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WE. [ 889 )2A £ 4 Phyllostachys edulis # 4 4 R AL, 23 B4 7@ LiC/DMSO E Ak 2 095 AALE | 4
YE KRR, FR B MRS REATEN MR S, 2B RAM TR ERMARRE(RCEL) [ F & IR R FHF R
SEBAREFEMNE, REEEHETG T@Eersh . ML EAAN, MR ESH, KA X ML
WERBANEW G L ELERR TR, RRERBEECHENEARAREN > FEALI> A, [LER)Z2HLF RS> ERF
. RCEL# 35 fesb B G, 244, L EoMH., MARAN, BREEEE BHAERFFTREAERA. o
BRE 64 RCEL h GSH B AR %, HoBER S THRAMMARF(CEL), £F, ¥ THAEMELLE
B&, K50%, »BEIRPEMEARALZATN, ArFERES A RA, "M RCELEH S FE R EH LT
THED, »HIBRVTARRAETEMRERS , 2 X HELFH 54, 2 LiICUDMSO 1k 2 Ik & 25 4 % 4 o9 45 & JE A T
TH, RCEL K& # % Fi8 F % 200~600 °C, 600 CEAELTHRE, KAEHSBRERRALFHRR K MHF
Mo [4#)A T LICUDMSO =/ 4k 2695 & 75 ik, SARRE RS FEMABIFORPAER, sTak RS2 A IRATF 0
Mg tE R, TORES A MR MEH, BIKEDLE, ARt FLE0km, ReaBmMay, A4/ THXK
5% CEL, 5% %0 5 5 kR ek BERKZ (MWL), CEL A8, 23 LiC/DMSO 7 ) 4k % 4 22 5 1% 3| 09 45 #
RCEL, ##4FHNREMAMGRRE, B 4454523
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A isolation method of lignin from bamboo based on complete dissolution
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Abstract: [Objective] To obtain regenerated cellulolytic enzyme lignin (RCEL), ball-milled bamboo (Phyl-
lostachys edulis) was dissolved, regenerated, and subjected to cellulose enzymatic hydrolysis in a lithium chlo-
ride/dimethyl sulfoxide (LiClI/DMSO) solvent system before the enzymatic residue is extracted and purified in
the solvent. [Method] First, the chemical composition of lignin was determined with the standard method.
Then, the structures and contents of the isolated lignin were analyzed by means of Fourier transform infrared
(FT-IR )spectroscopy, alkaline nitrobenzene oxidation and proton nuclear magnetic resonance ("H NMR). After-
wards, gel permeation chromatography (GPC) was conducted to analyze the molecular weight and polydispersity
of lignin while X-ray diffraction was used to evaluate the effect of dissolution and regeneration of bamboo on
the cellulose crystallinity. [Result] (1) In terms of the chemical composition, the yield and purity of RCEL
were higher. (2) The isolated bamboo RCEL lignin was GSH lignin whose condensation degree was slightly
higher than that of cellulolytic enzyme lignin (CEL), the content of Syringyl structural unit was higher, almost

