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TE: RHECIRE. SRR (LAP) /5 TR P 3k . BRI IbIsin, M4 TR LK
LM (CM-LAP ), BERRILEEAR B 2 H% (P-LAP ), R GPC, SEM, XRD, NMR, FTIR, TGA %} LAP, CM-LAP
FIP-LAP 64T TRAE, MK T HMM: . it 1,1- 7283 2- =475 F (DPPH ) H%:. 3k A hAERRE,
%58 T LAP. CM-LAP fl P-LAP 4N fkRE )T, FFHR5ET LAP. CM-LAP. P-LAP X| H,O, i/ T4t
SAALBERE SRS . 459, 5 LAP AL, CM-LAP 1 P-LAP ZhJ¥ A%, MRS, REESI A LN,
PAEMER 500 CHEACREE R ; AHXT T . — IR A A IR ZS M A K A W] s Ak, RCZH b i 6 b 32
TN CHBENE . HERME . BTRLOE . RWE. LZUNE . A% ) BERAEURAE T MZF . CM-LAP, P-LAP [t LAP
BATERPIRIMUAIGES, X DPPH A M B H BT (ICsy) 43520 1.28 F1 0.98 1 2.84 g/L;
LAP. CM-LAP. P-LAP BB H,O, AT HBUAIIATFANIN — i (MDA ) &=, s bt {big (SoOD)
AN H Ikt 4L ( GSH-Px ) 1% /7, MDA & & 6.768 nmol/mg pro ( pro fAFEBE A, T ) /IS 4.029.
3.517. 3.772 nmol/mg pro, SOD i% 1 6.086 U/mg pro 7R & 6.991, 7.474, 7.192 U/mg pro, GSH-Px i
J1Hh 7.019 U/mg pro 43 I1#E =5 % 8.017, 8.591, 8.227 U/mg pro.
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Physicochemical propertiesand antioxidant activity of car boxymethylated
and phosphorylated lavandula polysaccharides
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Abstract: Carboxymethylated Lavandula angustifolia Mill polysaccharide (CM-LAP) and phosphorylated
Lavandula angustifolia Mill polysaccharide (P-LAP) were prepared by chloroacetic acid method and
sodium phosphate method, respectively. Lavandula angustifolia Mill polysaccharide (LAP), CM-LAP and
P-LAP were characterized by GPC, SEM, XRD, NMR, FTIR and TGA, and analyzed for their physical
properties. The in vitro antioxidant capacity of LAP, CM-LAP and P-LAP was evaluated by scavenging
experiments of 1,1-diphenyl-2-trinitrophenylhydrazyl (DPPH) free radicals and hydroxyl free radicals,
while the effects of LAP, CM-LAP and P-LAP on anti-oxidase activity of liver cells induced by H,O, were
investigated. The results showed that compared with LAP, CM-LAP and P-LAP exhibited lower viscosity,
higher solubility, altered surface morphology, and improved thermal stability as well as carbon residue rate
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at 500 °C, but no change on relative molecular mass, monosaccharide compositions, triple-helical

structures, and crystal structures, while change on molar fraction of six main monosaccharides (fucose,

mannose, arabinose, xylose, galactose and glucose). CM-LAP and P-LAP displayed stronger antioxidant

capacity than LAP, and the maximum inhibitory concentration (ICsy) for DPPH free radicals were 1.28, 0.98
and 2.84 g/L, respectively. LAP, CM-LAP and P-LAP could reduce the content of malondialdehyde (MDA)
in H,0,-induced liver cells, and increase the activities of superoxide dismutase (SOD) and glutathione
peroxidase (GSH-Px). MDA content decreased from 6.768 nmoL/mg pro to 4.029, 3.517 and 3.772
nmol/mg pro (pro represents protein, the same below), respectively, SOD activity elevated from 6.086 U/mg
pro to 6.991, 7.474, and 7.192 U/mg pro, respectively, and GSH-Px activity elevated from 7.019 U/mg pro

to 8.017, 8.591, and 8.227 U/mg pro.

