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ERETFALEZNERT SR ELARIE

F 8 LT BEe KEIN K &
GF i T KA BIHGE AR S HOR B A/ LR A AL, IIARYFE, 250353)

O R EOREFFAE IR -EE AR N W SR A AR A B B LR LT A 2, RIS [ TR ZR AR 25 2T 48 32 43 B9 AN ) R 1) 2 21 2
£, I HAL ST RAE . AR R, St TH BT, SHAH-Z 2. R Ba(OH), . 1 mol/L KOH, 1 mol/L NaOH #
3 mol/L KOH JEZEAM$E, 3311 CREIE L 4E R 405108 EKRFEFR LR B AY5.8% . 0.3% |, 24.4% | 38.6% . 7. 1% M 12.2%
FAAE PG ERE (HPAEC) | EMLIAMERE (FT-IR) FIZREILIRERE (NMR) 4rHraed, WP A0S IF-= 2 e
IS Y R A B, MU SR AR AR R e A B A W SR MO I A5 2 41 4 202 DL L-Faf A i S 0 4-0-H
S H BN IR B A MBS (Y 570 I RANRE P 4E K . E P (TGA) WY, JCHUBIHFE IR 2P 2 4 R i e e T ILE

FUEIERIDIEE S S5
KW FOKFEFF; PE4ER; 08, SR
HESHES: TQ351; TS7171 SCERARIRAS: A

B N A] P R IR AR UR T AE MY H 253K, X T
FAE R T 5 ) B Mol 52 3 AT 563
REBTAMEEREZ, FFRM AR 248 5k
HABSE Y Hd, TORFEFF e —FhT 2k
WA . TR IZARIEY SRR, S AifEFRER
WX, HA B REIT & AR RS

HAT, VFZ 0T 5802 3 T TR RS FF 9 7 b b
e, B ORFE T A SRRk AR M R R, ISR
AR Aot K R B W B PR BE Y LR T R KA AT
L A R — A SRR AR ka4
REARE. YR ME AT Z AR el A &
eI, DI 27 4 2K 940 85 5N & 2% R M
Th, ERA LR IR S A R WAL
Wi, w5, R, ZMEEYR, HIL, E08ra4
K ZAIH B X s e LB . BRI RO ) OH ™ fiE
elier e RN, MIRpLF 2 R 5404 5 2 m) i A
e, IIMAF| TR e RS .

ARSI UL EOKRFEFF A R, Zead R-EEsh g . W
RAIRPMAR RGN AR, o H MR, —
ANR-= 2 M. A Ba(OH),, 1 mol/L KOH,
1 mol/L. NaOH , 3 mol/L KOH Z5VAE S0, &
i CEEUUHE G 175 6 Bl EORFEFF LR 4E R, JRA&

ks HIH: 2016-08-30

XEHS: 1000-6842(2017)03-0001-06

RO B T 58 (8 (HPAEC) | 18 HL it 21 4 S %
(FT-IR) | B4R ("H-NMR " C-NMR) FI#k
BN (TGA) riilxf HoBE 4L oy Fl & 1. fb2e4h
. PEEEVESET ORI, FE L RS T
R B3R, WA R AR 4 R 45
figp ik S L 2 5 1 1 A Ak A R AR 4 — e g R
%

1 X 3§

L1 SEgm ok

FTAFEFBA AT, WAV ~3 cm /b
Bt, MR AL IR, Tk, #EE 40 ~60 H
FEFERE R R, AT J5 MRS FF R L OR-2 B (1R
Fb2:1) ERKAE S PHIR 6 h, RJ51E 60°CHLAE
R 16 h R . EORFE ALl &4
2£39.1% , YLFYEE 29.5% . KFRZE 18.9% . K4y
6. 9% Fh 97 3. 4%

JoKCEE, R, ZHEWMK, —HF5RH, =4
iz, HCI, H,SO,. Ba(OH),. NaOH, KOH ¥} 1k
Al L-BTRiARE . D-#% . D-ARBE. D-2E 38
D-HEgbh . L-BZE0E . D-H A WEWEIR S D-2F ZUA IS
MR A Sigma 22,

HEBIH . ERK A AP (31370580, 31470602, 31670595) 5 AR HARHELH (2014ZZCX09101) 5 FE1L~## TREIZ%.
EERA: 2 8, &, 1992 4 T LaTseA s BRSO m . SIHGGE A R Y B ek (AR

*EER N A, E-mail: ygh2626@ 126. com,
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L2 FRBEFEAAERAEARIERIAER T 155

RSOk P SR IR S5 5008 LR eF 4 K i e
KHE L IR Rl R g Z 0. i i 5
BHERRMERMT (FHZRRIMY pH A 3.8 ~4.0) HIE
[ERET 75°CAE IR 1 b, G R R e
PEl, INIE 1 h SN E RN TR EE IR, kS A
TSCARWE AL h, L ERE 3 AR AR,
SRIGVR L UE, Bl HIE 2K 58 40 vh Uk J5 15 75%
SRR, SRJG A 60°C LA T4 16 h 13 5| 5 2F
i g

FITAHER AT Y2 FH — P L WANAE [ L 1:25 (g/mL)
1 80C THh4E S h, VWHIFIUE, Fris uE W vk 4
Z2)50 mL, ZEEINA 3 5 IATRY 95% £ BER T
W, S0 WIHETHRAREA4ER H, o of
UEPTFRERIE F AN - R AW (RFLEE9:1)
FEREEL 1:25 (g/mL) i1 80°C FHl#25 h, ¥ T
UETFIRER S, BN 3 RERFLR) 95% LBV
UUUE, VIEYARR R TIRAE R4 R H, o R
KA AT Ba(OH),. 1 mol/L. KOH, 1 mol/L. NaOH
F13 mol/L KOH 7£ 50°C FELLHEHLS h, ukliiiss
KGR HIFE 08, HEMIEWRH BRI pH H 2
5.5~6.0, JEWSE 22950 mL, ZZ18 A 3 f5AEM
95% LBEVLTE, B0 . WURT IR G 15 8]k 4 4
%, sralbmichy Hy o Hy o Hg #l Hg,

ZR-EEEE, WARENTSC. pHI3.8~4.0
CLTRNT) AbE

LV AR80C AL FES h

BB A NI

= LNE80°C b N
5h, HIAIBa(OH), 1. 31?17‘@'%95%
1 mol/L KOH. LE“\“’IW

1 mol/L NaOH A1 2. iﬁ:'b, Ve
3 mol/L KOH 50°C Tk

AEPES h

FETYEEH,

1. R pHIE 325.5~6.0

2. 3EAATN9S % L WEDTTE

3., WETR
(CEA%% (. H. H. Hs HY)

Bl 1 ERFEFFILF 4R 0 B i

1.3 Z5HRAE
1.3.1 Kot
PRIUS mg il 5 BF LT 4E AR A T 1S mL RT3 %%

A 125 w89 72% H,S0, il 1.375 L 84k
K, PRSI AR E T 105C TR 2.5 h, [N 45
KNG, BRAFBUNSLIEN 0. 22 pL 7K RUEIEEIE, U8
WA B 500 % )5 SR i RB B T A e £ 3 )
(HPAEC, Thermo Fisher, ICS-5000, £[E) %€ iR
T RO FIOE R o I I R G P 25 A K e A A
%8 . CarboPac™ PA-20 3 #1 4 (4 x 250 mm, Di-
onex) MHARYUE (3 x30 mm) F1AS-DV A Bk
fFo VLB AH G LA 10 mmol/L NaOH 4 ¢ i Yk it 22
min, B#J5 200 mmol/L NaOH #1 300 mmol/L NaAc
FEEEVESE S min, rp VRS FIRERE RR DL 20 25 ks BEJS
FH 200 mmol/L NaOH 5 ¢ B #h 6 2 3% A 15 min, f
J& 11 10 mmol/L NaOH P (A3 4 10 min, FEE IR 5
30°C, M 0.4 mL/min,

1.3.2  2I406iE (FT-IR)

LLANEIE R F S B 2T 48635 (Shimadzu, H
A FATIE . RLFLERFEMN S TR KBr By K5
SR &, R R e #EA TR, 3T 500 ~
4000 cm ',

1.3.3 'HM"C BRIE ('H-NMR, "C-NMR)

FIZREIARAL (AVANCE 11 400) 5 > 21 4 X
AR REIE AR 5 18] o PRI 20 mg 2 25 4k ZAE SV i T
1 mL D,0 Hillsg 47 4 R 1 & ("H-NMR) ; FRIHX
80 mg PLFAERFE A T 1 mL D,0 rpil] 5 2 2 4
ZEIWMBE ("C-NMR),

1.3.4 MM (TGA)

2 4 R ) AR E PR I Ay A X (TGA
Q50, ) HATIE . 4 10 mg PLFAERAE A
FeEm AP LA 10°C/min FHE 3 3 IR T3] 500°C,
PG R FFE R AT, WY 30 mL/min,

2 GRS

2.1 AFEFERERT B gER

PRI LT 4E R, RLT4E R Pk o S AL RN
RRAME RIS, S ORI BIR ,
SR FHAT LI ) — FP RS BRORT I8 i AR A J57 2% 50k i
Framde, MPFEaeRnR 1 s, & 1 h8dien, —
S BRI il 3t AR 2P e RO ORI 1. 7%, o
JEURL 2 PR R MY 5. 8% , XU HLIE I
S RERh R R AR R R . BSOS ER-
= O A RR X OB T E— 2R, R AR
FER T 0. 1% MELTLER, i JsUR R F 4 4E R B Y
0.3% . 5 WA WHGIR I FLERTFRMIL, —
NI -Z O IR R PRI L dE R R, B
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PR = SRR R B R R A MUK, FE b4 b
LTAER R AR, NI FECR LT R ARG, 1E
JHTEHUIR W Ba(OH), . KOH Fl NaOH X} J5URF#E47
VESE AR, ] 1 mol/L KOH #EfTHi4E15 5 T
11.4% A g xR, HIEEh g gfER D&MW
38.6% . H U2 A A Ba (OH), 34T b 42758 5
7.2% (¥ 2F 4 2, 5 OB Pk A 4 E MR
24.4% , LJ 1 mol/L NaOH #1 3 mol/L KOH #Ef7HhE
A BIASEN T 2. 1% F1 3. 6% L4625, 43315 8
Fhp T AR 7. 1% F112. 2% , gAY
A 1 mol/L KOH 2R}, L4 RS Fm, H
JEH 2 OH ™ RERS AL 60 27 4 £ 40 T & AR WK, B3R T
LT U H N2 AT e 2 IR 5, (R e %
B . SRS A 1 mol/L NaOH Al 3 mol/L
KOH BEAFH L I 2 £F 4 A5 R &L, JEH AT e 2 K
FRAME LT Y R O AWk SR R, SEOX P
P FUHR AR IR 4 % 25 BN, (R %
FIR R AT AR 8 FRFEAT R - 4 25, T bz
26. 1% (L7 4E %, i JsURH R LT 4E R SR 88. 5% .
F1 FEBFMERBERBFLIERNHER

LT YER AL EiiiEaes HEE/C mfE/h 3R/ %
H, T HEER 30 5 1.7
H, ZEANH-Z MR 80 5 0.1
H, i1 F0 Ba( OH), 50 5 7.2
H, 1 mol/L KOH 50 5 11.4
H; 1 mol/L NaOH 50 5 2.1
Hy 3 mol/L KOH 50 4 3.6

