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Abstract

This research introduce the method that chloride bleaching or other
chemical methods degrade the lignin was replaced by the biology degradation in
linen fabric technology. We studied the biodegradation capability of twelve
epiphytes for lignin. White rot fungi 5.132 and 5.776 have the best ability to
degrade both the lignin and the cellulose.

We found that white rot fungi can degrade lignin in linen fabric in our
experiment, so we thought that this technology could replace the existing
chloride bleaching technology. During the biodegradation of lignin in linen fabric,
the white rot fungi 5.776 had good adaptability and better degradation effect than
5.132. Therefore, we took white rot fungi 5.776 as the reagent.

The best technology condition of biodegradation lignin of linen fabric is that
time of bio-reaction is 72 hours, the time of first culture is 24 hours, the time of
biodegrading lignin of linen fabric is 9 hours and stacking time is 12 hours. After
lignin is biodegraded, the best bleaching technology of linen fabric is that the
time of boiling NaOH is an hour, and the time of dipping in vitriol is 4~5 minutes,
stacking time is an hour and bleaching used H,O, at 70°C is an hour. All of above
technologies make the white degree of linen fabric is 87.60% and strength is
800N.

There is no chloride during bleaching linen fabric, that is, in our study we
use fungi to pretreatment and degrading lignin, and last use H,O; to bleach it.
This study filled the blank of total chloride free bleaching in the world weave
industry.

Keywords Linen; Lignin; Biodegradation; Total Chlorine-Free bleaching
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Table1-1The contrast between flax fiber composition and cotton fiber composition

AHEE YHEE R R BER K  AKEmE He
WA (%) 70-80 12-15 1457 12-18 0813 2550 0813

BE (%) 9395 - 1.0-15  03-1.0 0306 1025 10-1.5

WE 1-1 TULEE, URAYTEAEENARETERE A THRAY,
HPAFREHTREEAKEN, EEAIRTHL X6, HETRMNEAL
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HTXHFEOAR. KBMARAKRES: BERLLEHMERE. EEE. &H
FEAMBERARENDHFRESTEHMAEAM KR EHERE.
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FERIEE %L RFRFARAESTENT 1%) M, XER EARAHIE
AL EHRBNRARENLEN. IARTEM TP ERNEEE( TCE, Total
Chlorine Free)i@ A TZ K& RFAMEUY A EAR, TTEILYIEAR KGR
ARRERARENRARE, HUASASERAENES. BaESER
AEMEQERALTTERLECHEAY, A PERTHAEOERANLT
HANE, ELHABRTLUAFHEEXEARAR T UKRTENHRE.
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23TBRE

231 FAMEEEFENG

U LhMEFP ABEGS.776), EEERE(S.25). TORREG48). KRB
FLER(S.132). ZERE(S.60). MAREHGISHMBEFEAGELREE
FEAEFRE 17, BELKH(3.2803). BEBHGI7SHIRIEFLNY PDA #
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& = F I R E S iE:
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2.3.1.2 PDA &5 8 (55 14)

LAERNE 1 #, WEE 2002, Hs 1508, MHBBARERE
1000ml, HBLUTHELE: BAREP GREN 114 BEAE), BEXRE
P=0.1MPa30min, BUBERIRFE, BMBMAEEFE. UERFPETME
RS ERRIE R, BHAEAEREE, 250ml #REFEA 100ml ¥EFE
¥, 500ml HEMEPEA 250ml 3 F7#, BEXE P=0.1MPa30min, HUHEI{E
PRI R,
2.3.1.3 Czapek’s TRAR(HE & 15)
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BB 300z, NaN033.0g, MgSO,7H,00.5g , KCl0.5g, FeSO47H,0
0.01g, KHPO41.0g, ZEfg 15.0g, MMAMSERS 1000ml, A H,SO4 B
NaOH if# PH = 6.0~6.5, fZBUTHELE: BARES GREN V4 5/
AE), BEKE P =0.1MPa30min, BUEJEHIRAE, BIBRMEEHE. M
LR PERMBEIEW G BB IBIERE, BN ERESR, 250m!l #ER
N 100ml HE5F#, 500ml HEMPEA 250ml HHFH, HEKH P =
0.1MPa30min, BUBEIB BIMRIEEFRE.

