
THE EFFECT OF STEAMING TILIE AND TEMPERATURE 
ON TEIE LONGITUDINAL PERRilEABILITY 

OF BLACK WALNUT 

Petei* Y. S. Chen 
Forest Products Technologist, North Central Forest Exp. Sta., 

ITSIIA Forest Scrv., Carbondale, IL 62901 

(Received 22 Septeml~er 1975) 

ABSTRACT 

Longit~~dinal permeability to water of black walnnt sapwood and heartwood specimen 
pl11gs \vas deterinined before and after steam treatments for 1, 2, 3, and 4 h and. two 
teniperati~res (100 C and 115 C) .  Steaniing heartwood specimens at 115 C gave three 
times greater increase in longitudinal permeability than steaming at 100 C .  Also, steaming 
I~ea~.t\r.ood specimens at 115 C for 3 11 gave the greatcst and most significant increase (560%) 
in longitudinal perineability of all other steaming times (which averaged about 90% in- 
crease ) .  Ho\ve\-er, stc~a~n treatlnent cansed very little change in longitntlinal per~ileabili t~ 
of sapwood. 

Stcanling at 100 C for 4 h reduced the ~.;itio of longitudinal permeability of sapwood 
to Ilcart\voocl fro111 21,000 to ;tpproxi~natc.ly 10,000. Steaming at 115 C for 4 h reclncetl this 
l-atio to about 4,000. 

ISTRODUCTION The purpose of this study was to deter- 
p,lack walnllt ( ~ ~ ~ l ~ ~ ~  nigra L. ) is a 111ine whether steaming improves the longi- 

slobv-drying, valual,le hardwood. ~ l t h ~ ~ ~ h  tudinal permeability of black walnut. Black 

Dr!, Kiln Opercltor',s Rlanual (Raslllus- ""lllut pits do not have tori to cause pit 

sen 1961) apprOxilnately 2 aspiration, but the wood has abundant ex- 

weeks to l-incll stock from tractives ( Cooper 1971 ). Although the sap- 

6% moishlre it is cluite colllmol, wood isfairly permeable, the heartwood is 

for some killl Operators spend ,lp to 4 very impernleable even in the longitudinal 

wec,ks kill,-drying l-illch stock. F ~ ) ~  tllicker direction ( Chen and Cooper 1974). This 

such as gllnstocks, (3 lllonths kiln- paper describes the effect of the time of 
clryil,g has lIeell time rccluircd steam treatment at two different tempera- 

to go fro],, green to 69  lllOisture colltent. t u r e ~ o l l  the longitudinal permeability of 

Reslllts of steaming as a means of im- sapwood and heartwood of green black 

pro\,ing woocl permeability :n1d accelerating 
thc drying rate have beell inconclusive in 
the past. Several reasearchers directly or EXPERII~ENTAL 

indirectly found that steaming increased A fresh, green sample of black walnut was 
\voocl permeability (Campbell 1961; Ell- cut and stored in a freezer at -10 F in order 
wood a i d  Ecklund 1961; Ellwood and to preserve its green condition until the 
Erickson 1962; Nicholas and Thomas 1968). time of testing. 
0 1 1  the other hand, some researchers found For sapwood, 16 specimen plugs ( W-inch 
that steaming did not increase green wood in diameter and 'A-inch-long along the 
permeability (Erickson and Crawford 1959; grain) were tested for each steaming treat- 
Forest Products Research Lab. of England ment. 13ecause of the greater variability in 
1955). And still others fomnd that steaming permeability of heartwood, 24 specimen 
iucreasecl the initial drying rate, but the plugs ( %-inch in diameter and Ill-inch-long 
advantage 1)ecame less as d r y i ~ ~ g  tempcra- along the grain) were tested for each steam- 
ture rose (Torgc'son and  Smith 1942). in:: treatment. Because of the lower perme- 
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- ~- ..----. - -  - -~ 

(~l-eeli ,\t trr ,;teaming 
i i e f o r c  sLe.lmilig ( \IL 

Xi11 i d o r c y s  
c\'& 

I. l i1l i d n r ~  y s  
.. - -- ~ -- 

SLe.lming :~t 100 (' 

137 .7  4 

Grand hve. 7 9  

Steaming a t  l l 5  C 

0.81 (1Y4) 1 .79  (260) 121.0  1 

(1. 6 6  (101)  1.25 (121) 89.4 2 

0.7:' ( 89)  1.20  (167)  66.7 3 

0 .58  (120)  1.87 ( 1 4 7 )  567.2 4 

Grand Avc. 

