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Ll

B E: 170CT, BHERAVKABUKFEN 1.0% (FUR%0 CERERAoRABUKARE MR EA, 813 4B UTHE POk A
WHBREAYER, ST T L% BUK R P i e R AR 4100 Bt . SRR UL~ 27 4 3% Bl R S FAS RS2 . 45
R, ZRRT R BUK MR P R S & B 76 170°C P B 35 min B, ZERTIVERLFAER MICRERR; B @54
ST BT R, LR ALK IUK AR L B UIVE AT 4l R A2 400 5 K IR TR i LR DLIE 2T e XM, (RARBEAIAR 25 i
B, MBTHAARERE U S W BER G AR RN, LIRS ALK R BIUK R B ULIE 27 4k 28 F 2 70 7 BUORHR T K S Uk

it CEAULBE LT R R s BREHR AR R, LRRoR KN TUK % £ BAUIIE 27 4 2 AN L6k L 5% B BT R A B Sc ik b, A
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KA AW KA, CRAYER; Bk K
hESES: TQ353.174; TS7171 XRKFRIRAD: A

1l 2% 3 R TP R T B b e R AR S AR 4 i T Tl
Z—o Mkl R, A R 4R E20% ~
30% H)H-£T 4l 25 4 LR fifp SRV Hh T e AR R o 3
MR AER S Es AE,  H AT AR BT SO S5 R
P AR R — 2 2R WA o s Bl [ kP R LA T A EA
fik. T PAgERMERML (13.6 MI/kg), 90K
EPIAM 50% , HAREE ISCA TN EAR, & 80T I8
TR o e U 2RISR AT 4T 4 K W 4R
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IMEART T2 T KIABUK R (RREUK S
R KA MR TERR ., X3 2K
U NEE SARL N o5 % N i s avod e L E S it B
MR R it . fEmi s AR PE T, ROV A E—
B ——K A B A SR TS TR A R R AR R
PR, CBEREMBRIEIORR, RO Z pH fELitk
— 2D RRAR T 2 34 2 2T 4k K ik 73 B9 9 328 A\ BUK it W
S FET AR, KA TR A 32 5 Ak
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1 % I

L1 5ok

SIS AR R S B R AR TR AR B B R
A, =R, WAEBZ6 ~H . KR k2ed o
RS wHy: wEE, 42.96% ; KBE, 19.90% ; &%
B, 3.22%; k- FLBE, 0.96% ; Bl LA, 0.73% ;
Klason RZE, 23.93% ; BRIEKRZE, 2.17% ; R-Fehhii
Y, 5.33%; K4y, 0.44% , Tk E it 61.77%
1.2 EZEEGR S5

A K (UL 248 R ) RBR
M2 (KRN FKMRAL) . sriral, KRS R
KA PR A ; NaOH F1 KH,PO, , oy, [E254k
2R A R W AR . AEhE . BTRiad . H
L CEFLMbREY), €%, Sigma-Aldrich; FZ
TFE (PEG) brfEdl, 5[ Waters 20 F]; JH 4L
oK (BFEESH)

1 FAE ST (SDT Q600, SE[E TA {2
Al), WEEFR LA (RVIO, fHE[E IKA 2AF]), K#G
KEOHL (PT5-1, Jentaf AL B OALA R AR ,
TR (7740070, 2% [E LABCONCO A#]), %
ST (Cary300, SEEIBLHVZAF), FEEHH
BINARE (ZKYY-10L, BT A /REEAEAA),
BT % L (Dionex-5000, EEEZAF), HRKE
WAL (Waters 1515, SE[E Waters 24 F]) , BrEILARIL
( Bruker Advance MM 400, fEEAGETLAF),

1.3 SEE ik
L.3.1  RF HKATUK i se i

IKIRTTUK S, s TR 60 g F 500 mL Y3
IR E RO 289, Wk 1:4, ®HIE AR fE
IR, KBRIREE 170°C, /K fEEE] O ~ 100 min,
ZIRIRAL K T iy, ZBRWE 1.0% (&4
B0, A SR K BTTK Ao MO K A T80 S IR R
WS R, IR T CBRLTE ISR AF 4
1.3.2 KPR L 4E R i [k

I 100 mL Fi/K i, 78 40°C . 0.1 MPa &4 F
BLASTERE R B WR AR E 20 mL, Uk 4E W H AR L 1:9
IMATCIK CRELATTIE -4 2 2 20 min, KRR AP E O
5385 10 min J§ (§% 3 4000 r/min) , fH45 )2,
BB OEAVKEER A 6 h 5, BB ER R TR
BT 24 h, BAIOAHAIREEGER, FRmIf
(1) FHE LT 4 i

HR = "V« 100% (1)
mC

A, HR OGP YER R, % 5 WK ER
R gER & i, /Ly VORI BUATR, 1L C
HERHRRRK A B WS B, 67.77% 5 m S UK ik 52
AR B4 TR, g
1.3.3 UK H R SR S S BT TE ~F 27 4k R i 4
iyl

TR i AR SR 4 53 S % 1 R B2 18 1 3%
X (ED5000 Hyfb 2=k &%) 4347, 20tk Car-
boPacTM PA20 (150 mm x3 mm), 38 &R 4
P4 CarboPacTM PA20 (30 mm x 3 mm), #i&E
30C; ¥ 0.2 mol/L 1y NaOH & W, Wi
1 mL/min, BGE & HUKBIK, 754% (Fiao%L,
T BB IR I W S 121°C 254 R 4 SRR K A 1 h,
FRIK R B — 2 A5, 3 0.45 pm JE )5 FEAT B
Moy 5T, ANFERRK AT & A ek
UK R IR i

FRIUE i CEEDTTE LA RIS, TE 4% TRV
W 121°C AT AP SERRK AR 1 b, BR K ik v o —
EREEL, i 0.45 wm JEIES FEAT R 40 5 S ST .
WL 35 5 5 I R AR E D R e B (T A A
W AHE . BTRC AR TR A UM I SO
10 mg/kg FUBRUEMHE AT /e
1.3.4 ZEiiE AR ARR ST

CRFIIVEF L 4 R P RIS R R & 8 E 2 IR
TAPPI UM250, PRI 5 1 & B T8 2 £ 2 R AE
TE 4% WRIR WA 121°C 2844 T bRkt 1 h,
0.45 wm JEMITIERRARIL , FUEMOR RS A58, LU

4% BRBRTS W N 2 W, #E 205 nm Kb 5 35 7 WO
B, RIEARZSEETIHE .
A
B =X (2)
¥ =BV 100% (3)
my

K, A NGRS, B AR TRERREN S
i, /Ly D ONIEWM B EG 110 Aot R %, 1/
(grem); X HLPEDE LA GERPAREMN G, %
VIRUER A SRR, Ly om iy CRETURE 27 4E R A
AT, go
1.3.5  ZPEDUTE L4 R 1 FRAE

B CEEDTE A GE A R VR T8 5 A T BRI €2
AT (Waters 1515) 110 SHTHIRKE 2 BEDTTE 1 £ 4k
ZREYETF 0. 02 mol/L KH,PO, (pH{H 6.3, 35C),
1E65C T 7 ho 43 HrAEH 2 42 TSK-GEL G-4000
PWxl (7.8 mm x300 mm) #I1 # TSK-GEL G-2500
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LRSEAC K ATUR AR RIS AE P 20 1 S 2000 S5 S5 A 2 ) 3

PWxl (7.8 mm x300 mm) B K, Waters 2414
ARZEPCKI &R, W SIAHA 0. 02 mol/L KH,PO,, it
H0.6 mL/min, FERAIRZ 0.45 wm U8R I8 /5
o, BRI R & bRk 4 .

Xf & WEULVE A £F 4k 3 AF o R AT A8 E Mo A
(SDT Q600, TA instruments, DE) S #4 10 mg 1
R FETHIR S 105°C, SRS ER I R LA 10°C/min
HETHEF) 600°C, ICRAEA PR AT

X CEETUTE R LT 4E R AT AL AR 0B ( Bruker
Advance TI 400)"™ ¥ 60 mg £ S AE 1.0 mL
D,0 Hr, DAPOHJERERE A NAR, 78 100. 6 MHz, 25°C
PREE R4 30000 KA T C NMR %4347

2 SRS

2.1 Z RN 7K BRI AR A AV SROME B SR B

A

170°C /K fff 8 B2 T, A JE AR 7K $1%CHK ff W K
1. 0% 1R 58 A K A FUK fif W v Sl CERBE + LR
W) RIG SR WE 5 o B K A B 1) 0 A2 AR An &L 1 TR
HIEL T AT, SRR ALK PR TTK R Hh S AR b
RS T RKRTUK AW . KFFE 25 min B, JK AT
TR AFEBAN TR 3 A K PRI AT R I SRR 5 i 4331
H92.23 /L Fl4.34 /L, ZTR5RAL K IATHK i g
(PR SR 5 12 LUK PRI v A IR SR 5 it th il
1A% 5 KA 50 min B, K ERFTK AR AN 2R AL 7K B1
K A V8 AT SR 5 5243 1) 15.76 ¢/ L il 18. 49
g/Lo 7Kff 25 min B, 7K PTK AR IR AN 2 R AL 7K 44
TR A i SBE 5 i 4 5o 2. 52 ¢/L Fil4.89 ¢/L;
KA 50 min B, 2 FoK BRI G SRS 4 A
19.27 g/L f124.03 g/L, fEdEHr ol 1, KK
ff T P R S AR, TR AT R LR
WAAFTE, K IR K A W I SR o7 EOW EL i) e
25 min B 88. 5% [ % /KA 50 min FFAY 81. 8% ;5 i
LR A 7K AT K A VTP AR SR B o SO L 5] 0] e
25 min 5} A 88. 8% [ 2 7K fi# 50 min

B TREIF IR B RRE, dE— I KoK ],
RSN S A, U R RO SR B bR e S
TR o KA ] ZE K5 60 min,  Z R ALK BT K it
B RS B TRE, MRRRE & A Kf# 50 min
WAFIRAMEG, A TR X B d TR #
PR SR — 2B BT S8 o K AT K 9 R
VSRR 80 min JRE T RE, HERE S
RAES R 58 A A ER TTUK Ak 1D SR 5+ e R AELAH
AT, AR SR & 2 JU) 28 e 15 AR5 B A A P 1]
RSB & Bt — AP R AR, BBl & it T RE eh T S i
— P KA A BT AR

20 3I0 4IO 5I0 6IO 7I0 8I0 90
JKfF IS R /min
= LR KUK R B i = /KRR AR bl o
o Z RS K TR R SR o e = 7K I TR AR AR SR 5
L ZF X 7K ATRK A 5 SO S TG SR & et 52 )

IR AL AP ORI AR . an . o
Febl . CEIURERIBTRLARE, b T 25 TR K R b B
XL AER AR R . SCHEST A AR Al S 2T 4 2K i
FERERIAHOC AL, X K FATIUK R 10 S SRS A 7K R Tt
IRAFRIRCHR B A S AR SRACHE | 7 4 AP 3R A 4
A7 AP R SR BT 43 i A 5 it/ A I 18] 22 A AL R 7
G3HT, ARANIE 2 A 3 R dAT EEE o el AL,
KSR A B B KA 25 min 15 0. 29 /L %
INEKAE 50 min {5 (4 3. 51 o/L, IR 55 2 i K g
25 minff) 2. 23 g/L 03| 7K fi# 50 min B A 15.76 ¢/L,
HIPE 2 Al 0, AR o5 7K PR AR P S SO A LE 1] e
K% 25 min IF Y 31. 7% G0 5 e K 30 min 1 Y