2.2 CRHERBRA B T O b

L YE R R D-RWEIE . D-HER L . D-#7%
BESE . D-2FFURESE . L-BURIAARE 2L . D-~F FLOBE I R
B DR TR A R AN S R ik — 2
AT TGRS B ) 45 b 2144 2 P A BB RO IR
R BTG BT E o 2 4 2 P AR A,
WA R 2, 2 Al FORFEAFREL4E R+
ANE S Tl , HUCHBTRAARE . MapEsE, X uih]
B FORREAT LA 4R 00 T4, FoAd O RO
PR MR AR AR 4 b Ah, AR
TS ONIR-= S AL By B - F LT 4E 2R al H, AN
Hy ApORME & BRI, 505100 75. 0% F1 76. 4%
BT RLAE A & B0 0l 12. 7% F 12, 1%, T 4 Bhis
PEFAER MR Hy o Hy o Hg A0 He oA & S A 4
B, AR 80.6% . 90.2% . 87.7% 1 88.4% , [if
Pt R L Hy A H, fIG, 090008 10.9%  1.7% |

4.4% M 4.2% , 3 EOX PR 2= SR R JCHL
BRI W REA WA AE AL T2 5 R0 SRS, B
(P AP 2R P AR X T AR & e R 2F
YEZFE AL H, AT Hy A B Rr e bl 5 g 5 )
AR 5N Bh-= Z Al 52 1)~ 27 28 2K 5 4 st
BT SCHENREE, SR R STEES

R2 FABHEALEIDABENERRNSE

LR A %
H] HZ H3 H4 HS H6

L

[DEVR(EE:S 12.7 12.1 10.9 1.7 4.4 4.2

SR 3.3 2.2 2.4 2.3 1.2 —
Gk 4.6 3.9 3.1 2.8 4.1 5.4
A 75.0  76.4 80.6 90.2 87.7  88.4
H 0.4 0.9 — — — _
WHITE R 4.3 4.5 3.2 3.2 2.6 2.1

2.3 CREFRERIFE LIRS T

R HELAM GBI RE - 2T 4E R 1AL A Z5 A
REFAZLA ™, 1812 J& H, ~ Hy IZIAMERe R . A
2 [T, 3430 om AR MRS SR R HE AR L H Y
O—H (Y Fh 4 PR, 2925 om ™" Ab W% g e T 11 45
i) C—H AEX AR AR 3. 27 4 R Stk
C =0 PR aNFIAE 1733 em ™4, BURHE AL
2P ¢ G B AT HE YIS AR e S LN e i R
SO A I R ARG IR B T SE B SRS, , T
BRI WU 5~ 21 4E 2R TP QI R A T RN, B T
LMtAE . FEPLTAER MR Hy o Hy o Hg A H o 1581
cm ™ F1 1410 em ™ bR I R AL C =0 [y i i i
gy, 1254 em ARGy C—H M ik, ®
A SRS 2 BUAE 1000 ~ 1170 em ™" 22 [1] f 335
A7, Hrh AW — AR AE WS A 3R IUAE 1048 cm ™!
At BemiE Sy C—0, C—C Hil C—OH [ 4idkzh .

H,
H,
W\/ﬂ}

) H,

He

4000 3560 30b0 25‘00 20.00 ISbO 10‘00 560
W H/em™

B2 PgeRFEaH, . Hy, Hy, H, . Hy Al

H, 19 FT-IR %4
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1168 cm ™' Abs i W i i S A o C—O0—C i 1 45
PRsl, X BAEAEBT R SE 85, 55 4 900 em ™
AW IS Ry C-1 FEFATIRIR S = A, R 474k
EWpIoTZ 2L B-FH T R 2

F3 EXRBFLFEE FT-IR iEEMEHT

WA/ em ™! eI
3430 RIE | It O—H By 4E k3
2925 Bedkrh C—H 44k 3]
1733 LB C=0 4Rl
1581, 1410 FRAE R C =0 SORFR A 45 PR 30 00 B e 4 YR 5
1254 C—H 135 il 4z 3h
1168, 1048 B C—0—C g5 4k 3h
900 B-HETFHER) C,—H Tl ik 3h

2.4 PR LS AL G LR A

"H-NMR #1" C-NMR J&HF 5% 2 £F 4 2 250 i A 5%
Jrik, B% M SO ST RRAT . |3 A
P 4 A AL 79— F R ST Rl 4 BT A5 2T 4 R AR
(' H-NMR F1"° C-NMR % 8] . MR8 AR 5 SClik o Hofs 5
AT M B3 6 Ry 3.2 ~ 4.4 LbJE gDt
AW RRIE (5 5 0, B-S Sk & BLAE & hy 4.3 &b,
UL ARBE BT Z (R M 4 02 B 425 T 8y 4. 34
3.99. 3.66, 3.32., 3.26 F13.15 Lb4y B2 AKE BT
#i H-1, HSe, H-4, H-3, HS5a LUK H2 fipyfs =
W, 53 AN BRAE 6 A 2. 0 B4 ST A — HY L7 ARk
BRI GRGAE LI, 68 1.9 {55 En fEIR
Hfege R I RN E IR T § 2.6 fil
4. 68 AR I 15 T e 4y Ak A F A% A H LA
SAK

i AN o
e, —ON\OWV)
< enenenen

——3.660

4

3

2

1
—2.038
—1.908

5.50 5.00 450 4.00 350 3.00 250 200 1.50

5
WOH T RUR A
B3 FERFEFFLLF4ER RS H, 19" H-NMR 5[

LR ARG H, (9" C-NMR 3% U 1E 4 Bk,
55 SR AL 2= R AT 4B, 8 O 101.3 76,0,
73.3, 72.3 F162. 6 bR G 5 1643 ] e B-D-ik R
ABE C-1, C-4, C3, C2 F1CS5 fir, 6 J9101.3 4b
15 S IR WIABE S IC LA B W E BT I T 2 27 4t
R FEE . L-FIhirom 5 5 6 e s B bt 280,
54105, 84.3. 82.9 . 80.4 FI61.0 Lb4M5 2 L-Fi4ir
k% C-1, C-4, C3, C2 Ff1 C5 i, HHMS K 59.6
A A 5 W —OCH, , S [ 4-O- -8 46 B 98 R o
8 20.0 b2 L BEFERIAE S0, B LA XA e R A
mn Hy AZBEAERIEE e A ol 1, Hy 2 DL L-Bfhr A p 2
1 4-0- H SR e B R S8 R A 1) 75 A SR SRR
B YER

ool
o~ v — O 00\O oo (=) [
[=Neo\| < v Vi eN\o o0 o
- X q qn o e S
[N N O wnien O [ [*))
TT m)j)\) TD” i |

w~-o

oA <t

o~

<t — 00

o0 00 I~

100 50
S
PN  Py/S I EB 8| 2 (/K B S S i

B4 FORFEFFELFYERAES H, 197 C-NMR 3]

2.5 REFYERPIFEES T

KA ST 7 e T A A5 2 A 21 2 2 A
iR EPE, S g B IR AAT T mol/L KOH 4
FERELF4ER M H, FI H, 19 TG-DTG 2k &l &l
5 ATHL, ASEA AR A2 28 4 R B PR e A
25 AR BRBUR A=A B B
Bt 0 ~100C, XABrBE RBP4 R Koy 2Z
PR BRE, FECT AR RBE;
BN 100 ~400°C, B 2 27 4k 25 4E 5 10 o B R 20 R
K, “PeFdEzmtam Hy BTt ik ®] 60% , 1 H, it
IR K 30% , FL4ER H, T H, A& 006 IR 5
43314 200°C F1 240°C, X ULHH P4 R H, e
PEE T H,, X AB B o7 4 2 i AR L i J5 R 2
LR FaE R AEWTR, MEE R AW R LN 5 =B
B A 400 ~600°C, X —FrBe i xR H,y tHETF H,
ANBRE BRI, PLF4ER H, s 28T
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Ve, MRELFAER H, (0FRIEE TR, SECEAH
R TR IR AT BE R A 4R R P ALY A
16y MR A F) 600°C B, P4 H, 1A Y
55% KRR FRIEAATE, XU H, BA B A E
o Bl6, B 7, K8 FIE9 5l h —EANH-=&
&, 1Fn Ba(OH),. 1 mol/L NaOH #1 3 mol/L. KOH
PP R AR, S — B 0 ~100°C, 1%
JURPRE - YE R BT BT T R, REFHER Tk 32 3
BRSET AR TRAHIL; 5 HrB 100 ~
400°C, 4 T 2F 4 32 19 4] 46 6 Ak i B2 0 7 200°C £2
i TER =B BL 400 ~600°C, 27 4 3 1 i B A5 7E
TRE; 78 600°CHS, H,, Hy, Hs, Hy 20514 30% |
25% . 0% . 50% AKFEfRTRIEAAE . LA5 0T, T

100 oG 0.6
10.5
80f -
04 O
S :
5 60 | S
= ; 03 5
H,-DTG | lon B
DTG 3 e
1- TR
207 S 01
20_\_::“1»"—]"’ P NS )
100 200 300 400 500 600

g/ C
£ OHys HoZ 5l LW AFTT mol/L KOHA$E - 474k % .
BE 5 CPEF4ERAEN H) A H, fIREEE

0.4

-1

TG/%
DTG/% -

AV ) . 0
100 200 300 400 500
MW/ C

K6 ARSI = R 2T 4 AT T ]

DTG/% - *

-

o W

200 300 400 500 600
g/ C

BT 10 BaC OH) ik 47 4 S A0 TR

100

100

90 |

1
|
1 by
I H .
5 80F 8
= ! &)
( =
' =)
60 | i
l: J-‘l 1, ‘\
. \ S N - a—~a
70 L2 ) Si=i L Y- 0
0 100 200 300 400 500 600
I/ C
K8 1 mol/L NaOH fifi 21 4z fh i ik [&]
0.3
100F
1
80F ' 402 7T
S ', E
S A\ IS
= 60F : " " g
DT o @
40 nN ; :
B l‘ |‘ L ,' '
’ v L N 'Y 1
v TN L -
20L s Sl '
0 100 200 300 400 500 600
U/ C

19 3 mol/L KOH Hfiff {27 £k 3 A F ik 4]
BILAR A B 9~ 27 24 2K LA LI TR £ 0 o 27 4 3R
EPER

3 & i

A

3.1 fl TR AL T RIAN (] e B %) Bl 5 3 i 372 B
BRI PR R0 8 EARTEF P B RLr 4 R, (HAr e
BORAR . IR, AN H-—CE AR,
1 FT Ba(OH),, 1 mol/L. KOH, 1 mol/L NaOH FI
3 mol/L KOH AJ 735l $2 Lt (5 FOKFEFT rh 2 27 4E 3%
w58%., 0.3% ., 24.4% . 38.6% . 7. 1% F112.2% Y
LR,

3.2 s FRARE (HPAEC) | L2041
Jei% (FT-IR) F1 % #% 3t 3% % 3% ("H-NMR Al
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Separation and Characterization of Hemicelluloses of Corn Stalks
LI Rui YANG Gui-hua® LYU Gao-jin CHEN Jia-chuan ZHANG Lei
(Key Lab of Pulp & Paper Science and Technology of Education Ministry of China/Shandong Province ,
Qilu University of Technology, Ji'nan, Shandong Province, 250353)
( * E-mail; ygh@ glu. edu. cn)

Abstract; Holocellulose obtained by dewaxing and delignification of corn stalks were sequentially extracted and fractionated with different sol-
vent systems to separate hemicelluloses. The chemical structures of the separated hemicelluloses were characterized. The results showed that
the obtained hemicelluloses yields were 5.8% , 0.3% , 24.4% , 38.6% , 7. 1% and 12.2% of total hemicellulose in corn stalk, respective-
ly, after extracting sequentially by dimethyl sulfoxide, dioxane-triethylamine, saturated barium hydroxide, 1 mol/L KOH, 1 mol/L NaOH,
and 3 mol/L KOH. The analysis of HPAEC, FT-IR, 'H-NMR and " C-NMR indicated that the branching degree of hemicelluloses extracted
by dimethyl sulfoxide and dioxane-triethylamine was high, while that of hemicelluloses extracted by inorganic alkali system was lower. The
backbone chain of the hemicelluloses extracted by dimethyl sulfoxide was B-D-xylose with acetyl group, and the branched chains were L-Ara-
bia sugar and 4-O-methyl glucose uronic acid. TGA analysis showed that the thermal stabilities of the hemicelluloses extracted by inorganic
alkali were better than that of the hemicelluloses extracted by organic solvent.

