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ABSTRACT 

The dy~lamic mechanical properties of black cherry (Prnnz~s serotina Ehrh.)  have been 
investigated as a function of temperature at  audio frequencies. Relaxation processes are 
evident near 200, 360, and 510 K. The process near 200 K was i~lvestigatecl as a function 
of initial ~rroisture content (based on Inass measurements prior to testing). At moisture 
contents greater than about 200/0, the damping peak is centered near 185 K. This relaxation 
shifts with moisture content, antl at  moisture cwntents below 6%2, the peak is centered near 
225 K. The relaxatio~i in the 360 K region is alsmo associated with initial moisture content. 
For oven-dry black cherry specllnens, the dynamic mechanical properties in the 360 K 
region are ucarly te~n~e~xture-intfependent. The relaxation near 510 K is believed to be 
associated with thermal tlegradotion of wood constituexits that arc known to degrade i r ~  
that temperature region. 

Atlditioluil Keyu:ortl.s: Yrtrt~us serotina, therniodynan~ic properties, dynamic moclulns of 
closticity, internill frictior~, ~noisture content. 

In tllc study of 1\7ood, the dynamic 
mcxchanical properties are used to gain an 
understanding of the mechanical behavior 
a11d ~nolecular structure. These data can 
providct information concerning the rigidity, 
structural peculiarities, relaxation behavior, 
and microscopic mechanical behavior of 
wood. Dynamic nlechanical prol~erties of 
\17ood can be typically investigated over a 
range of frequencies, rnoisture contents and 
tc1npc:ratures. The potential usef'ulness of 

' The authors are ind'ebted to Dr. Wayne K. 
hlrlrp11t:y for suggestions concerning the research. 
Tllc paper that won second place ir, the 23x1 
Anr~nnl \\'ood Award Co~npetition ( D r .  P. R. 
Blankcnhon~ ) contained some of the data ( 100 to 
300 K ten~peratiu.e region) pres'cmted in this article, 
lmt that paper was not published. This work was 
authorized for publication on 9 November 1972 
as paper no. 4328 in the journal series of the Penn- 
sylvar~ia Agricultural Eaperimrnt Station. This 
work  its supported in part by the I'onnsylvania 
Scicncc antl Engineering Fountlation. 

this method has been partially demonstrated 
by some researchers (Bernier and Kline 
1968a; Jayne 1955; Jayne 1959; James 1961; 
Pentoney 1955). 

The dynamic mechanical properties 
(DMP) of wood as a function of frequency, 
measured at room temperature, have been 
investigated, and it was found that the in- 
ternal friction ( Q-I ) varied with frequency 
(Jayne 1955; Pentoney 1955; Fukada 1951). 
Hearrnon (1958) found that shear and 
rotatory inertia effects reduced the fre- 
quency of flexural vibration particularly in 
the higher modes of vibration, as compared 
to those frequencies predicted by theory. 
Kollmann and Krech ( 1960) reported that a 
change in the internal friction with fre- 
quency (1-8 kHz frequency range) was not 
detectable for spruce ( Picea sp. ) speci- 
mens, and that the increase in Q-' was due 
to the change in the aspect ratio of their 
specimens. The actual contribution of 
shear to the internal friction in free trans- 
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verse vibration has not yet been determined. 
In the present investigation, shear effects 
would be minimized since all specimens 
were tested in the fundamental mode and 
the specimen length is -- 16 times the 
diameter. 

Some of the effects of moisture content 
on internal friction at room temperature 
have also been investigated. Moslemi (1968) 
rcported that a moisture gradient did not 
significantly affcct internal friction values. 
Diener et al. reported that cherry bark ap- 
peared to dissipate about four times as 
much energy as cherry wood to lo2 
Hz).  Pentoney (1955) and Kollmann and 
Krech (1960) obtained i n t e n d  friction 
data at one temperature for a wide range of 
moisture contents. The minimum internal 
friction values at room temperature oc- 
curred at about 6% moisture content (MC),  
and (2-I values increased with both increas- 
ing and decreasing moisture: content 
(Pentoncy 1955; Kollmann and K.rech 1960; 
Suzuki 1962 ) . 

