e. g., with a temperature f>t ll5°C, should have a pressure 

ot 1. 7239 Kg/ca2 , according to the steaa content Table. Snperheated 

steaa is unsaturated (in our example, its relative htmidit7 is 

1.0332 1. 
7239 

• 0.6), therefore it tends to brinR about an eYaporation 

proceBB, IUUM!l.y, to absorb the ateea and to heat - in short, it tends 

to release heat energy by cooling c1ovn eYeD before its condensation. 

Because of its peculiar qualities, it can be employed tor kiln-drying 

vood. 

2.3 Vacuum 

'!'he distinctive 'feature ot Y&CUUll is that it lovers the boiling 
temperature of water, as shown by the data included in the following 

table: 

Absolute Pressure 

Po - Hg 

760 

355 

150 

55 
18 

Boiling Te!lperature 

t 0 c eb 

100 

80 
6o 

Jio 

20 

Because of its peculiaritJ', YaCUUll has already been applied 

ncceBBtully in the aedical and biological fields and in the tood 
.. 

:lndmtry in orde1· to dry highly emaitive, perishable aaterials. 

~~•.!l.arly, efforts are being -.de to appl:r vacuum to the drTing 
ot those species of v~. that are particularly s~sitiTe to high 

temperatures. 
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Vacwa drying can "ue pert'omecl either t~ the naporatiaa 

or water or through the sublimation o'f ice; in the latter case, 

however, Yery high YaCU1m is required (p = 3.2 ••• 2 - Jig), becamle 
0 

the operating temperature is -3o0 c. 

2.li High-F!-equencz Electric Power 

Since vood is a strong di~ectric, high f'ftqueney et rrent can 

be applied as a source or beat in the 1!7grothe~ treatwents of 

vood, usirig frequencies comprised between 2 and Jio MR%. 

Internal beating tests ha'ft been started recentll", vith the me 

of aicrova'ftS which operate in a t'?'eqUl!DCJ' range exceecling 900 ms. 

2.5 ~ Rap 

Infrared ray absorption is YeJT high in vood (1 ••• 2~ , but 

its peraeabilit7 to these rays is almost irrelffallt: they are not 

able to go any turther than Ii-- in depth. Voocl hardly renects 

the rays so it can be heated without mera loHes. Dae to the 

limited depth or penetration within the vood, the effect till4 cle'ftlop­

aent or the beating proceBS is s:iai.lar to the one experienced vith 

the propagation or heat b7 conTeetion or by cGdtact.. 

2.6 Liguicls 

Allong the ftrious llzclropbobe liquicla ( m111el7' liquicla that a 
not aix vi th vater), one uses thoae whose boiling taperature is 

higher than that or vater: nu oil, coal.tar oil. but aboft all 

the solid residues or petroleum distillation, which in Ital.7 are 

usually referred to as paraffins and ccmposed or paraffin, ceresine 

and high viscosit7 oils (buical.17, a 7ellov ass tbat nuiclities 

at a teaperature of 50°c and boils at 250°c). ~.eae materials are 

not tox:ic: their ..ol11me veigtrt is 0.9. Here the proceBB takes 

the fol"ll ot a bath treatment. 

Azeotropic aixtures reach their boiling point at a lover 

temperature than tbat of their indiri4ual ccwponents. Por aaple, 

mixtures containing vater boil at temperature• belov ioo0 c (t~ 
t.etra:hloroetbylene...,.ter aixture boils at a teaperature ot 8T°c): 
this specific features is ot great help for eliainating part ot tbe 

water present in the 'lfOOd because the aixture vapours condense and 

can, therefore, be separated. 

l 
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Polar b;Jdrophile organic sol ftnts, which are soluble in water, 

are )18r'ticular)Jr suited to eliai.nate, to«ether vith the vater, al.so 

the 1IOOd ertracthes. Acetone, alcohols, either can be el!Ployed for 

this purpose. 

,_ft.er their extraction, the sol'ftl\ts are redistilled (rectified). 

2.T Qrpnic Solffllt Vapours 

In this cue sol-.ents tbat are not soluble in water llUSt be 

med, t'or imrtance, lr;J'lol, toluol, tetrachloroetbylen~, or tractions 

ot tar distillates haring lov boiling tellper&tures. The heat of 

~rizaticm ot these aolftllts is le88 than that or 11-ater, the heat 

tnnmiaaion coefficients are TerJ' hiR)l. 

Organic sol'ftllt yapoura are used tor 'ftCuua drying. 