Keywords: corn stalk; hemicellulose; separation; structural characterization
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Fiber Bundles Pretreatment before the Selectively Refining of Chemimechanical Pulp
DANG Miao'  WANG Jian' "
(1. College of Bioresources Chemical and Materials Engineering, Shaanxi University of Science & Technology, Xi'an,
Shaanxi Province, 710021 ; 2. Shaanxi Key Lab on Paper Technology & Specialty Papers, Xi’an, Shaanxi Province, 710021)
( * E-mail ; zzwangjian@ sust. edu. cn)
Abstract: Fiber bundles were fractionated out of the chemimechanical pulps which came from the first refining stage, and refined with the se-
lectively refining process. This paper studied the effect of fiber bundles pretreatment on refining performance and the resultant paper proper-
ties of the prepared chemimechanical pulp. The results showed that the pretreatment of fiber bundles could further reduce the refining energy.
Besides, the pulp could maintain more intact fibers after refining, and the resultant paper could have better bulk property.

Keywords: chemimechanical pulps; selectively refining; fiber bundles pretreatment; paper properties
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29 31 73.4 73.4 BB (TARIEPUEILH) PR C,, B-O-4 i C,, HIFHE LI Cy, HEERE LY Cs
71.8 721
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33 37 60. 4 60.4 AW LM Co, —CH,0AC
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38 42 31.3 31.5  F4
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40 44 21.2 21.2  —CH; (W)
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Degradation and Condensation of MWL from Pinus massoniana Lamb during Kraft Cooking

YANG Zhi-yong
( Weifang University of Science & Technology, Shouguang, Shandong Province, 262700 )
(E-mail; ppyzhy@ 163. com)
Abstract: In order to research the changes of LCC structures, MWL from Pinus massoniana Lamb was cooked with kraft method in existence
of glucomannan. The products from kraft cooking were classified into two fractions by centrifugal separation and acidfying precipitation. Tech-
niques of FT-IR and " C-NMR were applied to determine the fractions and to identify the newly formed LCC structures. The results showed
that the lignin linkages, especially a-aryl ether linkages and B-aryl ether linkages were easy to be cleaved under the attack of OH™ and HS ™
in kraft cooking. New LCC structure was found in acid insoluble residue which was formed during the cleaving of lignin linkages, the newly
formed LCC was stable in alkali solution and existed with the type of benzyl ether linkage. When MWL from Pinus massoniana Lamb was
cooked with kraft method in existence of glucomannan, the newly formed LCC came from 8-0-4 lignin structure and glucomannan or 5-5 lig-
nin structure and xylose. The condensed type lignin structures such as 8-8, B-5, B-1, 5-5, were stable and difficult to be degraded by kraft
cooking.

Keywords: Pinus massoniana Lamb; MWL; glucomannan; kraft cooking; benzyl ether linkage; LCC
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R AT BN 5) SR Lu g 43 IR AT A, 4]
S R IR S KP B2 28 R

TUKfRE . WUR UK R B il B AR T AR
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IK it e 1) P — AR A T [ AT Ak 3
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Af[E] 60 min, ¥k 10% ; D, k. ClO, fx 9 13.3 32.5 6.70 366 28.4 41.2
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BB 2% A8 i o 1 P R A X R AT SR RE A ), 45
REE2,

HIZR 2 7300, GO B il B AE I, BT
R AN, R MMAB AR TR, £
P . BRI S)o e S\ EARZEA K, H 4
A 8% W), R R A Fd i, 4000k 1404
mL/g 1 35. 6% , TEHAR T2 AME BT, X4
KR IRIE B 145°C T2 165°C I, %b i MR i
BR, 90 49% ~62% , RIAMEREIRZI N 33% ~
39% , MZINHE. Sy SisfE KK A B T R,
VO HE 28 A de IR L, SN 0 T 2 L RE ) I
FERE, ARFE. KAy, FARERFFAER N LB
WEz bt [EEA/ N 4Er) LBRR A s, AT
LPYERAL, AN, PR R i BAR AT LU AT
AEZ R AR | B O S K i, (A
BRI, KR . R T .
2.2.2 OD,E,D A ST MERE /BT

e 2 150 17 ~ 8" KP AR AT 3 43 ) 3k 47
OD,E,D, A JH, HELAFKMR 1.3, 45R1LE3,

HH% 3 1550, IR ARG B Sy S S\ [EAH 2
KK, ZIETEMARL, 17 ~4"MEEER o-2F
WeE o >96% , [ >87.5%, S, 21 4%, S <
3% , FHEEALTF 950 ~ 1000 mL/g Z[a); Hirp 5% F1 6*
BEARMAE R, S,<3%, Ss<2%, K<
0.1%, a-2T 4 R & & > 9%, A E vl ik
90. 1% , AT 550 ~650 mL/g Z [a], 7" F1 8" i
WHIS, 0 H 4% ~4.1% , S g H2. 1% ~2.2% , 2N
G 2.4% ~2.5% , JK4Y0.09% ~0.10% , o474k
ROw >95%, M >87.5% , FhiEEAHX A JLAH 4
i, AT 400 ~500 mL/g Z ], AN [w) 3 B2 AR P V4 i 2
I A AE, Al TRAELF4ER | BEIRET
Y| RGBSR BRI i, 57
6" M TSR A B Tl A B RR T 4 77 87
AT BT RS R A4
2.3 PR K A o e YR X AT SR RE 1 R e
2.3.1  PRAB K A o e Y X AR AT SR AR 5 M)

TEARE: KP B R (8% . 10% . 12% . 14%)
7T (145°C) NERNER T, YUK G

*2 KPRZASSEEMAEEXNREMRIEENZNE
g EAEREIRE GES i HEE e R Sio Sig R K5y R
/C /% /% /% /% /% /% /ml-g~! /% /g 17!
1 8 35.6 14.5 30.2 3.7 3.9 3.0 1404 0.83 9.8
2 10 34.2 13.8 32.0 3.6 3.8 2.7 1387 0.68 11.7
3 - 12 33.0 12.7 33.6 3.8 3.9 2.6 1373 0.56 14.6
4 14 31.3 11.2 34.7 3.7 4.0 2.4 1360 0. 44 17.2
5 6 34.2 10. 1 35.2 2.7 3.0 1.9 780 0.72 9.7
6 8 32.2 9.6 36. 8 2.6 3.0 1.8 712 0. 61 11.6
7 109 10 31.7 8.6 39.4 2.6 3.2 1.9 615 0.58 13.8
8 12 30.3 7.8 41.3 2.7 3.8 2.1 524 0.49 16.8
TE BUKM S 165°C; hRIBJHm R 8% (TFIF]) 5 AFXAT 7 FRHN S .
&3 ODE,D A RETHRMERE
g (CES R HE Z I i Sio Sig a- SR T Wy Fe it
/% /mL-g~! /% /% /% /% /% /% /mg-kg !
1 91.6 990 87.6 3.4 4.3 2.7 9.5 0.13 50
2 90.9 970 87.8 3.3 4.1 2.3 9.3 0. 15 47
3 91.2 961 88.7 3.1 3.9 2.4 96. 8 0. 14 47
4 91. 4 956 89.0 3.2 4.0 2.6 96. 2 0.13 46
5 89. 8 647 90. 1 2.1 2.6 1.7 98.5 0. 06 21
6 90. 1 570 88.9 2.2 3.0 2.0 97.3 0.09 24
7 89.5 480 88. 1 2.5 4.0 2.2 95.3 0.09 24
8 89. 4 401 87.6 2.4 4.1 2.1 95.2 0.10 22

T AR RTINS
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*4 KPEAWEXREMEERNZM
S e e D Y
1 8 4.5 26.2 8.7 25.5 1584 5.9 7.2 4.6 0.97
2 10 40.5 24.0 11.4 26. 4 1543 5.4 7.6 4.1 0. 84
3 12 39.4 23.3 13.3 27.2 1513 5.8 7.9 4.1 0.71
4 14 38.1 21.2 15.4 29. 1 1476 5.1 6.4 4.2 0. 62
W ARERXAT R RN R .
#5 0,0,D,E,D A EFMiEae
g (EES BB (S)i3 Eniag Sio Sis a-LF YR R K5y
/% /ml-g™! /% /% /% /% /% /%
1 88.4 1096 85.5 5.5 6.4 4.3 94.7 0. 14
2 89.6 1061 86.3 4.8 6.0 3.9 95.2 0.23
3 89.9 1043 86. 8 5.1 6.8 3.7 95.2 0.24
4 88.7 997 87.1 4.2 6.3 3.5 95. 4 0.17
FE G &0 R i T A=
O B S 145°C R, X ARIEHORMWERR R 0L Ry, T ISR BE BRI LT YRR e 2 R
4, T v SRR 18 5 S I TV RE
Hi e 2 Rk 4 45 0, 24 TK i B iR 3 o& @

165 CREAIKZE 145CHE, RERMEREST 6% ~
T% , FEEEARIGHN T 120 ~ 180 mL/g, {H& S
{(SRIER:CD) | I 102 R S 5T (A S e N O (5
ERE IS, XRE AT T AR SRR A
A RRE

2.3.2 0,0,D,E,D,A 5475 REAT B

#2e4 f KP RIEATH 05647 0,0,D0E, D, A I
M, HAEETEAEN L3, iTFH —BABRAZ
(0,) ZJa, RMHERMAER R (21.2), HILHH
Bm—BEMAR (0,), 4iRIES,

FERIB R . KP B i1 A et 0 25 35 0 s
JEGR K AR s 0T, a5 K AR e R
(165°C) HEIMIEARMRE (£3) XHEAM, W
KR B IR (145°C) 15 B AT K oM & i
0,0,D,E, DA IEH G, HKy. 2SR, St
Sy E, OEX T4 E S ENMK, HIE
BRI A] REJE BN FUK AR BE (145°C) X AT #F 25 4t 20
JHRE T W A BER AR B AR, 2 WK a2
B R T, EARREL, SEORRS S
HAbP B 25 A8 4k, W T e 78 B .
U, BERAASBAL Al R TN, AL R
PIASCHERL: “HEZE” R, STEBUKMEA KP
2535 B R PR Hb e IR £ 4 40 B, e R ) R BE
AT AR EARE . Koy PR FIRLF4E

PUREAT R M IERE, R BK - - R

ik (KP) z&&-ODE,D,A (0,0,DE,DA) #EH
AT AN

3.1 E sl —AR BRI R, AT O
TR WK MR IR 165°C, fiE Al
B 8% ~10% (LA Na,O it), KP BrzE &
IR 165°C, KP Bt 6% . Hirpb 4 KP B
HHR 6% ~8% IF, 13E A AT BT T &
BEFRLT4E; 24 KP BB N 10% ~12% iF, 1351
RV RN SR T & R 27 4
3.2 YK i B L R KP 2% 3K S R AR S
145°CHE, RIEATIAIF SRR B 8, ERAT I
KR R 45 i R B A e Rk

2 % X #

Ak EE. BRI R T AR LT]. P EELR, 2012, 31
(3): 64.

M =, X—il, BN REH SRR T[]
LR, 2011, 30(12) ; 16.

TR, BOLHI, SRRAE, S P BUK MG IR L 5 LT HONIY
il g B L TR A 3 o L], b [ 3 4044 4, 2007, 22
(1): 7.

=M, M, ZEROml, . TR UK SRRk
TN 958174k, 2009, 30(10) :31.