W 77.0% . B 1Al LA, ol
LI T AR LRI 5ol
BRI, ZREIKABORIR
RIS A B KRB 2 5]
KA 25 min FFAAFFLER] 45 min, T |
AKIABOK RS IEFIE I ol

BB W) AN 30 min JF 4 £F 25 3 24
45 min, JKf# 50 min J5, KIAFT KA
TN TR 5% Ak 7K SATTUK ff i IR SR

80
701
A ol
| SO = fEEAK
b ffig | 240 R
| e ST 5
20F
——— e
1 1 1 1 1 0 1 1

25 30 35 40 45 50
KA ) /min

25 30 35 40 45 50
ZK A I 1) /min

B2 AR AR 25 O B A5 AR o7 A B B AP SR Y L 1)
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34.4% , RIS PGESE R K 45 min B 60. 1% , 1%
AR b7 K BRTK A A ZROWE 1) L A el K R
25 minfhf 1) 52. 7% 325 BK fF 45 min B8 77. 7% , 1
TR IR A 4 2 B AV SR A 25 W 3 1) o PHR A
SMIRSRBEN LU AR, B TR AW AE 7K i 25 ~
30 min i 5 RSB L G 13% LISN (AT RESIETAHR
APAGEZ PR H B ), &G TY
KT 10% , XU BHZK ST K fif Ak BT > 21 28 25 il SR
BRI N, R A gE R IR BN, AR
TURFA YR MR H Ao BTHLATHE & 7K #a
K FF PR A EL 9 AE K i 25 min B 35 5] 39. 7%
FEIEABERT b7 Lo 3], A py BT hr AT A A S AR R b
ST B > (A 0.73% ), A K fifk 4k
SEAT, AWEEL AW R, L
3] 50 min FFRY 16. 0% . /KK A 7 5 BT R AA
B SRR LL A5 B 25 min B A 119% 32 8RS 50
min B 1. 04% . ULEHK TR i f v, SRARHE &=
B RBTRLAFOE SChE 2 T W SRR, T R R TR T
HA P27 4 M 7 2R .

LR SRA AR ATHK gt i Hh SO 5 it B 7K i 25 min
R 0. 54 o/L #8Jm%] 50 min BF(4 5. 54 ¢/L, {EEHHE
ErE A K 25 min 57 4. 34 o/L 38005 50 min B A
18.49 o/L, FUEF & TRKIMHUK LI L5 R . hEl 3
AL, LERKSRERAL T RABE MR, KR
Y SRR AL IR S R IR A

0.68% , WART 7K PRITK A 25 — 7 T A BB H
?ZM@%T?% Mhﬁﬁm%ﬂi% 31—

AT RESE T 47 4 R A o0 R 3, 3L
NM AT o EL R AT o

2.2 ZEXKIHUK I 2 B0 27 2 2 R F
A

ZBEA] T T AR REF 4E TR AR P i R P £ 4E R Y
ULVE I, ARIERTIIIR R BE S BRUURE LT HE R 5%
PF, 23R KA 25 ~ 50 min B 7K FATUK AN £ 1R
S ALK IR TIUK fRBOEA T LR DTTEAL B], SR NI 4 Py
Ao M4 AR, S KIATUK R LB GTTE - £
HER AR B3, CIRIEAL K B HUK fi# 25 min
W, LR B H 2.43% , KM@ 35 min f, RLF
ZE R ISR G 1 3 N B B R H 2. 66% , Bl 7K fift i
[AIZREEAEL, 2R 4E R [ R PR FE AR 5 45 min 1
(150 74% o TR PTIK i 25 min F, 27 4E 5 o)L
RNy 1.02% , T Je HE N E KA 35 min i ) e K
{6 3.54% , SR Ja 2218 F& R 2K 45 min 0 1
3.32% o JKA# 25 min B, KA 4 R SIS W
i CREDIESRAT, LIRSRALKIATUK I 2 BEDTRE
LT YEZR AR R AR RO 5 Y B3k 94. 7%
B K AR AR S AT R 35 min, JKINHUK IR 2 BT TE
2T Y 2 RSO W -5 7K T P R RO 5 R —
2, LSRR IATUK R O & AR, BRIGER

RIEET, KA P A 5 SRR L eof
B K f# 25 min B9 38. 2% 32555 sof
JKf# 45 min B9 68.3% . KR  «40f
FRRANE 5 EARRE A EL 25 min 2 30}
BF i 61.8% #2& & %] 50 min Bf [ 20f
79.9% , ¥y FKINHUK AR SLIR L 10f

o MRS A ffp R A 2R S AR SR A
B ) o U S IR L 1]

80
ol ///r//}——+”*__*
Kl |
T | % - (HAHH
e [ AT 2 40t R ik
ool = ST R A4
20
.\M 10F .\'\0’0\0—4
- - s . y . P i —— . . .
25 30 35 40 45 50 25 30 35 40 45 50
KA I} 1) /min KA N ) /min

B3 Z SRR TR AR I 45 B B A5 RSO ol P B R R SRR 9 L £

TR ffp 5206 25 AR T, v 7RI
KT, CEARXMERPIGERMER s
Rt R B I 52, CFRIRALIK  3.5he- AR

TR By BT h AR B s i a3
IKIATIUK SR A RARL, o5 SRR L 2
My 7K S 25 min I} 31. 2% FEIREIK Z
fi# 50 min PR 11. 6% , IR TIKIATHK <
fREER, XFELREH T LRMmILEAR
BRI th sk, T SR BT R A BE o
IR SR M EE 1 U] H 7K % 25 min )Y
5.13% [% ik ) 7K fi# 50 min B [y

=~

%2m

H—IS
_H_IO-

0.5

< 3.0F

—
(=
(=]

o0
=3
T

IS
S
T

1]
(=
T

- LIRSRALIK IR 7
= TR TIUK A

2I5 3I0 3I5 4IO 4IS 5I 0
ZKA#E I 1] /min
&l 4

LT RYUIE B R L/ %
[N
(=3

(=]

25 30 35 40 45 50
IR AP 1) /min

KRB Sigp T LR SR A /K IR TR A~ 7 4 3R 1R K

DL RE i 7K TRV SROBE 25+ ) L 4]
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LR K AT S X AR AR 27 4 220 1 00 5 4R Y R

5

WS P 0, (H 2 BETTE 47 4k R mSCR I IE A
K, WIE 4, GREIE KK IS E] 2] 45 min, 254 & 1
BRI, RE KRR IR SRR, L
R TTVE [ S 7 4 2R RICRIF IR RRAIG, FRilE SRR
FEAKHATIUK i 45 5 B2, JKf# 45 min B, Z g5k
TRAATRK v P AR SR 5 1o 17,89 o/, CLREUTTE
LR IR 0. 74% , A SR ERME & &2 1 L]
H7.09% o VI EATHTIAEA, R AL K SN TTUK f B
RV EAR SR 2 P2 4T Z AR R, A
IR, (EREE KRS AT, 5K IATUK i 52 56
gEIR A, SRR K SR R I SR A S5 1T
KA HEER, SEOL CEETTE A4 2R iR
A (H RS Ab /K SRTTUK A X624 27 45 2 1) 7K S 4
fiE 77 B 2 5 K SR TUK A
2.3 ZFRX CEEUUTE LT e R 4 53 K R R
LTRA CBEGTVE 121 4 28 4143 Je % e s fn 2
1R, B3R 1 A, AREARIK I 2 BEDTTE I
VLR F R AN WA FTRLARE . IR
HEFPHAU . CIRMALK TR i OB DTTE AT e R
R BE R 2.66% , Ik T /K #KH K fR 45 R
(3.54% ) o AMEIE & BEVTVE N £F 4 1 1) 24147,
R KT K it O BETTE 2 21 48 25 vh AR L 451
75.23% , = TOKIAFUK R 72.36% , X FELEEL
FRAEQEIE R RS L aT Y R, AR B2y,
B HAMACRME A — R R, ABHE SRR A4 R
o BN s AR . LRI BT RO L ]
PR T K IRTUK ff CBEDTTE LR e R I EE R . BThidf
WEAE CREDTIE A A R P L AR, s ALK 3T
IKIBR AN 0.64% , X AT REJE T LRI T %
ANE B 5E IR S EE BT bR, IR 3 BR
R TRLAA AL R AT 15 B E— 25 UE R o K FATIIK

iR S TR TR A K AT IR 1) LB TTE B4R Y 2 h
o 2 b R, &R 2.36% i 3.94%
Tunk 27" HFFEINH, K INTK i L BRI TE 2 2F 4 K
A Z S HA R 0.2% ~0.8% (w/w). Chen
25U TR 160°C /K B iRt & B, 7K f# 40 min J5 i
P g R A Z oKL E A1k (LCC)
TWRAEAE . TKA%3S min B, ZEEDLTE P 247 48 = M 5
HAELE 1 OR T BB 2 R AR SE I S Y K R R
(170°C) AL, 1M & BR 5 Ak K FATIUK fif £ BT vE
R PMAREGEE S, WTREEAR LA MR
Rk it T 2
2.4 ZIRX CTEUUIE L 4E 3R V- 38 00 1 o 152 )
IKIRFTUK it Je R A K SATTUK M L BE0TTE 2 41
FRWTE 0 FREWER2 Fiam, NER2 aTLEH,
FE170°CF, CEEIEEF4E R T2 57 F it Bk
fipe ) < 5 e K E R AR AY R e, X5 Ma 251
R EER—3 . SKRTUKMER LK, LismibK
INTIUK it £ BEUTTE 27 4 V-39 00 7 O RRAR, /KR
25 min i ZEETTHE - £F 4E 2 BT 4y 7 B i B 3050 FE
N LR BEAR K BT K i 20 BE VLT 2 £F 4k E Y 2327,
JKA#35 min 2 EEUTTE R 47 4 K ROk, DT
VENLFYER I ¥ 437 it W el 2497 Ff % 1996, 4
B 1 A ISR o R 4 2Bt i > 2 4 25 i o
BRI, R SR AL K ST K A SR 5 it ek K i
25 min B 4. 44 g/ L BIIEK A% 35 min (19 13. 87 ¢/L,
1M & E T UE F £F 2 R 101 iR ALl 2.42% 35 2
2.66% , ARLEIE K A B[R] 5] 40 min B, ARERBE &
ARSI N E] 16. 63 g/L, il L BEDLE - 27 4 )i 5
HIEH 2. 66% Pl FE % 1.49% , X 1B 2, 1R 58 Ak 7K 34
K AR A BT LT S 2 27 2 R [R] ith 2 f 7 H
MR e R R a5 A1 1R & i o