232 B EH

BAKRAH): BUNaOH 18g. Na;PO, 5g. Na,CO37g. Bhfl 10g, MKE
1000ml.

B E: 4 2.7ml BEZE A 1000ml K.

EERACE: NaOH3g, 30% Hy0,15ml (20ml), HIKEZEZE 1000ml.

2.4 EMIHIE

2.4.1 $FEHGE '

B FHbk 5.776, 5.25, 5.48, 5.60, 5.132, 3.2803, 3.3753, 3.3823,5.154 £+ 5l
BIMMKEGHEEREL, BAERETHITER, EHER 25-28C.

2.4.2 —IE3F

MBI E LR K —5F, EMEE 100ml § 250m] BIERHF, B
MR S R, MARGIEFHESER, EHEFREE 25-28C.

2.4.3 ZRIEF

MN—2 5B 20ml B#, IMAE 100ml B9 -4 FRiKEY 250ml RIHER
W, EHIEFERAEE 25-28C.

2.44 INTEHEAE (5X5) cm
MABRAEER 6069 MTRKA, BARSGEFRBRZHEEE 2528
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T, SFE 48h R BN, BBE RS EERIEPHER 8h B ERE, B
WF.

245 ME
FEE 2 S TR A M BE
S HRANERSTISRLNERMYRILE

251 $lEHE
SIS B(F 2.3.1

252 R ¥EE
ERHRE 232

253 “H/IEH
L BF 2.3.3

254 MIEFRA (5X5) em

KRABER 234, NZHERERATPEOBHELRERE, MARKRE
BE 38%MEMRM, BMABRZERAP, ABERIRPIRAZBEER
25~28C. HEFE_HUEFERAPMARKRREES E 3.86%MEMRAM, BARK
GG, EHIERE 25~28C.

255 MARENEE
2.6 X%k @K IT =R 0G5 iE

EEEEH 5.48,5.776,5.154,5.132,
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2.6.1 HEHE
LA |E 2.3.1.

2.6.2 —4R 1%
LRPBER 232,

2.6.3 ZRIESF

M—ZEF AP 40ml B, MAF 250ml 9 500ml FIHERED, K
ANEFGERET®, BER25-28C.

2.6.4 TMATLE K(2~5 i)

2.6.5 ML AR (35X 35¢m)

BEAFREN S E 3.86%, FBME 1000N. NS #ERECHELNER
EMERARR ERRERAGR,—FRER —FREREGERESEF.EE
B 226 CHEGE -HERETMATEAT R, —HEER,—~BFRRESTE
BRAT RN R A S B — S a), BP0 7 25-28°C

2.7 HfEE 5.776 1 5. 132 EBAR R &G

2.7.1 #WEE

2% Bikk 5.776, 5.25, 5.48, 5.60, 5.132, 3.2803, 3.3753, 3.3823,5.154 4} %I
EIHNMEGREEREL BAERRDIRITER, BEL25-28C.

2.7.2 —R¥E%

MRS FR R E P BR—5F, BMEE 100ml § 250ml K94 EF, §
NEBRES B, BARSGHEFERER, BHEAEKE 25-28C.
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273 ZRIEFE

M— 3R PE 20ml BB, MAE 100ml H =% FEH A 250m] AR
Mrp, PBLERIREE 25-28°C.

2.7.4 INIRETE (5X5cm)

EIEFETMALBR A, EHRGEZETLEMRANE, &5 /58tEst
B —3R4, EEEPER R 12b, 0% BT, B -RIILHE
I R A o

275 Mg

AMBEE} (BS: WSCS,LEREMENBARAA) NELAR
YA ERE.