B, % B, K W EREKOETEARIRS RRELT].
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PEEAE, 2012, 31(1): 61. [1L] X1 3¢, B/, 2012 ARk i MO0 R 2 4 38 Tl i) % g
(6] MlGE. MW EibEIM]. Juat: b EE T & kL, 2001 [C T4 [ Hr b 40 50 R 28 i 22 W 4 Fh 40 2% 0% 2 3 /U 4F
(7] Z=3CR, 7 %, WIOOK. —F T USRI A 7 1 50K it B 70 23, 2013.
Je Ffl 47 JE, 102828431A[ P]. 2012-12-19. [12] Tian Chao, Miao QingXian, Zheng LinQiang, et al. Uprading Pa-
(8] ZEX&R, B 2. —FHTHRMEM ARG i B B R per-grade Softwood Kraft Pulp to Dissolving Pulp by Cold Caustic Ex-
Fi[E, 102817266A[ P]. 2012-12-12. traction[ J]. Paper and Biomaterials, 2016, 1(1) ; 31.
(9] Az, s, G gt pr Sim M), Jeat: PEZ T (13] &, X 3¢, fB M, & SAEIRMARZERE LZMUIR
HRRAL, 2003. [J]. WhEELFR, 2016, 32(21): 92.
[10] W5 HRES TRIM]. 3 A dbat: P EZ IS W (14] B, R, & %, % IS MORBEIRA 4ERM I S5 LT
i, 2010. FELT]. denthioll a4, 2009, 31 161.

Study on the Process Conditions of Bamboo Dissolving Pulp Preparation
PENG Cheng' YANG Ling”* YANG Zhong-kui’ LI Wen-jun® LIU Yi-shan® YU Cheng-long’
ZHANG Hao® LIU Ze-tan® WANG Yao> WANG Yun-feng® XIAO Lin> ZHANG Ke-zhong’
(1. Sichuan Yongfeng Pulp & Paper Co. , Lid. , Leshan, Sichuan Province, 614500 ;
2. Sichuan University of Science and Engineering, Zigong, Sichuan Province, 643000 ;
3. Sichuan Yinge Zhujiang Paper Industry Co. , Lid. , Luzhou, Sichuan Province, 646300)
( * E-mail ; lwj1163@ 163. com)
Abstract: The bamboo pulp was prepared from mixed bamboo slices by pre-hydrolysis, alkali solution neutralization, kraft cooking and ECF
bleaching. To obtain the best conditions for the preparation of bamboo pulp,the performance of the slurry was analyzed by changing the maxi-
mum temperature of the pre-hydrolysis, the amount of alkali in the alkaline solution neutralization and the maximum temperature and amount
of alkali in kraft cooking. The results showed that the best performance indicators of bleached bamboo pulp was obtained when the maximum
temperature of pre-hydrolysis was 165°C , the alkali content was 8% ~10% (Na,0), the maximum temperature and the amount of alkali
correspond to 165°C and 6% (Na,0) in kraft cooking, respectively. When the maximum temperature of pre-hydrolysis and the maximum
cooking temperature of KP were 145°C, the yield of pulp was 6% ~ 7% higher than that of the maximum temperature of pre-hydrolysis
(165°C ) and the maximum cooking temperature of kraft cooking (145°C ). The bamboo pulp after bleaching could be used to prepare cellu-
lose acetate and viscose fibers when the amount of alkali was 6% to 8% (Na,O) and 10% to 12% (Na,0) in the kraft cooking, respectively.

Keywords: bamboo dissolving pulp; pre-hydrolysis; neutralize; kraft cooking
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PRI 2T 4t 2 i it e g g )

#owm'? BRatE?

B3 U SE S

ko #®OE RV ko om

(L Bl REATTI A IR S AR 2 S EOR T G S s, TI9RR AT, 2100375
2. ML R AT 54 MLl BE D R8O A TP R B o, VT3 AT, 2100375
3. {LHHSGEAATIRA R, {THRH 3, 215536)

W OE: R T IR T B0 AR T Al R U R R 0 1 AR AR R REAR A A AR . B SPSS Gt ar AT BRI, XEREE
1.5% ~4.0% BIRAGAAM (0CC) FIIEMRAL (ONP) ILFALRIFI, /R AR AZ ML Mm% (RCR) MBTYIN I8 E (SSC)
IS RN, HEAT T R I, JF 5 IR A ARSI AT EU AT HT . 45 2R3, ONP S OCC J 4T 4k B W J IRV T 7, 55 900k BE

€, BT FER A RCR B 1026 40 9 7, = 3.34C5% | 1)

=2.33C57, I SSG HWE AT 7, =3.58CL | 7, =

2.83CHY ; FEMIFIVREE TR FUARRIIN G kit ONP 3R LT Ak B i et IR, F7 K F OCC 3 AT Sk B iy %A T ok By [v) e 2

BHETAERIF, SR SSC kA5 it Mz 7 22 b RCR B:AR 8K, %) ONP AT YERIFWRIN 5, K5 1% ~9.4%,

i X} F OCC 3

YERAFW, AR 1.3% ~13.9% 5 H Ar FE2.7 ~17.2 Pa Z[a], P55 1oy R 152 {22 B AR 3K £ 48 R vk JEE Py 388 K T 2
WK, RIVBEAS BEACIR AT 4 B R B AN LT 4R ST LU A3 R, R 038 R I8 P B AR 3 2 £ 42 ) i AR g ) KT ONP 3|

OCC XN i I A2 £ 2 B VR W o
KEIR: RAN; ARG WA RIREL
FESHES: TSTI XERFRIZAG: A

WAL TV AE R B2 SEl R Tk, AR =y
AEURHE . BEASIOROR A 1 8, A%, TE 2
AU A R, R AU AT 4R 2 A v
TZUREFE (FTH. ik, Wi s, K. o
W) B3l J7 I AR G 0 At R S B I IE AR
40% ~60% , H. 5178 T AL AL & 4CHL IR 3B 1 22 4> 2
T ORIR AR R (TR R IR ) IR SR K
JE PRI S A B ORI SR LA
AR Z 0 R R R T AW OB, i 4t)5
R SRR AT ST B8 AR HAnAS R, &
i, AT ARIE AR, S DA AR IR AL
RERYC FhF R R P I K, AU E R E AR
TolL R 66% LI,

AR A A BT OB AR R R AR . AU B TR IR
BB —E WL, BRI I 2F 4 TS 2B I
A 2ERE, BRIFILF4Eny A sl , BIres
BNt N — 2 B BT ) ) R B IR AT 4E M8 254, 3X A4~
IO 4% 455 ) 3R J3E R Sy A0 I T 48 5 0 T e IR

SO AR 21 4 B 17 WU IR T I R AR 2,

Wk HIH . 2017-04-02

F2IEES
XEHS: 1000-6842(2017)03-0021-06

HA GBI LT TR . MRBE | TR FAR A
A, PARe—SehNER R, W pH (B R T, 3781
T &, IXUEPR R I AR £ R RO 3 DA E TR U
ASNFIER) Z2 A PERSE 2R L

] A AR AR 2T A 5 0 T IR 0L T 1 BF 9 4
Mo R P T HRZARE; HSEAERML, e
W rh e dE Rk A T — 2 AR AN TR
PR A AL BAL A SRR B 22 50

URIK LT Yl PP IR VAT A N AR A AR X AR &
Yy, JE T2, TR UIERT, UK 4E 207
WAL T 2R, % I8 BN 4E BRI S Bl ) A5y
DIAERRREE SN B AR AR 2 O AR A
HAEJ7 72 0 Herschel-Bulkley A48 75 %, fijfk H-B
Jrte, B

r=1,+K (y)" (1)

b 7 AUy, Pas 7 NIEIREL S, Pas g
NEYIEAR, /sy K HREIREG n i SIREG

1981 4E, Gullichsen Fl Harkonen'”? F| FH % 4 37 A8
A A ¥ AR5 2T A 8 3 YR 1 Jest R . g R e 72

EERN: B W, L, 1994 F4; TEpfiLaTsed: ;s ERATErm : SRS RIS 5% 4.

«HfEEER A 7K ¥, E-mail: zhnjfu@ 163. com,
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2% ; Swerin 25'* F1 Damani 25" 5% FISAT AR A8 (X
A5 T AR AT 4 BV A B MR ()45
PP 270 27 4 B I W S AR 05 Woe i 40 58
I T BT R X 22 B AT e AL R R, T
H e B KR 4T A R R A JE IR, 7 5 Tatsumi 2501
S I SEATAR AL IO E T W 3% LAT B 47 2 BB
(R TRARE, JE2 BT T ARSI Y /75 Derakhshan-
deh 25132 R P 223 0l 00 TR 404 A e 2 285 R A1
BT R EE 0.5% ~ 5% 17 & AR 3 i 8 IR N A
Kerekes 25" 75 BT AR 78 B0 ERE 1, 38 52 08 4097
15 T A0 2P T R AE H R VR B T 1 S AR ) A5 4%
UMK ANX, BT,

7, =aC;, (2)

X, o F1b N SRR A5G C,
AT B TR, %

1990 4F, Bennington 45"’ 3 3 % & it 72 A ) 4t
ARI A BIF W EIRSE S7, 3 . b (T 45
TE1.18 ~24.50 F11.25 ~3.02 Z 6], an4d-, &8
AR By VAT AR B U0 i ) 46 0 T
RIF WA 5 LT AR I i SR ) 1 AR e AR
BRASBEE 1l gk 00 A 2T e RV 1 IR S
WEBT YIS 1AL I e R AR o B YR SRR R v L R
TR B 00 3 O 3ok 0 4 27 44 8 7 VR U 7 T % ok
FPECRMIA) | AR | AE =R R £
HAY CERAE 7, (EAE mvk T I 5 0 R FasE)
IR T AR RS AS A LR v %

SR AT LT A BT R RS I R & v, i T
0 75 A AR e A AL FNAT AR 5T S AETE R
KER, HETERZ., Hit, APFREE TP
A PR 2 068 e IR S 7 BRI, 8 S BT 5 AR AU IRz g
F B 20 A ARG A 7o s 0 B A O o % e P (4T
oOTEE. RAREE. W, BB R, &
FIF5 T RERAFE R H Y

40 20 it 22 80 4EAX, Wahren''™) i 2 fi7 fAFUK
I ARG BE R 1) /N R R ARSI IR AL I 4%
4, B,

2
y

93

Ep =

= (3)
i

X, e FEANIABUR R ITIHFERERL, W/m®;
7, WA AL TR WA R IRV Ty, Pas w KK A9 ZG
&, Pa-s,

[F]I], WIS AR 2T 2 2 P U IR ) 1) 2 5
Ma R 2R, O ki H G 3 4 2 S R ) IR AR AT 4
TR BN R HH IR B BRI L S 2 05 3%

HERATRTINA R BA R
1 %

L1 F2fUE
GBJ-A BUBRHELT 4E Gt fif L, PTL BRI i % B,
Austria, Morfi Comapct B £F4EFE 2854387118 o
RST-SST % Brookfield gl i ARAY, %5+~ VT-
80-40, M-F4 F (TR 20 mm, & 80 mm), M
A P42 100 mm
1.2 OB R AL B
AR IR R AR S IR AT AR A 2 ke, D7 L)
IR AT S Pk, S5 E 1, k1 A,
OCC J 1 ONP AL 4R FEAR >, {H OCC JK A9 £1 2
TEJE L ONP J AR, ONP JEAYLF4EK FE L L OCC 3
IR o
%1 OCC %70 ONP R 4R
Bherde  RYgYE g4

3 LR 5E

e K /mm K /mm Jum FHRILL
0CC % 0. 64 0.94 21.8 29.22
ONP 3% 0. 64 0.94 18.9 33.70

SEYGH, KR AR 3 B TH Hr AN A4 AR R i A
KR 24 b, SRS B HLEL % 10 min J5 BURE I
EHBK R, B 2 TR A3 i E B R EE R 1. 5%
2.0% . 2.5% . 3.0% . 3.5% il 4.0% (1) 6 Fh4CI 2F
A ETF A 1000 mL (PR R 24 P ARROR AR B i 4%
BF, AR AR SRR T BT U S i, SO
SLERHOENREEREN 1.5% ~4.0% ) . SCE it fE e
AIRERIFIREE T pH H . SRR S4T30 5 45 HoAh
IR AR R E o BTS2 BRAe 7 v OCC Jgif} rpr e
HRZMIER . B, B ik 5 ¥
TS AL FE T DAV R
1.2 YUK LR 27 i AR T I 7 vk