F1 KAFUKBRR CEBUKATKBREDCETLEFFEZARERENZASSRE
TR A 7% PlEE/g L7t FR/%  AHi/ % WA/ % HEEW/ % EAMY % BIRATEE/ % KFE/%  HA%
TKARTIK f# 6.0 3.54 72.36 9. 44 2.31 7.49 2.27 2.36 3.77
L BRBEA K AT fi% 4.5 2.66 75.23 8.77 3.47 5.43 0. 64 3.94 2.52
WK 170°C, K fRES ] 35 min,
F2 KATUKER ZEBUKRATKBZENELFEZN Y FRE
IKIATUK fif L BETTTE T 2T 4E R CTRSBACKIATTUK it L BEDLTE 2T R
25 min 30 min 35 min 40 min 25 min 30 min 35 min 40 min
Mw 3050 3091 2497 2115 2327 2680 1996 1902
Mn 2166 2291 1814 1756 1689 1941 1689 1635
Mw/Mn 1.427 1.331 1.376 1.204 1.377 1.381 1.175 1.163




6 CTRSBACIKIATTUK SR AR A 2T 2 RV 1 S AL 5 548 F 52 )

$33% A3

iR, it QREIITE S B I B Y 28 4 1 i it
FIREAEAEARBRAEL, A ATRAK AR P IR SR B o b /K i
35 min B 8. 68 g/L A K f# 40 min A 12. 13
g/L, T L BEUTTE 47 4 = WU E A iy 3.54% [ 2
3.47% , JF Y4y F B B 2497 F& & 2115, Egiiés
SR, 180°C /K IATUK M i rh Z e UL 2 £F
ERWPEY oy F IR 2R 2182, IR FIZ A8 ¥ 1
21 Y M LA i S ETVE T 1 S FR SR ALK FAHLK
fELs T Sy S, KR VR SR B it 7K i 35 min
R 13. 87 g/L #8h% /K f# 40 min B 16. 63 g/L, i
ERDIVE A YR MR 2. 66% PREfE 2 1. 49% ,
¥ o it B 1996 B % 1902,

2.5 L CRFILVE N L7 4E 3 AFRE PRI )

IR IR A N 2 BR AL K AR it £ B TE - 41
RGP EMZL (TG) Rinrihg&k (DTG)
Bl5 fizm . 30 ~100°C 2 [i] 19 o 161 2% 2 1 L RE DO
ELFAERFEM TP RIR R B, F B TR R R
X [A] 2 180 ~350°C, &P g ZMARME ™ . K
IR Y L BEETTE - £ 4 2 B R Tk 5 AT A o
GEIARARL, BT 02K R Fe K Y IR BE AE 210 ~
220°C Z 1], 1fif SRS ALK FATIUK fff 1) £ BEDTIE - £F
YR T R I KB A I ARG, F 210°C FRAIT
) 190°C, VEHIHAGRE PEREAR. PN K SRTTOK AR 19
FEUVE B qE R AL 2oL, HSmAEEAR, K
T S P AR Y T BB SR R B TIE B AP R R A
JE AR HRAR

1.4
1000 .. = LTRTRAIKINTIAK iR ~
90| e A KUK S 12y
= 80 . 10 &
R 70F 210C - 0.8 5
R 60} 19or>::>=, ®
ik H 0.6 &
i SO =
40- 0453
30F ) MM, 02 =
2007 A0 M,
gagaetet T e e LL
ol e,
0 100 200 300 400 500 600

W/ C
W KMRREE 170°C, KSR 35 min,
B 5 KT IR ALK ST i £ 1
DUTEF LT 4E R I ATE S b

2.6 ZTRX CFEUUTE L1 4E R A= 250 1))

TR FRTT K A I FN 2R AL K FATRUK R & BEDTUE
JLFAER A C NMR 325 R WE 6 s . K6 nf
M, FES8=55~110 JufEl N, KINFK AR 12 Ak
IKIRTIUK ff BT 2 27 48 Z A OISR IE ML, & =
102.99(a)/102.65(b) ., 73.85(a)/73.61(b) . 75.55

(a)/75.22(b), 76.70 (a)/76.36 (b) % 63.29 (a)/
62.97(b) AL1Y 5 M HEMFSIEIHR T (1-4)-8-D Mt
AW (B-D-Xylp) #ith By C-1, C-2, C-3, C-4 F
C-57,

8 P S

10510095 90 85 8Q 75 70 65 60 55

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
)

(2) AKIATIUK S LREDTHE 2T 2 R

R

<y
—ma

SRR-ERSSEERETETE L
2 £ u

10510095 90 85 80 75 70 65 60

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

)

(b) ZERHRM AT B U £ 4 22
H o OKMRIEE 170°C, sKfEHE 35 min,
B 6 K ETIUK 8 2 B AL K S BUK e 4 1 F
LWL AR C NMR 18]
1E 8 =77.99 (a)/77.65 (b) Fl 61.33 (a)/60.99
(b)) RAFTER 2 A fE S T RER B (153) B-D-Xylp
S5k E R B BT R L (a-L-Araf) , HE 6(b) {5
SR TE 6(a), Uil LRI K ATK i 1
UUVE P21 e R P BT RO & ARG, X &N SR
AR IR R T ABE 32 48% b -L-Araf (1 W7 24 i
Bk, 8 =173.51 (a)/173.17 (b) . 100.17 (a)/99. 85
(b). 71.23(a) /70.90(b) . 72.17(a)/73.30(b) .
82.50(a)/82.22(b) . 72.66(a)/72.70 (b) & 60. 39
(a)/60.03(b) AbHYfES WEITJE F 4-0-H JLA 45 bH
Wil C-6, C-1, C-2, C-3, C-4, C-5 LHI&HE™,
1E 8 =104.72(a) /104. 37 (b) AAELE R /ME B 5 141
T, B TREARY C-1, HAE T E K T kA
[y 25 BRI 5 =102.99 (a)/102.65 (b) K& 74.25



H334% B3 LR IK FATTUK A X AH R

LT YE RV AL o5 S5 R R 7

(a)/73.91(b) &5 5 H)E T HEshn C-1 #1C-3, i
Bl O BEUIVE LT R P AP E H B4t T 6 =
100. 17(a)/99. 85(b) J% 61.07 (a)/60.75 (b) &b 1y
SRR T A A AT L R b B AL R . 1S =
110 ~ 160 JE I, S5E 6 (a) #HLL, K 6(b) 7L s =
155. 43, 130.02, 120. 66 Fl1 115. 40 &b H B 4 4~/
LAY 5 o AR Sun ST 5T, 6 =120. 66 AbAY(E
SARRHE T ARM A ARIELEHHRIT, 16 =
130. 02 ZLAIAF 5 WIHJE T 5-5 5 B-0-4 #4511 2-F )
fR4EHy (5-5/B-0-4 dehydrodiferulates) () C-1, & =
115. 40 AL BYfE-5 T X5 7 LR R . LA Eorpr ],
LIREAKIATUK R R LR B, A AR R
fite, XERIFARRATREAFTET LCC Hr,

3 & i

LR (i 1% ) sl /K ARITUK i ik A
AR L7 4 Ky Hh4, 78 170°C | 25 min /K i 55
T, SRR K AR A ) AR SR 5 1 LK B ik
R AT 1 5. 170°C T KfE, Z R Ak K ik
PR S IR B e KB (25.60 /L) 1K figg it
[ 60 min, 77K BT K i A 75 3k B e KB
(25.25 g/L) (7K fgRFa] 80 min; W25 Ak K FATH
IK AR SRS & iR B e R (18.49 g/L) K
fFEF ]2 50 min, K EATIUK SRR IG SR & ik B B K
fH (15.88 g/L) [H7KAEIE]H 55 min, 170°C 7K f#
35 min B}, ZBR5EAL K IRITK A RN K S TR F
S UUTE 2 2F 4 3% [l Wi 28 35 38 B i KME, 405l R
2.66% F13.54% . AHIR WK il I8 BE FI st E] R, 2R
TRINTT K 2 BT T 2 47 4 22 109 40 T T A T /K B T
IKIEWR CFEDUVE L LT YE R, 0 F B AR T 1900 (1%
PP Y R ML A T LB DTVE R, LR AL K AT
TRAFE AT IR SR AN T4 L BT hi M A A i b, Il
PR P S AR R - EWE G (LCC)
251,

&

4

% X W

Tunc M S, Van Heiningen A R. Hydrothermal dissolution of mixed
southern hardwoods[ J]. Holzforschung, 2008, 62 . 539.

Van Heiningen A R. Converting a kraft pulp mill into a integrated
forest biorefinery[ J]. Pulp Paper Canada, 2006, 107 38.

Vila C, Romero J, Francisco J, et al. Extracting value from Eucalyp-
tus wood before kraft pulping: Effects of hemicelluloses solubilization
on pulp properties[ J]. Bioresource Technology, 2011, 102 5251.
Zhao Xuhong, Shi Haiqiang, Zhang Jian, et al. Determination of
soluble lignin and furfural in lignocellulosic pre-hydrolysis liquid by

UV spectroscopy[ J]. CIESC Journal, 2015, 66(6) : 2303.

(7]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

BBLL, e, sk A, AN E EIE AR BT 4E UK
FPRYRL T VA PO R RO S i [T, Ak Tk, 2015, 66
(6):2303.
Vazquez M J, Garrote G, Alonso J, et al. Refining of autohydrolysis
liquors for manufacturing xylooligosaccharides: evaluation of opera-
tional strategies[ J]. Bioresour Technol, 2005, 96 889.
Lu Jian, Zhan Huaiyu, Hu Huichao, et al. Hydrolysis of bamboo pre-
extracted with hot water by enzyme[ J]. CIESC Journal, 2010, 61
(10) : 2667.
B, B0, iol, & KBS 1T 145 4k 2K m R
[J]. fb T2, 2010, 61(10) : 2667.
Deb S, Labafzadeh S R, Liimatainen U, et al. Application of mild
autohydrolysis to facilitate the dissolution of wood chips in direct-dis-
solution solvents[ J]. Green Chemistry, 2016, 18 3286.
Jahan M S. Studies on the effect of prehydrolysis and amine in cook-
ing liquor on producing dissolving pulp from jute ( Corchorus capsu-
laris) [ J]. Wood Science and Technology, 2009, 43, 213.
Borrega M, Tolonen L K, Bardot F. Potential of hot water extraction
of birch wood to produce high-purity dissolving pulp after alkaline pul-
ping[ J]. Bioresource Technology, 2013, 135; 665.
Sukhbaatar B, Hassan E B, Kim M, et al. Optimization of hot-com-
pressed water pretreatment of bagasse andcharacterization of extracted
hemicelluloses[ J]. Carbohydrate Polymers, 2014, 101 196.
Garrote G, Comiguez H, Parajo J C. Mild autohydrolysis: an envi-
ronmentally friendly technology for xylooligosaccharide production
from wood[ J]. Journal of Chemical Technology and Biotechnology,
1999, 74. 1101.
Bajwa P K, Phaenark C, Giant N, et al. Ethanol production from
selected lignocellulosic hydrolysates by genome shuffled strains of
Scheffersomyces stipitis [ J ]. 2011,
21 78.

Bioresource Technology,

Cui Jinlong, Li Haiming, Bi Jiajie. Analysis of carbohydrates in pa-
per-making materials by ion chromatography[ J]. Journal of Dalian
Polytechnic University, 2013, 32(6) : 432.

BT, Y, AR B O AR R R K AL S 4
Brep i L] &l R4k, 2013, 32(6) : 432.

Zhu Ning, Shi Haigiang, Cao Nan, et al. Isolation of hemicelluloses
from acacia wood with hydrothermal prehydrolysis and its characteri-
zation of structure and component[ J]. CIESC Journal, 2016, 67
(6) : 2605.