reaching 50% (w/w), and the proportion of structural unit did not change during the separation process. (3) In
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terms of molecular weight and its distribution, both of the average molecular weight and weight average molec-
ular weight of bamboo RCEL lignin were high, and there was no occurrence of lignin degradation during the
separation process. (4) The crystallinity of cellulose decreased after swelling treatment of LiCl/DMSO solvent
system with X-ray diffraction. (5) The thermogravimetric temperature of RCEL lignin was between 200 °C and
600 °C and different pyrolysis features are presented with different condensation degrees of lignin. [Conclu-
sion | This separation method based on LiCl/DMSO solvent system had a good protective effect on the macro-
molecular structure of lignin while caused damage in carbohydrates structure. It could change the cellulose
crystallization region and reduce the degree of crystallization, thus promoting the degradation of cellulose and
improving the efficiency of enzyme hydrolysis, which were beneficial to the efficient separation of CEL. Com-
pared with milled wood lignin (MWL) and CEL isolated with the traditional separation method, the RCEL
lignin separated using the current separation method could better represent the protolignin of bamboo. [ Ch, 4
fig. 5 tab. 23 ref.]
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AR T ZE S — 12 43 A TR A A0 L RE R T T B 5 B R R, R BREF R R A AR T P A R AR
2 SR RTFRA R, BE R AR TR A2 o i 7 T A R R LA KOG | (A5 A o BT R RTE R BT R AL Y
Iz N, AR R A S M A R O R 2, E AT AR B R 454 1 R AR AR KRR L
FF X EARTRR MY, MR RE N MMM AT 220, B 5/ BEAE & 22201k
SCYIPREERE , YE A 1k i R FR B — A AR 0 43 B U, R ST 3R o7 4 M TG R Ak b DA ) DR e o3 o
K2 B, BT IEER KRR E B RS AR R R S IETY . — B AR A FHER S K TR (MWL) 3k
IR A A AR B B R AR AN, MWL 2 75 RE AR AR 4 IRk rh 43 S AR R I 28 A AT 4™,
LR B R (CEL) o5, Ha5 MWL AL, BA el fCEA Y i JEAR A T E ', CEL
) — A 32 B i K i R P R BN RRAE S I 4 B AlAL T S8 2B s . WU S8 ERE B AR T —Fh
AR A B AR A R0 B R BT R 8T 7775 © EMAL (enzymatic /aicdlolysis lignins) . %75 & 7 45 &
it Ak 355 30 R K A, AR BT 3R oK Ak B W ) 9 Ak 2 B R AR IR M AL S T, SRR A T T
RARTTER s SR T ORIE . AR TG BRI AR BT 2R, 140 B U7 SR | WK A B I N R K S
MEMEIME R, v LABH B4t m AR E A%, (AABTJEA, MBI ORI R o- B W2, LEE 5
H1 MESHITSUKA “5®F58 R W] . BRI J5 A5t 2F 4 J50Rk A Bt 32 76 480 7S FR-7K i W b i i o 5 K8 1f |) A
X, MImZARERK S W, FEBRER R ER , RAERBARRRNE HZEEE 2, Bk, FHEEST
BRI ER, i RS B AR T 4 BRI R 455, WA 2R R B = AR, R TEF 4
IR AR R | R gER MR R A AL, LF4E R KR o0 F AR HEE i 4 fhaitly, RA 50 o 11
2, BRI EX , 4K S ReVEH TR R GRS 5 X, X T 45 0 XK IF A RIER, iR i
VAR e 2 TR, SCRAR2E . DRI, 7 B A AT A0 B AR A R 0 AR S5 48, A e iR g R 1Y
R A, 3 20 4 0 AR O 0 FE 3 P G 3 A R0 R ATV S F AR R Bl A DX 5 A T LA v T R
R0 WANG ZE MR 1Y LiCUDMSO 2R &R, M TEREE ARy, 45 FW . FARE N AR RS
BT KA, LR Y ZR 4G X 2 B — 0 R IR . ASBESE LLEAT Phyllostachys edulis 71 #4 k1
JEORE, A Bl LiCI/DMSO #4428 5 ff AR Ab B, 3 a2 24 22 /K A 0 123 1 3R AR A S5 7 4 SR o B4 A S
%, H5ESR T HREE MWL A CEL 2547 T HA

1 MR 5 7%

1.1 FE#

R BT BT % T, NTA WK 3~4 cm, T8, 8 2~4 mm B/NAT 45, bR KUF ECRHH
Wiley fRUM REHLRSFE, B 40~80 HZH4y, FHZREE(2:1, VIV 8 h, ZEZ TG, 7T B
IR HR s, i AL,
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1.2 IKEE

RS (R BR S AE 75 ] Fritsch WORAT B 2 REBREE DL P AT o ARIR 2 g BL25 TS 9 LG A7 R 5 A 251
45 mL A ALEE A REF, 9% 18 HNAR 1 em MIELESER, L 600 r-min™ HEAT AN [F] B ] (Y BRBES , 2K
BEFEVS I (=20 C)#E4T, FHZ4T 15 min, A48 5 min, DL, BEAMAETERE, &8,
1.3 LiC/DMSO #f@ini 4