Key words: carboxymethylation; phosphorylation; Lavandula angustifolia Mill polysaccharides;

physicochemical properties; antioxidant activities; modernization technology of traditional Chinese medicines

B AKE ( Lavandula angustifolia Mill ) HETEFE
HARFEMEY, JEm T RN . E R BTR BT L
FARE—F, B Ol S i g 5 BR e S5 B Y
JEHE RN, A, Kl bk H AL % v
TE P 2 S D il IX e A 1 A R AR o T 3 A
SRR BRI ) (UEBRIL) 03k, BRI L
HTWBITIME %, BAWERIEN . L.
WA BREEYY, AR 35
T AR . BERSE Z R G  A. HRE
RN, EREEAAMA. PrR . W6 A sh
ZRGEEAD, HAT, BT AR B B I AR
HEFE R RS . R TOVEUR L AR RS D T,
X FLZ2 W5 R T 5 e A G

ZHEEA B EWNAEYEE . RN
FIAT AR R OL S, B2y . TREMEE, &,
FRE A FE 0 A K Aot A5 400 T e 4 7 SR
ULAESR, N Tk M AL I, 2 v LA g
PR, ZRZHHE T R gR T & ok, R H 3
b, BERRfL . WMk . BRERAL LK SRS, 2k
R HH AL R R AL B 1 T DAk AR 22 2, TR
AR LA PE A AE W P . ZHANG S5 5T &
W, AR RS, RSN R AT
PERE T, JF H 5% P SRR 2 EA DG, R,
i J B 7 e Z R E A AS49 Ay AE &
A L A% 9 /0 40 o B 98 955 7 B Tl sk . 2R B I
FERIL, Wl S 2 A IR A 1 J5 1) TS e 1 T
L, JFHEPUE . FERE It AT B e . AR
T 25 OV HE T BRI 22 2 8 R Ak B R AL 18 1 R
HEEAL M BRI ST A T M, AR R, HOKEE
P4 42 = 5.48 5 F 6.75 4%, XHiGPESA A i3 bR
(VAR E -t =

N A BAPT AT RN G 5016, 455
XL TS B — R i . BRI, NRER =9 h
FHAR S BUEALF Z B AN 2 i1, A

PR AR HEEAL . BRIRAL PIRME I 7 1 3 AR 2
BEFEATRCE , A3 BT SO S A R 20 B A A o
IR, P FAAR SN AT P FTXT Ho0, W55
1) HepG2 4l g B AL iR 1 . AN A 2
BRI T AR 4%, oo Z BRI i P 1) 2
W

1 SERES

1.1 w8, iKFIEREE

MK, SR [ B s O T TR L B A R A R
M, ZBT R A IR SR E S S R T
AR EE B R, HAHE &Y 3K 5

( Lavandula angustifolia Mill. ) 1L,

Ak JOK ZBE . NaOH, = RBEMRAN . =1
WERRAN . WEEREN . BUELH . "W . W (i
A 98% ). Wb, WEE. FHIRE (BT
10% ), #hIRFEM . MEIE . CIREF. =8 LMR . WL
iR (it 734k 36% ). s, tAAIT AL T AR 5T
AT APRRAES . WIERL . PURImmR (Ve).
L1-Z R -2-=fFE o8 Pk (DPPH ), Zp#frafl, il
AR R A BR AR s N (MDA ).
ALY Ll ( SOD ). & Bt H K it & 1k il