KT, mignm, R, S KUK AR B AR A 4E R
KI5 545 50T [T] . T2, 2016, 67(6) : 2605.
Yang Shuhui, Qiu Yugui, Tan Guoming, et al. Lignocellulosic
chemistry [ M ]. 3th.
2010 214.

WHBCE, ERERE, WE R, & MYageEM]. 3 Rt
2 HEE DML, 2010 214.

Ma X J, Yang X F, Zhen X, et al. Degradation and dissolution of

Beijing: China Light Industry Press,

hemicelluloses during bamboo hydrothermal pretreatment[J]. Biore-
source Technology, 2014, 161 215.
Shi H Q, Fatehi P, Xiao H N, et al. A process for isolating lignin of

pre-hydrolysis liquor of kraft pulping process based on surfactant and



g IR ALK BUK A AFLIBACK 2P 4 203 2 S5 25 R R BB H3M

calcium oxide treatments [ J ]. Biochemical Engineering Journal, ganosolv hemicelluloses from wheat straw[ J]. Polymer Degriadation
2012, 68 19. & Stability, 2006, 91 1880.

[18] Peng H, Wang N, Hu Z R, et al. Physicochemical characterization [24] Sun XF, Sun R C, Fowler P, et al. Extraction and Characterization
of hemicelluloses from bamboo ( Phyllostachys pubescens mazel) stem of Original Lignin and Hemicelluloses from Wheat Straw[ J]. Journal
[J]. Industrial Crops and Products, 2012, 37 41. of Agriculture and Food Chemistry, 2005, 53, 860.

[19] Nabarlats D, Farriol X, Montane D. Kinetic Modeling of the Auto- [25] Sun X F, Jin Z X, Fowler P, et al. Structural characterization and
hydrolysis of Lignocellulosic Biomass for the Production of Hemicel- isolation of lignin and hemicelluloses from barley straw [ J ].
lulose-Derived Oligosaccharides[ J]. Ind Eng Chem Res, 2004, 43 . Industrial Crops and Products, 2011, 33(3) . 588.

4124. [26] Sun R C, Fang J] M, Tomkinson J, et al. Fractional isolation, phy-

[20] Tunk M S, Van Heiningen A R. Characterization and molecular sico-chemical characterization and homogeneous esterification of
weight distribution of carbohydrates isolated from the autohydrolysis hemicelluloses from fast-growing poplar wood [ J ]. Carbohydrate
extract of mixed southern hardwoods[ J]. Carbohydrate Polymers, Polymers, 2001, 44, 29.

2011, 83: 8. [27] Peng F, Bian J, Peng P, et al. Fractional Separation and Structural

[21] Chen X W, Lawoko M, Van Heiningen A R. Kinetics and mecha- Features of Hemicelluloses from Sweet Sorghum Leaves[ J]. Biore-
nism of autohydrolysis of hardwoods [ J]. Bioresource Technology, sources, 2012(7) ; 4744.

2010, 101 7812. [28] Matulova M, Nouaille R, Capek P, et al. Degradation of wheat

[22] Egiiés I, Sanchez C, Mondragon I, et al. Effect of alkaline and au- straw by Fibrobacter succinogenes S85: a liquid- and solid- state
tohydrolysis processes on the purity of obtained hemicelluloses from nuclear magnetic resonance study[ J]. Applied and Environmental
corn stalks[ J]. Bioresource Technology, 2012, 103 ; 239. Microbiology, 2005, 71(3) ; 1247.

[23] XuF, Liu CF, Geng Z C, et al. Characterisation of degraded or-

Effects of Acetic Acid-strengthened Hydrothermal Prehydrolysis on the Dissolution of Hemicelluloses
from Acacia Wood and the Component and Structure of the Hemicelluloses
GUO Kai-yuan' SHI Hai-giang'>* CAO Nan' NIU Mei-hong' PING Qing-wei'
(1. School of Light Industry & Chemical Engineering, Dalian Polytechnic University, Dalian, Liaoning Province, 116034 ;
2. State Key Laboratory of Pulp and Paper Engineering, South China University of Technology, Guangzhou, Guangdong Province, 510640)
( * E-mail ; shihq@ dlpu. edu. cn)

Abstract; Hydrothermal prehydrolysis and 1.0% (w/w) acetic acid-strengthened hydrothermal prehydrolysis were conducted at 170°C for the
extraction of acacia wood and the dissolved hemicelluloses were recovered by ethanol precipitation. The effects of acetic acid on the composi-
tion, content and recovery rate of dissolved hemicelluloses in prehydrolysate, and the composition, molecular weight and structure of recov-
ered hemicelluloses were investigated. Acetic acid could obviously increase the content of oligosaccharide and total saccharides in the pre-
hydrolysate. The optimum prehydrolysis conditions for recovery of dissolved hemicelluloses were at 170°C for 35 min. The ion chromatogra-
phy analysis indicated that at the same condition the composition of hemicelluloses recovered from acetic aced hydrothermal prehydrolysate
was the same with that from hydrothermal prehydrolysate, but the proportions of xylose and lignin were a little bit higher and proportions of ar-
abinose and galactose were relatively lower. Much lower average molecular weight was found in the hemicelluloses recovered from acetic acid
hydrothermal prehydrolysate by the test of gel chromatography. The nuclear magnetic resonance analysis indicated that the obvious presence of
LCC structure and much fewer linkage of arabinose were found on the xylan chain of hemicellulose recovered from acetic acid hydrothermal
prehydrolysate.

Keywords: biomass; hydrolysis; hemicelluloses; recovery; hydrothermal
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80.35 +0.96 18.27 £0.55 18.45 £0.39 3.02 £0. 13 1.55 £0.02 1.30 0. 76 1.06 +0. 01
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K2 ERARKBEMMEKEI KRN

x4 REMTER

RZEE SRR MURETE AR MR
y = R TR P
ELRE/C /% /h /% /%
20 0. 80 40.5 5.21 30.6
15 1. 00 41.8 7.11 27.4
100
10 2.10 45.8 7.34 29.3
5 2.22 37.4 9.56 27.7
20 1.13 47. 1 5.40 28. 8
15 2.70 42.4 9.97 28.8
85
10 3.97 50.3 7.38 35.7
5 4.93 32.2 11.0 22.8
20 2.23 47.5 7.70 30. 6
15 4. 88 52.5 9.17 27.1
70
10 7.38 41.2 12.6 22.4
5 N %S — — —
HOW 1010, “—" RERTTEE.

BRI PR AR AR R o THIRIL 2R TR 4RI
EOMIRHE, L 25%  WI—Er, HKikuik

Ko BEEWILHIRER, MIKMRAWTE S, X nlfERe
AT TR R AR R S8 FRIR A A5, AREZRE S
IR

%3 FEERE R ER LR
RENE gy TR mmn T /ifﬁé
208 1:10 48.2 6.49 21.6 4.50
238 1:10 50.4 7.38 25.7 10. 6
268 1:10 58.6 6.96 25.5 12.5
298 1:10 46.0 4. 68 21.0 3.10
238 1:5 35.7 5.33 23.7 22.1
238 1:7 37.9 4.65 23.4 13.8
238 1:9 48.6 6. 81 21.1 12.7
238 1:11 50.4 3.93 22.9 33.0

T REZFEERE N 85°C, R 10% ,
2.2.3 4IRS

AN ML, S4B 2R
SR EVERE . R 5% F1 10% 2 Bl B2 1 iR A K
1E 85C T 435|287 296 min A1 238 min, BUF/r41 4k
HEAT BTN E , SR IAR 4, ik 4 AT, PRk
JEE BRI o £ A4 18- BE R 538 BE AT AN FE e, X e 1]
R MR BE R, XFBiRK & I A R R O, fiief
ERY R BEAZ /N, TR

THIRHREE/ % BOGLTYE K/ mm WAL YETE L/ pm
5 1.06 30.9
10 0.91 23.3
2.3 B[

2.3.1 FREE AR M RE M R

53 995% i NaClO A1 H, 0, {5557 F B (48350 AN [7)
B G, SRR AR EERENL R S5, kS 1]
A, NaClO #FH 3 hif, BEEKIEEN 66.8% , I
P B (i) 24 282 S 0] 1 B TC A S s, T AR AR R A
TR, HAUK M PTIKTE Ed 2 TR, ik NaClo
B RGBS A] 3 h H,0, HEE 2 h BEE G H
48, 6% , VR AI RS E K N AR H B T HRE
£ A R N S I QO 7 e QU <
fit H,0, PR A BYIE BN IE S 2 hy 5OREIR AL,
H, 0, BRI 3 32 w5 i i B 4 NaClo S A, HL
AIRAFFALT NaClO B3, Ui H,0, X AU 4 4k
MR BE AR o

x5 EAREXKREENZIE

B EEmEL EARGR/ % AE/% HiKIEHU/N-meg !

2 77. 4 63.5 21.0

3 76.8 66. 8 21.6
NaClO

4 77.0 67.0 18.5

5 72.3 67.3 18.7

2 75.3 48.6 9.3

3 72.1 49.9 9.5
H,0,

4 70.5 50.0 8.4

5 70.2 50. 4 8.6

T OREEEE N 24.3% .

2.3.2  NaOH IRA TR R 4RI A BE A 52

NaOH FiAb 5 40K B W& 6., H3K 6 AT A1,
NaOH £bPE 90 min J5, 4K EHEN 69.7% , 5K
SEPRARIEAR L, FIEEARTE T 45.4 DA 43 AL FREY
[ 4E K 25 120 min B, 403K 1% 5408 90 min B (1 4H
M, AEBE TR, AW EBA k. Hik, NaOH i
AL IR AR A 2R 90 min,

%6 NaOH M EBEREWEE

NaOH 4bFEH H]/min 0 60 90 120

IR/ % 24.3 66.7 69.7 70.7
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NaOH i 4k BRIk & NaClO 5 H,0, 5 H X 485K
(41 5FRic A NaOH-NaClO {5 (3% Fil NaOH-H, 0, 5
) TERERYFZ M WL F 7, NaOH-NaClO {3 11 3% [ B2 il
NaClO ¥ [ B [A] 9 SE K 1 FF 5, NaClO 3 3 h,
NaOH-NaClO 5 (15 [ ] 355 84. 6% , UkLLAE K B
], AR E RO AR T, B AR T
i, # NaClO F HE BN E 2 3 h, Pk 458 E
NaClO 5 [ B[R] 1 ST T B o

&7 NaOH Hi4tEE & NaClO 5 H,0, £ 8
oA J:opA

) FERE EERAaE QE Pk TR

/h /% /% /Nem-g~!
2 78.8 80.9 15.2
NaOH-NaClO 3 71.4 84.6 11.7
4 70.0 85.9 10.4
2 85.6 71.2 10.5
NaOH-H, 0, 3 80. 5 72.1 8.20
4 80.9 73.4 6. 00

