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Moisture Sorption of Propylene-Ethylene Random 
Copolymer Fiber Containing Collagen Powder 

Tetsuya Takahashi" 

Abstract 
The melt spinning at 1800m/min for propylene-ethylene random copolymer (hereafter "R-PP") mixed with 

collagen powder became possible by adding a proper quantity of maleic anhydride ethlene copolymer. Moisture 
regains of produced fibers containing 10wt% collagen powder (hereafter "C/PP fiber") were 0.7% and 2.4% at 35% 
RH and 95%RH, respectively. It was found that the absorbed water vapor was equivalent to the 73% of 
saturated moisture of collagen powder mixed in the fiber. It is concluded here that the C/PP fiber has a good 
moisture respiratory function. The bare collagen particles on the surface of C/PP fiber were not observed by 
SEM inspection. One of the reasons why the mixed collagen powder absorbs water vapor effectively may be the 
high water vaper transmission rate of thin R-PP layers covering over the collagen particles. The degree of gloss 
for C/PP fibers arranged parallel was smaller than that for R-PP fibers, and the friction coefficient for the former 
was larger than that of the latter. 

Key Word: Collagen, Moisture Respiratory Function, Water Vapor, Propylene Copolymer Fiber, Multi-Filament 
(Received Dec. 21, 1998) 

(Accepted for Publication July 16, 1999) 

~5-1/~m*~~~L~~o~~~ 
I~~~5~Yk~ffl~~--©~~tt 

1 .• 

~5-3/1/~ ~~~G~lliL~ffl*fiO)Y!/ 
D~~< ~u1JiUl~11/.,~::711lc'©7->l). tint.:* 
~~--~~~T7->l/~~T~tt<, ~<O)*~~ 
~i/f:~T~7.,.1<--f;t"<-r1)7JvT©7.>. Lil>L, cp 
fiO)*I:: li~j,gT© 7-> c ~' ,j fijf ~~:bit~-:)2l. 
ilr~. ~ 5-3/1/l::~HM!1C.,:b>~t.:tL, -fO)~Jv7 
* o ~ --?1T-¥~'1o/Jtt1::!fflr 7->liff~:b-~A., 1::rrvn -c 
~,7.,3-5)_ it.:, .1<1 ;t'?j- 1) 7 Ive L TO)J;D_fflliff~ 

t>rr:btL6l. ~~*•O) ~ 1/ 1 :7 " v 1/ -x1Jts. c:~O) 
~fm t> WHt ~ :h T ~ , 7->. 
m:fE. ~mUtfit c L T~.ffl{t ~ :ht~, 7-> ~Jix*-6Uft 

T li1't5Hi:*~ll>fBtlfi~!i~ G tL -f'8>, -f O)&~:b> 
ffl-'<~~ G:h t~,7.,9>, ~ij!lO)~~tt1:: c ~-c, B 
~. ~~. ~~. MiM, ~n~. *~O)~W!i11:'M' 
1::~~T© 7.,10-13). -fO)t.:~1::, ttn11JHt!1::1MJr 
7-> iiJF~14l ~, t?i*Hlkii\Uft ~~ltfiimkii\Ul ts. c· O)ffi15"15) 
brr:btL L~'7->. it.:, ~ffiit!l(jf0liff~c LT, -;/' 
5 ;;( "< ~J!IH:: J:. 7-> ~i§[1JTII 16J, {t$(t-Jffl* {t!/&m!11J 

* Member, Kawasaki Development Center, Japan Polyolefins Co., Ltd., Kanagawa, Japan, ~![i. B:it;::f. 1) :t v 7 -1 ;,,(WJll~liff~ m. J11~m111~1~:l~::)'c 2-s--2 
~mlii : Central Research Laboratory, Showa Denko K.K., Kanagawa, Japan, IIHftlfflI~*®~liff~m. Jll~rfj/ll~!Kf-.~IIIJ 3-2 

T195 
VF Exhibit 1034 - 1/11



48 J. Text. Mach. Soc. Japan 

ts. c.' ti ~.tJ. G ht~, o. 
a1,JUi*l 0) i&'ltJJi! 0) o c "'.) c L, t, ::1 5 - if '/ 

