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Abstract

Chitin is an abundant regenerated resource in the nature, and its content just less
than protein matter as a nitrogenous matter. So we do the systemic and overall research
on it for using in textile field. As an organic macromolecule, Chitin is the unique
animalized cellulose fiber. Our country is abundant in ocean resource and has a great
deal of chitin, how to make good use of these wastes is a principal problem. And tn this
paper we analyse the property of chitin and how to utilize in textile industry.

As a new textile material, Chitin is widely fbcused for its special performance. It not
only a textile material as conventional fibers, but aiso new special material what can
meet the high requirement of nowadays. It has great serviceability of comfort property
and micro-organism resistance.

At present, most of us know about the compatibility and bacteria repeliency of this
new material, but not familiar with its specific molecular structure and bacteria
repellency, and there is few study about chitin’s dyeing.

In this condition, we use scanning electron microscope, X-ray diffractometry, and
infrared spectrum to test chitin fibers configuration, microfine structure, physical and
mechanical performance. All of these synthetic tests can reveal chitin fibers internal
structure and mechanism, so that we can get more knowledge about this new textile
material.

In addition, dyeing is an important aspect of textile industry, but the study about
chitin product’s dyeing behavior is not too much. In our study, we use different types
of dyestuffs for testing chitin fibers dyeing behavior, such as reactive dyes and direct
dyes. In testing course, we take notes about these dyes’ diffusion, dyeing rate and
fixation yield. And compare these test results with cotton fiber, viscose fiber which are
dyed in the same circumstance. Blended fabrics can get the best effect of dyeing after
these actual experimentations.

As we all known, fibers property must effect the fabric and garments’ property. In
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our research, we can anticipate the problems about chitin fiber in weaving and solve

these problems in time so that to enhance the chitin products’ property.

Liu Yan (lextile engineering)

Directed by Sui Shuying (researcher )
Chen Guohua (professor)

Key words: chitin, molecule structure, antibacterial activity, reactive dyes,

fixation yield
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Fig.2.4 Chitin fiber X-ray diffraction diagram
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Table 2.1 Crystallinity and deacetylation of chitin fiber

B | % @ B BMZBME| RS | 48| RZBE
(%) (%) (%) (%)
] 17.4 - 80.0 4 289 83.8
2 20.1 83.5 5 | 34.1 86.0
3 | 28.1 8540

KB LBE N S BRRE, BHRZBEE, FIERETTFERE. LE 2.5,

5 0 15 20 25 3 35

Bl2.5 FRER X HEHHE

Fig. 2.5 Chitin fiber X-ray diffraction diagram
FHREE: $hE 15 25C; f#igk 2 % 60C: #1£R 3 % 100TC

X ST ATHT IR, 25 CTTRME, KitEEHNHTe LEFHTHE (B
25 THIE#Z 1); 60CTHRIMKE, GATHGEHA, AELSW 2 MBS ATHE
(d;=2.74nm,d,=0.3%nm), RNELTHETEFAL (B 2.5 PR 2); 1007C
FROE, BB EE PR (AP L 3), 835 RAEHENER
—¥. HMEFTLHE, BEAR, SRERK ERETEINPRERELRE
BE, Maehd), SHBERLZEEDLT: RSB, LPREES, Kh%
HERRRE.

EHFERREERERANRET, NEAREZBRENTAE, &REF—
BE, BT AR B R BT R —#E . 4 SR H R E R Y Sh, TSRO
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AP Ix) —BERERMSPTTERE;
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X — 264H;

il 5361(}{) ——28 % 6° 3 36° ZRIEZ/FIOMARE;

k —HAERFERNOTHEESSRFRLA AR BHN R
AR AR X HRTHENTTEERNESRE.

