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Vacuum Dying of Wood with High Frequency Heating (@)
On the Drying Rate, Comparing with Kiln Drying

Jun-ichi KawaBe and Minoru Mor1
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M, A 10~15m® oABERESEAESh, EHBBICA - TSk, KK TE, ¢
NOOMBIED > B, SAKREFNEOTHEERZRAT S ENTE2DEHRED
NAMBSR & ERBRICKBIEODOR EWHE T C N E R LSS5 e
&, U dRED B w ek e UCHBEFEnsiscssE 8 Uk,

T, WG BY 2 KM thokayd 5 0REKBINICE, REERICESTEXIIK
A OERMAERK X BEFENBOEKBEMIC L BLBHR LS LAAMBT L TH A
S8 OIEEBRER & UTRMMIMEDT b 5 0 id < & A 5 [ O KRS B M IR TE
Uy UZedio T BFERGIR O 132 oM E oG X sh s B 5N 3.
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S D 15 BRI > O CRMES MZERGEREEE U, 7 OBBkic B JIF 9k Gk 3
@M&@%%cowf?%bk(mLiﬁl%D AT ORICETE, HEH
& U THMEST 1B D 5278 2 3 (RO BERA 2 v, % 97 R B n sk FERE AR & BURE
BRIC B 1) B REGEEE R R Ly D EICTTEIEAR I D W T A B O AR I RESE & AN A
FEWEL, €N ORRP SKNBHBMICOVTHELE LI, S51, KHMOHREH
BEIOWEEE B LETERCDOTERL, BEERECKREELZPHLILEIEL
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2. 1. R

R, BB OB b M B8O by T BT REME LT T
Er v, BHMMORBIEEMRE R E LT T, N4 RFEBEMAE. 3 EER
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Table 1 izR7.

ﬁ%ﬁ@#%m,%M@ﬁ%ﬁ&@%@@&%ngmnmw &L, BERl~
10cm, %13 5~100cm L&, waKEIL 50~180 % TH 5.

Table 1 Test materials used in the drying tests

Test materials Tu 7l kg (darcy)
Apitong (Diprerocarpus grandiflorus BLco) 0.78 — 154. 30
Matoa (Pometia pinnata FOREST.) 0.72 e 0.69
Western redcedar (Thuja plicata DoNN gr D. DON) 0. 34 11.0 0.07

r«; Specific gravity at air dried condition
n; Number of annual ring per ¢m
kg; Longitudinal air permeability for air dried specimen at 3 cm length

2.2. EERFE

2.2. 1 EREEE

ERUCH O SRR R A Fig. 1 IR, REABEMDOOLS
38x38cm?, BIT 127cm T AWK T2 Y VR UIEDEINRTH A, HEIE
2015 em?® OEE 3 FATICHE D, hRoBr S EBERER GKw, 6.7MHz) 50
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Fig, 1 Apparatus for vacuum drying of wood by combined high frequency

heating
@ Feeder (+) @ Feeder (~) ® Wood Specimen
@ Elecirode (+) ® Electrode (—) ®  Vacuum Gauge
@ Manometer ®® Thermometer

BEMROOENBICZ 5> A USLEMMER L, ZHORICRT 7 ) VIR THREOD
REMWBETEE L5 Lk, BRHMOOETRIZES 2.5cm QLKL L UHOH
VR O G RN U CRTERNC B LB S E s 5. B 150/ min 0FERY 7
TRESH, 2OFENRY —V@BLU</ A —2@IC&->THESN D, BEbicsD
AEBNERES—EIT 30, TOEHIK 600W Ok —2 2R, BEHEOTH
FELDDR5A4 8y 7 XD BENHESNSE. BRMOBEIBIUESOhRAER F
) OVTHEE 6. Smm OHFEEG T —BEREES AL £ 3ARKETHER
B EIED UM 2NE L, RSB insoo 0Bkl e, 4000V, 0.2A T, #
BA—RIREd 285 i llin Uz, BRHM o BRI, —ERBE S LR E, L
B U TR Lo, /e, SAJRURE R (3R B 4 VTR 70 Ry 3 m/sec DIERAREE W
TH - 7z,

2.2.2. EEAZMN

EERE, RO IERIEDWTF- .