~* -t-~1Ja-t o z:. c :b:ifi~rt' it o c ~ :t i; no. ::i 

5 -if '/~*-t-a.6.Ui*ft1;:~1Ja-t oz:. c 1;:J:? t, 
11:lt*li 0) q&:Jix ~ tt -t- fal _t ~ -tt, ~ G IJ c L, t: i1,i ti 
IJ ~O) it·ottfi~:biffl G ho PJfi~tt:b{it o. ~ G 1;:, 
~~~~~ttt:ifflGn. x~*fiO)~"'.)~~~O)~ 
~IJ-t-fi-to-~f.tM~~GhotiO)cAA~T~ 
o. 4?r1;:;f-1J-:1'CJ!:::0v'/l;:~1J~A,t.:~a1;:1i, ~ 
~•1t J: 1J ti ~:11:1;: ts. 1J , :o,-::> ~~•*ft 0) ma~, 1;: 
;itr~ ,.ijilf.tM:b{1i i; no ti 0) c ~:ti; no. 

L, ;b, L, ts. ;bi G, ::1 5 - if '/ ,i.1.t~IY-J{.J!;il,i_ T~~{I:: 
;bi~T o i:. c iJ, G, ;f- 'J .:r. 7- T 1v (£ff, PET c ~ 
-t), -r 1 CJ » t: c.·O)•mmO)a/it~5t-=f1;:~1Ja l 
ti'#iUJi*-t-rr-:i z:. c li~•Tit o. 7'CJ l::" v '/• 
.:r.rv'/7'/~A~ma~-t-±1ix5tcl, P•O)ffl 
M{l::1ifJO)WJl:t ~fft-lJ o z:. c 1;: J: -=> t, ::i 5 - Jf' '/~ 
*~•~l~7v'/~~O)•ltl!.~*~PJnc~-:, 
t:. it:, ~Gnt:•1t,i, ~~ts.q&:Jix~tt-t-fi-t 
o,;r:o,IJT,its.<, ito~/l'.O)~~tt-t-fil, ..El.-:J 

2.1 ~*4- 
(1) :::i 5-lf'::.,~* 
f.V:-r~:b{ 8µm 0) ::1 5 -if 1/~*-t-ffl ~,t:. i:. h 
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Table 1 Chemical structure of amino acid and content of functional group. 

Functional Chemical structure of substiuent Content group Amino acid residue {mol/ g) 

Aspartic acid -CH2COOH 

Carboxyl group Glutamic acid -CH2CH2COOH 1. 2x ,o-3 (-C0OH) 

+end 

Lysine -CH2CH2CH2CH2NH2 

Arginine 
_,NH 

Amino group 
-CH2CH2CH2NH'Z_ 

0. 9 X 10-3 (-NH2) 
NH2 

Hydroxy lysine Hydroxylated structure 
of Lysine 

+end 

Serine -CH2OH 
CH2 Estimated content Threonine -CH/ 

Hydroxyl group '-oH is smaller than that 
(-OH) of carboxyl and 

Tyrosine -CH2@-0H 
amino group. 

etc. 
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3.1 ::J '7-?'/~*0)**Pfl9.lM~ 
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o;:: c -t.JfbiJ> ~ f;:. 
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~T. :.$:~~1.:Jfl 1,, t;: ::1 5 - -7' :,,'5}*0¥~71<51'• 
Ii, fflM-~-t.Jf o-30%0)ii!IH!"Z:'::k~ < ~1JD l, 30 
-W%0)ii!lffl"c'ti~i~W.-:~~~ W%0~"Z:'~~ *~ < ~1JDT o;:: c iJfbiJ> ~ t;:. fflM./JtiJil00% 
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Fig. 1 Time dependence of moisture regain of 
collagen powder at 30°C. (A) After being 
vacuum-dried at 80°C for 24hrs. collagen 
powder was subjected to the moisture 
regain measurement in a chamber held at 
30°C and 95%RH for 120min. (B) then 
transferred into another room adjusted to 
be at 30°C and 35%RH. 

.::ctibtJ,~t;:. ;::O)J:.-s1;::., ::17--7·:,,m*O)¥ 
~71<51'.tifflM•JJt~Ml-c~s~~O)~~OO~ 
~~ l -c ts~. ffiM./Jt-t.Jf30-70%{1;ili:"Z:' Ii~ i ~ 
w.-:1t-t.Ji 5l i; nt.n '- ::1 7 -'f :,,m*1i. 30-10%tt 
;ili"Z:'fflM•m: 1;::.M-t o ¥~71<51'.0)W.-:f tiJi .1:tt(a-:J,J\ 
~<. -~©•/Jt~Wc-Sci"oll&t&•~•~~'° 
c"'~'°- 

3. 2 .,.,ut~O)~h 
3.2.1 ~IU.IUI 
ifti,f;:7i<5tll;_j<IJ&~1i~~1f-t o :J 7 -1/ :,,'5}*~fi- 