2.8 Saline Solutions 

'!be prealllll'e of the .apour in a saturated saline solution is 

luRI' than ta.t of ateaa. P'or this reason the w.ter nova troll 

the woocl into the solution. 

Sal.ts or hygroscopic compounds BllCh as: c°'90!l salt, urea, 

treacle or inftrt ngar, pol.7et1J7lene gl.J'col are used in two - or 

nen three-ccaponent solutions tor other purposes besides wood 

clr7'ing, in particular in orde-.· to reduce the bnr'Oscopicity or 

woocl an4 iapro-.e its cUwnaional &tAbility. 

'!be -111 parpo8e of seucmf ng is to reach the degree or 

bmictity at .idch the voo4 is sate troa deterioration caused by 

llicro-orpni- an4 iuects (l~). 

!be ldnf- moisture content 11\ttainable through seasoning 

c1epa48 on 11icro-cU11&tic an4 other local con4i tions and is likely 

to ftrJ' betwen 8 an4 20J in our conditions: seasonal. treacle plq 

a mJor role in this area. '!be h1al4it7 of seasoned wood left in 

tlle opm air ftl'i" 4uring tbe year according to climatic changes. 

Saa 1..-r is --117 left to •••OD in open ,.rU vbich are 

Mlecte4 on tbe bub ot tbeir 4rying tactor• and are arranged 
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planimetrical.ly in tielda and sectors in which the 'VOOcl piles are 

placed. Parti~ion belts and haulage passages should be settled 

between the various sectors. 'l'he land should be consolidated, made 

thoroughly level, with a suitable inclination for draining the dis­

charge waters, and cleared or any existing vegetation or other organic 

matter. 

The she and nuaber of the piles depends on the haulage 117Ste. 

and on -::l:imatic conditions: the more ftlltilated and drier the area, 

the wider the stacks (1.2 - laa); on the other band, tbe diatance 

between piles ranges fi'oa O.T5 to 2-. The direction o'f the boards 

should be established in each separate case, depending on the 

prevaili110 wind direction. 

As soon as it is sawn, the l~r that is to be seasoned sbould 

be brushed and cut dovo to lath piles; llmber subject to clet~.ioration 

anci biodegracJation, as well as &117 subaidi&r7 aaterial, should be 

treat~d with antiseptics: this applies especially to t~ae kinds 

or wood that are more likely to be attacked by f'Ungi. 'l'be lumber 

µiles should always be covered &nd any high-quality material abould 

be suppiied vitl\ suitable protection at the croas-cut ends. 

The stands o'f the piles are ca.posed of concrete pillaring 

and crossties made of' (treated) voocl or reinforced concrete; thus, 

the first boards are roughly 30clil abaft gromd leYel. 

The piles should be covered with roofs ot the weathered tn-e 
so as to permit aeration and protect also the sides ot the piles 

from rain and stmlight. Piles that are too exposed to the sunlight 

should be entirely !)rotected along the sides bJ' aeans or rejected 

boards, canes, etc. The planks in the horizontal rov11 are spaced 

out, and the dalllper the climate, the vicler the space between one board 

and the next (a vertical empty space can poHibly be roraed at the 

centre of the stacks). 
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The piles ~ reach up to 7• in height, but they usually do not 

exceed ~-5 - 5a. 

Each stack should include only wood belonging to the saae species, 

and barinp; the sa..e thickness and initial moisture content. 

'l'he lmber can be stacked in other ways depending on one's specitic 

requirements: "en boule" savn 1U111ber is stacked tor following the ori­

ginal position occupied by each board in the log, the splined friezes 

are stacked together in piles up to 7• long and up to 1.5• wide, some­

times standing on edge in order to dry more quickly; it they are very 

short, selli-tinished boards are arranged with a given distance between 

them; it they exceed 70cm in length, they are cut into laths. 

High-quality 1U111';)er is seasoned in sheds (or \Dlder fixed protect­

ing roots) prorided with adjustable openin"8 in order to ensure good 

air circulation; lumber sheets require fixed shelvings. 

Methods tor enhancing the seasoning process: stand the boards 

upright (pre-seasoning of those kinds ot vood that have a high moisture 

content and are likely to darken in colour: birch, m.ple , poplar) ; com­

pression, centri~tion - possibly combined with the action of gravity 

- artificial ventilation, employment of solar enerRf. These methods, 

however, are applied O'lly in special cases because they usually entail 

hi~er costs. 

Bulk r'~vr~e capacity for seasoning is hi~hly variable, because 

it depends on a number of factors connected vith stackin,,. On average, 

however, standard boards in 5m hi~h piles require a capacity ranr,ing 

from 0.5 to lm3/m2 of yard ar~a. 