( GSH-Px) M &, dtntEW TR AT ENreE
(#R B AR 3T i 3500 Da), ¥R MR YR
HRRAF; SCER K N ZEEK, Al

Waters 1515 BUEE B3 A5 (GPC), EH
Waters /A F] ; Spectra Max M5 I ZIHEEEAR YL, 3%
[E| Molecular Devices 2y H]; SQ 7000 Y B PO 4T
GC-MS Bt 1Y, 22 E Thermo Fisher Scientific 2\ ;
UV 2500 AUEAh-A] WA 650E T (UV-Vis ), Cary
630 B B AR 421 AR OETE X (FTIR ), 31 Agilent
/35 Discovery SDT 650 B [a]25 #3142 ( TGA ),
ZE[# TA Instruments /A ] ; JSM-7500F %37 % 541
i F W% (SEM ), HZR JEOL; D8 Advance %
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X FEMHHL (XRD) . AV600 R % AR I 1AL
(NMR ) , {8 Bruker 28 Al ; 1-300 AUjEs5 78 LA,
Bt Buchi 2475 5430 R Bl & R BOHL, 15
Eppendorf 23 7 ; UP-15 TNZ %I 52525 B 4K B, 2R
AL THAR (R ABRAF .
1.2 FHik
1.2.1 FEREZHERR

BB ek B AR, Rrwdead 30 H . Kk
FHAT e RT3 EL 95% TR IR B i
e 24 h 5, iUk, SEIERRIER . GF LHAD
N TR TAL AR AR, T4 CUKFR T IRTT,
%Mo

FREUTAL BEFE A R K 20.0 g, LAIZK MR,
FERRREE R 12 40 g/mL ., HA T 500 W, $2HUE
JE 60 °C, HEHUATIE] 1 h B0 FHREGE A B 2 0,
PSS HRG, TTRMCE 12 h, FETREIER, *
=R omERERRPEAN, REZ R H
B AN-0T WA G T E A 280 nm Ak
TG W J RS T 4 R AR 173, i
JG A TK CBEEEIL (5 °C, 24h), BHTEEN (8
BRI 4> F iRt 3500 Da, 72 h ) 8 THR(—20 °C,
48 h) 5153 1.21 g HEOMEREREZHE (LAP ),
122 HRTPEANLEREZHBHE

Z% OR[N EIE RS ek, FREL 1.0 g 1Y
LAP T 50 mL SAEEH, iR N# 84 1 h,
HIA 10 mL 5388 20%00 NaOH 7KW, B finA
1.5 g AL (433K, BIR05 g), E 6 h
J& , 1 50 mL JC/K ZBEAT 50 mL PN ER 2 e 5 Wk,
B R MULTE N A ZE K B 5 & T BN A8 B
( R BAAH XS 43 i i 3500 Da, 72 h), B T4 (20
°C, 48 h) J51% 432 mg F A LR AR H B b 3K
FZ B (CM-LAP ),
1.2.3 #HEALERE SR &

2% SRR 1217 AR S B, PRI 2 g = SR B5 TR
B, 2 g “AmBERRANTE T S0 mL UK, ®E 1 BERE FmA
1.5 g BRERANAN 1 g B9 LAP, ffiFHWE 0.01 mol/L A
NaOH 7K WA 7 [ B iAW pH=9, Ffif5 T 80 °CJx
NS h, FEROVZE SRS A 200 mL JE/K £ BEULHE
(5 °C, 24h), BJFLENEEN (B 5T
Jiit 3500 Da, 72 h), ¥ T (20 °C, 48 h)
JEAHE] 372 mg TR AR 2R B BERR 1k A R 2 b
(P-LAP ),
1.3 RAEFNK
1.3.1 HRFAMBRE, BBtk T

SR R B 5E CM-LAP ¥ FF LB C R R
B 10 mg B CM-LAP B FHHHF, A S mL ¥#E
7 10 mmol/L fERIR, =ilhidk 2 h FE0, sRiEH