~-5tr~•~ ~~"c'-~~*~fi~~ ~~•• 
0)/.1~ ", ~fi¥-::i iln t;:••tiqi i; n '° PJ1i~tt-t.Ji ~ 
'°· ~.::"c'. a~•5tr'"'-0M~m•~~~k. ~ 
G iJ, t:: 8'.)~~~~~1.: -C80"C, 24~raiO)~~~fi ~ 
t;: ::1 7 - 7'. :-1m* ~Affl©~~~5tr1;::.M l -cs~ 
l0wt%~1JD l,, 30mm</l lii]:Jj[o]@]~ 2 fm A 7 ') .:i. - 

tflll±ltl~ ffl 1,, -cM~ih\l/Jtl80°C "Z:'O)m•f!lll±l l ~fi 
~ ft. ~ 0)*5ffl=~* 2 1;::.~-t. R-PP, LDPE, H-PP 
O)~~"Z:' Ii, ::1 7 --1/ :,,'5}*;6f7E5tl.:fi-~~5trtp · 
1;::.511tt~i". ::1 7 -1/ :,,fftrtJi~~ l -c 5tltt~~iJi 
1:. t:: t;:. -15, E-MAH O)~fi""Z:'li5tltt~~iJf~'it 
1.:~H-"Z:'~ ~ t;:. ;:: 0);::. c Ii, E-MAH cpO)fft1fft7i< 
4m£c :J 7 --1/ :,,f1Lrcf:l0 7 ~ / £1;::.ft$1Y-JtJfflftl 
tt~~ok8'.), :J7-'f:,,mr0)5tltt~~~~<~ 
~t:bO)c~~Gno. 
r.x1;::., 11 7"0)WtJ om•~"Z:'~ o-*fmA 1 1J .:i. 

-tflll::l::I~. loJ1J[o]@]~ 2 tBI A 7 1) .:i. -tfllf:tltl~ ffl I,' 
-c. m•~0)5t•~~tsJ:.~~5tM~~~m•ihrtm: 

Relative Humidity(%) 

Fig. 2 Relationship between equilibrium regain 
and relative humidity in a chamber held 
at 20°C for 24hrs. 
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Table 2 Results of the mixing of collagen with various synthetic polymers. 

Sample R-PP E-MA-MAH LDPE H-PP 

Mixing state • Poor dispersion • Good '. Bad dispersion • Bad dispersion 

Table 3 Results of the mixing state for different type extruder in containg collagen powder. 
Mixing teq:, (°C) 150 160 170 180 190 200 

Co-rotating 
Twin-screw extruder • Over loading • Good • Good • Good • A I ittle • Fair thormal- 

therma 1-dearadat ion degradation 

Single-screw extruder • Bad dispersion 
• Over pressure ·• Bad dispersion • Bad dispersion · Bad dispersion 

• Bad dispersion • Bad dispersion 
with a I ittle with fair thermal- 
therma 1-dearadat ion de1radat ion 

~&:ft.~ -1t-c1t~UIH, t.:. $tli c:·OJ~Mic':Aiti5t 
1li~~;6i..5l;6,-:, t.: E-MAH Ii:~ l -C, ::1 5 --7· ::,,~ 
*~10wt%~1JD l -C~Mi~fi-:, t.:. + 0)*5~~* 3 
li:~T. $.fle:;1. 1 1J .::i. -tlflt±ltl~ffl~,t.:J-ir@i-li:li, 
160"C-200°COJT~-C OJ~Miiml.lJ'.i'.Blffili: :lo~' -C 51~ 
~..5li)i~ I.:: t.:. -15. fiil151oJ@JE 2 fleA 7 1) .::i. -tlfl 
1:±ltlc' Ii, 160°C-I80"COJiml./J'.iB!ffic'71~~~lilt 
~tt-J.El~c'.:t-:, t.:. tz.t: L, jifiji.ft•ttO)~~c ti. 
150°Cc' li~~ts/J'.:bira'J ~, t.: ~ li:.5J&j/J'E:- 7 - lc:;i® 
fl?,ij;6i;6>;6>1'.), tlfll±l~1i~c'it-:,f.:. it.:, 190°C- 
2000Cc' li~~fl'.. l, ~~Ii:&:~, ~~;6:i~~ l t.:. 
c. OJ c. c Ii, fcii5t-=f OJ~5tffl.¥&~;6i~ C t.:*5~, ~ 
~~~ff-t~•~tt5tM~~~dLt.:t.:~c~~; 
n~~ -~~. fiil151oJ@l&2f!llA19.1-tlflt±:1m 
1i, $.fie.A 1 •J.::,. -tlflt±:1m1i:lt~-ci!!•1i~1J;6irco~' 
c. c i}iffi; n -c ~, ~- fiil151oJ@l~ 2 ,m A 1 1J .::,. -tlfl 
t±lm~~ffiL~~n~ ::15-3/1/tt-=f~~dB5t 
-=fq::ili:i.'sJ-li:i.lt•-t~;: c;Oic'~t,n,;: c titl:b>-:, 
t:. 
0...1: OJ*a~ J:: l'.J , ~dfcii5t-=f q::i Ii: ::1 5 -1/ 1/ *11 r 