4. IC!Ll-DRYIIG 

In practice, industry basically adopts three drying methods: 

(1) conventional dryinp;, (2) condensation drying, and (3) ncuum 

drying. • Other drying methods, even thoufP.h technologically advanced, 
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such as the saturated steam Jletbocla, the high frequency method, etc., 

are applied cnly exceptional.17. The "condensation" and "Y&Cuua" drTing 

aethods - vbich are adopted at present . · vet"e ti:t'st introduced and 

develo~ in Italy; thus, they are ot particular interest to us. 

4.1 Conventional_Dr.ying 

A so-called "classical (or con"ftlltional) drier" is one in vbich 

the air is recirculated artificial.17, heated through ateaa or hot vater 

radiators, conditioned through a partial change ot the air itself, and 

in vbich the vo.:>d is dried at a temperature included between Jio and 

l00°c. Air M.fills a tvotold function: heating by con'ftetion and 

discharging the water (..aporization). It necessar,r, the air is hmi­

ditied through the injection of steam or nebulized water. 

From an economic point of riev, drying by conYection is the mat 

profitable method, especially in orier to saYe energy. 

'l'bis drying method vas developed through closet or conTe70r 

ovena made of stone or sheet iron and titted vith machinery tor 

recirculating and conditioning the drying aeans (air). Both the 

closets and the conveyors mist be vaterproot, corrosion-resistant 

and insulated in order to a"Woid losses ot heat, condensation and 

unbalance in the air conditioning process. 

There are considerable differences aaong the ..arious types of 

construction, especially as tar as f:.he position ot the tan ia con­

cerned: all types perform veil as long as one ll&kes sure that the 

air circulates uniformly t'hrougb the stack. 

Closet driers equipped vith overhead tans are the mat vid.esprea4 

ones in Central Europe, because here research tended to focus OD the 

unitoraity ot the air circulation in this type ot drier. Morecwer, 

the method involrlng a partial cbange ot the air contained ba the 

drier baa prnailed over the water cooling condensation method. !n 

the field of autoution, however, the 1y•t- bue<t on the continuoua 

Masurement ot voocl moisture is the prnailing one. 
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Where large quariti ties of t:illber are handled through f'ork 

(pallet) trucks , vi th pile systems, it is most rational to build 

large cells (or closets) into vbich the pile can be int1'0duced 

direct~, especially vhen the boards are of considerable she and 

density. 'l'he capacity of these cells -.:y reach 500.
3

• 

Artif'icial drying processes include: 

a prel:illinary pre-heating treatment; 

the actual drying process; 

several treataents designed to improve the state 

of the •terial (the quality of drying) - i. e., 

atter-treataents. 

'l'he initial conditions required in order to dry the material 

successf'Ully are: uniformity of' the vood characteristics (vith 

reference to permeability and density), of thickness and of initial 

moisture content; all the boards should be derived from the same 

parts of' the lo~, and should be without bark and not subject to 

internal stresses; there should not be substantial differences in 

temperature 8JIODg different PE -ts of' a single board. 

The pre-heating treatment is to be effected simply vith the 

initial drying climate, raising the temperature by 10-15°C. This 

treatment lasts as ~ hours as the centimetres of' thickness of 

the wood. 

Factors guiding the choice of the suitable conditions of 

treatment: thickneH of the boards, volume weight of the vood, 

content or extracti ns and other substances (grease, oils) , air 

circulation speed; the ~ter the Y&lue of' these factors, the lover 

the tmperature and tl'~ higher the relatiTe humidity of' the air; these 

conditions ll\IBt be met if' the treatment is to be effected successfully. 

Mo4erD wood tecbnolog bu discovered. that the drying proceBB 

sboul4 be carried out: 
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vith a constant "degree" ot dryness, at least during 

the first tvo phe.ses (the "deRt"ee ot drynt.'.'s" is the 

ratio between the l1umidity of the outer layers of the 

vood and the aoisture content equilibrium or the vood 

vith the drying air climate); 
vith a constant lov temperature in the first tvo phases 

and raising the temperature fo the third phase, and 

keeping the relative humidity of the air constant in 

the first phase and reducing it progressively in the 

following phases. 

Recomnended drying treatment conditions tor various kinds of vood 

aud tor 3 thickness groups are ahovn in Table 5. Instead of re~erring 
to the tvo temperatures, one can refer to their difference (psychrom.etric 

difference) • 

As it progresses, the drying process should be followed by 

veighinf', the control samples, vhich shall have the same initial 

moisture content displayed by the test pieces. 