NaOH-H, 0, ¥ F 3K H EERE H, 0, 1 i 8] fr) 4E
Kmigbe, H,0, #H 2 h )5, NaOH-H,0, FEHKH
JERIIK 71.2% , {REN R4S, H R TR
AR, MEEARFRTEES% , LUK YR
FEEE, R HBEEFEARE AR, KTk T
FEka% . ik, NaOH K& H,0, EEHI H,0, FEHMY
) AN E AL 2 he AH T NaOH-NaClO i 11 5,
NaOH-H,0, ¥ 5 J¢ sl 48 bt 7k 45 8K, nTRE R I
NaOH Bt & H,0, S HE TREARAER, KRR
BRI P LT e 2 [ A4S 5 0 R I, TR 4R 5K 14
SR HEPEREREAR

3.5 it

)

3.1 NBEHAM A h G gER T, K
RO ARG, AERE SRR IR, TR S
HIRE 85°C . REIRMKIE 10% | Wikt A 1:10 B4
F54 268 min J5AUKAG RAENE A F] 58. 6% , X Fb2#
PR UL, AUKATRE R, AR A R AR
4 ~8Z [0, HAEEEEAL, 43k H NaClO #1 H,0, i
AT B S 9 B2 YR NaOH B A5 I
(%, 7€ NaClO {9 3 h i}, NaOH-NaClO % [
W BT ik 84. 6% , R A,

3.2 GEERILHIIR A TSR IR, AT i

Fe, X Bear BOREG; HMK A1 RE R, 4O AR
%, RIS R WA 2R 1 IR B X B K A 15 0 A B DR AR
BUN, BEM AR ML AERTIR, e — MR R A N
RSl 3K 5 o

& £ X o
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Research on Nitric Acid Pulping of Populus X

DUAN Xiao-yu' YANG Dong-mei"*  QIAN Xue-ren' LI Jin-song® XUE Shun-lan®
(1. Materials Science and Engineering College, Northeast Forestry University, Harbin, Heilongjiang Province, 150040
2. Mudanjiang Hengfeng Paper Co. ,Lid, Mudanjiang, Heilongjiang Province, 157013)
( * E-mail; yyddmm1980122@ 163. com)
Abstract; The pulping property of hardwood poplar ( Populus X) using nitric acid aqueous solution as a cooking agent under atmospheric pres-
sure was studied. Effects of the cooking temperature, nitric acid concentration, the cooking time and wood solid to liquid ratio on the pulp
property were discussed, and the bleachability of the pulp was studied. The results showed that the pulp yield reached 58.6% after cooking
for 268 min with a maximum cooking temperature of 85°C , a nitric acid concentration of 10% , and a liquid ratio of 1:10. The potassium per-
manganate value of the pulp was in the range of 4 ~8. The brightness of single-stage bleaching with NaClO or H,0, was lower than that of
bleaching combined using NaOH, the brightness of NaOH-NaClO bleached pulp was 84.6% when NaClO bleaching for 3 h, and the bleach-
ing effect was the best.

Keywords: Populus X; nitric acid; pulping; bleaching
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WL SRR TR T AR R, RGBT EEN1675.87 m3y 2. RS R TSI T AR R, AR BT RN
5706 m?; 3. 5 LR R PIEIE N2, SRS A AT RIS, THZINT956.1 m?,  SAEHL R4 10725.74 m?,

BT pes DR A

G Y S N BR A REOR, XIS A
K40 m x40 m [i% RGEFEHLAG S, L 50 N H)
Rl BCRFE R A WA 1,
1.2.2 b 88h SR AE A B

K FH S BRI AE AR R X 3 T R4 5 A AT RE
i, BTATRESNH 3 ~4 DFRERR A T, A
FE R TERURE S AR PR AT RE AR IE—30, IR AL AR
TIa, EERFESTIA, RGBT, F
PRAFES Ry R, $PUSMTEEZY 0.5 kg 14, #1260 HJE
Tt e S, i 200 H e Jeii e AR T 2 e
E, T T RSN ARSI E .

3 A A R T - T R I . B
0.5 g HHEFEML . 6 mL Tk, 2 mL S HER T 1 fif
H ZRH A IR OO I . TR o8 425 120°C 2601 T R
FERFPPR, BAG HFLIEBEIE . 1% SR
WEZS) 50 mL, @ 54 R & . MARS6 f{ik i
AR R SRR 1
1.2.3 YRR SR AR S Ab 3

P IC SR R X AR RS, T X
B XIEE ) EEHAAEY), @R R
i, UM R AR AR SRR R PE . A

#1 MARS6 UK EBNTIEEE

R THEM E)/min - GAERE)/min - JREE/C HR/W
1 10 3 130 1600
2 3 5 160 1600

Y 3 15 180 1600
’ + 4 3 30 190 1600

Wik dih AR AKCR R A e b e T, AT
KIFVE3 I, T 105°C By REAH 2L 2 30 min J&, 1£65C
AR T R R E . SR JE R YIRS B
iF 200 H e, fiff T T A L IE .

BUEYIFE AR 0.25 ¢, fiffR 6 mL, 1% fL% 2 mL
BT, SREaH AR, & Ma RHLIE
R BE, 1% FEIRIROE A5 50 mL I 5E T R
o MARS6 B IH AT i S BOLE 1.
1.3 HEBEEMYINAE LS

MBRRER 28, BB T 2N Mk 20%
(KA Na,O i), AL 20% , L 105, femZ8 &0k
JE 150°C, FHERE] 1.5 h, GRIEMFE] 2 he 28845 R



16 BB 5 e AL B AR RS B33 % B3
£2 REAHTELRHENESREE
gk
AL FE pHIE

Pb Zn Cu Cd Cr As Mn Ni
HHX 0~15 6.4 409. 4 2010.7 30.0 4.06 108.9 57.4 280 11.0
SR IX 16 ~30 6.6 108. 2 887.5 40.7 4.83 84.7 50.3 269 5.2
FERPIX 30 ~50 7.0 514.3 2492. 1 15.4 3.73 120. 1 60.9 354 13.7
FHX 50 ~60 7.4 234.2 733.8 17.2 1.95 57.8 8.6 324 22.6
JUVE I R 1AX 19.5 51.8 23.1 0.07 65.3 — 176 —
o [ A e R 23.5 68.0 20.7 0. 08 57.3 9.6 540 24.9

Ja, BEHE SR T IE s, HEHEAIKAR A
KoK ehpks, SR S AR LR L, Xk Jn
MSORLEAT T . $EHL. R2T . PHIK AL EE
L4 FTRI5k

PR30 g 2613 T LT dEdi AL b B i, H5 ok 2
N 10% HIHERHEAT PRLEATIE , FTHFHCH 4500 #.
1.5 4Tk

FIPP AN ACHE, T2 60 g/m” . g T3k G
AR o -t e 5 DRI ER 22, Rk CE T
T 23°C | R 50% Ay fE R E R A, B 2K
A
1.6 T IERESLFIRLYIAE i B o i oA

FHHLERE & 25 B T DA (ICP-MS) %€ 1 i
Ja LSRR ML DI AE dh P )8 Py Zn, Cu, Cr,
Cd, Mn, As, Ni [y,
L7 EGJRIG Y G R AR 25 A T 4O

iR et walll
AFHIAAE (X) &R A
X = my,/m, x 100% (1)

K, my, WAL T RR R, g5 my, WX
s TR TR, g,

Y FRAAME T B GB/T1546—1989 i 5 Ml i 2
WRERORET , S FHELITTIEARZ,  [a]B i M A0 i
Rt 2 5 E AL U W TUCHE, SRIGE LW, it
R E ;. R ETEY . AP XTI & i
TEET R B TR I 2 5 4R 5K BT oK 3 B He . GB/T453—
1989 7 5 ACsK it il 45 K4 i GB/T454—1989 7
YL B2 B 4 B GB/T455. 1—1989 42 .

2 #R5itE

2.1 BYERRIX SR B R T U Ol b

BYREDT X ASRAE X 4 pHH X 4 5 A LR
20 MIR2 ALAE L, AR XA 2 BT pH {H
JWHITE 6.4 ~7.4 Z (6], Hoo™ KXAWmtk; o X JHk
AT XY pHAER 7.4, ffsii o

B2 WML, EER XA RS R B E AR 2R
AR ZHHD X Pb, Zn, Cd 3 Moo R W& &
PR IA N E K A — RbRUEER,, N EAREY
IEEARK, BHERH XK Zn, Cd 452 E K -1
IR RARUEER; Pb, Zn, Cd &g rp [E 11
HoafE, Hod FaEgElpE BT R ENIL
A5
2.2 EREDT DRI B A B AR AR E 4 R e

Gails
2.2.1 BYERDTIX EEAEGAI AR

BYRED X E BN R, A mEAR K
TeAR, B RKEBAH ZFE, F2HrEY 1% 3,

3 FREGEETREKNEDTE

PR B4 i J& Az i 2
T RAFE Miscanthus floridulus 72 EZISTR S
Wi BEAERL  Argyreia seguinii KR 2 LSRR
BRIAGRE RURBRFL Preris vittata BiRE SR
W R Conyza Canadensis AT #iJE —4FE HA
EH RAFR Phalaris arundinacea  FERIE  ZEATEREIA
R FF Mulberry B IR AR

HIZE 3 W1, SEE e TN R R ROR
6 R . Tt EEE. BRI E, R B
JuA N R4, e 58 TARAFR BefeRt.
RUBEREY . SRR, Hrh o Ai i) iz B 1Ty
TR, KOWRARMEY) . B0 Xl T RS RS
Qv MY RIEEARR LS, B LU Y R 2R 8
A, AR, TR YR AR B R R LA
RAaWon T, nIRERE i T AR Y A E N ) B8
HAMZH . ARSI . X Lh BA I
AP REAE R X N IE R AR R
2.2.2 BYERRIXALSEAEY SR SR

SREERTEEA X AR 4 o e S R
2 PR
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2501 7 Cu Mn
N\\Pb As
[ ]

200 +

—_

W

=]
T

oG /mg - kg'!
=
(=]
T

D
S

%
%
§
N

(=]

2

Gl

LEEZELES
K2 6 MLy E & a5
HI[E1 2 AT, 6 FL A A 5 R 5 A5 A
[, AT E 4 J A S AEAR AR N B0 2 AR
SRR, Pb. Zn 7EIX 6 R S AR

HUGE Cu, Mn, Cr; T Cd AHXS T H At JLFP 5 43
JREEMEECK, B Cd 723X 6 P ik i & i 8 Ak,
EAREZM Cd 5P A K Em,; Ea)E S E
BRI SMEY E LA T BRI
2.2.3 RS E SR AR T

Y EGR N EERE (BF) AU T RN
TR RN 4R 1) & L e ), BF = MR AN 4
@ e/ LIERE SR S R A R IX Y 6
PO P B 4 1) s 4R e T ANl 3 B .

