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1. Radio-frequency vacuum (RF/V)
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1. International Association of Wood Anatomists



V¥ )Leﬁ‘\ B)Lmﬁ AN 3)9.) ‘UI)J‘ U:...Jo @L.n ibu‘u? L;lm)”])é 9 ﬁ

G

A LSJSULU L;..»JLQS g_;i."J’:S'“ c\nﬂg‘.ﬂ.}k‘)

(o
= :

] LI

oo 58S i Gy ee S gl Shs
el b sio 5 oS gl 53 3 p S (slpe olr b

S0siS1 5 (0 1 USn iy 5551 G ole S8in (A 35,500 vyl g6 gl ) (5399 s Son yr9 ¥ IS5
(olw id8) JSWS9d 2192 (S0 (Z 9 ¢yloailain (glaxdil

Lwgio (5lod U 5,95 43 diged (10,5 SUid Al ) Jooo

Sl Cagb (st Cagb ) b N T ) (st Cagb &) b ¢
(3o3) (30 3) 0,55 (o5 goles (a2 ) (3 3) 8,55 BIE W
£Iv ¥\/5 A AR q YAIY Y-/\ \
£I¥ Y. lv DAY Y N5 YAY Y/ y
£\ YV OV/A Y \Y/5 Yy/o YV/5 Y
A% Yol sy Y WYY Y./ ¥+/A Y
/¥ YY/5 £\/5 WY W/ Yoy Ya/- Y
¥/¥ Yv/- larid \\g V¥ Va4 YY/5 ¥
¥/A Ya/\ SYIY \\¢ VY £VIA Yo/ [}
Y/A YY/¥ £YIY \\g /b O+ Yo/s 4
Y/s Yy/- YNy \\¢ /Y NI YV/¥ N
Yy VAR S0y VO N¥ Ya/A ¥Y/- A
Y/¥ \Y/5 ‘A8 \V4 NY O-/5 -y A
YV V&[0 sa/s \\% /¥ OAA oVY q
Y/¥ \Y/5 SN« \\% £l ¥e/\ OY/5 e
Y/¥ VO YAy YA £I¥ Ya/y oo/ AR
\IY VoY \AYA) ALY £I¥ Ya/0 INZR AR
Yy W £0/4 Y. \78 ArZA) [NA% AR




g S g s 00,5 Sts dp Jsere 855 5 IS/ ulS 3553 858 alS dunylie

Yo/ il y3g90]y Jayl s o5 (5 Suid g 2alips .Y Jgu

s oot i b gl Ol AL lde
(°C)‘,:9,.>,,al.aaab“a!,§ QPEGM} (OC) Load'):ﬁ‘ O ""'uli)? &3')99‘ LS A )

(bar) (°C) V) (V) i ?
A oY Y ¥e Al Y/A \
¥ R Y Yo oIy YIA Y
Y [N Y I\ Al Y/A Y
Y [N Y [\ s Y/5 ¥
\ o[y Y e Iy Y/5 b
\ o[y Y b s Y/5 4

Wi/ uilS 53 g3l ByeS o8 laasedin ¥ Jouo

-/-AMPa M- jlade
Voo Kw o) olg
a--1-°C O sled
Yo-¥-cm a3 251 Lol
psrmeg] Dlorio 297l i
¥y mm 395Ul Cooloes
a-MHz olS B
¥ m’ o) b

pawind Wil Y/ uils 8131, byoS ¥ JSUS



VeV Jlage) 3)loud VO Byg3 o))l ands polie s gy (slmodjgl 6 4 JSi>

G2

S ks g Sa, 5 S 5 o
bade 5 (Laad 5 b 03) (mlaw (S3) 0 S 5 J b
5SSl e s S L ) eslinal L Lad e
srban (bS5 sk g peme) S 5 Jsb S &) 50 n
(SaS amey) S5 ok plpsl Al 1S e
ISO 9709 > lusluil sllas 55 (Slass 5 Saax
S o311 Gl il Sl gle 5 5 (F JS5) (Y2 40)

V]