2.2.2 HREAHNBRERA

 GERBMERIBAHE KRG FRT HHMARFITEE, ENEERENE
SEFRENEMERE. Hitk, KN ERRBIETEM B SR IER—4F
ZHE. WERAERNERHEEIRE, TBH X Hkk:. 4400185 Biaik,
DITEIEF. WEAENAEFSHABNERESERELSER. X HREES
HE RS X R RS PR mETAREEIE: WITHESHPAL
HEENRKSTHRREEERE™ . RERNOLREMS, R EABONITH EX
[ B 4 B B [ R

WBABRIGTHEOTEE SR, FANTEARRENAREEE" . A&
ZIEWE R E, —BEH T RERE R4, ﬁﬂklﬁlfﬁﬁﬁﬁﬁﬂ‘fﬁ XK
FRBEERMERIIFTHE.

PREAENBEHSRERTG, ROGEBGER G EHATHE.
EREFERE ST EHRNSERE, BRI —FERRIT e RS S8
51 3 5% AR EVR Sk TR ARG, — SBLPE PR R R 7 5 S W 3 — S Ll B AT VR«
RMNARR P EARBEED o R GFEER 1.658) FWMATIE TRy
1.470) 2 | ﬁﬁﬁ%ﬁdﬁ: Fﬁﬁﬁﬁﬁﬂﬁﬁfﬁi%ﬁﬂ% n,~1. 586, n;=1.3a860,
HXWH & FEH n,~ n,=0.026,

SHARMHORTTH RS OARRE, RRLEH T EHI. X
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N REROAES FRRARERA; K2, GEREERIE" . BEFHEN
 IIHRGHERFERRR, UTREREBAHPAZRSHPEGERREMN.

# 2.2 HWAERKGHBE

Table 2.2 Structure Parameter of Several Common Fibers

ST4l;

HERE (%) RHrFE (ny—ny)

HRXRLE

RN REET 4

(HER::
B
Tencel £1 4k

34.1 0.026
389 0.018~0.036
31.6 . 0.023

70 8.041~0.051

33.26 0.061

2.2.3 BRSNS TE

FRESHMEH) THAY—, MY TRE, XFELBRAALST
BRFARBEY, BHRFETA—BRTMTFRE, BLRIESRIRP R
FREAAMEREAETFEIPRE. AN, FENTRERITREEN,
FEM>PARREADFTHREN RIS TENFARY . EREOBRRENL
BH, K TXEERRNEFRIRN M 44 R R R R .

RAFENHRTER]

— RS TFREN, MAEMNETFAROLRS, £H

ARBESHZES TR, LTRERIBALKBENGRMEEERELX, HTHK

BETTEND TEIHENPRE, — AR R TR R P 1R BRI K B TR Z

B

HUEKRBRBRATUEH, RIBEEBAR, HefLBWPRRNL TE,

HAE - e,

,.h

W, HBEEENSHNs TEREEERZBEN S T8,
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TRWEBNRAESS FTERAE S FHTHREAERL FEB., WEFEE
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FEBONZE. BEENEERHGIEE (BReEGEE, B GPC) %, H+E
BERBIEEHN—MIE, SHEAHNENE, DERERE™.

U 58 15
(8 BEIEEABE. SREEL. DR, BER. KB, B
W 0.1mol/l H) ZERAT 0.2mol/L f EAL I
B P R 4 T B — 2B R Mark-Houwink 7778

[r;] = KM “
MBK A OHE, BINSREERTHEPERGRNSTE.

EHE—MNREYBENERARKN Ko, FAERRYITRESTERR,

RENERRBH (1) NEHHFEM, - HETHRE KMo RSB AMK T

MEEBENS T8, AUSEENS TERE-THNGTE. B, REHZE
THRKEKMafE, RALBEFEHREIUEHERTESTE

Lee ™5l 52 55 BERE A K A o {5, A/8FIAY a =0.71, K=8.93X 107 mol/g. B4R,
—*?—ﬁ JLBh B~ (1—4) BEENSHRLE, WHRPREA G RUPALT 4 KR
%, a BEAE, K AXAK. HERERHERGSHEEK LD, MESESSFESH

HiRE, FrlREKRK.