HH L3 WL, 6 FivL AR 1y 0t 45 1) ' AR g
ZR R, s, £5 X Cu, Pb, Cd, Cr,
Mn, As, Zn, Ni B8 % REH/NT 0.2, Kz Hxf
Cd (e ERZBMERTF 0.2, PLHIX 3 YN &4 )R
B S RO %

BRWAZCXS Cu, Pb, Cd, Mn, Zn B & £ R0
BA0.29, 0.63, 0.14, 0.48, 0.21, 7] I & g &
X Pb, Mn ()& SERE 1858, X Cu, Cd, Zn hf—
EME LR . JF HIRIA R AEYRROR, 7R 4EhE
AN DL ] Gk BT ) H R IE R ROR

T EX Cu, Pb, Cd. Cr, Mn, As., Zn. Ni
M EERE A 0.20, 0.23, 0.22, 0.41, 0.61,
1.05, 0.23, 0.41, W] WA A5t X JLFNEE 4 @ #0A
—EMEERT, JLHE As WEEREEL 1, IE
W eo%F As 15 4% HIREM B SR R 1 Bk o

FREX Cu, Cd, Mn, Zn ()& % R0 0 R
0.84, 0.87, 0.92, 0.50, wJ WLSEM XX JLFFE 4R
HABRE EHERES . Y% W9 T ERX Cu,
Pb. Cd. Zn &&E454 593.6, 825.4,8.11, 705.4
mg/kg ME S B RTIENBLERET); RER, £

L1p
1.0+
09+
0.8
0.7+
0.6
0.51
041
03+
021§
0.1+

0 ANEIH PN AN A5EIH ONHIE H NI 7N H
Cu Pb Cd T Mn As Zn Ni

BF

K3 6 MiLH e )R = HERE N
RIXFIX 4 Ff B <2 J OB S AF FR 0 53 O 2. 01, 15.45,
1.26, 0.39 4F, A BLEM R —MIREF B R B &)
TR IR Y) . S5 H BN Z R E G R M E LR
J1, WIEHE R X TR R IR
HDEEE S VI2E iR 7D E I (I L N U/
2.3 EERITY A RE R Y K S AR
BB ERIAZE R IR R NE T, T4
FIAEIET HE JEURE, AT AR B AT B
5, bl TSR B ZE R TR T, AR
TR BRI, P, A SR ABIRER 15 A8 0
3 P ELS AT S AT AT PRI
2.3.1 #EERisi B AR
FE BB 20% | BRALEE 20% 1 5500 R X 3 Rl
GIRIGR IR AT RIRER LR, 4
W4,
F4 3ITABEYEREH R
3 Bk ERY  JoH ALY

Lt /% /g-mLT! R/ R/ % HE/% i
PRIAET 31,1 4.48 12. 18 9.55 2.63 19.5
KT 48.4 4.00 15.99 5.89 10. 1 7.8
Ev) 45.1 6. 88 13. 05 6.01 7.04 13.8

HIZE 4 a1, FACE FR AL 30 20% 1 21
T, 3 FOCEAE Y ORI AR R 2 S OR,
UR WA R T A AR IR T A PR AR Y 5 MR R R
AR o T AR PR AE Y, Al LA R R 5 5 R
IRFIBOR, A S R Y A 5 o R o R
) JCHLY & B R o RIS Oy I s e A 2% A A
HBOHE K ELFE R R L LA R A, DR R
ARATAT PR R T 1 2 M SR A T S A R
FAAERAR, BB AL & i, SOl i 48
AT IR
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2.3.2 HJE o B Y RO AR JE TR RE
W

Xt 3 FOLHAY ORI 5 ARSI AT I AR, IF AR
IMARSKAYSREEVERE, SRS,
RS I MABEYRAAREE R
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Study on the Plants for Remediation of Heavy Metal Polluted Soil in Lead-Zinc
Mine and Its Applicaton in Pulp and Paper Making
LIU Xiu-yu FANG De-jian WU Lang-peng MA Shu-yu CHEN Guo-ning "
(College of Light Industry and Food Engineering, Guangxi University, Nanning, Guangxi Zhuang Autonomous Region, 530004 )
( * E-mail; chenguonin2@ 126. com)

Abstract: This paper researched the heavy metal pollution situation in an abandoned lead-zinc mine, moreover, the dominant plants with ex-
cellent remediation effect of heavy metal polluted soil in the mine were selected. Furthermore, the cooking process with the selected dominant
plants as the raw material was conducted, the pulpability and the physical properties and safety performances of formed paper were evaluated.
The results showed that the content of Pb, Zn and Cd in the lead-zinc mine exceeded China’s national environmental soil secondary standard.
Six main plants were selected in the mine, among them, the enrichment behaviors of mulberry, miscanthus floridulus and pteris vittata were
stronger, and could be used as the main plants for the remediation of heavy metal polluted soils. When alkali charge and sulphidity were
20% , the pulp yield of pteris vittata was only 31. 1% , Kappa number and inorganic substance amount were 19.4 and 9.55% , respectively,
which were relatively high. Comparatively, the higher pulp yield of miscanthus floridulus and mulberry were 48.4% and 45.1% , respectively.
Kappa number was 7. 8 and 13. 8, respectively. The bursting strength, tear strength and tensile strength of the formed paper with pteris
vittata pulp were very low, but strength performances of formed papers with miscanthus floridulus and mulberry pulps were better. Finally,
the heavy metal contents of formed papers with miscanthus floridulus and mulberry pulps were close to the physical and chemical index
requirements of China’s national standards for food wrapping paper.

Keywords: lead-zinc mine; heavy metal; phytoremediation technology; kraft cooking; pulp and paper making
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Preparation of Polystyrene Fluorescence Emulsion and Its Inhibiting Effect on Yellowing of High-yield Pulp
ZHANG Guang-hua LYu Tong® GUO Ming-yuan
(College of Chemistry and Chemical Engineering, Key Lab of Auxiliary Chemistry & Technology for Chemical Industry,
Ministry of Education, Shaanxi University of Science & Technology, Xi’an, Shaanxi Province, 710021)
( * E-mail; 1151277634@ qq. com)
Abstract: Polystyrene fluorescent emulsion was prepared by emulsion polymerization, and its synthesis conditions were optimized. lts struc-
ture was determined by FT-IR and gel permeation chromatography( GPC) . The optical properties were measured by UV and fluorescence spec-
tra. The contact angle of the paper coated the emulsion was 20° larger than the blank paper, and its whiteness increased by 15. 6% . After
UV light irradiation for 48 h, compared with the blank paper and the paper coated with micromolecule fluorescent whitening agent, the white-
ness reduction of the paper coated with the polymer decreased by 8.79 and 8. 08 percentage points, respectively.

Keywords: yellowing inhibitor; fluorescent polymer emulsion; naphthalimide; hydrophobicity
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Application of Tencel Fibers in Insulating Pressboard of Power Transformer

CHEN Qi-jie'™*  ZHENG Xue-ming'

KANG Mei-cun'

HUANG You-yu® ZHENG Xiao-ling*”

School of Chemistry and Biological Engineering, Changsha University of Science and Technology, Changsha, Hu'nan Province,
410114 ; 2. Hu'nan Guangxin Technology Co., Lid., Shaoyang, Hu'nan Province, 422900 ;

3. Hu'nan Special Paper and Paperboard Engineering Technology Research Center, Changsha, Hu'nan Province, 410114 )
(' * E-mail ; chengijie@ 126. com)

Abstract: Tencel fiber is a kind of solvent type regenerated cellulose fiber. The fibrillated Tencel fiber and its influence on the performance

of the slurry were studied in this paper, and the influences of different Tencel fiber ratio on the mechanical and electric performances of trans-

former pressboard were also investigated. The results showed that the Tencel fiber was easy to fibrillate, the higher the fibrillation degree, the

fiber became more soft and twisted, more rough surface. Comparing with the insulating pressboard produced with 100% softwood kraft pulp,

the density of the insulating presshoard produced with softwood kraft pulp and Tencel fiber in 85:15 ratio was decreased by 4. 8% , the tensile

index decreased slightly by 2.9% , oil absorption rate increased by 11.9% , the breakdown voltage in the air and in the oil increased by

5.8% and 25. 8% , respectively. The Tencel fiber can improve the oil absorption rate and electrical strength when the Tencel fibers was used

in the insulating pressboard of power thansformer.

Keywords: Tencel fiber; kraft softwood pulp; insulating pressboard; power transformer
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Structure of the Triangular Tube-wall-blade Static Mixer and Numerical Simulation of Its Internal Flow Field
CHEN Chen'?  PI Cheng-zhong'® YANG Zhen-liang® ZHANG Hui'**
(1. Jiangsu Provincial Key Lab of Pulp and Paper Science and Technology, Nanjing Forestry University, Nanjing,
Jiangsu Province, 210037 ; 2. Jiangsu Co-Innovation Center for Efficient Processing and Utilization of Forest Resources ,
Nanjing Forestry University, Nanjing, Jiangsu Province, 210037 ;
3. Jiangsu Lee & Man Paper Manufacture Limited, Changshw, Jiangsu Province, 215536)
( * E-mail; zhnjfu@ 163. com)

Abstract: In order to meet the development requirements of more and more chemicals added through static mixers in papermaking process,
and to overcome the shortcomings of traditional static mixer, such as the complex structure of the mixer, the difficulty of cleaning up, com-
mon occurance of plugging and damaging the structure of some added polymer chemicals, a new type of static mixer with triangular tube-wall-
blade was developed. The internal structure characteristic of the device was that 3 blades from the tube-wall were evenly distributed on the in-
ner wall of the tube with 120 degrees. The internal flow field in working process was simulated by FLUENT software, and an experimental de-
vice was established to verify the simulation results. The flow field simulation analysis of FLUENT showed that the static mixer could make
the internal flow field change effectively in pressure, velocity, direction and fluid turbulence, and then mix the fluid material fully. Com-
pared with the commonly used Kenics standard static mixer at present, the new static mixer with the triangular tube-wall-blade was simple,
efficient, energy saving, not easy to happen adhereing the pulp to the blade and the tube wall, and not easy to destroy the structure of poly-
mer chemicals. It could divert and mix fluid materials.

Keywords: triangular tube-wall-blade ; static mixer; structure; mixing flow field characteristics; FLUENT; numerical simulation
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Two-degree-of-freedom IMC Design Based on PSO Algorithm for Large Time Delay Process
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YUAN Zhi-min’
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(1. Industrial Automation Institute, Shaanxi University of Science and Technology, Xi’an, Shaanxi Province, 710021

2. College of Electric and Information Engineering, Shaanxi University of Science and Technology, Xi’an, Shaanxi Province, 710021)
( * E-mail; 18392185043@ 163. com)

Abstract; With the aid of two-controller design technique and particle swarm optimization( PSO) algorithm, a two-degree-of-freedom ( TDF')

internal model control(IMC) method based on PSO algorithm was proposed, which was suitable for large time delay process. The basic idea

of this method was illustrated as follows: taking integral time absolute error(ITAE) as target function, the TDF-IMC filtering time constants

were optimized by PSO algorithm. It was indicated by MATLAB simulation results that the proposed TDF-IMC method based on PSO algo-

rithm had such advantages as simplicity for algorithm, fast searching speed and high efficiency, which could improve the setpoint tracking

performance and robustness of the TDF-IMC system.