099 9 095 SdS 1 g3 gl SG gl F JSS
(5 £5LeS (g £s139U (@ fbam (A1 LT (g S0 11
DF] Faed

bl Joloss 54 320
Uobw\wﬁj‘uﬁﬁw&})ﬁdlf

il Oga3l 5l estial b baesls (gyls ims dulis

b S el +/00 Cla.ﬂ 05 ls

o g s

S S o pw

ol &l et St glaass S gla S35 ¥ Jsds 5o
G oS slos Loy sS 5o baad Ol Sl Oy e o
Sleo beysS 53 G Y b ply do sV ol cosh,
055 02 55 Y bl desn? Slecusb, Ul s
BT " JUIRVES | (VA SCON RN L O] gt JU
S Sl eslinl b o Cusb)y S s I o
Cpr 02 e A sles SalS S b ol
b b e sl S S5k 5 Jlesl bt o

S SiS gl &S gl Sy s Sl

| ey

odolbe 3L gl s Cld 4 ligy gladises S L
53 s 6 Se sl Y Wsles 5l eslinad L (2w 05 52)
X g X (gl s i a3l STy PR slas o
SRR - NPV PSR RIPER IWIE NS Py
SN Sa o Jsb sl d? 5 e Ak e 5

pr =X =X M)
|2
Casb, 2l 0Ll S

Sl slis) Cgb ole SLosl S s ¢l
FoAlol g dls e e 5 mhaw 5 olg Cosb
o olad sl ela i glaass c\gqu S el
0 T 51 a5 S 0 e (Sl YY) sl
Cabes glowly s e mle V/F Cubes 4 Y an
oo am LV IS0 e Cugh ke sy

..\.;m,goj);;;;;&:}

Ky s

Hl s baised o Ky und S (g8 03I sl
NRLIO Je by e oy ol 31 e St
CIELAD (i ol L* 0% %S (sl i
sz O il 3 e, s (S el
o2l 2 S bl O S 5l 5 U5 Sz 00
1 dalone ¥ Uil 51 eslinad U 5 (AE) &, o

AE" = J(aa" ) +(ab ) + (AL ) ™
sAb=b;—b; sAha=a; —a; AL=1L; — L]

38 S bl Sl s Y ) Gla s

Ll 05,8 Sl A

1. Casehardening



]

S g s 00,5 Sts dp Jsere 855 5 IS/ ulS 3553 858 alS dunylie

T07 sl sl )8 (g 5kd aases S

Casb, Ol S

SN Jymame 5555 53 03,8 S By, DI
555 53 e da S glaws 53w e asb; OLSIS
Sl ;s cplsan (2,8 IS D/ LS bl
g gl Sask) Sl S e jhe s ale sk
S (S IS 51 b el Sae a0l (O JS2)
ol b oas Ko b s e s L bl S e sSae
23 Smsby ole OLalS g ez 3 [T] A3l (655l
sy ol LB 5 doys ¥ S el slasss
22 oS Cmgb; 0Ll S 5 (V) 0L 5 1
i es VOXVOXY + 4+ slayl 4y sl (gl 31 3l 5 ler
DIOT W55 5,158 Nt/ il 5 sl 6,48 5 eslizal L
09 2

Ol 4l o wisad B Zasby OLal S
05 Gl plralr B w el Sir glaass Sl
53 6ol (D) 8l 3L sla s gl
5SS 0 Caady B Sl ey aboDL e as L
oS Lo el o i glaa s oS i
5 JSE) s gy s 13 L St 1S 3
P 2 e O S 05 ot Jal e [T] (A
G 03,5 St Al e g 035 S
Gla S 55 058 oS s o Sl s g mhan
LYT SLL GlaplS s sl sles Sl ealinal L plaz]
CAs 4SS A0 S sl S (Y WV) 0L 5 il
23] SN PR U T S e Py
335 a8 Jyene i558 b anglie 53 Mt/ IS 5 sl
s s Culis s S Casb, 0bsl S5 ol e
OLSer 5 OLS 5,8 Ol (6318 opl b eda S
1 e ol 55 (V1) O 5 J 5 (T10A)