Because of the dynamic mechanical be- 
havior of the wood-water complex at room 
temperature, it was postulated that relax- 
ations in the DMP at other temperatures as 
a function of nloisture content may influ- 
ence the DMP values at room temperature. 
Fukada ( 1951) obtained DMP as a function 
of temperature (243 to 373 K)  for only the 
oven-dry condition. Bcrnier and Kline 
( 1968a) demonstrated that a moisture con- 
tent of 6% had an effect on the DMP of 
birch ( Betula alleghaniensis Britton) at low 
temperatures (<  300 K)  as coinpared to 
oven-dry wood. James ( 1961 ) measured the 
DMP of Douglas-fir ( Pseuclotsugts menziesii 
(Mirb. ) Franco) as a function of moisture 
content (1.8% to 27.2%) and temperature 
(255 to 366 K).  I t  was found that at less 
than 7.2% MC and near 255 K there ap- - 
pearcd to be an internal friction peak of un- 
known nature. It  is the purpose of this study 
to present results and analyze the behavior 
of the dynamic mechanical properties of 
black cherry (Prunus serotinu Ehrh.) as a 
function of temperature ( 100 to 600 K )  and 
rnoisturc content (up  to 20% ) . 

EXPERIMENTAL 

Apparatus 

In the present investigation, dynamic 
elastic nlodulus and internal friction were 
measured as a function of temperature in a 
transverse dynamic mechanical properties 
apparatus (Kline 1956) at audio frequen- 
cies. In this apparatus, a specimen is sus- 
pendecl horizontally by two strings near the 
nodes of the primary mode of transverse 
vibration. One string is attached to a mag- 
netostrictive transducer used to excite the 
specimen. The other string is attached to 
the stylus of a piezoelectric crystal pickup 
cartridge used as a detector. The internal 
friction of specimens ( Q-l ) is determined 
from the half-power level, ~ f ,  of the reso- 
nancc curve and the resonant frequency, 
fo; i.e., Q-I = ~ f / f , .  The dynamic elastic 
modulus (E') is determined from the 
resonar~t frequency and the relationship 
E' = ( 1/12.7) ( 14p/R2)f02. In this relation- 
ship, E' is thc clastic modulus in dynes/cm2, 
1 is the specimen length in cnl, p is the speci- 
men density in g/cm< which is obtained 
from mass and average geometric dimen- 
sions prior to testing, and R is the radius 
of gyration for the specimen about an axis 
perpendicular to the specimen length. 

A block diagram of the dynamic me- 
chanical properties transverse testing ap- 
paratus is shown in Fig. 1. The oscillator 
voltage is amplified and used to drive the 
transducer which excites the specimen. The 
temperature can be varied in the test cham- 
ber from 80 to 800 K. Typically, the tem- 
perature is steadily increased at a rate of 
about 1 K/min while nitrogen gas is slowly 
passed into the chamber. Specimen re- 
sponse is detected, amplified, filtered, and 
recorded (AC level recorder and digital 
counter ) . The dual-trace oscilloscope is 
used to compare the input signal and speci- 
men response to detect distortion and har- 
monics. Details concerning the apparatus, 
accuracy of measurement, etc. are given by 
Blankenhorn ( 1972) and Kline ( 1956). 

Strings are placed near the theoretical 
nodes. Previous measurements have show-n 
that the string position on the specimen 
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TABLE 1. Properties of black elberry specilnc'ns conditioned at roonl temperature and huviidit!/.* 

Average Mc,istore::: Q-1 Peak Resonant Frequency 2 

~ass '"er l~th  Diameter Content Tempera tu re  E' x 10- lo  (dynes l cm ) 

Specimen ( g )  ( cm)  ( cm)  (70) ( K) 100 K 1 275  K 

These specimens were  machined and f rozen.  P r i o r  to a  DMP t e s t ,  a  specimen was removed f r r ~ m  
the f r e e z e r ,  allowed to r ema in  a t  room t empera tu re  fo r  l e s s  than a  half-hour, weighed and tes ted.  
Moisture contents repor ted a r e  based on m a s s  measu remen t s  p r io r  to testing. After each t e s t ,  t h r  
specimen was  again f rozen.  