~tsJ-~5tB~tt~~~. ~d~5trc:L-c~ 
MAH ~~ffl l. :b>-::> im-1i~1J OJ~~' fiil151ol@lfi 2 
fm;i. 1 1J.::,. -tlfll±lm~m~,-c. 160-1so0cOJiml./JtiH 
lffic'im•-t ~~'~:b{it ~;: c iJ{tJ;6,-:, t.:. it.:, im 
•f'F~~rr ?M"li:li, ::1 7 -¥1/f5t*~lll < ~~ 1.., 
ts. 1::tn1·if1-=f[ii.l±:bi~Ul l -cl i ~'. JfJ-li:51'~~ 
-it o;: c ;6:ii:J;l.c'it ~ c. c {) t-JiJ,-:, t.:. c. OJ c. c 
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Fig. 3 Spinnability of E-MAH/ collagen-powder 
blends as a function of collagen content. 
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Table 4 The water vapor transmission rate of Film (about 20µm) 
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Water vapor 
transmission rate 

(g/m2·24hr) 
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Fig. 4 Relationship between blend ratio of E­ 
MAH/R-PP and spinnability of polymer 
blends containing collagen powder (lOwt 
%). 
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OJ1.i#i-c, 71<51'$0J*!~~ft~/JIIJJJ:'. Lt:. (~ 5). ~ 
5 (A) li~~~~-/J, G95%RH 1;:mJM L t:.~IHJ~cp 
1.::3 L t:.~~OJ~fl71<5t$OJ~ft~. ~ 5 (B) ,i 
95%RH OJ~lffi~t+J"fl2O5trail!&M L t:.~*4~35% 
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Fig. 5 Time dependence of moisture regain of 
synthetic fibers at 3O°C. (A) After being 
vacuum-dried at 8O°C for 24hrs, collagen 
powder was subjected to the moisture 
regain measurement in a chamber held at 
3O°C and 95%RH for 12Omin, then 
transferred into another room adjusted to 
be at 3O°C and 35%RH. 
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(C) (D) 
Fig. 6 Scanning electron micrographs of fibers prepared from (A) R-PP containing 10wt% 

