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Application of Pressurized Carbon Dioxide to Dr.yillg Process ofwood 
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4 nc* proces usmg pmtunzcd  carbon dioxjdc ms investigated In o r d a  to minimk the carrying con \rood 
This prwesswasprformed using the follo~lngSt?ps: (1)Firstly. m o d 6  r c i M  placed in agressurc-el, 0) Secondly. the 
vessel was prmunzed with carbon dioxide, (3) Thirdly, thc pressurized state was hcld for n ecru period and the pwessure 
wes thcn released suddcnly. 
E x p ~ m e n u l  rewlls obtained &om this study n-re as follosvs; 
The carbon dioxide dryingproccss could ciilyreduce onc half of&-. rnoistun? conrent n t io  o f w d .  Thc higher pressure 
of  carbon dioxide gave thc more effective drying of woods 
[Carbon Dioxide, Drying Prom,  Wood] 

1. lntroduclion r~mount of liberated water. Then the drying condttron u s  
Hcal~ag mehods an conventional and common prowsing o p h i m l  !o obtain the largest amount o r  w. The mying 

routes for drying wood. A dircM furaace heating method in n conditions exarnincd irt this mrdy me sununerind in Table 1 
dryis box, a high-hequcncy induction hearing mchod. an F:e 2 showsthe aspect of b e  liberztion ofwarcr fimm uwd tn this 
evsporarim method in a pressure vcsscL end a combined mothod pm:us. 
of rhcse mutes arc used UI the convmt iml  routs  [I]. Howcvw 
these methods require lnrgc-scale heating facil~tics, which make 
diwlt to dry wood st the felling arm in hmt Thc cffGCl OT d~yidg on each conduion w u  estimarcd by the 

Then am h y c  forest mounes in Japan, t f . o y h  wc m WATEWOID ratio. Here, tttc WATEWOID rabo u' &fined +i 

importins &dm fiom ovcncas. The costs of felling, arrylng, and follows. 
drying for woods EIC v t w  expensive in Japan. If m a e  costs sn 
reduced, woob in Japan will be used more cffeaivdy WATERlYOID - (amount of remained water in specimen 
Wc studied to develop the new dry in^ mahod with small-scale ~ t i ~ e  cycle, ml) ! (toul v o h c  of a i d  contained m spcdmen, 

equipment in usc of cnrbon dioxide based on the new concept of ml) 
wood drqiog. Practical wood drying proc=g *as n?v=:bmt*d to VOID is celculatcd iram the foUos.ng cq?urion. 
rcduc: lhe carrying c a t .  

Wo VOID = Y - - 
1 5 0  

7hc ~ a o d  used in thc cxperin~cnl was Sup, u Japanese cedar, 
pmduced st R e i h h  KocM Prefscrure. I h e  wood was  30 ycan 
old. The avetage annual ring siLe WIS 6.9mm in hemwoad and 
J.2mm in sapwood. Reic;ise/rcprcssurize valve 

Ahermc hcartwmd and s a p ~ n o d  portions wen scpamtcd, thc 
woo& wcrc placed L-I a wotcr barin to kecp thc wct condition. 
Bcfort lestmg, each specimen was machined into h e  following 
dimensions; tibcr grim: 100 or 300mq flat pain: 3 h ,  nnd 
edge grain 3 0 m  hi! of the specimens t a d  were prepared 
&om he same wocd a d  more the same destination of fiber grain. 

?he schcmetic d i a m  of drying wuod IS shorn in F i ~ l .  The 
procedum of dryins process are as follows, 

I. Woods w e n  put inro a vcrctL 
2. Thc v s t l  was pressurized usng carbon dioxide. 
3 .  The p m d  state was held for a certain period. 
4. The statcwas broken suddcnly by relca.3ing the pressure ~rcssuro vessel 

in odcr  to llberart the including uenter from the w a d s  
~ h +  pressure of carbao dioxide. h e  hold~ng h e .  the cycle of 

process, and Ihc fiber grain sizc were var~ed chanpng in the 
Fig. 1. Schema1:c di?gun of drying mod. 
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Tabla 1. b i n s  conditions examined in this ~tudy. 