... .,. .,..,. 
This specimen was oven-dried in a  vacuum oven a t  330 K for 24 hr p r io r  to being conditioned a t  
room t empera tu re  and humidity. 

w~ l l  inilucmcc. the dampinq values. In the 
initial machining of the specinlens, all of 
the specimen lengths welc equal to 10.7 
cm 2 mm. All specilnens werc then 
nlaikcd for the string position, which was at 
about 1.3 c111 fiorn each c~nd. Continuous 
I IMP tests coilductrd on n given speciinen 
\veic. made with the stlings positioned in 
very nearly the same loc,ition. All speci- 
mens in tllc present study were oriented in 
a manner such that thc lonqitudinal and 
1 adial tlircctions of thc speci111e11s cvcle 
normdl to the strings. 

Speci~nem 

Thc 1)lack cherry specimens evclre selected 
to be dctcct-ire(. and were inachined in thc 
torn1 of rods approximately 0.6 cin in 
diametor and 10.7 cm long. Grain was 
oricntcd 'dong the specimrm length. Speci- 
mens designated with lettcrs arcL from the 
s;ttnc cherry tree, and the specirnen dcsig- 
natecl with the symbol A' is from a second 
cherry tree. In addition to speci~ncns from 
thrce different cherry trees, specimens from 
other hardwood specie? (white ash, hard 
maple, and black walnut) have been tested, 

and the data presented here are considered 
to be representative of all the data obtained. 
All specimens were selected from trees har- 
vestecl in central Pennsylvania. Specimens 
listed in Table 1 evere allo\ved to dry from 
the green condition at room temperature 
prior to testing with no procedure to elimi- 
nate the moisture gradient, while other spec- 
imens (Tables 2 and 3 )  were conditioilcd to 
minimize the moisture gradient. 

After initial machining, specimens to be 
dried at roon1 temperature were frozen in 
sealed polyethylene bags. A speci1nt:n to 
be tested was removed from the frc.ezc,r and 
allowcd to remain at room temperature for 
less than a half-hour, weighed, and tested. 
After the test the specimen cv:ts again 
frozen. This procedure was continuetl until 
all DMP testing of each speci~nen was 
complcted. 

A specime~i to be conditiolied in a tem- 
perature- and humidity-controllecI chamber 
was dried from green to constant cveight 
with thr: chamber set at an EMC k~bout 2% 
lower than thc desired moisture content. 
The chamber was then set at the desircd 
moisture, content, and the specimen \17;1s con- 
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M7ist,,rc::; Q-l Peak Icesonant F r e q u e n c y  2  
~ a s s ' h e n g t h  D i a m e t e r  Content T e m p e r a t u r e  E' x lo-'' ( d y n e s / c m  ) 

Specimen (g) ( r m )  (cm) (%) ( K) 100 K 275 K 

M o i s t u r e  content ca lco la t ions  ai-e baser1 on m a s s  m e a s u r e m e n t , ;  p r i o r  to DMP tes t ing .  

ditior~ed for about 15 hr, rclnovetl from the 
chaml)c~, weighed, and tested. 

The cllaracteristics for the black cherry 
specimens dried at room temperaturct and 
Il~un~idity from tlie green condition can be 
fount1 in Table 1. One of the purposes of 
'rnbl(x 1 is to list the spccilnen initial mois- 
ture content (based on spccimcn inass prior 
to IlhlP testing) and the temperature where 
the internal friction peak appears to be cen- 
tered. I t  is evident from this tal-de that as 
tho moisture content decrcases flmn about 
30V to 621, the temperature \vher.e the Q ' 
pcwk is centercd i11creasc.s. The cl;ita for the 
1)lack chcrry specimens conditioned in a 
limnidity- and tenlperaturc-controlled cham- 
1)c.r are listed in Tables 2 and 3. 'The initial 
specinie~~ moisture content ancl Q-' peak 
te~nperature data listed in Tablc 2 arc sim- 
ilar to those in Table 1. 

Some of the DhZP tests were conducted 
froin 100 to 275 K in order to control the 
loss of ~r~oisture from the wood. The abso- 
lute. cl~ange in moisture content was less 
than allout 0.5% during the low tc:n~perature 
tcstiqg. After testing, ovcn-dry inasses for 
all spccilnens \yere obtained by placing the 

sl>ecimcns in a vacuunl ovc.11 at 3:30 I( for 
24 hr. 