BT BA b P R AT AL o R A G R R AT A P KR R i R
&, AmfEEHBHHERCHETT S LR.

2.7.6 BRI ETIE

WA 1000mt WABEHE P 2508 WA, LIRBEHRIBESE &~/
FKE B 5

Rk EEYEMEE N TRRARA 40~50CHIRIL B R T 4~5min, (TG
FRTER 1 A, FAARESE.

HE: AAENEEFHNERMER, LEEHAB 70C, i1 /MG
&R, EHIEEE 70~80C,

2.8 FEIERLE

EHBHFEIET 45, EHBITFMEFEBAN .,
FHRBGSEE (72h):

— R IEFRET 8] (72h);

TR IEFREEE] (72h A 96h);

MAIVEAR Cu®*, Mn®, Zn® Bi#Q~3 )

B0 TE JFAn B fE)(1.5~3h);

RO S
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6. N_4EFERSLEBHLNERE, MUKMAES, ERAERA
o, —KFEEMAEN, —HRERK. InfEREZRHERQ20~247C);

7. BEEREGZHEFEPMAFEEMRA, —HFEAWEN, —HERK,
I 5 IAE BB IEH(20~24C)

29 ZRITEHE

1 WA~ EUEE — Bk - 5
2. RYIEE — WA — Bk - BT
¥: FEH H,0,6-8¢ /L.

210 FEAIZEREFRRKER)

1. AR T B 2~3g/L, 23~25C#&E (min) &, HBK h-—-FZ
i FiEHR H0,6-8g /L.
2. WA---BE---TERA (2~3gL), 23-25CiK#E 1h--HZ

¥: EEW H0:6-8¢ /L.
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$H3E TWERSIHL

31 KFBE

B ERE RGO, THLLUTHR:

1. BREN ERTEPARFEHEMREES, FHAKRESTHRMAFRRE
YRR -T2 URAREN S HEAm TSR,

2. ERBIERTARENLIRE S, EEEEAMNNEFRENERY
5.776. B 5.776 F 5.132 BFHNS, BERI)EZREAYERE T WALRINESE
AR EERURERFOEHF, BAETVREELESF TVEGEERTR
SRBLRENEG.

3. WIEEBRHSWRA, EFEZLIEFE R, THE R0 6 A 72~96h.

4. E—HEFHBARKERT, HERCETRA 12 DPRREERS
B3R S A PR R A 24 METRI B TR K.

5. B&E 5.132 BOHERERESAE.C B A GBIEENEHRER
BHXF.

3.2 BRIIAL R
JAERERRG — SRR RGEEEHNLE 3-1.

£ 3-1 TR FOR S8 0 (a0 O R 76 A28 2 R LAk
Table3-1 Comparison of the treatment effect of linen under the conditions of
different bacterium seeds with different cultivate time
5776 5.132  5.60 525 5.48  3.2803 3.3753 3.2823
—4%E 3 T2h 89.14 8408 6893 67.79 6457 61.02 6327 61.58
—EiER96h 8475 8445 7372 6998 6526 6515 6586 6430
—& 3% 120h 8590 8454 7846 7625 67.59 6847 69.15 6749
—#s53% 144h 8670 8553 7637 7530 7342 7005 7123 7237

—#ki55% 168h 8341 8453 80.00 6240 78.18 7351 7451 7419
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HE 3-1 £RTH: ARESERAEFREEAEMES, RHTEE
HEEKSER WM X EHE IR RARRRRARENEL B G
FRSRBEREPETEMN CH. TRABGHMN TP REENEYERX
—IZAUBRARREHSHEZANTIEERE. ANEEEG-DETUEL &S
M Te SR RNAEAEE, Kb, 5776 A15.132 W@ T
BRI BAER L EL S, MEEER T T UMMM ER, 3 HRE T
K, 5.776 BEEE )8 K AR B FREEE, 5.132 3 F A QIR K.