TtSt NO. CN 

Nluopa Icp\mod 1.08 0.5 100 
Nj-m HeYhwOd 1.08 0.5 IW 

1.08 24 100 
6 C Y h n  djmidc W & m o d  1.OE 24 100 
7 Corbondddc  Sapwild 108 24 300 
8 Carbandiuxih H a r t w a d  168 24 300 
9 Carton di& Sxpnvod 1.27 24 300 
10 Cabon dinxid: Harhvmd 157 21 3PO 

0 2 4 6 6 1 0  
Cycle, N 

Figs. Effcct of ges on the WATERIVOID ratio. 

Drying conditions iue summarLfd in the Table I. Whcrc. 
isHo.1, ijNo.2, O isNo.3, and A isNo.4. 

nmouhr of cjrbon dioxide dissolvedin wood i j  lass. 
On the orhm han4 thc amount of dissolved carbon dioxide in 

l+atrr caused the mount of liberated water. So the WATEWl'OlD 
d o  dccrcases rapidly in the initial stage of the rrecitncnt cycle. 

Fig2 Aspect ofwater libemion kom wood in tNs pmzss. Fig.5 s h o n  the effcn of carban disxide pressurc on drying 
wood From Fig.5, it is clrar that z decrement of thc 
IIXEWVOID ntio of sapwood is morc npid than thar of 

Hcrc, V is thc spccimen's volume (cm3, IYp is Ibe specimen's hcarrwood. Because rhc sepwood 1s more porous than rfic 
dried weight (g), and I50 is the true gpecific @wily of Sugi hcxtwood, it is considered Lbai thc water pornleation in h e  

sspwood wx higher than rtrar in the heatwood during me 
pressurizing prows. Thm, when thc pressure 1s higher. tbr: fioal 
WATEWOIQ ratio bccornes lower. 

a largcr b that of nitrogen at 2981 and the ahnospheric pi- These similarities show tha~ rhm is no cffect of length of rhr 
[3]. This mcans that rhe gas with large solubility in water proceeds specimen on drying w o ~ d  except the portion diffcrcnce of wood. 
the p r o w  more elrcciin- 

4. Concludirlg Remarks 
Fig.4 *OUT fbe effect of  he holding tin~e on dfyin~ wood.' The mechanism inrhe wood drying process can be considered 

I Whco thc holding rime was 0.5 hour, the If,4TERWOID d o  a3 follows: (1) (arbon dioxide is d-wived into them in wood 
deereased wilh the cycles. The WATERTOID raio decreased during thc pressurinlion process. (2) The dissolved carbon 
more rapidly when thc holding time was chan~cd from 0.5 to dioxidc is in turn e l a p m e d  and expanded ar the nduced 
2s.how-s. Less change of rhc ~vXTERIYOID rario wis  o b ~ r v c d  pressure during h e  mlease protm. and (3) Thc evaporation of 
after 3 or 4 cycles carbon dioxide induces high pressure in the speclrneq fdtili&ng 

This indicates lhar ir t&cs a wmin time for carbon dioxide to the squeeze of thc water fiom fhc speciman. 
diffuse into water in wood. bccausc thcrc are many failures in The ecporation of carbed dioxide can successfulty reduce 
wood Thm, whcn the holding time is not long sough the the amount ofwarrr t o d n c d  in the wood. therefore, this new 
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0 2 4 6 8 1 0  
Cycle. N 

F1g.4. Effccr of lhc holding time on the FAZEIWOID ratio. 

0 2 4 6 8 1 0  
Cycle. N 

FigJ. Effect or  carbon dioxide prersurc on the IYAIEWOID 
rsno. 

drying p m a s  without htadng h a d 3 b l c  f o r  dryiry *pod 
On the othcr hood, thut is a gat wncem in th? reduclion of 

wwd weight bcwu$c the wnsportation cost now is dradcally 
incrmsing. Thus, il is a d ~ g e o u s  if this drydryme mehod can bc 
developed. 