Roberts FlDomsz" EFHMET HAARM a MK, HERR a =0. 93,K=1. 81
X 10%mol/g, FrRIMIEBFIR 0. Imo1/L HIZERA 0. 2m0l /L WIE BB . WHEA
0. 1mol/L Z.BEM 0.02mol/L BIEALBBER, W a=1.26, K=3.04X10"mol/g.
Hit, He FMKAMENRR Y TE.

BereEr FRNFNE o I KE, X TFRETY, BIANZZBER LB
FEHIARN ¢ #1 K iR, Uairde FENTIRE, B NAERAE.
HERXETARRZIEEE BFRE Mark-Houwink A c M KE. HEELATER—
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¥, 7F 0. 1mol/LCH,COONa+0. 2mol/LCH,COOH ¥ 77 A B B U B i R e 1 36
Eln], BRCGEHERNER-RERNEYD TE, TREHHWERANRARZBEF

EREO ] EH 5 T RE Mw.

# 2.3 RARABZBEFREN 7] Me

Table 2.3 {r7]and Mw of different deacetylation of chitin fiber

eI B Z. B B (%) & (mlgh) Mw X 10°
1 49 _ _
2 69 1706 251
3 84 1530 18.5
4 91 1460 12.6
5 98 — —
6 100 1200 9.37

BR 7. B 100%K 6#E IR Btk i B 2.7 Bior.

1600
nspic jn nrkc

1400 [

1000 ! , o
0 0.25 05 1.0 cx1000/9.ml-1

& 26 HFEE (D.D=100%) 7 0.1mol/LCH;COONa+0.2mol/LCH;COOH %], 30

C i iR B ek
Fig.2.6 Viscosity curve of chitin fiber in 0.1mol/LCH;COONa+0.2moV/LCH;COORH
under 30T

20



RE FREAHNESEHNES TEH

% 2.4 21

F

#24 NABRZBEERN]7] (mlg’) I Mw (X10%)

MRAMZBE P AR NEYH FRINREE.

Table 2.4 [ry] and Mw (X10°) of four different deacetylation of chitin fiber samples

69% 84% 91% 100%
Fs
Mw [7] Mw 4] Mw [7] Mw [7]
1 25.1 [1706 | 18.5 [1530 | 12.6 |1460 | 937 | 1200
2 182 {1231 | 157 [1270 | 108 |1159 | 551 | 883
3 143 | 710 | 11.3 | 903 | 586 | 780 | 4.46 | 69]
4 717 | 424 | 926 | 773 | 376 | 500 | 269 | 480
5 477 | 252 | 536 | 460 | 211 | 290 | 1.94 | 330
H& 2.4 PRHEHE AR REEERPDAE,SHM TR E:
He LB (%) Mark-Houwink 7 2 SRR
69 [#]=0.104 X 10°Mw' *ml.g™* r=0.991
84 [7]=1.424X10° Mw** mlg?  r=0.999
91 [7]=6.589 X 107 Mw** ml g r=0.997
100 [7]=16.800% 10° Mw** ml.g®  r=0.993
IR K/ a {EA:
RLERE (%) KX10°/ mi.g™ a
10.104 1.12
84 1.424 0.96
91 6.589 0.88
100 16.800 0.81

MR BE H, BZBET

q, K Mo {EFHERER., BEHHMEMEDR

AL BZBIERA, K HMX, o« E8/). BREENHNS TFEREER Z
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Fig.3.1 Stress-strain curve of the fiber
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®31 PREFENRMEKCER

Table 3.1 The elongation and break property of chitin fiber

% H T EA
WA (CN) 2.18 1. 36
WK ER (%) 4. 51 2. 68
Wi 3458 & (CN/dtex) 227 1. 42
WrRTh (cNoom) 10. 56 8.62
WiEEER (N/mm® o 95. 20 ©120. 02