Where large closets are employed, the drying process should be 

managed automatically tbroug.~ the continuous electric measurement of 

the humidity present in the control boards. 

The drying process can also be timed vhen certain kinds of vood 

are treat~d - namely, Borvay spruce and Pine as well as tropical types 

ot vhitevood - and vhen the dry wood is not required to be of the best 

qud.lity. 

It is extremely difficult to state in advance how long a drying 

proceBB abould l&at, because of the considerable nmber and complexity 

ot the tact.on inwl ved •. 

Whatever the Mthod followed tor c&lculatin,; proceH ti•, the 

latter should be considered -rely aa a rough estimate. Moreonr, 

calculations 1111.Y be usef'Ul in order to find out where the critical 
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points are reached and to control the final stages of the drying 

process even though contact with the real process is lost. 

In spite ot the care with which the drying treatment has been 

carried out, at the end ot the process boards often ha-we different 

moisture contents, and a more or less sharp huaidity gradient is 

folmd in the cross-sections ot the pieces with ensuing stresses on 

the inner layer. This is why the material should undergo the equalizing 

and conditioning treatments. 

Usually, only the humidity equalizing treatllellt is applied; the 

purpose of this treatment is to supply all the planks with a rougbl.y 

equal humidity content. 'l'be final moisture content required tor the 

wood is obtained through the employment ot condition~ air vbile, 

siaultaneously, raising the temperature. 

The final conditioning treatment is designed to equalize the 

hmidit7 contained in the boards by reduciDt: the sharpness of the 

humdit7 gradient. In particular, this treat•ent is required tor 

eliainating water pockets (silver fir, oak) and final stress. It 

is carried out through the emplt"yment ot very hot and vet air (the 

percentage ot humidity present in the climate should be 3.J. points 

higher than the average humidity present in the wood). This operation 

ia aore likely to be successful if performed towards the aiddle of the 

III phase rather than at the end. The treatment is also usetdl tor 

sterilizing and eliminating moulds which may possibly appear in the 

course ot drying. 

Kiln-dried lumber should be stored in places where it is not 

subject to seasonal climatic changes. In particular, boards that 

are ftl'J' thick and are to be subjected to f'Urther resaving and cutting, 

abould be stored tor some time -.tter dryinp;, as the eliaination of 

atreHea in the drier, which is absolutely nece88ary in these cases, 

entail• hiRh costs and is difficult tt' achine. 'l'be streasll!s present 

in atorecl lumber leHen through time u the tiasw=s undergo slov 
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plastic deformations. If the huaidity is not too lov and the boardl' 

ar~ stacked in contact witil one another (12-liJJ), the 11&terial can be 

stored in adjustable-V~4tilation closed stores; if', on the other bancl, 

t't.e percentage or hUlllidity is l.:nr (6-8J) and the lua'ber remains stacked 

vben it leaves the drier, the store should be supplied with air-conc1i­

tioni1'~ facilities. Stre88es relaxation is beat in stacks where the 

plant.a are in contact with one another. 

4.2 Condensation Drier and Drying Metbod 

Condensation driers ard the condensation dryinp, method were 

successfully introduced about 15 years ago; at the time, this method 

was publicized as a "stabilizing" treatoent. '!'be condensation drying 

technique is based on the 38111! principles as the con~ntional partial 

air change technique. Here, too, the drying means is air, which cir­

culates through the wood stack at normal atmospheric pressure, and 

causes the water to vaporize through the surface or the wood, as the 

convection (exchange) of heat takes place. 

The drier is composed or a closet, in which the lmtber laths are 

placed, and or a drying machine. The latter, in its turn, includes a 

beat pump, a recirculation tan and an aclditioD4l. heating set, the whole 

11I1it being enclosed by a sheet metal casing. 

Froa a tunctional point of rlev, there are tvo different 87stems: 

one is based on a partial recirculation ot the 

air through the drying machine; 

the other involves total recirculation of the 

air thro~ the drying machine. 

The following tunctional e>utline refers to the former case: 

( 1) the air penetrates into the woocl stack in 

relatively dJ'1 conditions; 

(2) the air that comes out of the stack bas a 
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lover temperature and a higher degree ct hmidity; 

( 3) part ot the air is Bucked in and passes through the 

drying machiue, while the rest continues to circu­

late in the closet; the air that passes ·through the 

machine is cooled until it reaches its dev point or 

a& evP.D lover te11P9ratur2: thl:s leads to the con­

densation ot the auaidity contained in the air; 

thus, the initial conditions (point 1) are restored; 

(Ii) the air J1USt be heated until it reache&, in the 

mixture, the initial conditions ot point 1. 