of collagen ( x 500), (B) R-PP containing 10wt% of collagen ( X 2,000), (C) pure R-PP 
( X 500), (D) pure R-PP ( X 2,000) 
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Fig. 7 Relationship between the water vapor 
transmission rate and the thickness of 
films made of R-PP(e) and E-MAH(O). 
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7.1<~~:i@T 7->;: c lioJf!~c'i.t 7->. ;: OJJ:. -5 tJfUJ1.: 
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mr,i7.l<?t-=f~fj"5W1.:11&i&c' ~ t: ti 0) c~.:t i;tt 
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-15, ¥~1.iio]c'OJilllJJEc'li, ~fr15fcll.7:~~T 
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Fig. 8 Relationship between gloss intensity of 
fibers measured in parallel to fiber axis 
and receiving angle. 
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:!l~ff-T. t1t••ffitt, ilJ.lfJ.ffiti: l ti C/PP k!i*ft 
tJ>:8:ti~ <, R-PP ••• H-PP .*ftOJn[fil.:tJ-:, T 
~'7->. ::i 7 -1/ 1/'5}*~~1.JDT 7-> i:. l 1.7:J:.-:, T, ~ 
1.2- l.3fg ti ••ffitttJ, ~ < ts 7-> i: l t), t> t), 7->. 0 
J:O).: t J:. 1J, c;PP anti ::r 7 --r /tt*~~m 
T 7->.: c 1.: J:.-:, T~.6tk!i*ftl.: it !J -fJ,~ ts-» 7-> ~ 7-> L 
t: tit IJ a-tJ,:J> tJ < tJ !J , ~ma OJ it 7-> .:f-M !J tJ,fi i; 
tt 7-> .: c tJ, t> i» ? t:.. ;: OJ ;: l Ii, ¥tl*ft~im 1.: ;: J{ 
~ O)~~~tJ,~tt © 7-> ;: l 1.: J:. 7-> ti 0) l ~ ;t i; tt 7-> 
(~6). 

i'XI.:, ~JJ.~ttOJ~fillj l LT, :IJ -¥~JJ.itc'~~ 
OJ~JJ.~1" ~ ~ ~-~fiffi Lt:. ~~liT~TaltiI 
tJ>25µm ~~. 68,$:0J? Jv"j- 7 -1 7 ;' 1/ I- ~O) ti 0) 
~ffl~'t:. i- OJf.5:/l, R-PP --~ H-PP tiltc'li 

35 .----~,------- 
0 PP Fiber conbining Collagen 

30 • R-PP Fiber 
• H-PP Fiber 

I 
25 1------1-----+---~ 

~201--­ ~ 
0 a 

15 --··,------+-------I 

Receiving Angte 

Fig. 9 Relationship between· gloss intensity of 
fibers measured in perpendicular to fiber 
axis and receiving angle. 
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Table 5 The coefficient of friction for different fibers. 

C/PP Fiber 
(containing collagen) R-PP Fiber H-PP Fiber 

Coefficient of 
Stat i c fr i ct ion 0.66 0.57 0.43 

Coefficient of 
Dynamic friction 0.35 0.28 0.24 

Fig. 10 Knitted fabric made of R-PP fiber 
containing collagen. 

t;lltl'i5J±iJ,--?--?ifl" rJ --?-t ~, t: ~ 1.:iih § iJ,WJn--?-t 
<, ~ l, ~ 'iih~:.6,ft~ L,fft;, "? t:. -15, C/PP. 
ltc'ii, :g~1.:iih~iJ>-ft~c' ~ t:. (egjlO). ;: (J);: 
c ii, •1t~im (J) IIJ-~~iJ! .l:t~(t-J~ ~, t:. ~ c ~ ~ 
i;nQ. •i;nt:iih~tiff<. ~Q~Qlt:Ml-J 
•ti~<~<. ~~-M(J)~~~~~l-J-°C'if.>"? 
t:... 