'b.acll permeability v a l u e  i s  :in .werage o C  2 1  specimens. 

' ( . ,~* , f f iL . l rn t  n f  v a r i a t i o n  ( 7 : ) .  

ability, !G-inch-long specilnens were used in ter. The steaming treatment at 115 C was 
11t.artwood. Specimeli plugs anlong differ- carried out in a pressure cooker. 
e ~ l t  steaming treatlnents were rn~ltched 
along the grain. RESULTS AND DISCUSSION 

~ o h r  different steanlii~g tirnes (1, 2, 3, Stearning effect on 1leartzc;ood perrneccbility 
a11d 4 h )  at two different temperatnrt.~ ( 100 
c and 115 C )  were elnploycc~ ill this Pernlcal~ility values varied greatly among 

Tile lollgitudilla] permeal,i]ity to water of the 24 specimens of each treatment. For 
each specirllell was deterlllillec~ llefore example, the pernreabilit~ ranged fronl 0.03 

and after the stealn treatment. ~h~ gel,eral to 2.81 Millidarcys before steaming and 
procedure and equip~nent ~lsed to measure fro111 0.02 to 22.96 hlillidarc~s after 4 h of 
the perlneallility of the haye l)erll stearlling a t  115 C. As shown in Table 1, 
pre\,i~)us]y described (chel l  cooper all the coefficients of variation (CV)  are 
1974; Cornstock 1968). The only lllc,difica- very large. However, these CV values are 

tioll for this stlldy was that a pressure sinrilar to other work on IO\V pern~eability 
1.1 psi. was used to mc\asure the flO\V of species, such as white oak, post oak, true 

sap\Yo(jd spc~cinlells alld a pressure of 30 hickory, and green ash growing 011 southern 

psi. was elnployed for heartwood specimens. pine sites (Choong et al. 1974). 
TIle allovc pressures were chosen to avoid The effects of steaming temperature and 

possillle tllrllu]ellt flow in the and steaming tiille were both found to be statis- 
to some lllcasura],]p flow ill thf. heart- tically significant at the 95%- le\7eI based 011 

wood. the difference in perilieability before and 
The steallling treatment at 100 C \\,as after steam treatment for heartwood. Steam- 

conducted by placing the specimen plugsin ing at 115 C, on the average, gave three 
a sllsperlded cage ahove 1)oiling water in a tinies greater increase in longitudinal per- 
I-liter 1,eakrr wit11 the month of the beaker meability than steaming at 100 C (Table 1, 
co\~lertd by a series of concentric copper colurn11 5 ) .  Steaming at 115 C also gave a 
rings except for a small opening at the cen- greater increase in longitutlinal perme- 
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.E 2. Signtficant differences, by Duncan's new multiple-range test, in the effect of steaming time 
on lonfiitutlinal pern~cability of black walnut lzeartwood 

- - - -  - -. ~ .- ~ . .  

, , ,  ..i.ni 1 ~ c ~ i t i t 1 v  d i l  le!-i,nt Ili i  i c r i r . c r  S i g n i f i c a n t  r n n g c  

I , ' L - , , L ~ # . , ,  ,,tc ~znmg t imcs (Ill:) ' I i l l i d ~ r c y s  
- - ~ - ~ ~ - .  . - . . . .- M i l l i d a r c y s  

al~ility than stea~ning at 100 C at every 
steaming time (Tahlc 1 ) .  