In total recirculation driers, the initial conditions are 

restored by heating all the air in the drying machine. 

The system involving th~ total recirculation or air throughout 

the stack has several advantages, nuaely: 

(a) all the various parts ot the machine are 

included in a single casing, vhich can be 

connected to the closet without further 

assembling; 

(b) all the controls are placed together; 

(c) the climate can be ad.Justed more readily 

and 110re etticimtJ.7. 

Abo, higher drying temperatures and better air conditioning can be 

obta:f.ned without having to install additional equipment inside the 

closet. One disadvanrage, boveftr, is that it is auch more difficult 

to distribute the air eTimly throughout the stack. 

The 11aehine can be titted either inside the closet or outside it. 

Condensatfon driers have deYeloped considerably, since they vere 

tirst invented. In their tint stage, condensation driers were con­

structed with extr .. ly lov air circulation speeds, and their working 

temperatures did not exce-. 35°c. Both the drier and the additional 

l 



set vere povered on1y through electric energy and there was no 

possibility of performing a total conditioning treatment. The 

drying process vas very slov, and attainable moisture contents 

vere in the region of 25-30% because the time and costs required 

for reaching a lover moisture content vere too high: looking at 

the matter in retrospect, it vas to be considered Merely a pre-drying 

process. 

These types of driers have recently been improved in order to 

obtain complete air conditioning (through the introduction of spray 

nozzles), and in order to operate at temperatures exceeding 50°C; 

the additional heating set can operate either vith hot vater or with 

steam (which may reduc~ operating costs ~onsiderably), while the air 

circulation speed can be pro~8Jllllled according to one's specific 

dryin~ requirf?Jllents. 

Moreover, vhere multi-cell sets are employed, the heat emitted 

by the addition·.tl condenser can be recuperated and used for heating 

the other cells when operating alternatively. Thanks to these im­

provements, tne f'unctional conditions of condensation driers are nov 

virtually similar to those of conventional driers. Thus, the con­

densation drying method is applied in almost all the relevant industries. 

Generally s~aking, its best field of application is that of hardwoods 

and wherever electric power can be obtained at lov cost. Recent de­

si~s sug,rest usin~ the heat pump also for pre-heatin~, exploiting the 

heat of the outside air. 

HP.at nUllll> condensation driers have proved exceptionally efficient 

enerf')'Vise (total consumption 5.s in the region of 0.5-1.5 kWh per kg 

o" water). 

Further development, especially with re,.ard to temperature, is 

expected to take place in this field. 
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4.3 Vacuum Driers and I>rying Method 

The vacuum drying method was first applied 12 years 8R"J vith 

the introduction of the first plate-heating vacuum driers. 

For a long ti.lie interest and research have focused on the drying 

process. Tvo 1111.in characteristics prorided the starting point for 

further investigation, namely: that a pressure gradient lead.> to 

(l) an increase in the speed of wood moisture movement and (2) to 

a fall in the boiling temperature of water. DuE.: to this set or 

circumstances, drying time becomes exceptionally short and the quality 

of drying is improTed considerably, especially with regard to the even 

distribution or hUlli.dity in the vood. 

The vacuum drying system which was first applied in Italy vas 

based on the repetition of the following three-phase cycle: (1) 

contact heating by means of the hot water plates, (2) cooling of the 

surface of the lmber, and (3) vacuum-pumping up to 20-40lm Hg, con­

densation occurring in the circuit of the vacuum pump equipped vith 

a condenser and, partly, on the lining of the autoclave. 

Tests carrie.'Cl out in the course of several years have sbovn that, 

thrc-ugh contact heating, drying can be performed as an almost conti­

nuous proceBB. The method nov consists or two-phase cycles, namely: 

a vacuum-pumping phase, and a subsequent one during which this opera­

tion is stopped; the heating operation, instead, is carried on 

continuously. 

In a recent design, the vacuum is continuous and the steam 

condenses in the cyli~der placed above the water cooling set. 