Jer W R 3 R AR A, PR SE g B T f . &L
i HAREW, BeRAI A M Z mH3: (RCR)
SIUIN IR EET (SSG) o R T PRIUEY— MBI IR 45 1F,
JITA I S B REAR IR AT 75 AE B VI 3R Ol 200 s ™' T
Y13 min, SRFGERES min FREGIIE . P G R
£ 26°C R T
1.2.1 gz phZelal 93k

TEFEHI BT R (CSR) T, W R E ST
IR 1~ 10 s~ i) A 55 91 7 7 - B9 U)o 23R 3 A8y 2§
FEAEH SPSS B4R F H-B A 44 J5 #4119 9 22 il &,
TR MSRAE RS Yl R R 1 s~ A 35 9 87 ) B I
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JRRARIK LT A6k 7 U AR ) SR B D R Y 23

R 77
1.2.2 SyYIN M

FERERI VIR, e (CSS) R, ARHEIT V)R
M1 s IRRAR BT UIR Sy, FEIL B R 1T
[, 55T U1 T o BN R (EE A I B R —1H,
FEAE I i v OB 2T A PR VR Y BT U0 AR B 1)
RS AEA i 2 2 B A N P, RISY
DIHCR O BN 1 s~ Wb R 1 55 VI 17 Iy B 2k
LUERTRRINE RN S, Al 1 0 ONP SR 2T 4k 8 i
WA 1. 5% WePE P IR A -2, R BLI I 18- 65
B X o7 ) JeE O V23 L

10

(o]
E

.

BN J7/Pa
N

N

0

0 5 1.0 1‘5 Zb
By DR /s
Bl 1 PR 1. 5% [ ONP 3% 27 2 B 77 W 7 A il 4

2 HRE5HMH

2.1 SRR b £k [m] )90 5 A St I )

SR FH AL i 2 [ 5 325 70 531 00 S AN ] e JE ONP 3R
1 OCC JKATHEBTFRAI IR AL I L, AT 19 5 1) i < -
STYIN 1A e 0 S A 2 FiEl 3 s o

1201
W W N
100f kb
] - 1.5%
% 8or M e 2.0%
~ —-2.5%
B 60r - 3.0%
= —+3.5%
& 401 —+4.0%
20+ @ Soots_MmEDe -GS o 00000 -
»—am = 55 sane e
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Byl s
B2 ONP JRZT 4l 87 I A0 AL 2k

120
100 M
KRR
£ 80 - 1.5%
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60 f v 2.5%
= v 3.0%
= ~-3.5%
B 40t ~4.0%
W‘#;—--
% 10 20 30 40 50 60
By D) /s

K3 OCC L He i Wi AL th 2k

HE 2 FIIE 3 Al UL, JRORHME BE M 1. 5% 3 Jin 3|
4.0% , ONP 3F1 OCC I 27 A i v 1 5T U1 v 7 34 bifi
YIRS . ARYE H-B ASH Ty R
LA T BH 5047, A5 B[R EE ONP 3Z A OCC
WAL B TF W RN, )7, W2 2,

F£2 RIE H-B A2 E A ERT SR R B IR A S

3 ke ONP 3 0CC ¥ Ar,
/% 7,/Pa R ,/Pa R /Pa
L5 7.23 0. 937 4.52 0. 987 2.71
2.0 17.82 0. 986 15. 10 0.976 2.73
2.5 29.80 0.917 23.72 0.957 6.08
3.0 49.49 0.974 40.93 0.961 8.57
3.5 71. 69 0. 954 56.91 0. 961 14.78
4.0 95. 65 0. 823 82.17 0.973 13.48

1 A7, Jg ONP JF1 OCC LT LRI IR Sy Rl i 2218, 1A,

I 2 AT, i R T B A O e JEE e i A
SebERN, AOCHRE R AR, UL BTN AS A 0 2 i
5 H-B r B UG AR 4F . ONP 341 4 200 Wik 1 st iR
B AEIRT OCC JREFHEBFF W, H PR HpHET 4E
AR ) JiE AR L T R 22 {ELAE 2.7 ~ 14. 8 Pa JEEIA,
RECESRIES, AT L] RO 2T 2 2P W)
Ji RN S5 3R BE IR ) AE AR 2R, AnT&] 4 B o

100
— ONP#}
80} —— OCCH
£
= 60}
=
= 40}
=
20}
0

1.5 2..0 2‘.5 3..0 3..5 4..0
SRR /%
B4 SR A M 25 5 R R e R
SR YL T W e BN T ARk h £k
W 2 Bl R (2) ARZERIAGE o) b
B, W3, Hi, HXRMR RE, WK N
RN Sy 505 (2) UGRE, HZS%afb
FEUE 34 7E Bennington 3 53 5 56 0 75 1) HRUAH Y5 L 9 .
I AR M 2k BH S 75 ONP SR AT 4 BVl =, =
3.34C%%, OCC HeF4e it r, =2.33C7
2.2 RTINS A% BE I e R g
B s R AE 35 O p B, W R
1. 5% () ONP JZ£F 4 Ba i i 5y D) sk e Anfp i ¢ .
b ARSI 1 22 BT A4, A AN S AN [ vk B T



24 TR AR &1 e BT W RN 7 1) FE B R R A5 $£32E H3W
#3 REHMLENTHE (2) SHMNRHTSE a, bAH, WS, U0 LT 4R i IR N ith
BRI E AR KEHE (2) WATRME, Ha. b {459
14 7, =aC, 1.18 ~24.50, 1.25 ~3.02 N, B 5541 5 /g
BT a b R BERE LA ONP S A7 4 B 7R 7, =3.58C.", OCC
ONP 3¢ 3.34 2.43 0.998 WA RIFW 1, =2.83C27
oce K 2 il kil ®5 WURAREENEHR (2) BHH
F4 FTEFFHRET ONP M OCC £ kil ko
L4 BT MR R A 1 SEIP i
a/Pa b R?
J}zifg NP 3 o Y- f;d ONP 3¢ 3.58 2.43 0.999
- 0CC 3¢ 2.83 2.47 0.997
1.5 7.68 4.58 3.10
0 .31 1073 27 2.3 PRI IR T T 1 H S
23 2 2.0 40 B2 2 R 4, A TR 7 v 15 3 1 4R F
30 3361 8 e B TR MR 7 55 ke L 5 36 R34 LU AR,
33 -3 o117 420 T IRIRRRRHT 2 537 0 8 P AS ) gl 87 1753 31 £
+0 1039 509 72 meﬁﬁﬁﬁ SR P70 57 360 R 0 000 5 e R
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I /n3 86. 39 Pa, XS BEAE FORLHE LG, 2
BIHEFAERURE N, B4R LIP3,
R T AERRNRAR TS ST U . W4T 4 B IRz g A
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Research on the Major Influence Factors on Yield Stress of Recycled Fiber Suspension
JIANG Yang'? CHEN Shu-run'” SHA Jiu-long'*> SHEN Jun’ WANG Chen'? ZHANG Hui'*"

(1. Jiangsu Provincial Key Lab of Pulp and Paper Science and Technology, Nanjing Forestry University, Nanjing, Jiangsu
Province , 210037 ; 2. Jiangsu Colnnovation Center for Efficient Processing and Utilization of Forest Resources, Nanjing Forestry University ,
Nanjing, Jiangsu Province, 210037 ; 3. Jiangsu Lee & Man Paper Manufacture Limited, Changshu, Jiangsu Province, 215536)

( * E-mail; zhnjfu@ 163. com)

Abstract; The yield-stress-based rheological behavior of pulp fiber suspension affects the energy consumption and production efficiency in pa-
permaking. The yield stresses of slurry suspensions of old corrugated containers (OCC) and old news papers (ONP) with mass concentration
of 1.5% ~4.0% were evaluated by two measurement methods with the SPSS statistical analysis software and, then, compared with that from
the virgin wood pulp. The results showed that the relations of yield stress 7, and concentration C,, of the ONP pulp and OCC pulp based on
theological curve regression method (RCRM) satisfied respectively the exponential equations 7, =3. 34C%* and T, =2. 33C%Y | and 7, and
C,, based on shear stress gradient method (SSGM) satisfied respectively 7, =3. 58C%*® and T, =2. 83C%*; based on the same concentration
and measurement method, the 7, of ONP pulp was larger than that of OCC pulp, and, comparing on the same concentration and the same
kind of pulp, 7, based on SSGM was higher than that based on RCRM, 5. 1% ~9.4% higher for ONP pulp and 1.3% ~13.9% higher for
OCC pulp. The deviation of yield stress values measured by the two methods increased with the concentration increasing when the deviation
was in the between of 2.7 ~17.2 Pa, which meant that 7 of the pulp increased with the increase of concentration and fiber aspect ratio for
waste paper. Taking a comparison, the 7 of bleached softwood pulp was significantly larger than those of recycled pulp and hardwood pulp.

Keywords: recycled pulp; fiber suspension; rheological behavior; yield stress; influence factors
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Separation of Acid and Sugar in the Waste Liquid from Acid Hydrolysis for

Preparing Cellulose Nanocrystals
WANG Shuai  LIU Peng-tao® HOU Jia-ling
( Tianjin Key Laboratory of Pulp and Paper, College of Papermaking Science and Technology,
Tianjin University of Science & Technology, Tianjin, 300457)
Abstract: There were lots of sulfuric acid, some of not fully hydrolyzed cellulose fragments, monomer sugars and oligo in the waste liquid
from preparing cellulose nanocrystals (CNC) by sulfuric acid hydrolysis process. If the waste liquid was discarded directly without recycling,
and it could cause environmental pollution and a great waste of resource. This paper studied the method for recovering both sulfuric acid and
glucose. The concentration of sulfuric acid in the waste liquid was adjusted by adding 80% (wt) sulfuric acid, then the materials not fully
hydrolyzed were converted to glucose by heating in water bath. The sulfuric acid and glucose were separated by anion exchange membrane,
then concentrated by using rotary evaporating and concentrating system. Results showed that glucose concentration in the waste liquid reached
maximum when sulfuric acid concentration was 56% (wt) and heating at 45°C for 3 h in water bath. The recovery rate of sulfuric acid was
90.31% after the liquid was treated twice by anion exchange membrane, 10. 06 mol/L sulfuric acid and 36 g/L glucose solution were ob-
tained after being concentrated.

Keywords: CNC; waste liquor from acid hydrolysis; anion exchange membrane; glucose; sulfuric acid
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SIS IR SE, BUABOKR, MLSS & TILRAK S NI# Y, 76 PCP ¥RERT 20 mg/L i, SVI{EIGZARRFIEAS ~55 mL/g, JIFEIERER

U5 MITGRERS RS ey o Jera e, SVIMEER . XHGIRMIANZ RY) (ECPs) Bk, HA B 20 LEMIE SRR, i iimA

KRR T 15 RS
KB AN G WS Bk FbRRE
FESES: X793 XEKFRIRAD: A

Tl ( Pentachoropenol, PCP) 24 W% &
HEpte MR A s 3y, RS0, B0,
BORANE M. AEFRIE, PCP AR BRI e T YL M1 il
SR B K R K RS R T
RIOKE SEFGEANEY, FHERR A E A
AT A — 2 EAR B KA EY), PCPEZEH PR
FPIZ—. PCP o FAEMPAEE AR A, Xk
B AANE AL G WA K HRICR PR 2 R U
FARFRANA: 5P H I TEfE H . 725 PCP K
PR T, SRR TS U8t AFAE A3 L 9] ) DR AR
SRR BT 5N B B T8 R 4 ok
Tl iR e, MRS 7 IZ TR H] .