BRIEE 2 h (TR LU 20 8 7.5%9% T 8% LiCUDMSO I HIK R, i FHtHE 48 h, 7E 60 °C 4k4L4i
$£ 24 h, LiCUDMSO 235, sy a NEirds, AR L5 Fokasde, N2 ey 7oKk g
BT ORI K B, L E S TRAR T IEAG I BT A T (C) . MR SRE TR, 5
AR, PR 86.0%, = R 81.0%, M AR IR, MEMKMEEH.
14 KBREWNHE

Pkt MWL 195385 715 2 BOCHR [3-4 1, BRI 2 h 09418 10 g, FH 96% SN ER K (VIV ) E iR T R
24 h, BONEIE, RIELSH 96% SENIHOK(VIVIIR RSB K, BOa Bk, IE 2 RE LG
M LW, 630 C PIEFRZARRG R T, EERTNESTEE, B TERBESECh 00%BERE R, 5
Do E, LIEREEHME 10 AHEREMK T, TO3E TR AR E KB 0%k 3 s B T, +
WIS AR RIE T 1,2- 2 OB/ CFE2:L, VIVIRGW T, B0)E, DR TRECEhTiE, TIEy
M CTEDE 3k, HAMA B RS PETH T, B2 MWL, 155%8 5.1% (5 T/ # Klason KJiTEK ),

Vit CEL 93 B ik S BSCHR (6], HOBREE AT Ry MR A BREEAT B 45 10 ¢ F 500 mL #ETE T, nA
— i AT YE W TS (LAY AR 1) i 30 wmol s minT e mL (IR A B (Novozymes $EAIE ), DL ve 4 1
IR R HEE, B RO 30 wmol -min™, AMNFE—E R pH 4.8 MRS ER-BS R B G i, R 1Y K R
VIR BB 5%, ¥AETE & TEE IR % (SHA-C)H, 7£ 180 r-min™, 50 C FHE¥% 72 h, /Kfft)51E
5000 remin™ FE.G 15 min, 202 KRR, FRIE HZE WK E.OUEN 3 W, S8 TR A —
BT, H 96% F WOk (VIV) I, 52T A CEL AP AR B A T % (RCEL) . £ Bik4lifk
L BR)E, #8478 CEL At RCEL, 1524514 25.3%F1 48.2% (5 T 71 # Klason KJiE ).
1.5 KEREWZ B R

ARIFRW OEAS % SCER[12], FREL 300 mg ARG T 50 mL =ML+, MA 15 mL itEE/Z
FREF(1:1, VIV), B %E, e, SR TRM 24 h, RS HRE, HEKZEMRNVIERZZEREET,
EMEBESE, A 1 mL Z& 0558 %M, JFHA 100 mL ZBEP It s 2B b R R, H OBt
WEZWE, BA 4 CHS TEM D TE, 4B AR RN T8 K33 6% (GPC) M #E It ik & i
('H NMR) [ %€ .
1.6 SHAE
1.6.1 AeZmame  KRFRESE, KON & el BcEk 131075 ke , FRICEE S 0.300 0 g, JIMA 3
mL Ui 73 ECh 72% B2, TE 18~20 CRF/Kf# 3 h, WIEERHHE, SR/5%5 A 100 mL BEESEH, hiok
P00 TR R B o BN 4%, BT E ET K (DSX-280B) N, fE 121 CF K 1.5 h, HEH
Y G3 WP S A v FK R, SO D YR T VS R I 2 R SRR I A B, v FH AR AR K Uk
WEIEW, HFESECN 10%E ALK T A @ biE, fFEEETRA DT 105 CTEE, REFHEA
Sl grhF 575 CHybe EE &, WE A B ER P K B8, THA Klason AT 3 0T 43 B 11 B K
B AR, IR 4% SRR A S, H H AR B HA T UV-240 28 5h-11 W4 566 B 11 1 7K
fRIRAE D 205 nm AR AR, 1R RR A R0 R 9 T & o 5K