BR324, NEFRARPRBEENEEE, 5132 F15.776 3 UM
RBHRBRBEN . BRXOARSTEKAHLEXRAARRESL, BR
MEFRPEK, KAREEEALY, ERERES, FeEr3TWFE
BRI ER

HREIES RoTUUE AEE 1) 5.776 R 5.132 F AR,

# 32 PREEHTRE R RN THRACEARESEHRE
Table3-2 Comparison of the lignin content which has been treated by linen under the conditions

of different bacterium seeds with different cultivate time

5.776 5.48 5.154 5.132
—#R3E 5% Oh 1.39 - - -
4R35 24h 1.90 2.00 1.89 1.55
4RI 48h 1.82 3.09 1.28 1.65
ZHRHEF T2h 1.93 2.30 L1 1.60
ZHIER 96h 2.65 1.10 1.63
&iE I BE T2h, —RHEFE 24h, BR 5.776 4LFEFHR 40h SMEE R 16h,

3.3 MHIESR G

ZiLmEERE 5.776 F1 5.132 HWAOER, ATEREMTRENSEX
FERMYLBYRER, BFTUTLRIE: #5776 1 5.132 FHF 12 ¥,
A GEFRBPIER 24 PR, RS EHERPOATGESHERA, 4%
G, HRFEANNE-RERAEHEERREEREREFER 12 b

-20-
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B, BBIWIRMAE, HTE, AFREMNEERIZREZE 24 Hhm
FEBTEA, BEARW—RIEKRAETEANCEETHNEAKEE
B 3-1.

Bt 3-1 BTLLEH 5.776 X EAR MBS, FFi 6 PMRiTaE
BWKER, 6~10 PEHBEKIE, KEE 9 Nt ORIAZ] 80, B bEA R (o
MEKEESKES. dTAEENARENEEENNXDBRT EF
BfERERNL D, BIHEBH, 5776 fEX AR £ AR R 918 5 i 860
B, HERRMEKRTNERMANEK, PRMBEEREE, HRIARE
BIRER M R OR L, MRS EEKE, RRENBEBEETRE, R
ErEMEK, MUSBEEETR, THEMNREE—BS&HERTSHE K
BETH, LR NERENSREGE, ST B EHRA0ERS
8, W\ EBEATEE, 5.776 5T ERMBLAERRRE, KAE 13 MR E
RAEBAER 8T%ES.

588

whitness ( %)

28583

0 2z 4 6 B 10 12 14 t6 18 2 2 u
processing time ( h)

Bl 3-1 5.776 % W AR 022 1 78 By ) A
Figure3-1 5.776 of the white and time of the treatment effect of linen fabric

Tl gt B — e g 6 5.132 MR A S Fitid:
EitE 32 TUBHEREE 5.132 X WH AR AR E 1% e 6%
%. B 32 985%, 55776 HIR 5.132 X ERARAR ER@yT RS T

-21-
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SRR BRI IR, KLYTE 6 /NTES EIFEIA E) 80, (BRERMLEEEN FA
FECERERARRAR, MAREWRREELARBTHAR, F 24 b
HHEAERREET 85. XiH#A, 5.132 M ERPAREOERTES, F
SEE ER BB A R LR R, I BRI AT 6 AT BiZEBE, (B RBEA R
MK, BOTHERBRI TR, SRAARENEFEELTE, RAER
) 6 /METFE RIS

100

whiteness( %)

° 2 4 & & W 2 1 18 8 0 2 2
processing time (h)

Bl 3-2 5.132 2 WHkG &b B AR L BT IR A
Figure3-2 5.132 of the white and time of the treatment effect of linen

ERXHAZNRERETER, 5132 MEHENRS, EFENHBEK
HER, MEBOANYW, EETHELREL, MHEMEEEETE, M
TMEWTESRAENR—PBE, 4R, BEELPERYANKEGTHE
T 51Kt AT Al P 16€ 5 PR B A 6 0 B WA DR

EEA ERBEA AT R, B 5.776 AR EMEEUERERY, BLE
THEGRARGCEANBELHEK, T 5132 X TREENRBYES W 5776
1, ERAEXEMEAMNEE 80 &, TARAKNLENEEL 5.776 .