igioss gl [V8 0 0 ] sl 185 50005 5o
O it S Sk il 5l S s asdS
sl s o S/ S 55l 858 53 s
(Yo¥e) ol 5 LSBT HF N0 N Y] el oS &lsn
B oz Ol 035 St e a5 L3S Oy
oo b eslial b e L VY e Culses L (E. nitens)
YV D5 on Jgeme 5558 b avlio 53 S/ 508 5 s
s A G Gass mB L seea YT AL 8l ds )
S Obey e &S Ws S 5158 50 (Y0)4) O, ka
ol s L (Acer saccharum) |3l 2l 5ol O
Bl 55 (6| b oy OF/Y gl by 5,2 s VO
5 a8 s A0 A o S S s il
O S Oy e als VO] ol Jgemn 6,58
58 ol SIS osisa aey S ¢ 58 cnl s sy
o) (S mlsal b 05,5 St 53 ol oo
Sl O S o (555,500 sl 5 3500
Ol ke 5 o 85 oS ol 5l ml
Ol Jern SSAF O slae S s Lo
5> s b o JEsI O s s g a1 (Seale
O3 3 4SS Bl 2l L 03,8 S
Olager gz sho 5 lans JS conl oz (2] >~
S asb) e 4 (555 o ldde 50 gi e p S
M g 45 355 on o sl 3l (S
358 Gae 0] 358 St pane sla ) Sl S e
52 e bl s 5l e (S slies el
Tl g ol 358 e ol (oI (a3 )l
Oliszy (s b Rl mpe dsb b (o o500
2ol b amslie 53 Y] s (i3 53 30 o
P 03 Bl gl 358 Ges s S
Tl b 038 SKast (2 0l Lo o el )l &5
Lol 5 35 05,5 it (gl Tramin 505,500

Sl RS sl S J s 050 an 5 Cals oS



V¥ )Led‘\ E)lm:s‘va 3)9.) cul)Jlu.:u.Jo @L.nil?ucu? dlmoj)9])§9ﬁl? | ;A

(C=F JK8) B s 3 2 abarls 0o 5 S Ay oS 3l LS ames S VA V] s S Sl
IYT el cusby 0Ll 3 515U Ll g e s 4] oo de ey et ligs gladisa 5 5l el YY)
V6 -
W
AR
—— Ly, gl
_i\ e
I s
2: - T S s
¥
v
o hn T
(sia? digel

M/ il 13931, 505 g dawgio g o5 (slod ;3 Jgore sldo,5 b aiSuis JKia zl5 saasy 13 ol Cagb,y b )T O JS

bISWiA AT S b Sivg.F Jous

Y5/ S 3323, 5 (bansgio slod) Jgaro b5 (o5 sbd) Jyoma b8 S S S
Wy /o¥ FEVNY vE. v (Aoyd) ol Cagb,
Ve AE-DA oAk /f (103) Cagby pbals
— e NS NSNS ofee 5y “’ZMZU”‘JSJLA
mm
va’ MP YAV ki S bS5 S Job
290 wya? Wa o S (o skeo)
YIVOE - /¥aE FIAFE VAT \lizz3A\a Ui LG RWE N <
IARER/ V. [Ay? AAREAY/ gl (o) e

9 (Lawg) Mo slod ;3 Jgoxo bygS (e Cuoww) Ms/ uilS 1399015 (o9, b biSuid sladiss 51 oawiony p 45 Ligd diges .5 JSWi
ooy 3l dm Celw YF (@ {0 g 51 o dboW (A (Canly) Jawgio (slod 43 Jgoe byeS



7]

S g s 00,5 Sts dp Jsere 855 5 IS/ ulS 3553 858 alS dunylie

Sl e o3 0 ckwﬁ Sols gme oslis a5 5ls
AL el S laass 5 0dd JSlasl 5 e
Jeelse s O Slasl wud 5ol sy S 4w
Senls Ol Gl sl 5 Culbes Aol (gadaze
5 (bt olon (SUSS0a o) (SAISes
S olan sl s 43 5 el als i S
ozl el i I o 53y S AuiS s sl
ol ooy L V] a5 it O Sl
Lol 0380 Kot ateal Sl 5 IS S o
sl ;,.x_;:;\o\,gdaofosjs S d 5l i
0 L s sl sy 0AS Slasb [Y] s Ol
loe i Sl Ul (S o G
2 NS Sy dpal 03,55 nle, (Ll
il 5o bl Ll i L e glne 58
OLLSan 5 LT sl s eslizal St/ 318 5 41,
St/ il g3l sy 55 b pesidST g (Y2Y0)
Llad 3l as acmlys 5 s 8 Sis Jsams sy 5
Sl sy S8 ) s e 0SS ol
L ods St slaass o Jhaes 5 Sdest Sl