W JEORE A 5 2 B SCHR (14 ], BUKMRER S mL, MIAPAAR 1 mL JUEBEE R RERIE N 1 g- L), Al
FEAALIUA IR pH 2 5.5, B0 BBk LUUHE, A 20 mg AL TiEW D, # & 24 h, A 1
mL BEFRJG , BEFEZZ L EHOR, AR B L ET, 1 mL-kK?, #LE3 W, BETERRT 105 C
HET 15 min IBARIR RE 2 TEK, A 1 mL ZEREFE %, 78 120 C M 3 h, HHARBHEAFM
GC-14b KA IR B ik Jbs . A IS &N . BATEH TC-17(0.25 mm x 30 m); FID A #% ;
FERAE ST, 220 CHEEE 20 min, FEFEIREE R 220 °C, KRN 230 °C; SAHMGHE GC 434S 2 1Y 5Hpk
B m s IR T 2 el BOHSE Y ME
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1.6.2  AEACREAL  ARJTER M 254728 Ak v] LU o il SR S 45 Sk b . A R AL BV E S IRk 15]
HURE S 40 mg T 10 mL GG HEF 5, KO AREEZE 0.25 mL, 2.0 mol - L & A LH 4 mL, ¥ I
WIRA KRR B EET 170 CHE TR 2 h, REEZER, A 1 mL 0.1 mol - L™ &4 Ak AH B il 1) I b 3-
LA B4R ER T (02~04 g+ L), W& AR 3 R, 15 mL-k", FMAHBOKAR, ] 4.0 mol- L™
ERER VAT pH 2 1.0, KW “EF AR 2 K, 20 mL-k, ZB8k 1K, 15 mL, WEAPLAHEE 55 mL,
FHEE /K20 mL SEBADAM, S2TOKTRM T, JU8, IBRAELKET, A 100 pL N,O-X( = %
KE) 2 B AT AR AR (BSA) F 100 CRBE 10 min, 7= H H A 8 34 R GC-17A <A i {2k 17 43
Bro SAHERESLET . B NB-1(0.25 mm x 30 m); FID &l &%,; AEAF, 150 CHE 15 min
Ji, PA3 Comin FHEF] 180 °C, #4kifiLh 10 C-min™ FHEF] 280 °C, A8 5 min, FEFEIRE A 250 C,
o i B 280 °C, RIS #EAT 2 Yl g, HOHF3ME
1.6.3 & o4 HHEE Elementar 2~ 5 ) EL M 850 2 0 #7 A K6 0 L 5L b0 2 o . &
il g8
1.64 #EHH KA Henven 2Rl R E ST HEA T A T 28 AF S OR 0BT, S8R O 30~900 C
FHEHE N 20 Comin™, &4l EZ SR
1.6.5 #rshsbig R KBr JE A ¥ AE H A JASCO IR-615 BILL AN ETEAL il EwE &y, WK IE A 4 000~
400 em™,
1.6.6 #BIKHiE &% (GPC)a A FEE Waters Al 1515 BUREIR B 5 (3% 50 M 2 40 0K I 58 A k2 19 4
T My F 55 A . GPC 43 M 7E Waters 2414 47 5 HUZ K &% 1 3647, R Styragel® HR1, HR3 Al
HR4 {6354 (7.8 mm x 300.0 mm), Il & EE 5~10 g- L7, DU S MR IS H, #5717 3E AL 30 C
K 1.0 mL-min™ . LABRHERIE 206 (5 F VLA 100~500 000 ) VE A b i b il £ b o i 25
1.6.7 X HHE&A4T4  LF4E45 RIEEU e H AT Ultima IV & R Z I fEK S X SRS FidkfT
KRB AR . MR . X B4 CuKa #8(A= 0.154 18 nm), /7RO IIER CuKa 5, &R
40 kV, EHE 40 mA, W57 R M 020 BB A4, KPR 0.04 rad, FZWOKEE 0.15 mm, K5I
B HC B g 10, U E R 20=5°~40°, F#iLK N 0.02°, HE AR 5°-min™, d% “ATH 8 E-20"
M2k, 25 M8 80T LIRS Segal A O F 7315