ToK LR, MG T 20 mL ( V), mL) ¥
4 0.5 mol/L ) NaOH /KW H, F 55 °CKI I
1 h, RHHIE 0.1 mol/L T E, VABEL MIER
R, VR P LLAAE T E LN, TE SR AR R TH FE A
FU(Vy, mL)o BIEARX (1) A (2) HHHERHP R
i (4, mmol/g) FFRH IEALHULE (DS ).
A=(CV\=Cy Vo)W (1)
DS=0.1624/(1-0.0584) (2)
K. Wk, g; C o8 NaOH ¥, mol/L;
Cy NERRUR L, mol/L; Vi V, Hifiih mL,
KPR H (RS P-LAP BERAR &1 B HL
1 mL A& (20~100 pg/mg ) AUBERARSR A ,
AN 5 mL AT ( F 3 mL B4 20%5T3R
MLER/KR . 3 mL WA 3 mol/L Ffi R Al 6 mL Jiii
HETECH 10% P HRREA BT ), T 50 °CJ
1 h, BEEEREG, FLRI-mT e e i
WRAE 580 nm ALHYT G . LIBEERAR & & (ug/mg) N
MARBR, WOBE AR, HIVESREM IR
HEMZ 5. 1=0.328x+0.0254 ( R*=0.995 ),
FREL 0.5 g 19 P-LAP Fiisisrh, F 600 °CIKfk
2 h, B NA 1 mLRERFR AN 1 mL ZE 1B /K 35 i o i
FHZEMKEARE 10 mL a0, FSAM-1] WAook
SEEE I E PR MR AE 580 nm AL MY WE G L B G EE AR
B AE M2 T R TSR A B R AR
1.3.2 #pHn e
FHEE 2 GB/T 30515—2014 (35 W FIA % B Wi
AT 7 iz B B BN A 1 M s I B B )
FELOTS A it R SR P Al I 52 O A 0 I SR A
T RBE IS5 1 A ), Ultrahydrogel 2000 {7,
At (7.8 mmx300 mm ), Kill#s kR 22306, Hish
AR MEAlK , Wi 0.5 mL/min, AR UG 25 6
¥1o 35 °C, iFMERE 25 pl
1.3.3 s &
LAP. CM-LAP, P-LAP fijEfbAbBE . FRHEL 5 mg
FE & BT 20 mL TR, A 4 mL VR 2R 2 mol/L
=R, T 110 °C/Kf# 4 h, BHEZER; A 4 mL
FHEE, BEZEBRZ: =3O (EE 5~6 ), BFEMA
8 mg FhMRFLME . 0.5 mL MERET 90 °CRZ 1 h, £
RIS HIE, A 0.5 mL ZREFT 90 °C/K W 1 h,
BHIEZER, HIMA 1 mL & H . | mL 288K
MU, FEFEAKM (EE 5~6 ), ¥ AW EAHSH
MU B 8T GC-MS 15 T BT B9 SR /N
HEOHT . BUBEPRAE S C T IR, AR PR SR
AL BRAH A, 2R FH A DUR AT GC-MS BX FHAL A AT b
W, GC %A: Agilent DB-17001 £ 35 F 4045k
(130 mx0.32 mmx0.25 pm ) kA, G 140 °C,
{84 3 min, L3 °C/min J+ % 250 °C, 1%+ 4 min,
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#< (He) Wi 4 mL/min, #FFERE 1 ul, U
40 : 1, MS &A% : E1RAEH, BFFEE 220
°C, HLFHEE 70 eV,
1.3.4 XRD M &

AT F 5°~80°, I HZ 6 (°)/min,
1.3.5 SEM o &

FHSH B LAP, CM-LAP., P-LAP #f 5 & 5
FERE AL, B T IR AT 4, ANk s o 15.0 kV,
UK 2x 104475 R WLEFE i RO TE S 4544
1.3.6 TGA n =