DT 55 eS8 s/ ilS 5 sl (g5l

Ky ks
b i S (sla 2oy Dl gl © sl o
o Ky sl el bl el @il oas S S s
ALomisg s bl o S 2l
s oateb® 52" Sl s S s 05 S S ) A
oas i s basw Kos ojlew o i L
p S 00 4 s A 5355 5 F5e,8 ¢ e S
5 (A0) &5, «(Ab) 303 (AL) Llds, S kS O s
3O LS sl s s (AB) o ks
sl .C)-]a.nﬂ‘}:ﬂéuﬁjﬁ Jwéjﬁuﬁu”ﬁ&w%
S5y Sla el 5l i O sn « ilie 3.0 )

)%/wljjﬁﬁbb &)i‘j) LS‘)—’ u)_a-u)j-: MJJ

SFS 5
L 02,8 it gy o b (So) 0 S5
S Jgemn 5555 L alie 3 Wt/ S B sl 6,8
Somn 8555 L 03,8 SUS B 90 00 s o
Sis 5o (Y Jads) il s (golols sl
(Foame ooy S 30 5 lpn plralr Ssy w038
S ol Gl b8 s Clel el (S S S
L oS ot by Sleslead Sl s 5 o 055
ol 5l 0as Sl b 518 0L oL e e
Ll s o S (S S YT e e ) she
53 S Sla A5 a5 4 Ol 5 e 5 I/ 508 3 s,
‘;))PSJJ Sl V] sl s ez u.:e;Lan Al
Lol o33 (5 sl N/ iS55 s 55 oaaie
S gles L3 Jsame 5555 55 0usa K05 Shy 55 )3
Gt 3 Laas oblie sy oLy (So) S 5 il
Skl as s s ys b Jy s g el sl Lol
s Aals e gl S, S 5 ol 5l i Plis 05 S
o 0ad S b Ol g 5l Bl g JulS sb e
o Olys e grkie b S 5 g5 Jlo 5l S Cales
23 ea sl 0l cosr @blie w0 S
S30LLE Y] s S oLl Sl el 03 5 les 5 oblie
Ll 0s 8 Sl gl o wlide 53 a5 o
TP S Rl e s St/ SIS 5 sl 8,58
blie dgome 5 sbas Oy 5L2 OIS 1 s o b,
53 (Oas L;Lw; o) dl;'-\; S EPRISNIEPRY Ol

Sl oo a3 &S e

J”’f'fu}:“)l"’ &})Mﬁgam&:}'éuw;
PIVY VA acals js oy Ol AS Slasl
FINNSY/Y nls jo 0ad S50 Ol 5 20 oo

DLt o SSls gl ol (¥ o) 3 iie e oo



VeV Jlage) 3)loud VO Byg3 o))l ands polie s gy (slmodjgl 6 4 JSi>

[ v

DA S b S oy e 5 S
(YooV) s o D F] ol o ool S o
sl s Sl 5 1) S5 00,0 ks
e gl V0] WS 5158 S s es e
03 e i558 50 035 S Lyl pb cod aS ol 0L
s Ky ens s Sl Ogps o e gie gles
oxban 00,5 s b s e S Ll 0oy
Sl S dd Sl 555 e Fo i S5
S gles 5 o ol Al sl plend Canb

Y] el 05 S

555 53 5o alie Cuda oS Gleo b Jsema o) S
laadie ;> Dl et p i o ste gl b gesne
2o Sy i oS S A sdalie O eSS
LS Sl 2l B S Bl L 03 S i B
ol S glabes 31 eslanad 5 05 5 S by s
S5 S 5 S Sl 5 sl e LS5 [0 Y]
st e ol LSS 515 L sl ded S
D]l an § Lo 15 ) s Mo bjlsha o
0Ly St 3 O St oS ol 0l bl st

il glagig) b g Kb (b (SR gl Sadsd (2w, sl lyly Olpdl B Jgae

AE Aa Ab AL Oy Suid gy S £
y/on I8 XY -V/AA oS sl Jsono by
Vo /F0 YA YA —-¥/-¥ buwgio (slod/ Jgezs 5,68
. . QPR
My -/ <[5¥ -/ M/ uilS 800l 358
\/al -[o¥ VAay - \/5¥ oS o/ Jgono by
\A\i Voo idlas -\A5 buwgie slod/ Jgone 568
: QINeE
Y/ oy VA -\/50 S/ yuilS 33, 8,68
6))L3LGM&:&6QM‘.MJH;@%&Q)JJ)\;:J ‘5;4;;':3