h:hﬁhmhxum%o

002

Hodr, I, REE IR EL, L 20 4 18°W} JCRE T IX A7 BF W (58 B | T A FE 55 S 002 (1) F¢ K AT 5
R

1.6.8 'H NMR @2 ¥ SBEALA B R % T A5 (CDCL), 78 H A JEOL 24w ) Alpha 500 #Y4% 4 3t
PRA AT IARE . DL = W SRk B Al AR

2 HER 5

21 MIHMARRENSE
2.1.1 ## CEL ## RCEL #9/3 & 34 m M TSN AR S EHEAR, W T AR5 K
b AW A7 5 LM RE T, SO B0 40 AR T 3 -k K AE A 0 3R A R (LCC) W T S BR 5K 0 %
o) (A R AR IR B AR B sl SRR AR Z A R, & i, A LiC/DM-
SO 75 I A 22 % BR S AT (V5 i AR T S A SRR o X AT MR U, BRES 2 h P48 LiCl/DMSO % 7 {4
F AR AR B AT B MR T R AR AT IA 48.2%, & CEL ik 2152, J& MWL ik (15588 5.1%) 1)
O ff . BREEMFA] B4 %0, AT ¥ ] i B T LiC/DMSO #7144 2 4 Wk 1935 3 e ik sk oo 3t | 2 A
TR R R Lok, 38 A RO A A o B R AR ST B AE A ML R s, SRR AT DL sk A TR SR K B ]
(1R 3R S 7 R AR T R 254 LB 45 . BT L LiC/DMSO % R 2 1 db BT B T4 M AT A R Z A 5, 5
A, N1 AEH . AT AIRCEL BB & 5400 9.0 g-kg™, CEL N 12.0 g-kg™', RCEL %4l FE 1% = T
CEL,

ME2 AT . i, SMEICRFE S EN A K, 14 CEL 1 RCEL A& 084 H 3 ¢

Dol

AR B
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kg™, AICHRAEATTR TR BOITE 10 g-kg™ AT, AN2esgmi B AL 2 450 1 70 4 27
*1 1% CEL #1 RCEL MR M4 E % 2 1% CEL #1 RCEL T & & #hr

Table 1 Isolation yield and sugar content of purified lignin samples ~ Table 2 Element analysis of CEL and RCEL isolated from

from bamboo bamboo
FESL 15%/% HWRM (g kg) ARETME/ (g-kg™) B/ (g-kg™) FEM R/ (g-keg?) &/(gkeg?) H/(g-kg!)  HAl(g-keg™)
CEL 25.3 1.0 5.0 12.0 CEL 588 58 3 351
RCEL 4382 6.0 1.0 8.0 RCEL 588 57 3 352