43 HL 10 mg [ LAP, CM-LAP, P-LAP & T
AR, BAAEYTR, 10 °C/min A 25 °CTHE
Z 600 °C, MEFMH TGA. DTG k.

1.3.7 R B L887% 45 #) FAE

K WIS 4T B M SILAP . CM-LAP., P-LAP 14
SHRHEAN S, RS EC 1 mL JREWE N 3 g/L 1)
LAP, CM-LAP, P-LAP /KiFW#, MIKMMA 1 mL ¥
FER 0.2 mmol/L BYNIRLIEW . 3 mL AEHE (0,
0.1. 0.2, 0.3, 0.4, 0.5 mol/L) fJ NaOH /K& ,
IRAI G #EOER N 10 min, JH UV-Vis Il & ¥ W 7E
400~600 nm 71 B P W IC G, 3 i dm R
PIMIZRET R B, 220 WIS 2T S50 il 2k
1.3.8 FTIR & 4E

S PIFREL 5 mg () LAP, CM-LAP. P-LAP i
250 mg WRALEPIR A, A o FH % 4000~800 cm
SPER 4 em !, HREUCE 32 K.

1.3.9 NMR &/

P AIFREC 10 mg ) LAP, CM-LAP. P-LAP ¥
f# T 0.5 mL ) D,O 1, B A4S >R NMR I
14 WENFEUNE
1.4.1 ARSMRAALE MW 2

Ay SR R EE N 0.5, 1.2, 3. 4.5, 6¢g/L
#) LAP. CM-LAP. P-LAP ZWi/K¥EW, Ve EBHTE
XFRE . S5 SCHER[13]07 3543 I LAP., CM-LAP,
P-LAP X} DPPH A i3, #HE A h3LERRAE S, I
TR IR BT (1Cso, g/L s
1.4.2 3t Hy,O, # 5/ f0 B BALBE & Al 2

S CHR[141)7 48598 LAP. CM-LAP . P-LAP
X} Hy0, 5 5 T A T A AL 06 J1 52 M o # Ak T4 K
B0 HepG2 Z0fsR 1x10* AN/ALEEF T 6 FLIEFaMR
i, T 37 CTFEFE 24 ho ¥AIZR YA E M
PEXTREZH (25 4L ); KA 300 pmol/L Y H,0, 41
BRI s B 300 umol/L 4 H,0, FIA [F] i
EWRENEAZEEA (2~40 pg/mL ) & A FHMEXT R
4H; SCE4H (LAP 4. CM-LAP4H. P-LAP#4) K
AR R 2. 8. 10, 30, 40 ug/mL /i LAP.
CM-LAP. P-LAP. ¥4 BAMEXTREZE | BRI | FHPEXT

MEZH | SIS H AL BE 24 h 5, FEINA 300 umol/L Ay
H,0, v 12 h, B TFIFHMATIFE (240, 38 °C,
IRFEL 5% CO, ) FEREFRLE SRS, M 0.01 mol/L
WEMREh v (PBS, pH=6.8) ¥t 3 Wk, BfJ5N
A 0.5 mL Fii 5050 1%[%) Trition100 Z& #pi, )5
4 200 L S S S A A B IS R =0 50 (2200 r/min,
8 min), B LVEW, SR EULI, I 4
MDA 1. SOD il GSH-Px 7k 14545 .

2 RS

21 PHENELERSH

# 1 5 LAP, CM-LAP. P-LAP {3 F 3L B
REE . BERAR & . BHRE. WS B AR X o+
W E 255

%1 LAP.CM-LAP. P-LAP [y DS. HlatR & & . &b
VR A4 T R

¥

N

Table 1 DS, phosphate content, viscosity, solubility, and
relative molecular weight of LAP, CM-LAP,
P-LAP

, HHXF
IR AR e
v pa BiE wmE AT
FE 5 DS S/
(mPa-s) (g/L) Ji i/
(ng/mg)
kDa
LAP — — 1925+38.5 97'2287':&0' 24.61
CM-L 0.8 105.38+0.
AP 7 — 1224+43.2 34 24.72
PLA - gg7  1s37x278 VP2LTED a0
P 59
e " IR E K,