HRIE IO MCIR, £t R IS 4R T 3. 2.
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Fig.3.2 Stress-strain curve of chitin fiber
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Table 3.2 Drawing property of the several common fibers

ELpE Gl WRMKE  PRER  EMKEREY
43 o 5 Fh |  (cN/dtex) (%) (cN/dtex) (8K 3%)
R EAg% 2.27 4.51 95.20 56

Bo 41 4 3.40 7.9 65 64
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Table 3.3 Curling tendency of chitin fiber
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ERR W, 5w, ENER AR, KT w SR B — TR B A4

FETRERELB 1, RHEB=c " RBCHE, RIS WGHERT,

W4T =e ", MERBAFERZS

e

;v=a+3T 3- (6)
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EF3. 49, t Eﬁﬁﬁwﬂmd\ﬁkﬁfsﬂ (A=30 4% . BEKBEIBIE W,
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n=23
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”wa _(wa)
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& T=e

mu@=5+5T
B HR/ph s, KE:

nY Tw=3"T w 24x17.2864 —3.41256x 252.16
n> T2 —(3.T)  24x1.98762—(3.40634)

b=
==12. 345

a=w—bT=11.56-12. 345 X 0. 1228=10. 04

HERMTUAHFEEASERESE PR EESHANSRERTEL:
w=12.049 —12.34¢ 001173 _ 3- (7)

ABR BN AT/ I R LR (EIH 5 EN:

w=14.491+12.167 009368 3- (8)

%34 FRRAEEHFBERFTOHRESEHEHRXR

Table 3.4 Relation between Time and Moisture Regain of Chitin Fiber under the

Standard Condition
- BEEE 558 AV
B 18] t —
/O sy EBGC [FEE ERGC MHEXR

(g) (%) (g) (%)
1 0 2. 0043 0 5.7905  28.62
2 30 2.0856 4,06 56928  26.45
3 60 2.1374 6.64 55298  22.83
4 90 22136 1049 54438  20.92
5 120 22258 1105 53736  19.36
6 150 22302 1128 53214 18.2
7 180 22346 1149 52817 1732
8 210 22353 1152 52579  16.79
9 240 2.236 11.56 52511  16.64

-
-

270 2.2378 11.64 5.2079 15.68
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11 300 2.24 11.76 5.1805 15.07
12 330 2.2375 11.63 5.1764 14.98
13 360 2.239 11.71 5.1633 14.69
14 390 2.2364 11.58 5.1305 14.32
15 420 2.2355 11.54 5.1169 13.66
16 450 2.236 11.56 5.1224 13.78
17 480 2.2361 11.56 5.1296 13.95
18 510 2.2361 11.56 5.1273 13.89
19 540 2.2358 11.55 5.1179 13.68
20 570 2.2346 11.49 5.1062 13.42
21 600 2.2353 11.52 5.1048 13.39
22 630 22361 1156 50972 1322
23 660 2.2358 11.55 5.0053 13.18
24 630 2.236 11.56 5.0953 13.18
#3.5 Wi 5EWi+l RN XEE
Table 3.5 Relation between Wi and Wi+1
& W; Wisi WiAW; \WA
1 0 4. 06 0 0
2 4. 06 6.64 26.9584 16.4836
3 6.64 10.49 69.6536 44.0896
4 10.49 11.05 1159145  110.0401
5 11.05 11.28 124.644 122.1025
6 11.28 11.49 129.6072  127.2384
7 11.49 11.52 132.3648  132.0201
8 11.52 11.56 133.1712  132.7104
9 11.56 11.64 134.5584  133.6336
10 11.64 11.76 136.8864  135.4896
11 11.76 11.63 136.7688  138.2976
12 11.63 11.71 136.1873  135.2569
13 11.71 11.58 135.6018  137.1241
14 11.58 11.54 133.6332 134.0964
15 11.54 11.56 133.4024 - 133.1716
16 11.56 11.56 133.6336  133.6336
17 11.56 11.56 133.6336  133.6336
18 11.56 11.55 133.518 133.6336
19 11.55 11.49 132.7095 133.4025
20 11.49 11.52 132.3648  133.0201
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21 11.52 11.56 133.1712 132.7104
22 11.56 11.55 133.518 133.6336
23 11.55 11.56 133.518 133.4025