SEBR 1 : R OB R AR & SRR T B 10 B AU O Heik

HE I M DWW TES 2.5em, 1§ 10cm, £ 30cm O4MT SIABE SARIMD
Ly £ FNE20C RBMORE» S KIERENTONIMEORRY (As4
) OED, KOWD»LOIKDERMBTONA LSO LT & M= R v
NeBeasH 2 L B LciBd (C2 4 7). HE» oD B KAERMETbhEL I i
KA FlESH % 3 Ui ilBds (T2 4 7°) Z2ELE. co3ERRMEeheh
TR B AR R AR & MR ETT Y, £ 0 RN & 705 BRREDRE 2 e
L7c. CO8e, ERNMARELRIC Sy 3 Fhid 30 mmHeg, AR dudio BEE
40+2°C, ABRNEBRGEE 4021°C Th 5. Fi, BEEERICET 2 3MBOREEHR
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Fig. 2 Drying schedule used in the Experiment 1. R e s JOE
D.T; Dry bulb temperature TE M ESNLZAF O

W.T; Wet bulb temperature

; . 3 B 2.5¢cm, | 10cm
u; Moisture content of test specimen 20T R » V8

DEMOSIERL, EXZES
10, 20, 30, S0, 70 B&© 100cm o 7 BpicELS ¥, RAHBRIEIWHEOALA
7 ORI O E o B AR R R R R U CROEER O HEF L C x4
FEREB RIER U, RS R (40 mmHg, ¥ B IN#EC X 2 HHunERo
B 40°C, ZEKERE 40°C) U, #IHIEkER 60 i o INEIKER 15 % % T DN
HaERkyi, CoB4 EBRENEREERERATEERMoRScI DR L ~
20 e ol L, ERE 100em k—gd L, MHRKIE 0cm, £33 100cm O
ey, RO THICEEOSEE, SSRETHHKES lom OEBRHMEELS,
WA 4. 5em w—gic LTE L /2.
Seli M AR AR Dl SR TR BRI R de R
TE by ENA 2EOMMEEBM ICOWT, HE 100em, #IE 10cm —E & Lt
Ex%1, 2.5 5850 10em ©4 BRI sY, CNEEHELNAREGERL 0
mmHg, EE RN & 34 b OB 40°C, SEKRE 40°C), mifl&kER 60 %
D B AKE 1S BETOEHBREIEERD . COBE, FEIORMM & SRR
EEAZC LI OBEEEE 10em kK—EL L, €OTREMES S, LTOM@IER
10X100cm &, #olE4 llem —Ei LTHINL .
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Fig. 3 Decrease of moisture content (1) with drying time (6)

H; Vacuum drying combined high frequency heating
K Kiln drying
O, @ and A ; Evaporation during drying is done from all faces
of test specimen (), from only the cross secti-
ons (@) and from the other four faces (A)
Size of test specimen and electrode distance are same-in Table 2.

SR T ORI HMERRM I 20T, 2 b SRSEERSEIAL 47, KOHE»B
RODCEAFBLOEREM SO T #4720, BBREBE (0) & &785 akE
W) DETERWEHS 77 Eiwr ey b L, Fig. 3 ©RY. FAR»S, BAKR4LSBH
515 g TcoOwmREE (), BXOZOMICET 3 _ARTT G- 0 LR (g/
cm?shr) EZNENMEN, ERAE (C, T X0 A) BlicskdT Table 2, 3 iR
9. DEFWREEN S, WEBMEM I DWT, BRI AR B O BRI o B
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Table 2 Comparison of drying time between high frequency heating-vacuum
drying and kiln drying

\ Material Apitong Matoa Western redcedar
.
%&ﬁw\\\ H K | KM | H K | KH| H K | k/H
C 4,5 | 342.0 76.0 45.0 | 286.0 6.4 18.0 38.5 2.1
T 14.5 95.0 6.6 47,1 570 1.2 15.4 37.0 2.4
A 5.0 64,0 12.8 26..0 37.0 1.4 9.0 23.5 2.6