M1 ATLAEH, s R I BRI &,
BT % 1 DS A 0.87 ) CM-LAP FIBFFRR & 5>
88.7 ug/mg fiY P-LAP., CM-LAP, P-LAP 5 LAP L,
iR IAR T 36.4%F1 20.2%, X A HEZH K, LAP
SRRk . BERRILIZIffS, CM-LAP, P-LAP 4>¥
WERGZ R ER BRI, FEEERE; 5
LAP % [t,, CM-LAP Fl1 P-LAP F4 % it 43 5 4% &
8.3%F1 15.3%, XATRERK N, B, B 5
SR T LAP AR, MM T CM-LAP,
P-LAP F/KIEKAE 115, P-ALP FY % 1 FIvA i i 45
CM-ALP K, X2 T3 A0 Fnm g fb £ G R
22 ol R, X gl R 5l 2 VO aE — 5
CM-ALP. P-ALP [AHX} 5> F i &3k 24.72 kDa,
B LAP 119 24.61 kDa K, X AlRe/&H Ny, SIARR
L A RAR R 5 LAP JE s34 i , S EUHX 2>
TG, AR SR B | BRI )
22 BPEARNELSER

& 14 LAP. CM-LAP, P-LAP ftBli2H pi i
TELER
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3 . B2 M 1) 2 A TR I I 2 223 o0 2 b T
AT W45 T U3 BE B . LAP . CM-LAP. P-LAP JiA4x#E
4 S FRIFERTLE, B 3 Fh 2B A e IR S ik
1 3 4ER, XS N, LAP, CM-LAP ., P-LAP Rl
— 5 5 TR AR, WA KR A P HES, TEMT
LA , PRk, T HA DX R0 T RE A W B R, 2
A ) ﬂ AR AL R,
ﬁu | ) N L’\¥, |
3 &
P-LAP
7
l il
L M

/L

7/

e 3
AR W s

i

y

5
/${/{
1 1 1 1
6 8 10

1 1
16 18 20

Bsf [ /min
I—F W 2— R, 3—H &, 4—BTRiabs; s—AKb;
66— 30 ; T—HENE
#l 1 LAP. CM-LAP. P-LAP BURE 2 B &2 45

Fig. 1 Determination of monosaccharide composition of
LAP, CM-LAP and P-LAP

AE 1A LLE S, LAP %02 i A 3k ( Fuc ).
HEEM (Man ), BRI A (Ara), KB (Xyl), 2
FLE (Gal) FIEZEE (Glu) 6 Fh B LAY 22
Wi, HEEIRBUN N 2.32% ., 33.48%. 6.23%.
1.85%. 31.91%. 24.21%; CM-LAP. P-LAP [/ 5ipk
MM KA, (B4 SRR EE R Bk B AR
fb, Hid, CM-LAP h 6 Flr Bl EE IR 50 %5000 5
7.91%. 27.81%. 9.63%. 6.21%. 30.37%. 18.07%,
P-LAP 1 6 Pl SR EE IR 435053 5 12.45% .34.47%
7.16%. 9.41%, 15.38%. 21.13%, XFH, RH L
k. BERR AR S R ) 2 WE R A 7T ek & ZEFE LAP
P FEE L, Wi EER AL, XERY, £
WS A E 2B, 5 R, X
% LIRS Z BN S, S EOLR
FE RGP HAR!,

2.3 XRD ##f

& 2 5 LAP. CM-LAP. P-LAP ) XRD i,

MK 2 ATLIEH, LAP, CM-LAP, P-LAP fE
20=16°, 31°, 42°84 10 B — 8 TE A TR EIC0GE , K R
ZEIRRIEAT BTG, B 3 Fh Z A7 78 R S5 4
{HAH L LAP, CM-LAP Fl P-LAP 7£ 26=16°4k 4777 5+
WA 5 3 B B RRAIG, X RTRESE RN, B AR R FH SR
BERRARFEH FRAIC T LAP 09 P, SEFEARBLA K