A further contribution to the development of this system has 

been made through the introduction of convection heating with con­

ditioned air circulated artificially. The vall of the autoclave acts 

ae an air-heating 1D1it, which is h~ated by the bot water (or steam) 

that is introduced through the interspace formed by another external 



-26-

cylinder. The Air is J10fotened through steam sprqing. The cycles 

are two-phased: (1) hea.ting by means of air that is recirculated 

throUt.~ sid'! fans, and { 2) vacuUll pumping, during vbich nporization 

occurs. Steam aixes in the plmlJ> vith the relevant liquid, is conden­

sated i11 a heat. exchanger, finally~ the condensate is separated fr'om 

the liquid. Through the beat exchanger, the manufacturer bas also 

found a suitable vay of recuperating condensation heat, because it 

can be used to heat the water contained in the heating circuit. It 

ha£ been found out that, in an alternating two-cylinder set~ the heat 

obtained through recnperating is sufficient for beating the voocl; 

therefo!"e, once: the first beating operation is carried out, the 

boiler can be cut out from the heating circuit of the drier. 

An efficient insulation is of material iaportance tor this new 

type of drier. 

Another highly relevant feature of this new systm relates to 

th" possibility of pe%·forming the beating operation vith temperatures 

exceeding 10o0 c because the steam-liquid mixture of the puap reaches 

temperatures in the region of 140°c. 

The new convection-heating vacuum-drying system ensures high­

quali ty drying, that can be noted, primarily, in the absence or a 

humidity gradient in untylosedY hard lumber (even vben the boards 

are large), at the ti:'1 ot the drying process; another advantage, 

however, is its ability to carry out final treat•nts, hence illprove 

the state of those types of wood whose vessels are obstructed by 

tyloses. The material can be heated vith conditioned air. The 

haulage, loading and unloading operations are sillplitied and plate 

maintenance costs are eliminated. Total drying time is reduced, 

although the heating pbaa~s last s~t longer. 'l'be -.eraatility 

Yc1. e., vbose veHels are c011Pletely clear or any obstruction due 
to tylosis) 

-1 
I 
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or the YaCma-clrying 8)'8tea is, thus, increased considera.bl.7 and is 

nov in a poeition to deal vith alllost all the possible situations. 

Also its radiant efficiency is exceptionall.7 high, d'U(: to the 

recuperation ot heat through the connection of the heat exchanger, 

and it can be almost total, as in the heat pump. 

5. AUTOMATIO• OF THE DRYIIG PROCESS 

Recent efforts, both in the experimental and in the productiTe 

fields, to aut~te kiln-drying are based on one of three aetbods 

used tor recording 'Ylll'iations in the state of the 11&terial vhile it 

is in the cells: (1) veiR}ling the whole stack ot lmber vith the 

application ot so-called "load cells", (2) aeasuring pile shri~, 
and (3) continuously aeasuring the moisture content of the wood and 

of the climate through electric resistance (conductance). 

The latter is the one usually adopted in industrial practice 

because it is the most nexible, it not the most accurate. An 

electn>aic computer controls the drive units in accordance with 

stored 01· periodically modi tied drying progrmmes. 'l'be developnent 

of this system has paralleled the development of electronic computer 

systems, vith a gradual reduction in system rigidity resulting in 

10&1es of time and energy. Today the problem of rigidity and uncer­

tainty concerning the .easurement ot the wood moisture content above 

the saturation point ot the cell val.ls is dealt vith micro-processors. 

A terminal video system has been introduced recently: besides enabling 

the storage ot the desired progrume, it is capable of supplying multiple 

information-processing. 

However, th.itre are tvo tundulental drawbacks to the automation ot 

the drying operation: firstly, the tielcl ot measurement is liai ted by 

the point ot saturation ot the cell val.ls; and secondly, measurement 

iteelt is unreliable where salts are present. Micro-processing terh­

niques are being med to cope vi th these problems; however, they should 
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be taken into account. Proble11& vith automation h&Te been obsened 

al.so in the "conventional." tn>es or driers: 

Automation on.en slovs dovn tbe pre-beati~ phase, 

especially it there is not enodgb steaa available 

tor moistenin« the air. 

The conditions underlying the "conditioning" 

treatment, as perfol'lled by presentl7 existing 

automated systems, have no clear technological. 

towulation. In feet, this operation is something 

between an equalizing and a conditioning treataent 

and, vbat is vorse, it is ti.aed. 

Probes oft.en show inaccurate T&l.uea tor aTerage 

wood ?10isture and exceedingly high ones tor sal.t­

containing tropical. types of vood; hence, drying 

ti.lie is increased. 

The printed electronic cards are subject to wear 

and the instrunents of'ten deviate t'roll their 

original. calibration. 