Drying time from 45 to 15 % of moisture content in hours.
Size of test specimen; Thickness 25 mm, length 30 cm, width 10cm.
Distance between electrodes; 45 mm ;
H; Vacuum drying combined high frequency heating
K; Kiln drying :
A, C and T; Evaporation ‘during drying is done from all faces of ‘test speci-
men (A), from only-the cross sections (C) and from the other -four

faces (T)
Table 3 Comparison of drying rate between high frequency heating-vacuum
drying and kiln drying (X10-tg/cm2-hr)
\“\,\ Material Apitong Matoa Western redcedar
o
Drying rate ™~ H K H K H K
Ve 72.5 1.0 4,6 0.7 7.9 3.7
vp 1.5 0.2 0.3 0.2 0.6 0.3
vy 4.1 0.3 0.5 0.4 1.0 0.4

ve, v and vy Evaporating rate. when water evaporation during drying ‘was done
only from the cross sections (v¢) the other four faces (v;) and all
faces of test ‘specimen (v,). Size of “test specimen and distance
between the electrodes are same in.Table 2.
Symbols in the table; Reffer to Fig. 2

s B ,

TP, RO S OEIGEE (ve) 13, 2O 0.05~0.73g/cmihr THHEIIL LS
BRMBELL, TRHARERO 2T AR, T Y T3 = 7T 6.6 £,
RAAZAXT2IBRBLTOS, TOXSICROEERMMEESR B C & RBAGRIEOK
ETH-T, MG AIKAERED BIFEHREM B 0T iRl oK
BRI BN T—EEFCS LN E LR, BESNo0EHLT0 B0 THS (&)
< R HE 1978), CNETE P YERDVWTHSE, TOMRBEFENICT 7 — R Dl
FEAss & ST SR BERES Sbhy TR YW (Table 1), 2Ok, FPEmpyiok
BRI AR B 0T, BRI & - THWERE R LR 5 &dkic, BRAERNO
BREEDSH S IC b &M PR B BRI L Timle PN I 2 O IREEIC R 1 B fanzk KU
EBELURENERL, COENEAEEKELOBIC K » THEEWOKEL IARDOE» S
ILACEHLTY ., CoRBRERBSEEL S 3. $i, HMWKSBIEAkEL

TOAT &iE, MREBIENREREICGEYS 35°CLUTIREEE TN LS HE
PTHE (RRWBREFES 30mmHg kK3 384134 30°C). Fig. 3 k378 +
v @ 0-log u BIRIRASEIKE 16~17 BETABETERLTVIDR, OB
Hzb0THs., (FREREICBOT KOS OEDEIICK 3 A/KBETREMHE»
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LOFNEFELMEERLTHS)., = b7 Tl Table 3 O#RIFT L5, SR
& T AR DITEZEROR I O BN 5N 300 MMES MEEBERIEOZE L  Eih~ 4
RETCEEDOMMIBHLTH B, ~

DEIC, W O OERGRE (vr) 13, Table 3@ &S ICHEMRE L, 7MY
TRPROZOHENEL T.52RFKL, N4 2FTRDPPEL2.2, = T7TRLSIE
IS, COEHRIETE, BETORABRRAEFIC K > THRICREEKEHMN T
5 &4, EEEMEGREONMNICE T ZRBLEY ORESHEIC K - THRSFEMIILE
AN, ZOMEAIC L > THRED & EB~OKS OB T A RHE S N, BT AERTH
FICATbN AWM LB oD, COXI UM PORGOIBBEIE, —BiciBq 2F
O XS UELEMBEESCHFLAS U, 19508, BHEEHO 7E Vi BT
vy BEVHEERT O, WERENE N DB T OLS, T OM IE T S
HOSRBBYES BRIF D TRV MEERESNS, Thicktl, = 7T, Kk
FEEAEBRIC BT 5 MBBMEDCRETIRIZEALELEINIL,

&5, B AW, L ORRGURE v it BRM o 2RI 5 8 KN & RKE o
MBMERIC I > TREZCEBHURTH S, HE 30cm oXRBM OB, BEk
TR E R T 0.005~0.04 g/cm®shr OWEFT T E b B BEEL, N4 2¥, =+
TOMTHBIL XBERBEDLHTREN., ChitHl, BREEHRTRNAZE, w7
DOETTE P B OEARESEVY, 0z 0.003~0.004 g/cm*shr DIEIEHKNT
Ho, EbdTEMLLMEERLE.