M‘

10 20 30 40 50 60 70 80
20/(°)

2 LAP. CM-LAP. P-LAP /) XRD i/
Fig. 2 XRD patterns of LAP, CM-LAP and P-LAP

24 SEM 4#r
& 3 5 LAP. CM-LAP. P-LAP fJ SEM &,

1 pm

K3 LAP (a). CM-LAP (b). P-LAP (c) 1 SEM A
Fig. 3 SEM images of LAP (a), CM-LAP (b) and P-LAP (c)

M 3 ATLUE H, LAP REHC A6, JofLE,
PAGE I B IR MERR S5/ & (&l 3a). &R
F R AL A B2 AL B i ) CM-LAP . P-LAP E % K
ik, HIK/DA—BZB (K 3b, ¢), KREFTT
fesE TR R TIRBiF B K78 &, /NS BT REH
R (SRR ) BRI T R, sFpE
K, S FIRVER T AR R, RE LA
BRI IBHIIAE T LAP RO IETES .

25 TGA &#f

% 4y LAP. CM-LAP, P-LAP i) TGA, DTG

S
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100 10 b PR I . BRI BURE , JE H Z5 A
k L ke e,
%:80 L ) £ 2.6 ZSEBRMELMISIT
m ol 60.68% ﬁ [ 5 % LAP, CM-LAP, P-LAP RS2 508
= Sy %
= 40 - -8 :j
A
540
20 o — wae% ] O —
100 200 300 400 500 530
R/ °C —_
Lb . - JI
100 7185°C 4 -- ]£)(1}“G E 520 -+ LAP
T 1392% O i  CMLAR
£ gl X : s10 v P-LAP
o AV g
3 250.08°C—=>\/ 139 98% -5 % 500
g % . : 0 01 02 03 04 05
Vi V\i\ R  NaOHVEJE/(mol/L) '
' 5.20% B
40 ‘ 2090% | ° K15 LAP. CM-LAP. P-LAP i A [A¥k/¥ NaOH 7 ]
100 200 300 400 500 I R M8
1R EE/°C Fig. 5 Maximum absorption wavelengths of LAP, CM-LAP
c _ TG and P-LAP in NaOH solutions with different
100 . o82% - DTG 10 concentrations
ARV N 26625°C .- e ) \ . B e
S 807 / LE ZHEH YR TS K = BB AS M AT 4y Tl
g |2 s | 5 MHSBLF, AT SIS M 2 M T v
= LE O NaOH T, BRI () BRI R AT
=0 K RE%. MifERS VRS NaOH Wil =IRiEsk i h
TR RN A, MR 2 A T BE K A i . G R
2060 200 300 400 500 RS U RVl N i NG 7 £ S = 221 L N
HREEC Kl 5 W[LIEH, LAP. CM-LAP. P-LAP /£ NaOH
E 4 LAP ;;e;)% CM-LAP (b), P-LAP (c¢) Y TGA, VR 0.1~0.5 mol/L B30 FEl P Ay B B2, LI
DTG — ) o ,
= = = > i S A
Fig. 4 TGA and DTG curves of LAP (a), CM-LAP (b) and EBHT#%%KZ{/EET#E?EE ﬁﬁ%ﬁmfiﬁﬁhkj iy
P-LAP (c) i AR AL, X I, 2R W IR R 1L 1B 1 e 1Y

MIE 4 nJLIEH, LAP, CM-LAP., P-LAP
TGA [k (=% DTG fih<k ) ZIAMLMIER, JFH
i 3 AN R B B BT AR B BEAE 65~170 °C
ZME, =FHMBEBK A 9.89% . 13.92%F
9.82%, iX TR AL TP 45 A K A B K Y 28 K
FrEc; 55 B R AETE 210~340 °C2[H], =F 1
JFER 43R 60.68% . 39.98%L K 51.89%, iX
FEORFEE, LR, 20T R REE e
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