HESULTS 

D yrtunzic mechanical propertics oj' 
black cherry 

Dynaillic elastic modulus and illtcrnal 
friction data for black cherry specil~lcil A 
arc presented in Fig. 2 for the 100 to :300 K 
temper;iture rc,gion. Thc data arc typical of 
the, DhlP data of black chcrry s~)cc.ilnens 
(A,  C, E ,  ancl A') that \yere dried at room 
temperature from the green conditio~~. The 
E' data (Fig. 2 )  for all moistu~e contents 
(20.5% to 6.8%) show evidence of relax- 
;itions%ns a fuilctioil of te~npcmturc. The 
relaxation in E' near 200 K is ver). pro- 
nounced for 20.5% MC. The internal fric- 
tion data associated \vith 20.5% hlC have a 
value O F  about 2.3 x 10-:' at 100 K and after 
. 

" 11lc.chanica~ relaxation i.; essentiall!~ tilt, non- 
vlastic I)eha\~ior of a material, 01. stress ant1 strain 
arc functions of rnch other ancl time. hlechanical 
~.el:ls;~tion pl~lcnornvnon are generally il~vcstigated 
by stress rclasatio11, creep, or DhIl' sstut1ic.s. A more 
detailed cxp1;in;rtion is givcll by Wootlwat.tl and 
Sa~ler ( 1965 ) . 

1 I 3 .  Ptol~c~~tic,\ of block r.l~cllt/ \pc'c.i~t~cns I ,  J, (lrlt1 K co~~t i i t ro~~c~cl  ill u tcnl~~crattcre- and hrrtiritlity- 
co~ttrolled c l ~ a m h c ~ .  

Average  M3isture::: Q-l Peak 1:esonant F r e q u e n c y  
Mass::: Length D i a m e t e r  Content  T e m p e r a t u r e  E '  x 10-lo (dyr les /c rnd)  

Specimen ( g )  ( c m )  ( c m )  (%) ( K) K," I :Fz: 300 K 1 4110 IC 

M o i s t u r e  content ca lcu la t ions  a r e  b a s e d  o n  m a s s  m e a s u r e m e n t s  p r i o r  l o  DMP tes t ing .  
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FIG. 1. Block diagram of DMP transverse test- 

ing apparatus. 
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a slight hump near 160 K, reach a peak 5 
value of about 29 x lo-" near 185 K. Damp- 
ing data for the other tests are higher at " 
100 K but lower at 300 K compared to the '2 

data taken at 20.5% MC, and the actual 1 l o -  

shape of the Q-I peak changes markedly 
with different moisture contents. The Q 
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FIG. 2. Dynamic elastic modulus :\nd internal 
friction of black cherry (specimen A )  as a function 
of telnperature. 

100 200 300 

curve tcnds to broaden and shift with dc- TEMPERATURE K 
creasing moisture content. The E:' and Q-I 
data for a moisture content of 6.8% were FIG. 3. Dynamic elastic modulus and internal 

friction of black cherry as a function of tempera- 
ture. 

, 
BLACK CHERRY SPECIMEN A 

0 mc = 20.5 % 

A m c  = 7 . 3 %  - 
0 o o m c  = 4 . 2 %  

m c  = 6 . 8 %  

0 ,8" 
a 0 

1. (10 

0 .  ..:= ..... .;p on 
o0 

&,man 00' 

000 .ooo 

"A0 
I  

200 300 

obtained after the specimen had been oven- 
dried and allowed to recondition at room 
temperature and humidity. 

In contrast to Fig. 2, DMP in Fig. 3 are 
given for a series of black cherry specimens 
( B, C, and D :I that were placed in the con- 
ditioning chamber prior to testing from 100 
to 275 K. These specimens were tested to 
see if conditioning in a temperature- and 
humidity-controlled chamber affected the 

L . . .-1 I 1  
I 

800 200 300 +oo 5LO 
. 

6,O 

T E M P E R A T U R E ,  I( 

FIG. 4. Internal friction of black cherry speci- 
men E as a function of temperature. 
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FIG. 5 .  Dynan~ic elastic modulus of 11lack cherry 
spt.cirn~n E as a function of temperature. 

DMP results. For specimens B, C, and D, 
the Q-' curves tend to broaden with de- 
creasing moisture content ( 14.7518 to 6.8% ) 
similar to the data of specimens A and G. 
The rnodulus curves for the tests (except 
specimen C rerun at 0.4% MC) in Fig. 3 
have a generally similar shape and display 
relaxations associated with the Q-I  peak 
much as in Fig. 2, but the overall levels 
differ. Data for specimen C, at 0.4% MC, 
exhibited a smaller relaxation than the data 
for the other tests at higher moisture con- 

tents. 'The Q ' data increase from a value 
of about 6.0 x at 100 K to a value of 
14.5 x lo-" near 225 K, where it remains 
relatively temperature-independent. 