3.2 HREELBIETRESORE

KRBT B O TS ATRERIC BT S — ISR O RO S OEFMEED K S Wi
o, FROBBMZEROR
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Fig. 4 Effects of specimen length (/) on the time bMES S0cm PLETE—

required for drying from 50 % to15% of SEOW BB ERT C &b
moisture content (8). 5.

(Air drying at constant temperature 20°C and R.H . n .
60 95) D, HE L O A B

Thickness of test specimen; 2.5cm BERFEGRICBNT 7T E b
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Fig. 5 Effect of specimen length (/) on the time
required for drying from 60 to 15% of

moisture content (6)
A, C; Reffer to Table 2
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AT D AR & D R DIF &S
@ CEERR O B,

T ORI, Ml sk
HOBWTE MY TR ImbicE
WT ORI A B O ZEFEASHE 1 Iy
EFRLTHBEC EERLTH
3. %f, HMOFmEGERED

BN ZE T, WRERNEROTEKELEDTHWED, DB EEHE I mETRAE
CF R SN ICEEEREL TR T Ed5bhh B,

3. 3.

ERBECEXIETIRES ORE

SRR OB B ENAREERICBONT, TE Py ERAZAFTHEOA £ 4 PEBM I
DT, EXE lem S 10em $ T4 BEICEX O SR DWTHEKE 60 %

o 15%%

TOBREEE 2 v L, Fig. 6 KRT. ARO LS, 7Y CRERE

EXic k2o sum L, WES Sem & J0em TRIZEA KRBT
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80} Western redcedar
@
0 eo} ///
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Fig. 6 Effect of thickness of test specimen (d)

on the time required for drying from
60 to 15 % of moisture content ()
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LU 10em OEERMERAER S
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LC R I s s L Je e
i3, BEREBEhCRE S A SRR
WwoeNEhot, Thietl, ~_4
2 TR R R AR R i
LTH0, Zo#NBRRKEDE
BERNSL TS, — I U
B T R X O i & B SRR
oW, EHH S SKRERI0HE
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11~ 2 3EEE (Kollmann, 1951)
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EINTVENG, TE Y ESL ZFOFH WM TRES X 2HRERO
B <, & wEM O ToMNAsHREERIc L TEL AR, HES lom
T B E, MES 10cm OBA ORISR ORIMNLRE T € b v TREY 2. 56,
NRAAF TR FIPEE TN,

RO AEFESERE2XR T2 7+ v TR, REXIC L B3 ERBHOEESDIS
DRERTH B, B GRS REDORRBIEA 4 2 F ORISR CEN D,
BB & 5 Wik & 2 15 A0 R T AR T I 0 A TR e & % PIEIRL I oD 84 0 HSih e
KEHAF RO RMEEB T B RCT 5 L ERT 3 &L LN 5.

184, PR TR RO UTEEAE L ds, RERcERM U e R donds e
BB LUCHEERONThOBRICBOTS, 7V FVIEBY 3EDORALDEDRE
Bt icRimEi, WHhEE 0B LORERBE ST,k SREHIC L 5 XED
FrACDWTI, RENCHREST 3 TR TH 5.

4. ¥ Ei

AR, KM EERCHEE ST 28 A WG & 2 RS D W0 T OSEBE A
TRBEN» S, RELVCERRBEEEZAY, ZZ0oRBRER A7,

IR, BT ARAE RO RIFSIREM E LTT ¥ b v &, REIEHEM & L
T bT%, FhEEHELTSAZEDIBBO SMREHY, ThAiEl (HKER60
~1209) H o 15 THIRL, OB, BEEECEXEFTHEIEHED 2
BICOWTHHNG S, Ch o EEOMERER LI, ROBRERL. T, &
RERIC B Y ARBWES 30, 40mmHe, M OEHEMMEREE 40°C ©H 5.