s 5> s gy 03 86 Ly i S/ IS 8
o bl J e 8555 53 035 S
s s 5 g 555 L lize S S
5S> SSKiF o gbal S J s osd e
i B8 15 Sl S 05 S S b 0
055 0l Aile) o8 b sbe S b clize L
w0l as ol Jal o 5 (Lo s xS0l 5y 5 ulS 2
S LD s gl 055 S dal Bl (nl 552
LS a5 LS e S jlas sl
st/ S 5 gl S g asl codal w4
)so_li;? Ctjéuw 05,8 S (¢l as S

Dy g L k50 8 Slatila Lo, S

0 ol Catlis b S 218 Glawnss 03 5 S
Al Gilae S/ LS ol 555 Ly ne Bl
S 5 e sl s e S SIS
5SS DA Sl sy O S
53 03,8 SLES gy dlie 53 Lac i SO, i
Lol oo glaasd opl 5 5 b odd Jseme s, S
bl Sawssmr O sla s oo, o (55k8
et Sl 55 S0 Slomio L LT ot 5SG 05 83
C\)_}l Ju8 Bl 5t 55 5 Ldd fomy 5 S50
25 03,5 S sy a S (3l opl SO s
SO e U0 0L (6,5 0 Jsane 5555
S eS8 Gl plraly i Lead S glawss



A i gl g (535 Sid (sl Jgesn 855 5 M/ ulS 33l 8,58 IS dunslie

References
[1]. Goreshnev, M.A., Kazarin, A.N., Lopatin, V.V, Sekisov, F.G, and Smerdov, O.V. (2013). Combined
timber drying method. Journal of Engineering Physics and Thermophysics, 86(2): 336-339.

[2]. Tarmian, A. (2017). Wood Drying Theories, University of Tehran Press, Tehran.

[3]. Espinoza, O., and Bond, B. (2016). Vacuum drying of wood—State of the art. Current Forestry Reports,
2(4): 223-235.

[4]. Resch, H. (2006). High-frequency electric current for drying of wood - Historical perspectives. Maderas:
Ciencia y Tecnologia, 8(2): 67-82.

[5]. Tarmian, A. (2019). The Establishment of radio frequency-vacuum wood drying in Iran. Iran Wood and
Paper Industry Magazine, No. 134: 29-34.

[6]. Avramidis, S., Liu, F., and Neilson, B. J. (1994). Radio-frequency/vacuum drying of
softwoods: drying of thick western red cedar with constant electrode voltage. Forest
Products Journal, 44(1): 41-47.

[7]. Liu, H., Yang, L., Cai, Y., Hayashi, K, and Li, K. (2014). Distribution and variation of pressure and
temperature in wood cross section during radio-frequency vacuum (RF/V) drying. Bioresources, 9(2): 3064-
3076.

[8]. Antti, A.L. (1995). Microwave drying of pine and spruce. Holz als Roh-und Werkstoff, 53(5): 333-338.

[9]. Jung, H.S., Kang, W., Eom, C.D., and So, B.J. (2003). Comparison of vacuum drying characteristics of red
pine square timber using different heating methods. In: 8" International IUFRO Wood Drying Conference.
Aug.24-29 Brasov, Romania, pp. 135-142.

[10]. Chen, Z., and Lamb, F.M. (2007). Analysis of the vacuum drying rate for red oak in a hot water vacuum
drying system. Drying Technology, 25(3): 497-500.

[11]. Culer, C., and Dilek, B. (2020). Investigation of high-frequency vacuum drying on physical and
mechanical properties of common oak (Quercus robur) and common walnut (Juglans regia) lumber.
BioResources, 15(4): 7861-7871.

[12]. Ananias, R.A., Sepulveda-Villarroel, V., Pérez-Pefia, N., Torres-Mella, J., Salvo-Sepulveda, L., Castillo-
Ulloa, D., and Salinas-Lira, C. (2020). Radio frequency vacuum drying of Eucalyptus nitens juvenile wood.
BioResources, 15(3): 4886-4897.