212 HFEH5MH BB EOIE(GPC)RE—FR B R 40+ i PR E I e 0 L a5 py ik, (B AR
BAY—E R, ot AR SN, 20X TSI ARER s FENAA A EZEZm, hk3
ATRVE Y 74789 CEL il RCEL B3 X0 (M) A8 7 7 (M) AT, B0 1729 6 000, Yy
4yF 12 000, RCEL 915 %% T CEL, LiC/DMSO % #I 1k & i i
K, — P TRESR T W4 S AR E Mk I e 2 s K, gpz RS I CELAMRCEL ST &
WK A KRR By, s e Avfj‘_ge “T(’lef“;” WMgf]tw j
FRFLE I, LRI A TR Rk, A2 P e B
SOPEARE RN, NEI B, RCELOEXSFRE . mp w n WL
SEER, UEHTAE AR S 4E R R Bt R Ko F Z MDA EE R crL 6118 12265 2.0
225, R TAEARM AR R R T4 22k, T8 RcEL 6013 12237 2.0
RCEL 48k 5 CEL —%t, #4 2.0,
2.1.3 shkESAT  AHNEIERER WA TR AN Z5 4, AR 4R A BT 2R 40 A1 R AE I A I 2 43 BT
RIBEZEF A MIIREIE, flanmit, 25, HEE, C—H %M C—C #SE2, B 1 aTE S . T4
CEL Fl RCEL £LAMGiE ARk I A — 5, SRUIM2 09E R A4 S A W], CEL A RCEL 7E L4544 1%
FHHBRES, FIEARERMAEIRSE 1597, 1512 A1 1 419 em™ WG s H AT sm p Wik, X J&
KRR L5 I AR AR DO HOR B JR 25 DR AF 58 4F o 76 1 704 em™ M 0 B] Sl W g 0 | 3ok S g A 0
AR IR AL | FERE AR AE I s A, 1 327 em AR T EFILAY L, A G A 3 BR T AY A 45 IR B
161234 em™ WA B, 0 CEL Ml RCEL P &A —E 8@ ARILHIC . LT HEMIC, Kk
KI5 ITEEHIAE LiCl/ DMSO 7 fff B AR o B2 b A B B IR o 0 i i e U g A ) 20 &5 SR L 36 4,
214 X H&ATHSH K2 RIEEATA | BREEXT A ROR S AR A X BT AT AT I, R G AT b
PRI M By (B) 45 5 B (1) M 58.4%, AT (RMB) 5 Bk EE AT A1 (MB) 1, 43310 26.5%F1 24.6% ., H
B2 T LA e TR i 2 B AN [R) T EREEAT M R AT M . G553 5 ST LA . XTI
FAE KBTI R, HAR RN 86.0%, = REEMIIE2E 81.0%, BIAL T JC& B X M ok KL &9 &7
%4 1 CEL #1 RCEL K941 4b 3 itk B iR 47
Table 4 Assignment of FTIR spectra of CEL and RCEL isolated from bamboo

e VeHlen” ey
CFEL RCEL
1 3 425 3425 B O—H 45 iR 5h
2 2939, 2854 2939, 2854 L W L ) C—H P45 3
3 1704 1704 AEFLHEAER , Bk FE AR T C=0 i 4 ¥ 2
4 1 597 1597 05 B Y M AR AR 30 A C—0 HR 3N
5 1512 1512 05 B B B 4 4 3
6 1458 1458 FF R 5000 R L 119 C—H A5 I 4 30
7 1419 1419 FE I 0 C—H - i 2 R 30
8 1327 1327 ARG S G R(G B 5 NidR &
9 1234 1234 WAIARFIR C—=0 M 4iiR3h
10 1126 1126 S BURFAE, i EEAI C—=O il 4
11 1 049 1 049 TE ARG D5 ik P ) C—O A2 IB IR 3
12 833 833 C—H 1ok 125 1




340 e/ A N (/N = S S 4 20204 4 H 20 H

100 -
— CEL 8000 1 —p
80 RCEL | MB
S 6000 — RMB
M 60 i
pra = 4000
% 40 =
0 1 1 1 1 | 0
4000 3200 2400 1600 800 0 0 5 10 15 20 25 30
Pk /em™ 20/(°)
B 1 ## CEL A= RCEL #9491 B B2 4 (B). B4 H (MB) 2 A A 4 #
Figure 1 FT-IR spectra of CEL and RCEL isolated (RMB)Q/] X #4745 E
from bamboo Figure 2 X-ray pattern of original bamboo (B), ball milled

bamboo (MB), and regenerated bamboo with ball
milling (RMB)

LiC/DMSO Ab Bl A rbig i, DRIHCES S 0 = T ERIE AR A, 5 40~80 HIIEURMAHLL, &5 IXA T I,
AIRIR . X T2 WA R BOREdh, — DT T GE RE R MK A, 70— AR RRAB &, &
AEZARTR MR R, AHTIREA AR, 28,