To illustrate the characteristics of results 
obtained over a wider temperature range 
(100 to 600 K) ,  the internal friction and 
dynamic elastic n~odulus data for black 
cherry specimen E are presented in Figs. 4 
and 5. Data for specimen E at 20.0% MC 
(100 to 585 K )  reveal three relaxations in 
this temperature range near 200, 360, and 
510 K. After this specimen was retested 
(100 to 300 K)  with a moisture content of 
the wood char at about 4%, the data dis- 
played a relaxation in the 250 K region and 
sharply lower rigidity in comparisoil with 
the first test at 20.0% MC. This appears to 
be typical behavior as will be discussed in 
another paper. In the second test of the 
specimen (100 to 300 K) ,  the damping at 
100 K was slightly higher than the first test 
at 20.0% MC and the height and tempera- 
ture position of the Q-I peak differs from 
that of the first test. 

In order to demonstrate the effects of 

TEMPERATURE K TEMPERATURE K 

6 0  

5 0  

40 

3 0  

2 0  

l o  

0 

FIG. 6. Dynarnic elastic iilodulus and internal friction of black cherry specimens E,  I ,  1, and K as a 
function of temperature. 
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L4'1c:. I T .  Intc.l-11;tl friction of I~lack cherry sprci- 
I I I ~ I I  :\' a\ ;I f~lnction of t r l~ lpc ra t~~rc .  

inoisture colitei~t on the tlynantic elastic 
nlotlulus and i n t e n d  friction in thc tem- 
prr,tturr rcgion of 300 to 400 K, data from 
four cherry specilncns (E, I ,  J ,  and K )  arc 
sl~omn in Fig. 6. Specimens I ,  J, and K 
\rrcre conditioned in a telnperature- and 
hmnitlity-controlled chamber. The data for 
spc~ciincn E ( Figs. 4 and 5 )  in the tempera- 
turc: range‘ of 300 to 400 K are shonrn on this 
curve in order to inake a conlparison. As 
th(, ~noisture content decreased from 20% 
for sprciincn E to 9.3?1 for specinlei1 K,  the 
internal friction peak dccrcitsed in size and 
sl~iftctl ill tcnrperaturc position. Modulus 
data of all specinlcns displayed slight 
colnplementary relaxation associated with 
tllcsc iirternal friction peaks. The initial 
nloistm-c: contc~nt va1ur.s rcyorted for thcse 
s l w c i i ~ ~ c ~ ~ ~ s  arc3 basctl oil mass measurements 
ol~tained prior to DhlP testing bc~cause as 
tllc spccilncns were testccl from 300 to 400 
K, tlic, spccilnci~s \vere changing nloisture 

Flc:. 8. Uynalnic elastic ~rrod~ilus of black cherry 
spr.c,ilncn 11' a s  tl f~ulction of tr~~rperatun:. 

i 0 B L A C K  CHERRl  

n A S H  

o MAPLE 

\ 

180L I  I I I I I I I d 
0 2 4 6 8 10 12 14 16 18 2 0  22 24  26  

MOISTURE C O N T E N T  I % )  

FI~:. 9. Internal friction peak tcinperatltre vs 
llloistnrt: content for black cherry, white ash, and 
hnrtl ~naplc,. 

contcnt. It is rcalized that in testing almvc 
300 K, the specimen moisturc content is de- 
creasing rapidly, but the data are presented 
in ordr:r to demonstrate that a differeilce in 
the initial moisture content at 300 K pro- 
duces an effect in the relaxation in thc 300 
to 400 K region. After testing to 400 K, spec- 
iineils I ,  1, and K were weighed and oven- 
dried, and the moisture contents of thcse 
specimens were less than 1%. 