3. 7 MHl©~f!!.f!t 
-~(t-)1.:, H-PP •1t--? R-PP t;ilt~r41:~-t -o;: 

c 1i!Eilc' if.> rJ. «Jifl-1.: ~ -o lig,, 1., tJ,rrtJn ·n, t: 
~'. :i -5-)f :,,~*~~1JD"t-o.:. c I.:~"? -r, r41:g,_ 
:.6!oJfm1.:tJ: -o;: ttJ,wH~'iT~ -o. i'.:. T, tt~~ffl 
~, --rcf.~O)*~ ~ ~-ft rJ, i' n1.:t;11t~~ ~ tt1:r-r 
*~~ c: cl~Jr;tt~fl-1.:~ or41:g,,~~-H:itht:... ~ 
11 (A) 1.:r41:g,,~~~(J) C/PP t;llt, ~11 (B) 1.: H 
-PP •1t0)1f~~:iF-t. 
i' (J)*5fl, C/PP •1t ii~~ ,g,_ T ii if.> -o iJ,, if.> -o 

~JJ!'.(J)r41:fs:.6>oJfi~T if.>"? t:... ~~l.:ffl ~ \ t:..r41:fHi, 
BVJ(J)r41:g,,1;: ffl ~' -o IJ :,, 2i"ff £~ff-t -o b (J) T if.> 
-o. C/PP t;ilt(J)~ffijl.:i!l:f:I L, t:.. :i -5 - 3/ :,,1*5tl.: 
#n-to1ak c~~¥.f~) c&~lt:.t>(J)c~~ 
i; h-o. ~ * rJ, .:. (J)~)Ji'-f~]l;:{fffl l, t:.. 7 a k (J) 
-$ii, ftc{i'/:$511.::t.:>~,--r 1J :,,ftt£c*5~ 1.,, r41:M 
cft$*6~ 1., t:. ti(J) c~~ i;no. L,:.6, 1., tJtJi i;, 
C/PP •1tO)IQk~~(J)7i<5t$iHt5tl.:~ <, jiij~ftj: 
c' iffij}E'. l, t:.. :::i 7 - 3/ :,, i' (J) t 0) 0) 73% ~JJ!'.1.: t ;ii 
l,, f,f~/JI;: ~.!j. l, T ~' t:.. (J) 1.: ~ l, -r, r41:~ T ii~~' 
~,.: l, :.6>r41:i i; ts. :.6> "? t:... ~ 1 rJ, ~1Ja l, I: :::i 5 - 