In a~ case, automation does not replace man and cannot manage 

these processes without his interTention, but it has proved very 

helpf'ul and has greatly increased operational. safety, particularly 

where the climate must be kept constant. The determination of initial. 

and t'inal. moisture content - tor large and dense 1U111ber piles - tensile 

tests, and the determination of the hUlllidity gradient in the wood are 

still the basic conditions tor ensuring high tunctional. quality. Auto­

-.tic apparatuses llUSt constantly be checked and calibrated, and control 

boards must be used in order to make sure the desired results are ob­

tained. Hence, the restt~tions expreHed b7 Iti.lian JMDufacturers 

vith r~d to total automation, are justified. The industries pro­

ducing driers and automatic equipment should be more responsible vben 

advertising their products; statements to the ef'tect that driers do not 

require. the oper•tions ot qualified pe~onnel it they are equipped vitb 

automatic apparatuaes, cannot be accepted. 
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6. 

!here is no general rule tor choosing one drier rather than 

another; the actual conditions of each drier mat be appraised 

caretull7, especiall.y fnmt the point ot riev of earing and of 

capacit7. Abon &11, one should consider the ratio between the 

costs ot 11eebanical energy and beat energy. 

I shall gi.Te hereunder some adrice baaed on "1' ovn experience 

vhich, howe-wer, applies to specific concli'.tions, Dalleq: the low coat 

ot heat energy obtained through recuperation ot waste and, on the 

other band, the high cost ot electric energy; in ltal,f these ratio 

ft.l'7 between l :5 and l :20 (Table 6). 

'fabl.e 6 a.par.the Table of the 'lllree llala l.-..1ler Dl7flls ~ 
witll the Belathe Sco'rH . ..:=.------------
l Foiat - r-.t Score 

3 Folats - Ripen Score 

ftia table applies to tbe !olloviag atadud prod1lc:ta: 

1 - •cuss1CAL• drier 

II - •COIDl!llSA!IOI" drier 

III - "YAClDI" drier 

SJ'•t-

DiDiillft 

9diac )J killcla of Voo4: 

- IWllMJOD VI'!11 Y!SSILS 
Oll8TRUC!!D It ftLOSES 

- D111J1100D vrn nssus 'flA1' Altl 
IOr OISTRUCTID IT ftLOSIS, llAID 

- UlllllOOD VITI Vl8S!l.8 Tia AJtl 
IO'f OB8'l'IM.'TID It ftLOSIB, 80Pr 

- QWI1lllS 

SPllD llftIIG 

cpr.m or DllTIIG 

DllCllAIGI or OILS. IESill 

ClllllllAUC ALTlllATIGa 

ftlllILIZATIOI, lllUUl8 

..,.UZDG 

llOIDITIOIIIO 

! 
2 

l 

2 

3 

3 

l 

1 

2 

3 

2 

2 

2 

1 

2 

3 

3 

II 

3 

3 

3 
2 

3 

3 

2 

1 

1 

1 

1 

3 

3 
1 

2 

1 

!£. 
1 

2 

1 

2 

1 

2 

3 

3 
1 

3 

3 
1 

2 

3 

3 

3 
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As far as cost is concerned, capacity being equal for all, the 

condensation drier is in first position, follovecl by the classical 

type of drier and b.r the vac111m drier, vhich ia the dearest; in 

order to establish their producthe capacity, siaply reYerse this 

order. 

As to the costs entailed by drying all types of pel"lle&ble 

vood ( i • e. , vi th ftasels that are not obstructed by tyloses) , the 

vacuUll drier is certainly the most adYantageous, vhile the condensa­

tion drier is best for low-permeability hardwoods, and the classical 

drier for softwoods (Conifers and light hardvoods) • 

Condensation or classical driers are best vhere consi!lerable 

drying capacity is required. 

As to dr7iD« speed, vac111m driers are the fastest; the classical 

and condensation ones follov in this order. H~r, condensation 

driers perfol'll jmrt as veil as the classical ones vbere low-permeability 

wood dryin« is concerned, since in both cases relatinly lov temperatures 

must be applied. 

As far as the qual.i ty of drying is concerned, V&CUUlll driers seea 

to perform beat; condenAtion and classical driers attain theoreti­

cally equal performance le.els; condensation driers ensure better 

conduction for bardvoods because they operate vith relatively lov 

temperatures. 

Considering the extre11ely great TViety of the kinds of voocl 

that must be dried, classical driers prove to be the most adaptable 

(i. e., the most universal) ones; ftCUm driers are second and con­

densation driers are third best. 

l 
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Condensation driers are the slliplest to install: standard 

ftrsions do not eTeD require the installation or a boiler; vacuum 

driers rollov, vbile classical driers are last in this order. In 

their standard Tersions, these last tvo require a boiler. 