Keywords: large time delay process; two-degree-of-freedom IMC; PSO algorithm; filtering time constant optimization

(FTAE % 5 . 5T W)



FOoE #
Vol. 33, No.3, 2018

®OF I
Transactions of China Pulp and Paper 49

RifAREZEE SV iZITHRINH

A S
(HEA Tl TR SRR, YU 5, 211800)

 OE: AR BV R RA B B AR MR AR dEDn 2% A SR gk D S R, Bt T — SR A AR AR R
48, FFEMABEHEIR IR, il A KRR S BRI ) SR 25 SR BIUREH I, A4 TSk R SR SR
WS R AR GE T %) BT S AR AT G i o B P, SEBE A2 A AR B R A ) A DR K ) T i e AR, DT PR R A B LA

W% 4ialT; LPRis T4 REY, TRARRSMEREN R,
X THARRS; ZE0; E4%IER; ffisi
RESHES: TS734*.7 SHRFRIRAD: A

WEE NIRRT SR A H f2 4 e, EEIURT A
Wrdkesk, DUE R ST 2] AR WREIALR) T
R, O RS A AR R 4 B A DL ) R
G IRIR SR T N8, B s AR L 4
HME AR RCRARSE IS, AW s ) LUST 24 A
Lti-MO CM BB A e R4, 456 2 A sk ¥,
DI RIEHLIE ) R GU ik DRI RE, Mok 6
WP AR GUAT AL A R AL it X DTS AL, 48 iy B 3
BRI, TP R AR RO AR A A

1 ZiRERRS ST

L1 iR R S it

AT, B RS R RV Pilz
LR + Robox I REE, MAGKLKM T KAZ
MAFZ M. ZE BRI IR RS &
P A E R TRORAYANE, W T i i e
BAR o

FEXSIXLEMIL,  HO AT A P R SE, SR LUST
) Lti-MO CM BB Al ik R G Z s i Ak

Pilz
PNOZ MI1P ETH

DOI: 10. 11981/]. issn. 1000-6842. 2018. 03. 49

RS PR G . SEIUSARR SE AR

FrREHIE 1 R

L2 BRI
BRSO TR, . BIE, fE0K

015 S, BLEORGHL S, B

BLAELIOREL (AR T IRAEHOBE 15N, TR

I, SCOUE I 2 5.

b e 2 |

IRt 2—IBAE Bl 3—peil 4—B4E Tl
S—RiAEA T 6—B A A T—asiRal

K2 REHIHURES
A B 3 ARG

UNWI1 UNW2 UNW3 UNW4 REW TS

AC 5 P, X3 HBEHLPLKRAL L

e iR e iR o iR o 1B e G e HE

e Unwinder|sle Unwinder|mle Unwinder|mle Unwinder|m¢ Rewinder [mfe Tail sealer|wle Accumulatorjme Log saw|
YR ¢ 3 )

PRI SRR

o 7 e 5

Lti-MO CM

B ZEYSCh IR R gl 2 st Bl

Wk B . 2017-04-20

HARM O IENE AR, Xk
BE AL 2L B 7 ok 3K Bl J 4K
e, HEZHREEE S Al fefit—

PEERIA: I8, 55, 1992 4R TEEMLOr A FEOE T . (A iis shishl

= FHRAR N fFElE,

B2, FEHEIr M Rz Eh#ER]; E-mail: shuzhibing@ 163. com,



50 LA I R GAE Z WL

$33 % A3

AR S5, NI HE AR 45 5 52 46 () 4R i ) e 5K g 5
ARG T BA TR A T SO B AR I B, AT
T EURS v S AS I 4R i A2 S

BRI NS R 2%, (HHAOERY I
AR . TEAUR . WRZ RS .
1.3 SATZWR

ARG RGN LUE PRSI Th 5 40, 16
RIS a4 3% 2 B AR 7 T 2 7E B 4 B4 4
), O EERAEEE G AEBREENN], %
AR T2 3 Uis .

2 SEENEHIZS5RE

2.1 ZEYHERTZE

BN ZARFFRCE R IR S, XABE R
P ZORAR W o IRARTER B e g, JLEAR . R
L Fesh R AN, BRI T MR E,
Ty X ML S S A T ], LB A AR s
HARET, 27 BN R SR, IR K II-F A,
DL, s s R [l R 4, I 2 D I 2 3

MAME A L AR AR B AR, AR IR 42
SRR EAR b, AR S, AR RSk 1
TE o I S g BURA B EOR, BR T i 22 i
sKIGL, BT EARIEARIR R FETEE , IR R AL
W 4ialT, FI, TFEXEEIAN N E R
XA o Beda i, b SRR T s R A
4 JIR.

4Rl

LEAGH

T’E%ﬁ/
A—FEENR B— B PthaUE F— RIS
Fr— FSBWIREN ) fi— FEBRES i B RRE
F it RRaK ) VSh U T

K4 LFTEERZIIREHE

2.2 B R

Lﬁ@w: Al

Il SEIH I

2.2.1 BEKI
1B A5 4R 09 1 s A7 KRR A
gy, HAAEEARME GBI

v | |
CEGENAS] [EEoRs|  [EEIGRS
| |
) 4
#m§§>>
i
AT ERETH No
WU ST L [ -

LB, BRisT; 3RRENL.
LR SRS RIS AR T %

FELE T U AR AR TS [ 5K T F O
LR Vo BOIR A b AR R L1
BEEHHUREE T, B ERNE
R T, . EbLA B850 1.
FEHHFEE R o, HKEFLHEN R,
FHERIZPIRET , BB AT

Lok 1 Ty R
dw
T, =1 (1

T. =T+T,+T, =T+T0+J(3TC;’
(2)

H TR B SR AR, AT
LAZ IR 15 5 L A B e S

| A |

B, WT, =0, IBERASBARE
&, BERIEHE T, =0, L
Ty =T, BERLHEBITH, 277 E

K3 S EE" T ERR

SIS, BT, Sl e
WISk J75 st , Em s
RIS LA EZE R, BER
ISR



BBE HIM

AU AR R G A LB Y 51

d
T, =JUd—(;) (3)

Hrp, Ty AEEME SR, HEBARE 2
Rz e, Jo SARIETERL [ HAREE p. 4K
B R LB BAUE AR r BRRATT

R
Jo = [ 2mRol) R*dR (4)
Jy = %pl(W - 74) (5>
. dw 1 dV
= » :H: 1 p /E[- —_ = —— ——
H V=wR, XHEMRK T oW R4 H
Hn] 15 .
_mplipe 4y dV

X (6) KM, BERANEHH T, FEAUEAE R &
HEIESE (dV/de) BRI AS AL, X P s 25385
N, AR AR S AR I Bk R AR
P ALAR) Bl L A R 9 5 TR AR R TR P O i o IR 3k
XHBBAR BN S AR T B A R, EE X
WHGHEATRAE SO 5, AP R R 22 R AR i 258
Mo IRPRAZIANEL, A [E] K P A S A _E A
ik, RISR A5k A i + SRR B4 U5 3%
SRR BN B ARIE A 7K 1, TR RUBH AL A 5%
PRI, BHE S E R, B —4
MRS I R GE. SRR — P BE i e, &
B BB AL Sl o BEERAHAR IR AR AR SEm Kk 7 R/ I
R, kiR, SRR LA Eh; K1/,
PRSI0 AR5l SRR ERR K A AnIEL S B

WA B

P
SRR B0 T
amw@za&.—f

K5 SRR Bk Ak 1A
PRSI P oCE R B W Lia shiz il de i oA L
IR, TSk AL RAS B R Bt T, L I #1495

(R EES 22 SR Y I ) IIEV LN 17

2.2.2 BEHLET RS HC S
iR AL ZEHM GO, RGO
PLBKZ), HEeEsh i a5E [N 2 EMa s shm ™ 41
BERETIRERAL . WA 4 PR, BRI ARIERL R
B IHFREAR AR Sy, T ARl ) 4%
T, WRZEBRA BRI KR, A
BUNSBL, RARGHIEMELT, WEZEA 2™

HiG. NEBRWEIEN T, W o Fy | BEE
Tk fis BRGNS T, Wi F,. FEE
T fro WGBS RTHEGHERN T, LT
SLB AR AR o

RGBT ZAGRAES, K5 E T REEHRE
BEIYINREEE ), AN, 4%
R BESE)) SUKS AR . AUIRAE B B R B
WahE, guiEsk Rz BRI 7 R,
M ES i B B SRR T, = For , T, =
(F, =7)r, T, = (fi +f)r . H4EELS, FTEE
RZ B G, A2 2 MBI . 2
TR IIRIG I, AL AIIK S ) FIREE ) 2
BEZ R, WX B R SRR AR, ik
BT, RO BURIE R LR B R, X5 R &t
AR R 2 E AR I JEU AR, PRk A AR L A e
A R R A REOR B IE R RO AR R Z . )
B, PR, WEI TN TR, X
et i N EERZ IR G TRE

B R AR AR B X A LA 2 AN
SR g, BRALIAE 5 RN HE R A S
B, TORANERE o R A2k R A Bt MR
PRI Ty F0 T, SUR R R, HERHE V IR M
SR V=T, T,), M=g(T, T,). MR
MERER, 5 2OR A B Bl s Bty R 5K
KRFEm T, M T, ZHALHIRER, W T, = KT,
T, =(1+K)T,, Hit HFA AT
(I REXT 3 AN RS TAR R AR A o AR K
AR/ ALAY IR R ] A LA e
W, b NSRBI ORI Bk A I, I
HARRLME AL, & Ty RS, W T, LAERUD,
MM PRFF G HeHE T, IAAE

238 By R ATLA A R P ) e 32/ L TR RSP B4
MRS, M ENIE . P2 R 2
TR RET R A, XA, LAY
S R 7 BB T R AR AT AR AL, o Tk S B E AR
Hilo L, X LN ERET AT B, T RS
SR P R AL ) R P 2/ P O LA R4 1l A R 20 i
el P, SR EMERUE ;. E BRI
PHERFERERE ], VR Do Mgl JH s 38 BRI 3 g e e
Gfar 3 oA A I AN 6 Firs o

3 EHNBESHAER

3.1 BB
EEERREE RIS T REGREAE,



52 LA I R GAE Z WL

$33 % A3

LVl

[BRaE ¢S

< > OB T

BAERU SR
I

R LLGE T,

LY E A

AT ST

ASR

ACR A L

TE ng T ng 30020 5 e WM S e, T, 0 T 35300 2 LRI S A8 L 3
6 B oy s i HE [

PRIRAS BRI ARG . BT GRIBEMIT, Kt
WA LR R . AR RY, A UEAKYE
AL, BFREE ISR TEFX . L TEER
B TAEN AN, HR TS IR E [, mALEtEY)
P, Fiafy, WREMEER 7, NGRS A]
WERN2 s, HP AR T, =20 N-m, FfEFEHH
1 J, =2.15 kg-m®, 2% n =300 r/min, JFH L
i=10, fBEE n=75%, %575 S=1.5,

. ., @ _ 2w 1
s, T, = J a_']t _]60 ;

WBIENESEME . T = (T, +T,)S MHEVIEEHRT, =
‘%%ﬁﬁ%%,ﬁ%%mﬂ%ﬁBmaﬁ,ﬁ%%%

HT=15 Nem, BUEDHRP=4.7 kW, BUEHHE n =
3000 r/min, FiTHF [=11.8 A,
3.2 il 3 Y

N R AR W K 5 IR AL T AR A SR
&, AR AR RE S R BE E A R, i
SRR Uy, BT, FREETHR Uy 2%
bR o G, UK 8 T A B B
wHFE, U, REFERVFEREN, IR s
FIER RIS, A BLHI S, AR E, N

1. 356 R
E, =( 2 )[<Jm +Jl)w]2\/[ _3[i1 7Mtd - TFwMtd]
(7)
Horp, WBLIRE J, =0.00502 kg-m®, #1415 i

J,=2.15 kg-m®, KA v, = (4000/9.55) r/s,
HL LB N R 1y =32. 1 A, WAL E R Ry =
0.265 Q, RIEMH LI AX T, =T-a, AIFRHIEH

T
Ea:f:w%vg,mm@ﬁ@hzgzam&

RAK(T) A4S, E, =256204 ],
2

WAL R, =
BVl

U Vy 745V, ARSI EK, 8 72.7, Hbl
B % n,,, 9 4000 r/min, AL 6] HE Sl 5 AR

R
V, =Kﬂl-¢§%4f—=2834v; MR, =350Q.