[13]. Tarmian, A., Ciritcioglu, H.H., Unsal, O., Ahmadi, P., Gholampour, B., and Oladi, R. (2020). Efficiency of
radiofrequency-vacuum (RF/V) technology for mixed-species drying of wood disks with inherent defects.
Drying Technology, 1-11.

[14]. Standard Test Method for Structural Timber — Visual strength grading - Basic principles, International
Standardization Organization, I1SO 9709, Geneva, Switzerland, 2005.

[15]. Liu, H., Zhang, J., Jiang, W., and Cai, Y. (2019). Characteristics of commercial-scale radio-
frequency/vacuum (RF/V) drying for hardwood lumber. BioResources, 14(3): 6923-6935.

[16]. Rabidin, Z.A., Seng, G. K., and Wahab, M.J.A. (2017). Characteristics of timbers dried using kiln drying
and radio frequency-vacuum drying systems. In: Proceedings of International Conference on Mechanical,
Aeronautical and Automotive Engineering. Feb.25-27 Malacca, Malaysia, pp. 10001-10006.

[17]. Gan, K. S., Amin, R. Z,, Lim, S. C,, and Sim, H. C. (2008). Is RF-vacuum timber drying an option now?
In: Proceedings of National Conference on Forest Products. Oct. 19-21 Kuala Lumpur, Malaysia, pp. 41- 48.

[18]. Lee, N.H., Li, C., Zhao, X.F., and Park, M.J. (2010). Effect of pretreatment with high temperature and low
humidity on drying time and prevention of checking during radio-frequency/vacuum drying of Japanese
cedar pillar. Journal of Wood Science, 56(1): 19-24.

[19]. Sandoval-Torres, S., Marc, F., Jomaa, W., and Puiggali, J.R. (2009). Colour changes in oakwood during
vacuum drying by contact: studies on antioxydant potency and infrared spectras in surfaces. Wood Research,
54(1): 1-14.



Forest and Wood Products, Vol. 75, No. 1, Spring 2022 (Research Original) [ 72

Comparison of efficiency of radiofrequency/vacuum kiln and conventional
kiln for drying Scots pine wood

A. Nikoutadbir; M.Sc, Student, Department of Wood and Paper Science and Technology, Faculty of
Natural Resources,University of Tehran, Karaj, I.R. Iran.

N. Sharifi; M.Sc, Student, Department of Wood and Paper Science and Technology, Faculty of Natural
Resources, University of Tehran, Karaj, I.R. Iran.

A. Tarmian®; Assoc., Prof., Department of Wood and Paper Science and Technology, Faculty of Natural
Resources, University of Tehran, Karaj, I.R. Iran.

(Received: 16 August 2021, Accepted: 19 November 2021)

ABSTRACT

In this study, the efficiency of radiofrequency/vacuum (RF/V) technology for drying of pine wood
(Pinus sylvestris) was investigated compared to the hot air convective method. Flat-sawn boards with
dimensions of 4.8 x 21 x 120 cm, heartwood percentage of 72.9% and average green moisture content
of 60% were cut. The boards were dried using three methods: (1) an industrial conventional kiln at low
temperature (maximum temperature of 50 °C) and (2) normal temperature (maximum temperature of
71.3 °C) according to a 20 step-modified drying schedule and (3) RF/V kiln. RF/V drying was
performed in an industrial kiln with a power of 100 kW and a frequency of 50 MHz according to a 6
step-drying schedule with a maximum temperature of 65 °C. Then, final moisture content, moisture
gradient, discoloration, wood drying defects and stresses were measured. The results showed that in
addition to a significant reduction in the drying time of the boards in the RF/V Kiln, the intensity of
surface and end-checks in RF/V drying was significantly lower than that in conventional drying. All
dried boards were free from internal checks. The maximum twist and cup were 4.8 and 5.4 mm,
respectively, and no difference was observed in the efficiency of the three wood drying methods.
Unlike conventional dried boards, the boards dried in RF/V kiln showed no casehardening. Moisture
gradient in all dried boards was negligible (less than 2%). The discoloration of the boards dried by
RF/V was lower compared to other dried boards.

Keywords: Drying, Scots pine, wood dry Kiln, radiofrequency/vacuum, hot air convective method.
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