A 240.3 251.86 2718.4967  2624.4484

® HXRBHVTE

RATE MR BORE B 8 5 WS ROH 20, X RIORETR 3- (9)
e, -

N2
JWﬂeZw?@l - 3- (9)
Z (w;.:~ - W) |

WA TEE, FRRETENBEBHXREON 0.9964, B HENHAXR
$h 0.9948. R\HAHZLREIN G BRAITFT UG T R — I 2T R K4 mE
ﬂ$ﬁ

%] 3.5 RERAEFEERE . WO R, [E8% 5 0 55 i % A

2.
35 - -
30 L o« RREE
s JHENE
25 [ — 205 (IR
20 F — i3, (RETE)

| 1 i §

0 900 400 600 800

Bl 3.5 HIZERET 4 o i i 7 1 1) A5 [T R A R R

Fig.3.5 Relation between Time and Moisture Regain of Regenerated Chifin Fiber during

Moisture Absorption and Moisture Evaporation
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HEGESEGERREF4TRERESHE. HEAEHAPSEERENER

. KR, ARMABELIREERARELSNE . EEBHRBEEHG. WA

R RS ERAEBRINE, MEmERaN E. SREREPERTFEMNT
PR A B B BT R, BRI RIFE R,

R, §E S ERBR T ENFETTREGERS TR SRR XR,
WEFESEREABRATFREAEASE. YA ENRE . BT EE 55 %
12. 51%F 14. 49%; TG 44504 11. 96%H! 14. 19%. MU EZE&REY, BaE
HFHEMBFENTENRE .. BB T T8 EHE T HBRRTE, PERERS
FRIBRHE MR REEIR. U RRT SRR, EHALGET, FEEF4EH
BANHELRT R, SORNETFE. FEETERTOTRIE B2 XM
WA RSB — A EEHE.
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41.2 PREGEEEEHNEXBTE

X HERZRAEHSHRERE, CHEERRNPERAHHTRE. &F
BIEFYER B 0. 96dtex B R B LT 4, M AF 4ERHR 4T 4E . Jukl S 3 K40 4BS,
TR, HEBERE G HERES, -~

ZRMSMPRATE™, FEPREFEERLRBNORETENT.
Fe i1k

WMAHABKBIRE, #EYHFT, FEBEABE 40C, HTEE THRET,
MARIR R, HH 15Smin, PERHEE, HOBRKE RBBERE.

E: 1. U EHRAEREPRELUEN, SRAMARE JFC HRREIF ELF
RIBEBITENT, RIRHE.

2. LERERE, Bkl BERBEH, 2R, FHEE

HERREHTESHMHBEERE N ERERENN PR RN BRI 4R S
s, N=-MAENBECRFTHNE. STHERIEFIRENLTLELRER.

#4.1 HEPLEENBEGOR

[
TART
o

Table 4.1 Fixation yield of directive dyes

G TREAE  BRFAR BT 4
4

Lert BAW HeRblk

Wigt  E %
nin T4
) 1 2 4 1 2 a4 1 2 4

BEiExa 510 909 96.6 969 926 677 445 928 77 464
4BS | |
HEZER 622 848 924 959 764 756 653 797 78  68.4
BEEEG 490 ] 754 878 793 796 769 652 807 708 67.6
BEEE 398 &, 887 95 943 646 812 671 794 852 635
G |
HEZEERR 610 4 80.8 814 388 184 139 11 181 139 124

GL (%)
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HEAE 550 86.1 916 939 97 964 95 973 964 948