FE HL 400 VKSR B L2 € =0. 000565 F,
HE REZRHLS Viys =565V, I TRAGER I 1] Leyele =4 s,

1
Em - ?C( Vi/l - V?{YS)

s HA R

HI SR P,y = ; = 64 kW,
cycle

HUL, ATARYE R, =35 Q. P,, =64 kW Rk
il 2l L B A B 5
3.3 il A IRIR S d ik R

Gz st RG22 b A fl g + Sk i
BBl P A, T Pl A 7 i 4 A 2 2 2 1)
KA RS RS S A BB R
FEXF X LRI, LUST 22 /] it 1 Li-MO CM 22 jiifi]
MRS, ZARGIA EALEshE R B A& 3
b e Bk gl s —IRAL RO BT, SRR BB 2 2 s ]
AR AR K S R R G T T0% , RS E
Tl IR E S P R GE R T 20% , WD T HLARAR Y
it asE], RORBEAR T B0 & A 7= AR A 391 2 37 2%
Mo Lti-MO CM 23] iz 28 46 P 42 il e AR F iz
ik, HNEREEIN T CoDeSys T4 4 f2-F-
&, XFFIEC61131-3 #RifE IL, ST, FBD, LD, CFC,



BBE HIM

AU AR R G A LB Y 53

SFC 6 ' PLC Zwftif =, Jf4eft ¥ ZRahaetit, 4
FE G AT AR FAR [l Sk iy D R s e, Do & hv
Y, WA E LY, WAt HERLE R 3 i
RIRZEE, FIE SOCM-3. 00241100. 0.,

4 It

BAZEHI MM “ =2 -7, Hh
CZJRTORIE HMLAPUA ST 3 sl il a2 il
FEIF BT LA SR IR AR Bl e SR R S B, 27
O EtherCAT BRI (5 B it. HML, il 87 W3l 4%
iyt EtherCAT SEKHEATIERE, A LM, ZEAEH,
G & R ESUIES

HMI AHLSF 1 {8 52 3 AL 458 A o 50 g o, 4%
VRN GE i HMIT 4 11 Rl ) X 8 A 52 38 LR AT 4 1]
s S P S E R RN, 52
AR AR gk R S A AR
55, HAERE AW B S RN o Rl IR AR SR A A
AR LA 0L, a0 P A A1 A A
AT LRI 2 A Pk, PIAnAS BRI i 2
BN SR B B T R P S o Ether-
CAT MZE R MR RS, & 2w AL 5=
TR, HRTRE 1R S et 2 RERE BT %
fitio 187 S92 fal il R ST AR B 45 o

> S
——[  HMi [ i |
Ny vy
> (BRI

RS
Al

»lizsh bl it ] sk hihiii |
L[ S BB
T

W E R

—> [ R
NS
N

> P |
PTG 4

N T R

5 MFHWK

LA =R E A AR R B A ] o

B RAAIR RS A , ZEHL N R ERE TR
BNl 8 s . HilEl 8 mIl, N A2 A5 A AR 1y i (]
Al 1 ms, 20 3% H B FIREE 1 6]
93 ms, fEMN 0.5 ms (E G, MRITEGR ETE, 7
1. 1855 ms B, SCBrri JRAEIKFI 45 € (B, H¥EhE
Ao BERLRIAT R R, S RAR RS, T
O 6 P Y A 7 s ) e LR PR RO R o
i)
7

N

=
=]

n>_i
i

S e —

it

El

270.9
243.6
216.3
189.0
161.7>
134.414

FLI/A
O === = NN W W W

No W oiv oo =
T e L B e e
—'I”,_,_-.._._-—

107.18
79.8

52.5

-~25.2

1 1 1 1 1 1 1 1 1 72']
0 2 4 6 8 10 12 14 16 18

I [ 5 8] /ms

R RSN HES

SRR A GE 1) 2 20 S AE T 3h A BRBE R AE 4L
U S TINRE BLI TERES, & EEERAL T
TE S IR I FE AT R R o BB BRI
SRAEMFE] D 123 s, _EAEAR I E S T Al 9
fise IWIE9 aTLAE Y, BRSPS 45 %€
B2, FEARSF— 20, RS RS
PREETERE R 4F o

|
[\S)

s
— SEBRM Y

673.0

/

\_/
—150 35 800 195 310 425 540 655 770 885 1000
BATIN R/

K9 A ARAR 0 R 5t

L /r + min!
I_. —_ 0 B D
W W NO W
K Koo
AN NN o

T

‘-'/

e—

;

6 % &

BB EMFAIR ARG, 4a a5k EH
T o BE A5 ) 9 07 3%, RIS B 5K 1 E 45
i, PR Tk R AR E M SR, A AL AR
TSR A LA ) R A A 1) 20K M AL ot i DR 22 25 (]
A, AR T AR DA TR B A B TR D
TR R e R S . PRI T AR R W], SR
Al R G BA AT ER Tk AR E 1k, RERS AT 52
PRIy AT 55



54 A ARl IR B GEAE S WL B $334% 3
[3] Gao Xiaogao. Research and Development of Field-based Rewind Con-
2 £ X ™ trol System[ D]. Xi’an: Xi’an Jiaotong University, 2000.
[1] Yang Fucheng, Yang Juan. The Developing Tendency and Present B/NE. T RN EEERHALENNRSIFLA[D]. H
State of Modernized Winder [ J ]. World Pulp and Paper, 2001 2 PHEEAT I RF, 2000.
(4):09. [4] Shu Zhibing. Advanced motion control system and its application
e, % B BREBILWICR S KRGS ], EirkE [M]. Beijing: Tsinghua University Press, 2015.
g, 2001(4) : 9. FFEE. WmYos R R KM AP [M]. bt WHEXR
[2] Zhou Chunlei. Modeling, Simulation and Experiment of Tension Con- 2 At 2015.
trol in Flexible Film Discontinuous Unwindng System[ D |]. Wuhan: [5] Er Guihua, Dou Yuexuan. Motion Control System[ M]. Beijing; Ts-

Huazhong University of Science and Technology, 2013.
JE . S A 1 S AR O ok O o AR I M SR
[D]. BB AP, 2013,

inghua University Press, 2002.
IREEAE, FEHF. mahEd R M].
41, 2002.

ISR N )

Application of AC Servo System in Rewinder Design

HU Xiang-ming SHU Zhi-bing

LIU Kang

(College of Electrical Engineering and Control Science, Nanjing Technology University, Nanjing, Jiangsu Province, 211800 )
(' * E-mail ; shuzhibing@ 163. com)

Abstract; In this paper, a new set of AC servo system was designed and direct tension control was added into the system, using compound

tension control to implement the system’s real-time tension control, in order to solve the low compatibility, high maintenance cost and indirect

tension control problems caused by the miscellaneous equipment in some rewinder control system. Combined with mechanical configuration

diagram of the unwinding, the principle of constant tension unwinding was introduced. The Load distribution method was applied to the upper

and lower rewinding rollers to realize the control of the output torque of the upper and lower rewinding rollers to ensure the stability of the

driving force output and ensure the safe operation of the rewinding mechanism. The system performance and stability was verified in the actual

operation.

Keywords: AC servo system; rewinder; composite tension control ; load distribution
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Fault Diagnosis of Papermaking Wastewater Treatment Processes Based on Support Vector Machine
LI Xiang-yu' YANG Chong' SONG Liu' ZHAO Xiao-yan' LIU Hong-bin'***
(1. Jiangsu Provincial Key Lab of Pulp and Paper Science and Technology, Nanjing Forestry University, Nanjing, Jiangsu
Province,, 210037 ; 2. State Key Laboratory of Pulp and Paper Engineering, South China University of Technology,
Guangzhou, Guangdong Province, 510640 ; 3. Co-Innovation Center of Efficient Processing and Utilization of Forest Resources,
Nanjing Forestry University, Nanjing, Jiangsu Province, 210037)
( * E-mail; hongbinliu@ njfu. edu. cn)

Abstract; Fault detection and fault diagnosis are main topics in the industrial process monitoring field. Concerning the complicated characte-
ristics of papermaking wastewater treatment processes (WWTP) , principal component analysis (PCA) was used for the fault detection, first-
hy. Then Mahalanobis distance discriminant analysis and support vector machine (SVM) were used for the fault diagnosis of three construc-
ted types of sensor faults, respectively. The results showed that the fault detection rate using PCA was 97.50% . The separation rates using
SVM and Mahalanobis distance discriminant analysis were 88. 75% and 76.25% , respectively. Compared with the fault diagnosis method
based on Mahalanobis distance discriminant analysis, the fault diagnosis method based on SVM was more suitable for the papermaking
WWTP.
Keywords: fault detection; fault diagnosis; principal component analysis; Mahalanobis distance discriminant analysis; support

vector machine
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Research Progress in Interaction Mechanism between Lignocellulosic Material and Cellulase
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Abstract: The observation of the interaction between lignocelulosic material and cellulase can help to elucidate its inhibiting mechanism on
enzymes. This paper mainly introduced the progress in the preparation of biomass model film, the application progress of various emerging
technologies in real-time observation of the interaction between lignocellulosic material and cellulase, and the efforts made to improve the en-
zymatic efficiency. It's hoped to provide theoretical support for the efficient utilization of wood fiber raw materials.
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New Progress in the Research of Conductive Polymer-Cellulose Fiber Composites
HAN Sun-gu' ZHOU Wan-peng” JIN Hai-lan' QIAN Xue-ren'" "

(1. Key Laboratory of Bio-based Material Science and Technology of Ministry of Education, Northeast Forestry University, Harbin
Heilongjiang Province, 150040; 2. Xuancheng Product Quality Supervision and Inspection Institute , Xuancheng, Anhui Province, 242000)
( * E-mail ; gianxueren@ aliyun. com)

Abstract; The combination of conductive polymers and cellulose fibers to generate composites can lead to integrated functionalities, which
would have great application potential. The preparation methods and new research progress of conductive polymer-cellulose fiber composites
in recent years were reviewed in this paper. The preparation methods include in-situ liquid-phase chemical polymerization, gas-phase chemi-
cal polymerization, inkjet printing, polyelectrolyte adsorption, layer-by-layer self-assembly, admicellar polymerization, electrochemical poly-
merization, etc. These methods have distinct features, but overlapping may exist in some cases. The in-situ liquid-phase chemical polymeri-
zation method has the advantages of simple process, low cost and environmental friendly and is widely used. It is noted that the research pro-
gress of in-situ polymerization has significant implications to develop multifunctional paper-based products and bio-based adsorbents for

wastewater treatment. The research directions of conductive polymer-cellulose fiber composites in the future were put forward.

Keywords: cellulose fibers; conductive polymers; composite materials; functional paper; in-situ liquid-phase chemical polymerization
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