Other cherry specimens froill differcilt 
c1lerry trees have been tested and to illus- 
trate that similar DMP results are obtained 
from another cherry tree, the DMP of 
cherry specimen A' are given in Figs. 7  and 
8. Internal friction results for the first test 
(Fig. 7 ) ,  from 100 to 400 K and a moisture 
content of about 15%, reveal a large peak 
ccntert,d near 192 K. In the sccontl test 
(100 to 500 K ) ,  the low temperature in- 
ternal friction peak is centered ncar 245 K 
ancl the onset of another internal friction 
maximum is evidcnt near 500 K. After tcst- 
ing to 500 K, the internal friction in the 
third test (100 to 325 K )  has a peak cen- 
tcbrcd near 255 K. In the first test ( Ls'% 
M C )  froin 100 to 400 K, the n~odulus ( Fig. 
8 ) has a relasat ion ilear 200 K. The motlulus 
displays a relasation near 250 K and the 
onset of a relaxation near 500 K on thc sec- 
ond test from 100 to 500 K. In the third 
tcst, the nlodulus has a relaxation in the 
855 K region. 
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D!jnamic mechanical Oehvior of black 
cherr!~ 

T l ~ c  effects of moisturc conte~lt and heat 
treatment on the dynamic mechanical be- 
havior of cherry from 100 to 300 K were 
investigated in detail ( Blankenl-lorn 1972). 
The data presented herc (also st:(, Blanken- 
llorn 1972) show that \vhen chvrry speci- 
mens that have not been oveil-dried are 
tested from 100 to 550 K, the DMP exhibit 
tl1rec main relaxations. Tliesc arc located 
w a r  200, 360, and 510 K, as sho\vn in Figs. 
4 and 5 (20% MC).  Cherry specimen F, 
that was oven-dried prior to tosting, ex- 
hibitcd only hvo main relaxations near 225 
anci 510 K. 

The internal friction pckaks o1)servcd at 
185 K for specimen A (20.5% h4C) and 
specimen G (23.2570 MC) are quite similar 
in that they are relatively large, occur in 
the same tcmperature range, ancL exhibit a 
slight hump near 160 K. This hump has 
also been observccl in white ash (Fraxinus 
ulncricuna L.) for a moisture content of 
23.471' (Kline et al. 1972). The nature of 
this hump is unkno\vn, but it may bc related 
to the onsct of some intcmal mobility in 
sorbed water. 

No apparcmt difference is cvident in corn- 
paring the DMP data in the temperature 
region of 100 to 300 K of specinlens A, R, 
C, D, and G. Spccimcns A and C: were con- 
ditioned at room temperature resulting in a 
significant inoisture gradient (secb specimen 
section), and specimens B, C, and D were 
conditioned in a humidity- and te~nperature- 
controlled chamber to minimize the mois- 
ture gradient. This result is similar to the 
rcsults of Mosle~ni (1968) in that he re- 
ported that the internal friction data, in the 
frequency range of 60 Hz at room temper- 
ature for whitc oak (Quercus allm L.)  and 
yellow poplar ( Liriodendron tulipifera L.) 
were not affected by a ~noisture gradient in 
the wood. 

The low tenlperaturc data reported here 
for cherry arc also similar to the internal 
friction data in the audio frequency range 
of birch ( Benlier and Klinc 1968a), Doug- 

las-fir ( rames 1961 ), whitc ash ( Kline et al. 
1972), and hard maple (Acer sp.) (Blank- 
enhorn et al. unpublished results). The in- 
ternal friction peak for all cheriy specimens 
at moisture contents greater than about 19% 
is centered at 185 K. Strpanov et al. (1968) 
reported in a study using a nuclear mag- 
netic rcsonance (NMR) procedure that 
water n~olecules bcgin to attain appreciable 
internal mobility near 195 K. Also Kimura 
et al. (1972) using broad-line NMR re- 
poi-ted that the proton movement of ad- 
sorbed watcr in cellulose changes inarkedly 
in thc temperature region of 180-200 K. 
This region is the same temperature range 
of the illternal friction peaks repoltctl here 
for cherry. The NMR frequencies are some- 
what higher than those of this investiqiition, 
and differences in the peak temperature are 
to be eupcctc~cl. 

At moisture contents below about 6%, the 
remaining adsorbed water is more tightly 
bound in an effective monolayer ant1 prob- 
ably requires more energy (higher tempera- 
tures) to observe its effects. These data are 
con5istent with those of James ( 1961 ). who 
observed higher internal friction valucs for 
low moi\ture contents and lower Q ' values 
for higher moisture contents at 255 K. 