(1) SRR ERIEI U TR IR E R X SRzt 8 &, T Y
TRYDBREHINTHIDREL, =7, "4 AF¥TREAEN/1L4 1/2.6TH
D, FREREEROMREMEIC L - THL TS,

(2) WERERE DT, $EH ORI & LR 2 5 OKAEAEHRIEELR L,
AR BRI MR RABEE EET 2 20RO 2 &N P LT
fo. —DRTEM Y REZOHANSLND LI, MEABETTHORKEERT HNE
NMHEGILEEDIFENBT & » T, HRRSOHBHEFAOBIEERICT ZENTS 5. i
O—DRRA RAERKZDPNB LD L DI, FRICD I OERBEM B L ST
IR UBEICTE A A O KIS B 2 RS T 31 T H 5.

(3 BT —BIHES0 cm Pl T ORk D R AR R B KT
CERDIBOEESNTH B, BRABNMBEERTRDE EEHE 100em ETRAK
DRSS Z B LELTO S, Ml ME 10em Kifd 24E 100cm OO
MR OWINEERE, 7Py TRB2E NI RFTRPIOHETH B,

(4) WEX DRI D40 MBEIEERIC B Y A RRENIE, Lo T~ 23
BIL, U bREMEHMEL L2 1EE 2 OWME AR ENESNTOEH, TEH A
BIEER T, 2OoMNMaNEHhdT/AIN. BEX lom & 10cm OROEwRKEHO
R, TN YTRZSME A AF TP SHICBET.
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Summary

Recently, vacuum drying method combined high frequency heating has
been applied to a certain extent in the field of wood industry. The purpose
of this work is to obtain some fundamental information about the drying
rate in this methord comparing with that in conventional kiln drying method.

Green boards and dimention lumbers from the three kinds of wood spe-
cies were used for the test material: Apitong (very high permeable wood),
Matoa (less permeable wood) and Western redcedar (very low permeable
wood). Some specimens were covered with thick epoxy-resin films on their
cross sections or the other four faces. to control water evaporation from the
specimens. Vacuum drying was done in the vacuum drier under 30 or 40
mmHg and the test specimens were heated up to 40°C with high frequency
(6.7 MHz, 4000 V, 0.2 A). Kiln drying was performed in the oven drier bas-
ing upon the standard drying schedules used in Japan.

The results obtained are summarized as follows.

(1) The drying time for green board is reduced remarkably or slightly
by application of high frequency heating-vacuum method comparing with
drying time by kiln method. The reducing ratio is 1/13 for Apitong, 1/2.6
for Western redcedar and 1/1.4 for Matoa, and the efficiency of this meth-
od on drying time depends on wood species.

(2) Based on the experimental results on the evaporating rates, it is
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considered that there are two principal effects on the moisture movement
in high frequency heating-vacuum drying, that 1is, one is the promotional
effect of the vapor pressure difference between inside and outside of specimen
on the moisture movement in the vessels along fiber direction as observed
in the case of Apitong, and the other is the accelerating effect of the mois-
ture and pressure gradient on moisture diffuse from inside to outside of the
specimen perpendicular to fiber direction as observed in the case of Western
redcedar.

(3) In air drying, the drying time does not depend on board length
except under 0.5 m. But in high frequency heating-vacuum 'drying, the time
varies slightly or greatly with board length depending on wood species. For
instance, the drying time for a board of | m length increases by approximate-
ly 2 times that for 10 cm length in the case of Apitong, and about 10 times
in the case of Western redcedar.

(4) Although the drying time for boards and dimension lumbers in
kiln drying increases exponentially with increasing their thickness, the time
in high frequency heating.vacuum drying increases slightly with increasing
“thickness. For instance, the drying time for a dimention lumber of 10cm
thickness is about 2.5 times as long as that for a board of | cm thickness in
the case of Apitong, and about 8 times in the case of Western redcedar.