380 3 R e 2R G i 94k i \T DL R PCP,
EIAEF RS, FLIG VS Y TE RE M) o ol 2 i 4
AR & & s E TRk .

TR TETSI IA R B S, AT DA it
AR, i H AT DA IS PRI A, 1R T e i 2L
FIUTHEE R, 00 3% k15 U0 I M 1R R0, 22 3 4p
25705 3 7 A B3 T B K B S RS TS T R B
ARy, TSR R (SVIE) fRIFTE S5 ~
100 mL/g Z i), 23t 7 i5le ikEtEae, Hom 1 HhieE

ek H . 2016-08-26

XE4HS: 1000-6842(2017)03-0032-05

PEBEK G o A T o GRS A TR 0T A i fg, It
BRI 53— (8] 78 256 FAE FH S50 15 90 K A R T H
MRy IE AT, Yy LT, R A5 48 BUR
2, fiEIBRa i ok, Bi5RRREAR. g
JBe . AR . BRI A T 1 o el DTE FE AN
KBRS b, HAERG AR FTE, v 0k ] (1 i f2 950
R, G RERE R, MRS UIREERE . [
W, BERERSE FIEOA R, IR NRMCEDIR Gt . A
FEFFLER, AATHEYAERKZEGE, mEsH R
W, MR YA E " . Yan Chunjing %8 BF 5
KB, SMINGE R G5 A0 kA S g, 4R S TR
PR, ST CE TR PERE . AN I8 32 B SX [ i PCP
B A RIS RS DR DAl P B AR A8 4k, LA
AR T S B o AR A HBERL

1 £ 1§

1.1 J

RN TR K, 55 57 38 328 A 40
1600 mg/L . WiliRsk 369 mg/L. Bk — 40 140 mg/L .
TIREE 67 mg/L, A4 133 mg/L, fRfR4H 521 mg/L
}0.7 mL B TR IA . MR TR T

BRI ISR TRERE A LR BT S (201522) 5 JUREHET AAFHEBE (2015KTSCX140) 5 INAREPHEERLI (Br%
) BiH (2015ZDXX0403B03) 5 By RHE ARG AEQIH I ZRi RIGTH  (201509006) o
TEERA: ok W, L, 1993 4k R LArTeA:; EROr : KIS BEAR RIS .

«AERAN: BWEE, E-mail; lanhuixia@ 163. com,
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FeCl, - 61,0 1.5 g/L. H,BO, 0.15 g/L. CuSO, -
5H,00.03 ¢/L. KI0.03 g/L. MnSO, - H,00. 10 /L.
(NH, )(Mo,0,, + 4H,0 0.065 g/L. ZnCl, 0.057 g/L.
CoCl, + 6H,0 0.15 g/L. Ni(NO,), 0.15 ¢/L. PCP f]
2 mol/L 1) NaOH KL AL 2 ¢/ L B A H -

FEAE IR T B T IR A5 e, A KR
4 90.89% , SVI{H N 18.74 mL/g, & [H5 L
i (PN/PS) 0. 19,

Fi ARG 150 wm, fERTETRESL, INAZ R4 ¢/L,
L2 I H Ko

SVIE . 15JeMkE (MLSS) R HIAHN [ 5 b i
g T o WAk Al HACH sention6 3%
il A 7 o COD, 1Y 7 2R H] DR2700 R 48 2K
Fior i (HACH, E[H) . MisbZERY) (ECPs) R
PR 3 o A7 3R B 0 22 5 R 2K ) i R 3k
EML R Dl x E ARy R AT
M,
1.3 asiyistT

IR U8 T O d v, FLI A SRR B R A
0.6 mg/L /Ay, WIGH B, BRMAERY, &~
Jn PCP #ATIE M . BT ECR G, O 15 e B 60 7%
&, WAOK R His e 2 3 R AT 2B RE S,
A 0.5 mg/L ) PCP, ZJ5JLREIHMA PCP, FfA
W R B, g PRI U AR S N . — B
5, COD.ZBRFRELE 90% ity ik fb)a ii5
VARG WT- 53 R ER 43, 43 I A ZE 5 1> 3000 mL 1)
B s AT Nk . RN # H MLSS 2452 10 o/L /¢
F, VREREE Y HIFE 0.6 mg/L ey, AbHJE Y]
424 h Hoh—AN B E I AE LG B#ER, i Ah—
A S g AN IR AR R 25 R R

Ykt B o3 7 A FirBe, PCP # it A Wrde &,
W2, 4, 6,8, 10, 15, 20 mg/L, 4 PCP
LERFR B F AP, TN — BBk, £ B
B bsE sy 10, 15, 15, 6, 30, 45, 39 K,
FEAERRA B B RS P TS Ve i BAL R R E 0 2

2 #R5iTiE

2.1 MLSS 147284k,

MLSS &G T5 e v 5 i — D 245 hR . 7
HIer I, 55 1 ~ 10 X PCP ¥ &0 2 mg/L,
5511 ~25 K PCP ¥ 75 E 4 me/L, 4526 ~40 K
PCP YT 6 mg/L, 45 41 ~46 K PCP W Ji 2 75
% 8 mg/L, 4547 ~76 K PCP ¥ 5 % 10 mg/L,
5577 ~121 K PCP YEFHLE 15 me/L, 45 122 ~ 160 K

PCP e Fe 2§18 22 20 mg/Lo YL A2 i MLSS
AL OLANE 1 B o

40

—— R
—— ol

w2
(=

MLSS/g - L"!
(3%
S
T

10+

0 15 30 45 60 75 90 105120135150
i (al/d
B 1 9ifbad #d MLSS 122 {k

HE 1A LVE H, 8K PCP ¥ AT, MLSS [
% PCP R M BT, A WK RN 45 19 i ¢
o TICHERY R4 o WITRBTBL, PCPRFEAR, H XK
AYRETERIRIE RN, BBEE YL #ETT, fet
K PCP LA T S50, JFRE T fr 4 e,
B R OR, TSR E . AE YIRS B BOR
(BRI PCP #2010 mg/L) , A7 86Ky SN 4 F1 G HE By
V2R MLSS 4351 28.4 ¢/L. 18.3 ¢/L; PCP ¥k
FE 15 mg/L B, BN KN 1Y MLSS 43 51 2 32.9
g/LH118.9 o/L, iKE|E K. AWM S s i) MLSS
R W L O R BN A G R R . 32 T RE A e
PRI Yy Tl 5 B, i v A0 5 1) ) T A K
R WESRBTRACHT, ERUEYIRWINGE ; B he
W CORTE IEERAAR, HARIE TS T i A P R 7
JARSEAR, mHETeE, 2R,
PETT MLSS Jh 7 o JRmE M B 7 % v 3 1 75 U8 19
MLSS ¥4 Mm%, FZEFIEREE PCP ¥k B (1 s,
TEPETS JRARMEICEE B B 1 2LEERE T HIRPT Bt A2 /K g o
i, (EGCE YD E PEAS BT R AR, R e MILSS A5 fk i B2
No TEYME I B 5 BB (BRI PCP k22 20 mg/L) ,
PIAS SO A i MLSS 252 T RE#a Y, i PCP KL
=, SRR Z B E A AT, Uk
YIS T RN TRET R, FE MLSS F%,
2.2 {5leliREERERY 251k

T TS U A TR 1 R T Ak AR A BRI RE ),
HoRH SVIECRIRAE, Ykt #Ed SVIE R AS 1k an &l
2 iR,

HE 2 A] W, PCPREETE 15 mg/L AN, A #E
W3 S g SVI A —FLAE 45 ~55 mL/g Z W3, B
SEERN, 1HREA RIFUTREERE; 24 PCP Ik
FE EFEEI 20 mg/L B, A W8 RN a8 75 Je AT H A 5
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— AR
—— TR

80

60

SVI/mL - g

40

0 30 60 90 120 150
I ) /d
E 2 Fifbid A SVI{EM L

TFRTTREPERE . TTCRERY R IS, BIAL S5t SVI
k%) 86 mL/g, JEEB LTS, FHHH T
PRI KRS, 3 T PCP 4 25 41 8 o ) 7
SR P 10 R, Y TR B AR A Tl
W, TGIRTIREPERE 2

RASNE T LR B A AR e, 35 DR S5t b Bl
A, UIRERAATEREE 2, 2SRk .
W HIAEAERS T35 RV RE BA BAFROROR, X tEh
TR RE R ZU M B W 4, T 22 R T JL-F AS W Bf
B, i SUREE IR R S B IR RS54,
BT R A, fi MLSS ¥4, va ki Vel k. A
I, /N B P 0 RAE 3 4 LR W B T R R
kU L, RERY AT AR AT MR HE 3 TR TR
S 5 35 YR K [ R
2.3 MANZ R

HashZ B (ECPs) 1E240 T M wREA 12
AT, FEEORE TR W, B, Ry
75 LA BN T BRI ER S R R, A TR A
B, HEEHHAN IEZH (PS) FEAK (PN),
SR 25 240 B 22 AP 2 TR R P 0 L 35 8 1) 0 B
R 200 ) SR AN S A R

SIS R ECPs B H 2 M ME H R Z ME R, 4%
BBt ECPs 1 &5 i % B4 e 1 A 3w o

&1 YlLidEsh ECPs £ 8

PCP Vi EEF/mg L™ £/ mg- L

/mg- L~ A iRy Tk i T Hy
2 24.53 24.01 50.79 50. 18
4 32.36 23.19 45. 81 47.59
6 28. 44 25.61 49.12 44,02
8 31.43 22.98 50.72 40. 24
10 35.45 24.27 27.97 32.41
15 54. 16 47. 31 27.44 38. 63
20 40. 66 35.30 67.04 77.52

4 120

—— ATk
/ {100

o R
. S Iso
. .\ /
N\
- w B 60

120
0 2I0 4IO 6IO 8I0 160 1I20 1I40 1I60
IS Ta)/d
K3 ik ECPs & & M 2H 81k

Ykt b, PIAS SN AR ECPs S A 2 Se A
JEFtE AR, ERIRIEL, PCP X5 H it 7=
AR mEER, MAEYERKREZE, 2WE
ECPs Siit/b, BEYMLH T, % PCP iYL #AE
AW A B, ECPs St ETF, (HEGK X ECPs St
HORE AN AR i . A BT R B, IS JR i
BEPERERT ECPs HUAL AL R RAR K, ECPs K312
BYH S A REERADIFS 540N, Hii T3
B ORBERAFAE RS P SRR LT, PR E RE
AP BOA R], 23 R EA5 IR P . 2 1 ey
Ak, T sZ v Je oK PERE A 2 sEvERE, A
L PN/PS St 175 e ik 5 B B B IRk ) .