EHEBIERDARENSRESF, 5776 115132 £5RE, BEEINEHE
YR TA ARG 0 KT BRI R LR R E i, EAE T REEL
R TWAGERARRB LR S EM, FMUERB SR NEEEMNNE

-22-



WORIEE T KT 36 30 T

52MY) 5.776. MELFHMA— NP LRNBHBLRE 5.132 XREHFT 5.776,
B2 5.132 W& RACIEFRIE 4 SR, LEMEITE, AAHET 5.776
HBRELEE 6, AE 2 FETTUEY, BMER 5.132 HEHELCERN () HFE
1.5~4 /Net, TR 6 BT,

3.4 BRSNS IER
# 3-3 B RS H
Table3-3 Function of the state of the enzymatic perspire
5.776 5.132 &
TERIEFF 48h 212 1.51
RIEF T2h 2.35 1.62 . BEAESR
Z1ER3% 3% 96h 2.1 1.92 LMK @R
#E FEMIE 120n, —ZKIEFF 72h, RBERHK 16h

BR 33 ARUAM, QFE 5.776. 5.132 EEFHMEG K, HiEEL
SRR Bk D, R RE KT W, TEROERDEREMT X
RFEEEMAER, EEEWRREENIE TR BT LR, WTLILE SR
fffel, ZZ3E5rRt (e % 72~96h.

3.5 ¥RV BREO KA
& 3-4 BT WA EAF
Table 3-4 Condition of the treatment of linen
5776 5.132
4R35 5F 48h 1.78 1.89
B T2h 1.80 1.51
%18 3% 96h 1.48 1.62

& #HE #E 120h, —&IEFF 72h, B 5.776 4 AR 18h SMEB R Sh.

<23
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BE 34 GRTH: AKE 5.132 HARENERARRE, dF&HkE
W, BEETE, RIS EE, BTXEMN—MER, RTUELH
HLHAR, NEKRAMEBEREEARSH EROHKHLRT TR,
A E— S, REERARENRES, HOLBERGHEE, F
B WEN T EFET E 4.

3.6 KREMFRHWEELEE

IX BB R K PR A B AR RS TR AR O\ SR
ALFE— BRI IB] S 4 BLEC Y, BV T RS AR

BriB R iaRRR A N B 164 TR A6 A B P A B — R (6] 5, 45 G IR
J51 PB4 0 R A PR TG LR B — B [ B A B

F 5.776 ¥ MR AT ARG BAER, LEMFER:

WRHARFERHERI R, FEF R o) B SR RO R A7, A8 — B
fE, ¥E-AEERTHERAREEEEGE SENBESE _HAERH
AR AR ], HOBRERARS, BT MNEOE, B31E 33,

B fhizk 1 IRERMGRA GRS ERABTELLERBINEAES
AERETIRI YRR, HHER 2 AVARININE N WAk Al TR BT BRI R,

MEFTTLEH, E—FEFEERRAERT, BERLREERAY 12
PEREHRS B SR EERA 24 MEBARUDK, BAYE,
BKHEAERROHEELESR, LE-RNEGE, ERNZRS5HERLEEH
BREAZ. HYTRAREER, AT -EMELESE, BTHEEEK
TR T B R i B BER K, BN BT KR & R — 8o B A T
#HREL, LB ERANEHEEERS KBS HEFNREE, Ekabl
SEMARENRR. BRTERNSETHEGES TLARN SENE,
BRUTFERMOREME—ZE 0, BET RG0SR R E
fi#, TEBRET RRBEHCERIER, ERENEENRARONEKHRERE
F, MG B8R4 R A,



WIRRRT KETHRHH LR T

051
w0l - ——— — 2
—_— 8
X o]
@
) 754
2
2 704
£ o
2 ]
5]
50 T T T J
24 8 48 60 72
processing time (h)
W 3.3 B L R R LR

Figure 3-3 Comparison between continuous treatment and stack treatment

3. BB OEFRELNBEREEATE

FUHELREEEAERERBLIAHARORE, HTHE MAEHR
LETRMOLE . GFENREREHGECRER, MASRTEE
Sl BT WAk TR . FBERAE 3-5.