In the inve5tigation of visco\e rayon 
(regencrated cellulose) using longitudinal 
vibrations in the frequency range of 8 to 
80 Hz, Dunell and Price (1955) reported 
an internal friction peak near 230 K. They 
attributed this peak to motion in the anior- 
phous regions and/or -CH20H side groups. 
Other polymers such as polyimides and 
polyamides display sorbed water effects in 
the DhlP in the temperature region of 100 
to 300 K. Bernier and Kline (1968b) re- 
ported a prominent relaxation associated 
with sorbed moisturc in polyimide near 230 
K, and upon drying the inflection was cbssen- 
tinlly eliminated. 

\Vooclward and Sauer ( 1965 ) reviewed 
some of the literature available on the DMP 
of a variety of polyamides. On sornc of the 
polyamides, dctailed DMP studies of the 
effects of temperature and moisture content 
have been reportrd. It  was found that gen- 
crally as the moi.;ture content increased 
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from 0 to 6%, the internal friction peak 
height in the temperature region of 155 K 
decreased and the internal friction peak 
near 300 K shifted to lower temperatures 
(Woodward and Sauer 1965). In polymers 
such as polyimides and polyamides, a mois- 
ture content of about 1% can produce sig- 
nificant effects in the dynamic mc.chanica1 
properties in the 100 to 300 K region 
(Benlier and Kline 1968b; Woodward and 
Sauer 1965 ). In a polyamide such as nylon 
( FYoodward and Sauer 1965), the maximunl 
amount of sorbed water is -- 6% o r  so. On 
the other hand, in wood the fiber saturation 
point can be near 30%. Effects in the 
dynamic mechanical properties of wood 
from 100 to 300 K, for moisture contents of 
less than 6% have been observed. As the 
moisture content in wood decreases, the 
relaxation duc to moisture (100 to 300 K )  
becomes less prominent. This result is sim- 
ilar to the results for other polymers, but the 
actual moisture content is different for the 
differcnt materials. 

Internal friction data for relatively dry 
cllcrry specimens suggest that water-related 
damping may not be the only contributor to 
the area under the low temperaturc: internal 
friction peak. Significant internal friction is 
present in these dry specimens in the tem- 
perature region of 100 to 300 K. Internal 
friction data for cherry specimen C at 0.4% 
MC (Fig. 3 )  show that the Q-l increases 
between 130 and 210 K, after which the 
data are relatively flat up to 300 K.  Similar 
DMP behavior for the oven-dry condition 
has been observed for white ash (Kline 
et al. 1972). It  is interesting to note that 
130 K is the same temperature region in 
which the internal cnergy dissipation begins 
to increase with increasing tcmperature for 
specimens at all moisture contents. 

In every case the relatively large internal 
friction peak ( MC > 6%) observed below 
300 K has a modulus relaxation associated 
with it. The differences in the overall levels 
of E' of different cherry specimens reported 
(for instance Fig. 3 )  are ascribed to the 
variability from specimen to specimen and 
possibly to the effects of the different mois- 
ture contents (James 1961; Tang and Hsu 

1972). On the other hand, data for speci- 
men A and G illustrate that the overall 
levels of E' for a given specimen in the tem- 
perature region reported are not changed 
drastically by different moisture contents. 
I t  is interesting to note that all specimens at 
all moisture contents investigated displayed 
an increase in rigidity at 100 K as compared 
to that at 275 K. In dry specimens, this 
would be expected because of thermal con- 
traction of the lattice and increased influ- 
ence of van der Waals forces. When water 
is present, the modulus data suggest that 
below about 180 K the water acts as a rigid 
filler leading to a higher elastic modulus. 

The relationship of the low temperature 
internal friction peak to Q-I values at room 
temperature is evident in Fig. 2. At a mois- 
ture content of 6.8%, the room temperature 
value of Q-I is lower than it is at 7.35b, 4.2%, 
or 20.5%. In Fig. 3 the trends at 275 K are 
similar to the trends at 275 K in Fig. 2. 
These data agree with those presented by 
Pentoney ( 1955) and Kollmann and Krech 
( 1960 ) , who measured the internal friction 
at room temperature for different wood 
species at various moisture contents, and 
those of Bernier and Kline (1968a) for 
birch and Janies (1961) for Douglas-fir, 
who measured the DMP as a function of 
temperature and moisture content. In a 
similar manner, the trends in the magnitude 
of internal friction values at 300 K as the 
moisture content is increased from 9% to 
20% in Fig. 6 are similar to those of 
Pentoney ( 1955), Kollmann and Krech 
(1960), and James (1961). It  thur seems 
evident that room temperature Q - I  values 
are related to relaxations whose damping 
peaks occur at other temperatures. 