2R
BEE®RG 554 | 81 908 936 995 99 795 991 972 68
BEEAXD 622 588 804 829 764 746 669 728 645 698

NTHERE, PRESHEIMNGEABRERS L IREHERLE 4. 1~
B 4.5, |

100 r

90

| —a— K5/ R K
70 —a— R |

60

BEE %

00
40 1 | ]

Bt} 3 F (%)

Bl 4.1 EEKLT 4BS B G RBERFREZL B

Fig.4.1 Dynamic curve of direct dyes 4BS fixation yield with the concentration

100
" / —o— R
& —— BB R
g 80: ke R
1 \
60 1 | |
1 "9 3 4

ReFEHRPE (%)

K 4.2 EE5E GRS REET S

- Fig.4.2 Dynamic curve of direct dyes green fixation yield with the concentration
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Fig.4.3 Dynamic curve of Chrysophenine G fixation yield with the concentration
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Fig.4.4 Dynamic curve of direct dyes blue fixation yield with the concentration
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Fig. 4.5 Dynamic curve of direct Orange g fixation yield with the concentration
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3) LHREBEEIH (KN BFEHRED  RBEHRELEEREAN B —BEZ
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RHETEM B e, RN AERS D—S0.CH,CH0S0,Na.

4> IEHEEERE M BEERED XEFRHELH P ERMNEHER, 0R
TR =EEEERE.

EHERE R ENR ALY, BERHORMIERERD LR ETE.
EHRER P ERTENMAERRPRRRAERTE 1, BREMAR IR
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BYUSS BARRCEEAORNTH, BB PXNRFHIRE LG4 .
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4.2.2 EHFMERTE

4l FEHE X—R AL

Table 4.1 Dyeing formula of reactive yellow dye X—R

HeE (g) | FALBY (/) | BEER=8 (gD | BE (g/D ¥t

0.5 20 15 | 2 1:100




SUE HxBafgiattityis

LI 3K

WA EBRAKIFFT, RALALRRRERNEHS,

£ 25CTF§efm, e

15min MAEALE, HH 15min, REHEBARZE 40C, MABREB=81EE

30min, R SEHELHIREE, K¥E, FE9SC TR 10min, A¥k, HT.

# 42 EH#HEE K—GR

Table 4.2 Dyeing formula of reactive brilliant blue K—GR

o (g) | EALSS (gD | BIRR=% (g | Big () | Wi
0.5 20 15 2 1:100
S B ip BR:

F 60°CF#uE 30min ()5 15min A RE), REHEZRE 90T, MABRER
=g, BE 30min, LHHBEOHREE, ERIBEKETKE, B&, K, #3.

% 4.3 FEHH 2 KN—R 00

Table 4.3 Dyeing formula of reactive brilliant blue KN—R

g4 (g) | K (D) |BE= (gD | B2fH (gD i
0.5 60 6 2 1:100
. 60°CHRERE,
* 4.4 iEHHE M—SR BB
Table 4.4 Dyeing formula of reactive yellow dye M—SR
G4 (g) g4 (o) | BB =8 (gD | BX (gD Wi
0.5 60 15 2 1:100

?E: 60“0“&%,

o°C Bl &, .
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# 4.5 Remazol
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RGB X5 4k

Table 4.5 Dyeing formula of Remazol blue RGB

q 4 |

(g)

FAL
(g/)

abi B
(g/1)

B W

(38BE)

BERR =
(g/D

(g/D

B

#r Lt

0.5

50

5

2

10

2

1:100

B PR R R R R
RS W, BTN, FTHEENRNE

A &

o HX A AR R

HEk, GrE

R Bk, B
PR A EENE .