& 3-5 WA BB 5.132 BLLH EEEIEAE S A ELL I A E kB PR R
MR ABEMER. HARMETEKE 5776, BERUESAEI &
.

IR 24 ) P 6 0 A R A 0 TR R D G 0 0 ) 5 B PR 9 S R A
THARE, AEZEELEHEFSHNBENER —EN, TEETHEE
N & L8, R ERIONE KRENEREZHTE, FLEEHTA
L R A,

-25-
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&35 WRELTHE A
Table3-5 Comparison between thalli and non-thalli

5.776 5.132
B AL ) L
55 48h 2.95 2.67 2.58 2.05
B3 12h 2.31 2.01 1.88 2.15
ZERE 5 96h 2.05 2.08 1.98 2.09

P FHESIE 120h, —2RHFE T2h, B 5.776 &7 16h SMEBR 3.5h., B0 3000
/min, OB ELEAGHETKANEED, BRERIES EOIR.

3.8 FRFANKKELE

1. BARZ (40~50C) HH 1h (RH) THEMEH 2~3gD) LHE (RiE
HIMERR 23~25°C) B,

EE: 76.54% 3&fE: 730N

2. BARRE (40~50T) HM 1h (RiB) TERR (2-3g1) LB (Bl
23~25C) HiE.

BE: 7742% 3B%: 900N

HEBRLERTR: APLBRLTFELEMNBEARREN, MRTEEE
MAETHER, BRTEBSESE. EZafM—HER. BT THIEEX—
BEERT. AANNEEYEABRARTHBET —F.
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&g

Bigx EIR TR, AIREmTHLASERE:

1. UBRAYRHEYESR—FRIERR. BT 12 MY EKRE
RERAEFRF RN DWE, MRkt Fk 5132 7 5776 ERAFESEH
B,

2. HE & 5.776 ERFA I EHER,

3. MAEYERERAEFRBEEARMATES SN HEBEHE Y 72
it —ZIEFREE) G 24 DEE, WAEDRR TS ENITEZ 9 M, HER
B el % 12 .

4 BEYRBARER, IRALNEERMKMESTEAN: NaOH &
1B BIERIRML 4~5 S8k, 40~50°C; HER1 R 70T EVEER 1
NG

5. 8 LR, WRAHEMEE 87.60%, &N 800N,
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Bt

AR X BENFEHRAKECIERTRAN. EhEX] 20 RRRTOKE
de X ZIWHEBHMIR. BEEHERIR. MENRELSE. RLNOBUHE
K, SRZHER.

BLBEREERERE AW, ATHIFNHED.

YEEBAME B HIR. 1 &R BRI B S BOE R L 405 R 6
XL,

EEBRGHL R ERRY. BHEZFERA T ELNH BRI,

BE, REERHROIBNREAZERNRIEF. X OMEE; B
REOE AT RE R L5
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N ARG TR T2 H 2 R 3

TABH

fHH, B, 1971 4E 8 H 25 HHA. 2000 F—2005 F 6 H{ETmiszs
WAER, LR EHTEH. HEMEE. 2005 F7 HRSAWIKIES Ik
WRE R R R AR T/,

TE 1990 % —1993 4 MHRIELE TR /RIETTIM R LK%, UEaitTilk
3, 2002 EENY TRURIEE LR RETE S CRED , R4,
2003 4F 5 H ELRAERG /KSR TR RBIR A (TREMT) M THES IS
. BERHNE: FEURIETE B XS4 250 5 211 {548 W4: 150010, Mi%
B0 13359995386, fEIL: 0451-84603263, HLF{544: fu825@163.com.
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