The relation between the temperature of 
the main Q-I peak maximum below 300 K 
and the initial moisture content is presented 
in Fig. 9. The internal friction peak tem- 
perature was determined by drawing a line 
through the slopes on both sides of the low 
temperature Q-' peak data. The tempera- 
ture at the intersection of these lines is 
designated the Q-I peak temperature. In 
Fig. 9 the curve drawn through the data 
points is meant to be only a general indica- 
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tioil of the trend in the data. The relation- 
ship of the Q-l peak temperature versus 
moisture content permits the prediction of 
the Q-' peak temperaturc for a given mois- 
ture content for black cherry and some other 
hardwood species (Kline et al. 1972; 
Blankenhorn et al. unpublished results ) . 
Thcre appear to be threc regions to this 
curve. At moisture contents below 6%, the 
peak temperature is near 225 K. Above 
about 20% MC, the peak temperaturc is 
near 185 K. Between 6% and 20% MC, the 
temperaturc where the internal friction 
peak is centered is a function of moisture 
content. 

The internal friction peak near :360 K and 
its associated relaxation were investigated 
to ascertain if inoisture content is related to 
the relaxation mechanism. As the tempera- 
ture increased, the internal friction for all 
specimens (Fig. 6 )  displayed evidence of 
a relaxation peak. Although the moisture 
content changes in tests above 300 K, the 
data show that a more pronounced relaxa- 
tion is evident with higher initial moisture 
content at 300 K. The modulus for these 
specimens displays evidence of a slight re- 
laxation associated with this peak. These 
internal friction data are similar to those 
data of James ( 1961) for Douglas-fir. He 
reported that as the moisture content in- 
creased from 7% to 27%, the internal friction 
values near 366 K also increased, and that 
evidence of the onset of a peak near 366 K 
is more pronounced at highcr moisture con- 
tents. For specimen F ,  that was oven-dried 
prior to testing and testcd at moisture con- 
tents below 6%, the internal friction from 
300 to 400 K is relatively temperature- 
indrpendent. It  appears that the relaxation 
in the 360 K region is dependent upon 
moisture content. 

The dynamic mechanical properties of 
black cherry in the temperature region of 
100 to 300 K are changed irreversibly if the 
specimens have received heat treatmcnt 
temperature histories of greater than 500 
K. The temperatures at which the thermal 
degradation of the different wood con- 
stituents becomes appreciable are reported 
to be: above 473 K for hemicellulose; 

above 513 K for cellulose; and above 533 
K for lignin (MacKay 1967; Beall and 
Eickner 1970). The relaxation in the IIMP 
of cherry near 510 K is believed to be 
associated with the thermal degrad a t '  lon 
of the wood constituents, and the possible 
recombination of the degradation products 
into a carbon structure since the tests 
were conducted in a nitrogen atmosphere. 
Because of these facts, a detailed explana- 
tion of the process near 510 K has not 
been proposed. I t  is intended that a paper 
will be published separately concerning the 
effects of carbonization (> 600 K )  in a 
nitrogen atmosphere on the DMP of wood. 

CONCLUSION 

The dynamic mechanical behavior of 
black cherry (Prunus serotina Ehrh.) in the 
audio frequency range was investigated as 
a function of temperature from 100 to 600 K. 
With appreciable initial moisture contents, 
there arc three main relaxations for black 
cherry specimens in the temperature region 
of 100 to 600 K. These occur at about 200, 
360, and 510 K. A detailed investigation of 
the relaxation near 200 K showed that this 
relaxation is largely relatcd to the presence 
of sorbed water. The temperature at which 
the low temperature internal friction peak 
is centered increases as the initial moisture 
content decreases. Below 6% moisture con- 
tent, the peak temperature is near 235 K, 
and above 20% moisture content, thc peak 
temperature is near 185 K. In thc 360 K 
rcgion, the relaxation is associated with 
initial moisture content. Internal friction 
values at room temperature are related to 
relaxations that occur at other temperatures. 
The relaxation near 510 K may be associated 
with the thermal degradation of thc wood 
constituents that are known to occur i11 that 
temperaturc region. 
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