LA FET A,

R 1

B,

O &N, WMHENREE. Eﬁi e
H 54 H

URELZ, NTTBEHERRNRETE

PRk

L/

L& BRHR R

XX EERSRERE

T SERNEER, SENEHFEHMUTR, RERELERLRRE

R A RPNk EYE. MEARNAFTRNLSEY, BdBRRe

Z57, NLBRAREMURAEITR. EMELREFFRALERN, AXRFAT

P HREAFESHRNTAFERYBE TS, RSBl N AR AUz
B .
4.6 FHEEHMOBEGE
Table 4.6 Fixation yield of reactive dies

B K| G4 HEERAHE | RS EASE A4

B i ] | .
Bl K pmwEl 1 2 4|1 2 a4 |1 2 4

nm | grog
%382 | 675 598 315|652 42 30 | 63.1 386 27.8
X-R |
W% 4| 528 455 666 62.1] 64 48 164 521 63 592
% - &,
K-B3R |
W& M 600 | # [305 331 3541226 217 206| 184 203 176
% K-GR (%)
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Fig 4.6 Dynamic curve of reactive yellow M-5R fixation yield with the concentration
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24.7 Remazol # RGB WM S5E KR

Table 4,7 Remazol blue RGB abserbance and wave-length relation

# < nm

480 520 540 550 360 564 568 570

Rt A

0186 0236 0270 0290 0300 0305 0306 0312

F I nm

W A

T

574 578 580 582 584 600 640 680

0313 0313 0316 0307 0306 0300 0.195 0.062
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Fig.4.8 Dynamic curve of Remazol blue RGB fixation yield with the concentration
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RIRHEBREAERALLRESE. S LERTFSENHENXEER /R
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Fig.4.9 Reactive dyes exhaustion curve on cotton fiber
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Fig.4.10 Reactive dyes exhaustion curve on chitin fiber
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Table 5.1 Indexes of Six Common Fibers

SRR

f47 n. fffi ®  EEE® ’fiﬁgﬂ
3%
R4 2,27 56 11. 56 0. 16
faeT 4 3. 45 64 8.98 0.12
TR £ 4 2.2 58. 67 12. 15 0. 143
EEIEE 2.12 58. 52 11,95 0.119
R % 4,95 86. 67 0.4 0. 074
Tencel 4, 52 55. 6 11.5 0.113
&£ 5.2 HEEHSELE
Table 8.2 Average Values of Indexes
AHE NLIgEHE N2HEEE N3 HEA N4 #5{E k1

1 0.785 0.938 1.382 1.233

2 0.745 0.999 0.869 1.067

3 0.697 0.916 1.321 1.271

4 0.683 0.914 1.299 1.058

5 1.537 1.353 0.043 0.658

6 1.404 0.868 1.25 1.004

W EABEKEOLEY, FWMIBFREKAEK M
ki

Ni: (1.12,1.58)

k>

(0.76,1.25)
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N3:

N4 :

Nb:

NG :

: {1.08, 1. 34) (0. 92, 1. 0B)

(1. 21, 1. 32) (0.79,1.21)
(1. 15, 1. 54) (0. 85, 1. 15)
(1.24, 1. 80} (0.86,1.12)

(1.32,1.62) (0. 90, 1. 15)

(0. 86, 0. 92)
(0. 64, 0. 79)
(0. 63, 0. 85)
(0. 72, 0. 86)

(0. 84, 0. 80)

(3) FIAR 5-(2) HE j 5 k TRER »*

(4) LEBRMEEES RER - (8) ¢

7 =0.253 7 =0250 ) =0246
7, =0.238 7. =0250 72 =0266
7 =0.267 7 =0250 1 =0228
7, = 0.242 7 =0.250  77; = 0.260

AL R £ (x,) BIME KT

ki, k2» ks BRMWERFEREN FEL, ki, ks BEMEHRE-ITFER OS5,

AR TETHARR R o]

0, =(0!,07,07)= (0.368,0 620,0.602)
o, = (a;,df,cr;’) =(0.374,0.813,0.623)
0, =(0},02,03)=(0.509,0.250,0.512)
o, =(0},0},0)=(0.388,0.437,0.642)

o, =(0},0!,07 )= (0.491,0.250,0.488)

/

o, =(0},02,02)= (0.641,0.438,0.396)
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