Clillate adjustaent is more accurate for total-conditioning 

condensation driers, especiall7 during the summer, vhen the temper­

ature and the hulli.dity or the surrounding air are rather high. 

Vacuua driers are the best tor extracting and bringing oils and 

resins to the surface; classical. driers are second best and condensa­

tion ones are the least ettectbe. Yacma driers are the best for 

sterilizing the vood and protecting it against moulds, vbile the 

reYerse is true for conclensation driers. 1'roll the ecological point 

ot rlev (na11ely, vi th reference to the pollution or the environment) , 

condensation driers are first, classical. driers are last. 

Condensation driers require less maintenance and repairs than 

the other tvo types of driers. 

'l'be first step in the design or a drying system should be that 

ot cal.culating the capacity and the economic costs as a function or 

tbe ar,tual production planned (quantity, ratio between species and 

usortllents, initial and ri.nal moisture content or the vood, required 

qm.lity of drying) for different drying system and drying methods. 

A rational choice is alvays bued on the adoption or a single drying 

BJ&t•· The size or the closets should be a function or the daily 

capacity or the production cycle, or the transport system, or the 

sin or the wood and or the stack. Rule out UT plan that may require 

a change in the direction·of the piJ.es or downright restacking. 

Where large vollmes of wood - especially in hardvoods - 11Yst be 

driecl, fit a nall additional drier, operating with the same.system 

as tbe Min one, in order to CUTT out prelbdnary tests on the most 

suitable conditions of treata1nt. 

'l'be data (prices, tt.e ftluea, energr consmption) supplied by 

-m'acturera ancJ. NHU"Cb :lnat.itutes can be used tor the ecoa~ic 

aact capacitT c&lc'lllaiona. Roap data concerning drying time. and 
..- a..ailable bT Clrier mmahctunrs are •bovn in '!'ables 1 ad o 
benun4er. 



Table T 

Rough Eatillate (in drying h.:>w.·e) of' the time required ror attaining a 10% 
t'inal .oieture cont;ent L"VJ.C:U'llll" jlrier} 

Initial moi1ture content of' the wood 80% 

TbickneH - 30 50 

Time 
Specie• h 

Quercua ro'bur, cbeatnut, red. lauan 
uacl other iapen1e&'ble kincll of' voocl 230 350 

Beech, val.nut, horn'beaa, cherey, 
aipo, African ~ 110 138 -
Aah, maple, atrormoeia, 'bet,, 
vbite lauu 46 122 

J>oualu Pir. Pine• 
larch, o'beche 67 82 

IB: Pre-heating time b not incluclecl 

40% 

70 90 30 50 70 90 

Time -
h 

~ 
I 

- - 120 170 210 240 

182 218 57 75 104 130 

158 194 48 70 96 122 

108 132 37 53 73 92 

_J 



'fable 8 

Roup Zatim.t• o~ Coe4ea•ation pr.rig '1'1- Duriy Peak Production Period.• 

Wood. mbture content initial 80j 

(u a J) final 12, 

TbicJmeH - 30 50 

Fir, cedar, Sri.H pine, Dougl.u CJ1U'9H, larch, 
pine, pitch-pine, birch, hornbeu, mulberry, 
ilu; Prench ela (Ulmu• capeatrb), alcler, 
poplar, willow, lind.en, jelutorg, light-red 
9ft'&!lti, •epetir, .. ~. torentong 8-10 12-15 

~r, bal•a wood, clibetou, o*he 
( S..ba, A1'oua) 8-10 12-15 

Che•tllut, che1T7, beech, uh, apple, val.nut , 
117Ch-ela (Ulaua montana), clark-red llQranti, 
mncJNlang, kauri kap&8, keruing, Ramin, teak, 
~toh, kal•, abura, bo•d, ai61' ; tramire, 
liabt, dpo, nianaon, p&doWr., aecruaH, tiua, 
~. ••pelli t bet' 10-12 13-16 

Maple, 'r\arkeJ oak, eucal.JPtu1, locuat, lngl.ilh oak, 
pear, olin, b&lau, lauan, k'ranJ, Mravan, 
ebo117, bft,, iroko, auport peu, roHvood., 
raain, •anclalvood, atrormoaia, teak, 
anmgrf, douaaU 12-13 15-18 

70 100 30 50 

16-18 21-23 4- 5 7- 9 

18-20 21-29 4- 5 7- 9 

20-22 23-25 6- T 8-11 

22-25 26-26 8- 9 10-12 

40j 

l2j 

10 

12-14 

12-14 

14-16 

16-18 

100 

14-16 

14-16 

16-18 

18-20 

~ 
If 

_J 
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