1 Io\vevvr, thv effect o f  steaming time was 
11ot :is apparent as the effect of steaming 
tc,mpcr:itl~re. Dnncan's new nlultiple-range 
test was enlployed to fnrther analyze the 
data (Steel and Torrie 1950). Steal11 treat- 
mcnt  at 100 C: generally increased longi- 
t ~ ~ d i n a l  permeability the longer thc stcam- 
ing t i~ne  (Table l ) ,  but these differences 
among steaming tiines at 100 C were not 
statistically significant. Stearn treatment at 
115 (: for 4 h gave the grcatest and most 
sig~rificant increase (560%) in longitudinal 
pcr~neal,ility; all other steaming tirnes at 
115 C steaming tcmperatt~re caused an aver- 
age illcrease of about 90% in penneahility 

(Tables 1 and 2 ) .  The reason illcreased 
steaming time at 115 C did not consistently 
cause an increase in permeability is not 
k~lown. 

Contrary to heartwood, the permeability 
values of sapwood vaiy little among the 16 
specii~leils of each treatment before and 
after steaming. The nlaximum CV is about 
770, and the majority is about 3% (Table 

3 ) .  
The steam treatment caused very little 

change in the longitudinal permeability of 
sapwood. Steaming at 100 C for 1 to 4 h 

' ~ A H L E  3. i\ccl.agc longit~~tlinal ~~errneahilit!~' of grecii ant1 stean~erl black walnut sapwood, and changes 
cl~re to steam treatment 

. - - - -. . - - -- - -- --- .. - -- -. -- 

Croco ;ifti.r sLramlng Average  Steaming 

bc fo rc  s t e a m i n g  CVL a t  100  C C V ~  change  t i m e  

[)arc vs -. . . . D.'=cYs - -  P e r c e n t  Hours 

1 6 . 7  ( 4 . 4 )  10. 7 ( 4 . 1 )  0 . 0  1 

1 6 . 5  ( 2 . 3 )  1 6 . 5  ( 2 . 4 )  0 . 0  2 

1 6 . 6  ( 2 . 6 )  1 6 . 6  ( 2 . 5 )  0 . 0  1 

16.7 ( 3 . 4 )  1 6 . 7  ( 3 . 4 )  - 0 . 0  4  

Grand rive. 0.0 

-- . . . . --- -. . -- - -. -- 
A f t e r  s t e a m i n g  a t  

1 6 . 9  ( 3 . 8 )  1 7 . 1  ( 3 . 6 )  I .2 1 

1 6 . 6  ( 7 . 2 )  1 6 . 9  ( 5 . 8 )  1 . 8  2 

1 6 . 7  ( 3 . 3 )  1 6 . 8  ( 3 . 4 )  0 . 6  3  

1 7 . 1  ( 3 . 2 )  17.2 ( 3 . 6 )  0.6 4 - 
Grand iive. 1.1 

- - ~  - -- -. - -- . -.-- ~ 

'1;. ~ i t  p e r r n i . . ~ l ~ i l ~ t y  v ~ l r i e  i i .  ;in nvt,i-ai:e c l i  I h spec Irn+ns. 
I 
- l : i , c i i i c i e n r  ~ 1 1  v a r i , t t i i , n  (, ' ) .  
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did not cause any change at all. Although 
steaming at 115 C caused a slight increase 
in permeal~ility, the inaxinlum increase was 
only nl)ont 2% (Table 3) .  This is approxi- 
mately equal to the accuracy of the flow 
moter used in this test. It  was felt that there 
was no way to increase the longitudinal 
permeability of sapwood because it- was 
ulrcatly at its inaximum value. There were 
n o  extractive materials present within the 
physical structure of thc wood that would 
retluce permeability. 

In general, steaming at 100 C for 4 h re- 
duced the ratio of longitudinal permeability 
of sapwood to longitudinal permeability of 
heartwood from 24,000 ( 16,700/0.60) to ap- 
proximately 10,000 ( 16,700/1.64). Steaming 
at 115 C for 4 h reduced this ratio to around 
4,000 ( 17,200/3.87). 

CONCLUSIONS 

The variation in longitudinal perme- 
ability, both belorc a i d  after steam treat- 
ment, is very large for heartwood ant1 very 
sinall for sapwood. 

Higher tempcxrature and longer stearning 
tiiile increased longitudinal permeability in 
heartwood, but both higher temperature 
and longer steaming time failed to alter the 
longitudinal permeal~ility of bIack walnut 
~ p \ ~ o o d .  
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