WE 3 fros, 7EMK PCP ¥R JE T, PN/PS J 5
AR/ T2 PCP ¥k B2 Ak T 8@ K -1, PN/PS &
W BT, ARGk BN s TS U S A e FE I s T
JCHE Ry SN A Y 5 AR ZE3E i PCP e, ECPs HiE
B, 208, = 300s e n 2 EE P AR A
27N

ABFFE AR, ECPs MK 4 55 &
AR, A B KB ) 2 FEBR R A P 2R AR g Kk M
SEMAAR I MISEKERSr E 2 2N, A =Kk
JHE AT R B A 20 R T S /K P MG 5 . B 1 B g el
TR B K PGSR, V508 i B K sl diTE
Z )RG5, RIS E , 15l s 5Ky
B, e TISIRMUIREYERE . FRILULRE, ROk R
MU T ECPs ARG, A H i 2 s & i m, 3
KIEPETS I R B KE, AR5 Y i1 ae
Bk,

S5 LS B 45 B BOA R B 2 T 2R R 8
Ko YIMCEEH, AR SN A5 FTCHE R S A H 5 e
AR IR 4 s, B4 TGRS, 576
TRy I s W15 R AR LU, A W by S I s ¥ U B o 2
ST, A P A R ) TR R

W

PN/PS
S}
ECPs /i #/mg - L™

—_
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EMT= 1000 kv Signal A = SE1 Date 4 Jun 2014
WO = &mm Photo Mo, = 1610 Time :10:38:11

Tam
Mag= 10.00KX ||

=SS — o T e RS TS

(a) Ak

(b) FCHEN
B 4 IJCHEN RN 5 Jed H e BE A

PADRAETG e N FE, TEIRES . AR A AR T
MEUMATLE S (PCP) JIMeisie, JELAA IRk
P FANE S (PO S 2 = F AR Rt =R ARy S
3.1 [F&ff PCP IR REVETE PEVS Ve Ikt FE v, 72
PCP Wk FEAR T 20 mL/g BF, V5iR¥kE (MLSS) Hl@
TR RNy, 15 IRIATRTEEL (SVI{H) IR
PRAFTE 45 ~55 ml/g, PUREMERE R AT, 10 JCHER S
frth SVIEAHXS B, DR EARTER2E
3.2 J5iMiSbEZRY) (ECPs) Gft, S ZH
FLfE (PN/PS{H) ByINE 25 R W, Bt RE % oo
ECPs 20 B, i85 1 520 Fo o] b T, 16 5 it /K
RARIE R T 5L EETERE
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Study on Physicochemical Characteristics of Micro-aerobic Magnetic Activated Sludge for PCP Degradation
ZHANG Hao' LAN Hui-xia">* SUN Yan-shuang' LAN Shan-hong® MA Ping*

(1. College of Environment and Safe Engineering, Qingdao University of Science & Technology, Qingdao, Shandong Province, 266042 ;
2. State Key Laboratory of Pulp and Paper Engineering, South China University of Technology, Guangzhou, Guangdong Province, 510640 ;
3. School of Environment and Civil Engineering, Dongguan University of Technology, Dongguan, Guangdong Province, 523808 ;

4. Shandong Zhongyan Industry Limited Liability Company, Tengzhow, Shandong Province, 277590)

( # E-mail : lanhuixia@ 163. com)

Abstract; Using anaerobic sludge as seed sludge, the MLSS, SVI and flocculation performance of the micro-aerobic magnetic activated
sludge were studied during domestication process. The activated sludge was cultured by adding PCP gradiently under the condition of magnet-
ic field and less dissolved oxygen. It was found that micro-aerobic activated sludge was in a tight state with larger flocculation and MLSS was
higher than the reactor without magnetic particle. Besides, the sludge had better settling performance with the SVI value remaining in the
45 ~55 mlL/g when PCP concentration was lower than 20 mg/L. On the contrary, the sludge was loose and SVI value was high in the reactor
without magnetic particle. The measurement results of total amount of extracellular polymeric substances (ECPs) and PN/PS, indicated that

the addition of magnetic powder greatly improved the flocculation performance of the sludge.

Keywords: PCP; micro-aerobic; activated sludge; magnetic particle; physicochemical characteristics
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BT AR BRRARIR T
) )y B B B H

W' EZOH' OHEE' AR F4E xE#M
(1. MRl SRR TR, WiTTAEM , 324000,
2. AEFELT A ROE A TR E R E I, A M, 510640)

O AUH PR ESHES AURR UK R S SRR, N T AR TR R R S RE A SRR, IR R A T
%, BRI TR e, A9 B ARSIKAE T o 0 B2 A A b e A ROR 23 28 R AR 4k, St i 1% TR
PRAGTR T4 3 BT BE: THIEELTHRETBE (1% ~4"gtir) | fE TARETBE (5" ~39"BhET) | Wl THRETBL (40" ~48%JhiT) o 4ok

FRU TR 0.22 ke/kg I, HEADRGETHRETBE . AEZ A5 R SR FA R LA W], B SRR S PR A S B A R A R
P, Bk 7ET CAART PSSR TR S ) S R R

KA AR TR, KR RHR; BUET
FESES: TST55 XERFRIRAG: A

AT R A TR — K R, % R 3 hE
AFARHLAY 3 A o8I B . RS TR
BT R 3 EEAR By ) A AR 4R B TR T &
15% ~25% 5 JEAERRIE i HUAAE I — 20K i 40neE 1
JESRTE 2 33% ~55% 5 T IR0 AR BE I 25 K
VERIBEBR 4Rk N K 2, A 4RA 3 T 2K, 4y
90% ~95% * . FHRFBEAK R LR b RHOREE SK
WY 1% , ZAWUBKE D LB, (HHE KA
Bl o AR ARHL ], T4 36 1 R 1k 24 15 2R L
STERY 60% ~70% , A2 G AL E K Y
60% , BT ALY i 3 A ARHLB 0 AR 1 40%
$i% IPST (Institute of Paper Science and Technology, &
HRESHEARBIIT) B, THRINAEREY
PP AL RERENY 61. 9% o IRtk Joit AT i it
LR, B ASE R KR, TR 2
AR A BB o

FURT, Tl AR AR B H R 2 Fhsl AR ok
HEARK TR RE P K P28 A AR . —Fhg T 23T
BFNHEHZH AR (R (1))7, S—FE
TH e Fiek &2 (X (2)) .

KL-T) (AT
Vi = (1)

o 101300 . o

ks B . 2017-04-06

NXEHS: 1000-6842(2017)03-0037-06

K, Vo, BnZERER, kg/(m’-h); KFR
BERRE, K/ (m? -h-C) 5 T, FoR B P I #47%
TRIMIREE, °C s T, FoRAUKIREE , C s r R LK1
FEE, kI/kg; K, FRom AR RMAER R, K, =
0.0229 +0.174v, v TrRZE XK FEN S KA, m/s;
Py FRZERIAE PR AZEV U, Pay Py FoRIMAS
SIKZEITE, Pay P RIRINFRAE, Pa,

Vi =hu(po =p.) (2)

L, Vo ERRFEREFE, kg/(m’-s); h, %
ETRREL, m/s; p, Fom 400K F MK 78 TE
ke/m*; p, FRTEPIKFEERE, kg/m’,

25 AW T AL AR TAH BARA 520 LA K
VB T 18 B L B R s i S [, Al TR, A
B Tk — S KRB AT, (H R — 2
WA, HASE R AR, Fick /R TP BA R
AER L R SR A RAR 1Y, X B SR AN S PR 7 i 7
UKk S s SRR . B, S — MR R
SRR AR TR TR K I3 28 AR ) 1 AR
i AR TAE# BRI

MfEe Bk, EEMA AR B,
NGRTR T J o FR A B A BT L L e, M T
CIFZET ENERARIK R MK 3 7R R B ) AR, SR
TAZBIRIR LK T R R S R A R, Jf:

EBIA: BRBENS, 55, 1988 4FAz; PRIl TN FHEK LG R B 5 R R 5E
E-mail: xbchen24264@ 163. com
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K PR 73 B D5 AU AR ok T ot A 1) s B A2 A LA
KoKy 7&K EAR B, “ R PRI 7 [ Y
#ZK Ludwig Prandtl F 1904 4F2 4100, EEHTUIR
IS AR FEAR /N R AR R TR BT SEiR i sh
R FE R AL BT, SR T R, TE
SRS 60°C | AAXHEIE 60% | HLEL 47 1.8 m &
T, AHLAE M HE KT 304. 57 m/min B (IR
KB B B AR ), 405K 210 B 3T 3 3 8Ok F 107,
AT FARAS, IEfFE CAZET BRI TE .

1 fRTHREE

1799 4E, P:E A Louis Rrobert & B T 3% Z: 45 4CH1
Ja, (HEE] 1816 FELAPAMIA BB A BEED, T T
BT SR TSN . RBELE, W
BT — TR T, 4 OptiDry T4 T2, HiDry-
er THET 2, Yankee T T2, AN L. iy
TR L5, HER T AR Yankee T T2+
PR WRATECR il TR LA T T A TR, B
HIAT PR 5 2 1) T T A AR G i 2 LT T8
T2 TR ZE T, 40KA 2 =L (WE
1), Bixpmi T4 (AB Bo) Fi4Zfm T4 (BC B), T
MRIX K Ly M Ly AlEIE S (3) 858,

LZ 172
MB=(i+L§—Dﬂ
arotan 1 + arctan & (3)
LBC - 11-D 1 arctan 2L2 arctan D
- 180°

AP, LB PR, m; Ly Rontk
fil PR E, my D FORMGIEAR, m; L, FR[A
HEAHRB P BEGEL APOACH IR, my L, 3R B R BIHEAE
GLAPOTEERE, m,

K1 Z PG TR 2T HE Al 4548

BT A SRR TR, BRI
T o R TRIE AN IR TR, AR IO

TR o BT AN MR I 2 i AR BE R0 A A
B2 PR, 28 AReK A A AT, 253 11 PR 3 1) ¥
o> T2 B, HAE RS m 2L DLy IR R A g
W, BIOMKRAET o HERFE TR AR R AL E R A
ZRFRIHSRKAINRE, WAKMRE 2L, 2k
RAERRERE, WK TARL PR MR,
WLIUAE JE) B PR S5 A% 25 2 B RE B OR A ST 7 4 floh T
X, w2 (a) Frow, ok HA - HBZE K,
FhFERYRER 1 2 TR A,  HEL AL 45 4R K A B R ¢l
AR ARk R 5 25 RUZ Z B AR AL A ¢ o TERTIR
THRIX, AR SHLGLE A, 1A 2 A Bk,
AE L PR AP TE UK R ARG 2 115 25 U2 =2 [R]R  A AK
T s AUEIE N T HW9PE B B N RE, A5 405K IR
FEAG o

é L:L q ;onv q ;vap é L:\ q ;onv q ;vap
,__;Zi___y/{_j )
GiT1e Taas TS

A
e | 2y = o N _\_-___ JI
PEHL 2 , ,
9 conv q evap

(a) HEfuh 45 (b) A5
B2 ZAS AR T

2 HEREKSERDNNFRENES

TEARIR TR P2 B vh, 4RK AN 28 SUAFTE AR N
iEgly, BB X B SRR A, T
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Kinetic Model and Numerical Simulation of Paper Drying Process Base on Boundary Layer Theory
CHEN Xiao-bin""*  DONG Yun-yuan' ZHENG Qi-fu' YU Jian-gang' LI Ji-geng® LIU Huan-bin®
(1. College of Chemical and Material Engineering, Quzhou University, Quzhou, Zhejiang Province , 324000 ;
2. State Key Lab of Pulp and Paper Engineering, South China University of Technology, Guangzhou, Guangdong Province, 510640)
( * E-mail; xbchen24264@ 163. com)

Abstract: A kinetic model of water evaporation on the surface of paper was derived based on the boundary layer theory in the current study.
In addition, the mass and energy balance model was established for paper drying process. Using numerical analysis method, a paper drying
process of corrugated paper machine was simulated, and the paper temperature, paper moisture, and the drying rate during paper drying
process were calculated, three stages during paper drying process were analyzed quantitatively; the temperature-rising drying stage (1% ~4*
cylinder) , the drying at constant rate (5% ~39" cylinder) and decelerating drying stage (40% ~48" cylinder). When paper moisture dropped
to 0.22 kg/kg, the paper entered into the decelerating drying stage.