(A) (B) 
Fig. 11 Fibers dyed with a reactive dyestuff. (A)R-PP fiber containing collagen; (B)H-PP fiber. 
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"f ::,.,fjj:-=f '/Ji, ~~tt 1;:.3iS5t1;:.*~ L "t" ~' t.: c IH' .:t 
fH'. .:::. O)i.ll!EtHi.l2ff O)J:. "? 1;:.~;t Gno. *~~ 
1;:.ffl ~, t.:~MO)?t-=f:ll: lir-.J900T it fJ, lk?t-=f 1;:.Jt 
«"t"li-;i-/J,,;:.j;;:~ ~'. f:O)t.:~. lk?t--r,i R-PP 0) 
~~~#MMO)~§~Tf?tt~~T~'?~O)~~l 
"t", ~M?t-=f~Tf'.Jtt~~<<~a~m~Tit-?~ 
{)O)c~.:t Gn-;i. it.:, C/PP.ltTli*lll'/J>tJWfmi 
'/Ji~tUf!~~ n, $=€J.::irr~ ,J:. "? tJ~~Tit '? t.:. 
-"jj, H-PP~ltTli~< ~~T~T. ~~!/l1!.ll! 

Wlclflila]t~Tit-?t.:. it.:, .R-PP.*ftl;:.:to~, 
"t"bla]~I;:., ~<~~T~tJ-fJ,-?t.:. 

4. tis =A 
iiRU 

-@i-~rcf.i?t-=f 1;:. ;:J 5 - ".f ::,.,'5}* ~~1Jo Lt.: 7· v ::,., v 
4wO)*lltftc, t!H, nt.:*&lt0)1!&m.tt1;:.-:J ~,-r-1:.1;:. 
~~Lt.:. £1.Tl.:*5~~ i c ~ ,;,_ 
(1) E-MAH ,;:.::J 5-"f::,.,'5}*~~1JDL, la]"jjfoJ@l 
'5 2 fill A -7 ') ,;:,, -t!Pt±HI~ ffl ~' L 160--180°CT1'$ 
lkil'Uf Lt.: c;:. 6, ;:J 5 -"f ::,.,fjj:-=f"IJ{~~T o.:::. 
c ts < Jtt<:01~-1;:.?ta L, ~:!;{tT o.:::. c b tJ 
< 7' v·::,., t·-'!lo/J~ff:~T o.:::. c '/JiT ~ t.:. ~ G 1;:., 
!:ll*tt'/Ji~ <' '/J>-:J7}<~~~~m: bltt<:IY-Jrcf.J t '-@i­ 
~rcf.i?t-=f-cit o R-PP ~.±~?tc L, ffi7'${t~Jc 
L "t" E-MAH ~ 5-20wt%~1JDT o .:::. c 1;:. J:. '? 
"t", ::J 5 - "f ::,.,'5}* ~ 10wt% t ~1JD Lt.: 7' v ::,., 1-· 
4wTit '? "t" t, 1800m/min ~/3tO):i*)3tT7'$il!*-1J 
* -/J{PJ fj~-c it '? t.:. 

(2) 30°C 1.:: to tr o ;:J 5 - ,,f' ::,.,'5}*~ 10wt%~1Jo L 
t.: C/PP •1t0)7k5j-Jµjl)&~fj~~m!«t.: c i:. 6, ~ 
iitt~"IJ, G95%RH O)~IH)~tj:J 1;:.f$T c 1205t~ 
1;:. ti7l<5t*-fJ:tr-.J2.4% 1;:.Jlj:@l Lt.:. i ~. 95%RH 
O)~IH)~cf:i T 1205trail!&ii Lt.: ~M ~35%RH 0) 
~lm~cf:!1;:.~T c, 605t~1;:. ti0.7%1;:. i T~iiT 
o.:::. c '/JitJ-/J, '? t.:. .:::. 0) C/PP •1t0)7k5j-*li, 
la].#T-~L~::J7-Jf::,.,f:O)bO)O)n%~1Jt 
,;:. M§~ LfixJ.JI;:*~ l -r- ~, o.:::. c -tJstJ"IJ, '? t.:. 

(3) C/PP •mO)iJi~~l!!~~rr '? t.: c C::. 6, ::J 5 
-)_f 1/f.iL-=f-/Js·*ft~ffiil;:. C:. J~~O)~~ l t.:~~T 
fl~~ nt.:. u;, l. ;:J 7 - 1l ::,.,f.il-rli, •mO) 
~iifil;:. li&tl:l l "t" ~ ,t,n, ~ c -/JitJ-fJ, '? t.:. 

(4) C/PP •1tO)J\::iR ~ .&iB\:; /;:. J:. fJ ~« t.: c .:::. 
6, ;:J 5 -".f ::,.,'5J*~~1Jo l z~,t.n,•1t1;:.Jt« 
-r-. •*um 1;:.siz.fi"1ifol, ~iE!:1ifol c b .&~J\::-/Ji,J\ 
~ <, tM~ l~1;:.tJ '? zt,o.:::. c-/JitJ-/J,'? t.:. 

(5) C/PP •1tO)l'Jffif*tt~illiJ~ l t.: c C::. 6, ifl'J 

ffif*tt~M~ -~-~-~M5Tit-?~ . .:::.n 
Ii, ::J 7 - Jf ::,.,'5}*~~1JO l "t" ~' t,n ,fi*ftl;:.Jt« 
-c, Wl'Jftf*tt, •!!tftf*tt c b I.2ffiM~ Hi 
Tito. s r; C/PP •1tTli.*f0)7!tf] "IJs'.'.}.>tJ 
~, t.:~. ~h-4w-/Jsff:~ L ~T~,.:::. c b b"IJ, '? t.:. 

(6) C/PP •1t 1;:. ~1ti0)~~ 1;:.ffl ~' o &!ttt~M~ 
ffl ~ ,z~~!ll1lm~~h-t.: c.:::. 6, ¥'&~ '~T liit o 
-/Jiit o~/3tO)~~liPJ1i~Tit '? t.:. 
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