215 RmAELMEL  BPERHEA LB TARBR NS I, REAE IR EERIL(H) |
ARIARIE (G) FIEE T A ZE A0 (S) FERPE il A5 7 T il B W ROk TR | B W RER 58 T e, K
PRSP RGEG AoC S B, WIARBRIA S TSR, 3R 5 Won 1 B A TR i i A2 i
FEA R PO E R SR AL SR . R 5 TR . AT4F CEL A% 0 2.7%, RCEL ) 2.5%, CEL i
REAFEREEE S T RCEL, 7351, ARSI REN . 7144 CEL F1 RCEL ¥JJ& T GSH 2B Y A S5
R, TAEENETHERIC, HAPETHEAICHERL G PIUHR G A —F, DRIERI . @l
ARIEREE T FHLPTTAGR | LU S5 T B AL oY B o T Bl 2 Fhap B RO AR IR A9 25 H o0
U A 2 AN TR

&5 114 CEL #1 RCEL RFHEREU~WHEEKR S/G

Table 5 Nitrobenzene oxidation products yields and S/G molar ratio of CEL and RCEL isolated from bamboo
%1%

F i T TG TS rdre

" Ty I s éﬂ' e ¢
CEL 0.6 0.8 1.3 2.7 20:31:49 1.6
RCEL 0.6 0.7 1.2 2.5 23:28:49 1.7

VEWT: H SRR, 6 R @AIAE, SFRET /LRI

2.6 ARpFa#ser KRBRE-MEZR, RS RMERS RSL ARSI R T AP, DURTENLE
I EM, SR BRERIEAE ML, H A

SRR T AR R ZE R et e -
2 K 3 LIEH . 714+ CEL Al RCEL B9## 2 7 o 90T — RCEL
100~800 CHYHAHE MIZE KB, 7E 200~600 CH, TR 5

VRO 94 4% Wb B 33.0% , WA T 639%, it 5 601

600 CHE, AJRE PHIRAY IO AEAATERILE 30}
FATC, BRI AN ST B R T A5 R A TR Y

R, 1E 600~800 I RCEL 8% AxH) I it 405 i 50 200 400 sa0 oo Moo
4 5.0%, CELK 7.0%, WHGREERES FEET AR i e

FPLHAMIORI. ZAESHT, 116 RCEL pogi o 3 M CEL A RCEL 8916 2
RESEE T CEL, T S 5 A T 11 Ao, A Figure 3 T;lf)rm(;)gravlmetnc analyses of CEL and RCEL
AW ATAF CEL A1 RCEL 0445 fif i 72 32 % % 1k 7 c



5 37 5 2 ] RIS T RRERN B AR R 8Tk 341

200~600 °C.,

2.1.7 'HNMR o# K 48 &H, 774 CEL fl RCEL fE45# 8 C )7 1 BEA AT 22 5%, A A 1
6.25x10°~6.80x107, 6.80x107°~7.20x10° & 7.30x10°~7.60x10° 43 II%F 8 T4 T F 3t | ATBIAKE Ko w2 4
HELHIT, KR CEL A RCEL #/J&E T GSH BUAKJR X . LA AL TE 3.48%x107°~4.00x10°° 45 8 58
FURTEIE I, RIS T AR T, E 4 BB 2 BB K&K CEL 1 RCEL (4R e RE 4245
PRI A W e, R EE W ERERIRIE, RS ATR RN T RERR B, Ao,
EERIFETE 1.60x10°~2.22x 1070 PN K75 JEMIBE IR W B RR TR i1, 2.22x10°~2.50x 107 {3500 F5 &
TRBE R TR B+

CEL 1! RCEL

I ‘
l[ |

| |

| !M \ I

| i | ||

A k"\ ] ~ AW

— r,/\‘ JNI\U\"'LI._JAJ":\/\\»/I ‘yl\l\ — \L \T"’ . : il\/k\l]\J_h}lj\/\al/ \U\I_‘j . \\L/L)\___
8 7 6 5 4 3 2 1 8 7 6 5 4 3 2 1
AL RI(X107°) 2L R (X 107°)
A 4 ## CEL 4= RCEL % 'H NMR & B
Figure 4 'H NMR spectra of CEL and RCEL of bamboo
3 %t
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