Keywords: paper drying; evaporation rate; numerical simulation
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A Study on the Mechanism of Supply-side Structural Reform for China’s Paper Industry
ZHANG Zhi-guang'>* WU Lin'?
(1. College of Economics and Management, Nanjing Forestry University, Nanjing, Jiangsu Province, 210037
2. System Engineering Institute for Environment and Development, Nanjing Forestry University, Nanjing, Jiangsu Province, 210037)
( * E-mail ; zzg@ njfu. com. cn)

Abstract: There exist serious problems of over capacity and environmental marginal effect in China’s paper industry, it is necessary to study
the mechanism and measures of supply-side structural reform for paper industry under the background of ecological civilization. Based on the
analysis of the present situation, the trend and the effect of the imbalance between supply and demand, the influence factors and causes of
imbalance between supply and demand in China’s paper industry were analyzed from the supply side emphatically. A mechanism model con-
taining 2 dimensions and 4 cycles for regulating supply and demand oriented to green papermaking was established based on the combination
of supply-demand theory and systematic self-organization theory. Under the theoretical guidance of the mechanism model, some measures of
supply-side structural reform were proposed on two aspects of governmental macroeconomic regulation and enterprise management respectively.

Keywords: supply-side structural reform; paper industry; ecological civilization; self-organization theory
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Measured Value Compensation of Mechanical Consistency Sensor Used for Pulp Based on

Double Atom Library Sparse Decomposition

ZHOU Qiang'

WANG Ya-bo'*

WANG Ying2

WU Yi'

(1. Institute of Elecirical and Information Engineering, Shaanxi University of Science & Teacnology, Xi’an, Shaanxi Province, 710021

2. Material Science and Engineering Institute, Shaanxi University of Science & Technology, Xi’an, Shaanxi Province, 710021 )
( * E-mail; 1123594885@ qq. com)

Abstract: To solve the problem of low measuring precision in the mechanical consistency sensor widely used for pulp at present, by studying

the pulp fiber structure and mechanical consistency sensor measuring principle, reasons of effecting the sensors measurement precision were

found. First, the noise signal was difficult to filter out from the measurement signal of the pulp consistency. Second, the pulp flow velocity

had a great effect on the pulp consistency measurement. Based on the study of noise signal and its nature and the establishment of consistency

sensor measurement model , sparse decomposition was used to eliminate all kinds of noise from the pulp consistency signal. At the same time,

consistency sensor measurement model was used to compensate the effect of pulp flow rate on the measured consistency value. Experiment re-

sults showed that this method could significantly improve the pulp consistency measuring accuracy.

Keywords: pulp consistency measuring accuracy; noise signal; sparse decomposition; flow velocity compensation
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Design and Optimization of Synergic Control System for Energy Consumption of High Strength
Fluting Paper Machine Dryer Section
TANG Wei'>*  SUN Zhen-yu>® CHI Dong-ming””’ FENG Xiao-hui'”’
(1. College of Electrical and Information Engineering, Shaanxt University of Science & Technology, Xi’an, Shaanxi Province, 710021 ;
2. College of Bioresources Chemical and Materials Engineering, Shaanxi University of Science & Technology, Xi'an,
Shaanxi Province, 710021 ; 3. Industrial Automation Institute, Shaanxi University of Science & Technology,

Xi’an, Shaanxi Province, 710021)

(' * E-mail ; wtang906@ 163. com)
Abstract: Energy consumption reduction is becoming focus in papermaking industry. To further reduce energy consumption and increase en-
ergy efficiency of paper machine dryer section, the synergic control for energy consumption was put forward. The energy consumptions of
steam condensate thermal system and hood ventilation thermal system were considered together to recycle the secondary thermal energy. A
DCS control system for energy consumption of high strength fluting paper machine was designed. This system integrated above-mentioned sys-
tems, not only reduced the energy consumption of paper machine dryer section but also laid a foundation for achieving overall optimization of
dryer section. This control system has been used in many high strength fluting paper machines and had a better energy-saving effect. To
achieve overall optimization of dryer section, the data-driven optimization control framework was designed. The large amount of operation data
was used to update the model and established the optimal control strategy database. Thus the optimization control strategy which matched cur-
rent process conditions best could be found quickly, and energy consumption reduction was realized.
Keywords: steam condensate thermal system; hood ventilation thermal system; cooperation control for energy consumption; DCS control sys-

tem; data-driven

(FrAE 2 4% . 3| R e )



TR # K F R
64 Transactions of China Pulp and Paper Vol. 32, No.3, 2017

>PIBIBIBDY
A

>
8
f-'}'E
<<

HESERITL ARSI R BRHE R

BEm ¥ W B K BMAW K R
(P Tl T A, JEst, 100012)

W OE: BT TR E AT AR AR A R SRS O . AT & TR AR RN E A S b HE R, T T BB B IR E i AR
A AR BLAR L TG PR ) . R R RER , LATR S8 BT REHY A AR RUCHOR T R A SE B D HE Y B RR AR . SRR
B, R E AL AR BRI S AR B, (R B AT O AR AR 42 [ MRk 3C 5 T 5 i g o, 3% ) i A0 A ol [ B T I AR R A L
B, X REEAM LR T RE A, SCBE AT TRk R,

ES 4 R G 3 e P S

FESES: TS7 XERFRIRAG: A NXEHS: 1000-6842(2017)03-0064-06

forh [ AR A, 2015 AEFREACRIAUIE  HEROR 27. 6 12 1, AR R HERCR: 47.8 T7 t, AR
FREE 10710 J7 t, 4 2EE 10352 5t AR AN g R 1.6 U7 ¢,
R R R0, R Ok 4 B AT Tl A I 25 [ 5 % PR ) S 1 25 TR, 1T R RE RIS
W5 K, 2006—2015 45, FkEACRMACHE  FeudeHl A 3 [ i 4047 b E— 2 e 7 1A I 4 )
PRI 5. T1% , R RAEIEK 5.13% . ¥ A, HET, EEIATIVIELTERE . MR
MAFRIEC, P AN Bl iR srbrife, g B, W AR AR R S RORT Y SR, IR AT K AL
KR RIS 517 5%, i HE 18.52% , /NRgEgth B REERITIL, AREE N TTIA AL
2596 3¢, THL 81 52% . 2015 FREEATHL 1 gmusas7 wmms EROBEHER
MG LI 1

SRR MR, Tl AEEARS TS OeF L1 RERAUDLB A K AR
TAVAT LY k5 A TR B ARIE 4 o) (46 A% A A 5 = M55 LA AR i 240 2 1 1% 2
L ST ) b, JR Y AT T Tk TR Xt 2 5 HERSE 55 Wik HE RS 2 B 1 iR 2= SR HE
BRI AR A 3 HES G 287 5. s Tk ks e RO RS ML HE RS 45 AL B AT
Gl 2 b T R R FE 1 T A ] A 1) A T 4 S R A T

7 Re
2000

KA /NRIEAR) 4577 5K M. 2011—2014

FE, R R HE kS 2000 ]
T, T ESATRIKEE T a0l
BEAT % AT — 4 52 ™ A, S 00
2014 4 F¢ [ HIK B 48 T REURI 22 5 & 1000]
4040.56 Ji t AR AESE, Fb 2010 4E R % §ww

£ 600}

5%, 52014 4 TAVREVE B FE R 1Y
1.5% ", SR EAR (4 EFES 400y
FRARY (2014) 1 2014 4E, FKIH 200

0

TEACAATH] i Al 4664 5, Horh g il RSP SR S SO S SR S N SR B B B B
SR (80) 3 4G P T 20 4l 3642 FFFITFFTFIFFTF SO HTEE
R, WAEEAKRINGE 3648 £, ik T 2015 AR EIEAG™ bt B ]

Wi HEY: 2017-01-22
fEdfeife: EPEHT, %, 1983 42 TR ERBRIO A R VORI L) Al SRR HA S

E-mail ; estell@ 126. com



GEE L EY

e el 3 AR TP B HE T BUIR Sl i 2 65

s, P PRS2 A e PO AR S  Be mT 8 P 4 A ik
I BRI HE e 2 R T b — 4 B S PR Rl HE AT A
1, PR RUE 2 55 o X AT [ 5 4R Al i i HE
TR AT VR AR A AT, 2 SR 3R A
Hgte.

2015 4R 7 A, (EZERBEREZRIAITRTEL
S = 10 Tk ARl & AR T A S R R
(f7) M) (kg e [2015] 1722 %)
WA T o AR AR o A Al 3 A HE O 5
kS aEE GRS (IR 7).,
FFFZAE Ha A D i 3 B AR Al i & ARG 9
SIrk. HAT, EERBEMKEEREAZCEHARE
AT T 3 AL 24 AT B A% Rk SR 1T
24 ML AER K AR (CO,) AR, B4 6
Ml (R giirl) W & 17 H % (CH,)
R

R RE R ZOR 3 4T B A% A FE A
B33 B AL AT REMIR S 1 — SRR HE R . I A H
I s ke ) — SRR HE ORI AR P R v £ R A 73 i
BRI SRR, b7 B2 R 4R Ak R K
PRAAE B R b= A R e HER . AT Y [l e sk
Bl T2 el FERRIZ AT T P 2R BBk
HER i IR 2 (AT R o i ) e HE AR
L2 FRFEE ATl B IHE T R

i S T S5 U RE | 7 LNIE A ES e R Y7/ ) €Y
M 2010 4E %] 2015 = [T 17% . 2012 4£ 5 H 20
H, EZEKREMSRCEZ R 2R COSTH RN H b
My BEARBRAT 3 520t 7 S Al ) B ER, A T
AT BRI R AR R ARERA T Bl Al 4% F T
AEFE bR, Horp b R 4t 4ol 500 58, A% HR i
ACAPATRE R AR 531 J7 tARIERE,
AR L BRI HE 106.2 T3 t,

A EBUS ) AR £ 11 514 (Intergovernmen-
tal Panel on Climate Change, IPCC) &4 BfRHER T
Sragm DA ST E A R AR IR A, AT AT
SRR BRI R, 3R 1 s 4560 KBUR
HEWT, RSk 5 A, FREE QU HE ik E R D
ST BARIFE, WU S B R HE R 2y 1343
it

2 ZKE®RXZSTHAR

2.1 FRERA S Yk e

W AE Ty s A it 4 R 2 SR, I 4k —
SAALBHECRE TR IR T S pL . TPCC 1992 4E 5
9 Hilad 17 (A AU HESR A 29)  (United
Nations Framework Convention on Climate Change, UN-
FCCC) ., 1997 4£ 12 H, HAZHEEEL T (A%) W
SRR, B CatERBSOEAS) (AR CBOE
H5)) o CBGEA) PRI itk — 4 A mr A
FR A AR R FT R AS , BIHE AR
FAE R —Fh RS i, AT B T — A B R A 9 52
b, TRIFRBRAE S o

CBUEAS) SEdsr 1 3 Fp R TGRS, RIEE
JB847 (Joint Implementation, f&RiFR “JI”, %5 6 £%) .
IS K JEHLH] ( Clean Development Mechanism, faj FR
“CDM”, %512 4&) MHEKX % (Emissions Trading,
fApR “ET”, 2517 5%) . HA CDM 2 &3k HZ Mk
Jeh E K Z ML G, RBEEHE. KRR XU
Bl

5 oy W) 2 L HE I H A i IR A AR
EHT . MR G WA, Bk 3E 5 o AL T A
IS o BT I H 1958 5 2 e FETRCBY A S
R CEEERS ST AL, T SR

F1 BRI RS

2016 4E 11 4 H, (E&RPE) e APICREC CORRCGRAC| o BRRGREC CO, HEIR
RS R, BEBA T (“+=H /kgGJ ! /kg-kg™! /kg+GJ ! /kgkg ™!
BB E AR TR E) (LR MR 25.8 2.53 KRR 211 2.98
fifR “HR"), URFsm <= il 20.0 2.76 Wt 172 1.75
AR KR JE B AR, RS, B T 18.9 2.26 RIA 15.3 2.09
2020 4F, PRI AT A A ke 19.6 19.6 WAL RIKR 17.5 2. 66
HEMCRE L 2015 4R R FE 18% ', BRHE sy 2.2 261 lwy _  CRTRARTEN
MR B . W, <= A
O, ARSI RES RS A 30.0° a2 |ew s SEEIRECUE

T T IR REE AR
AT T B R . AP
. my, B ULRHABRE . MRS

T a WWRBHE GEACMAtH 5 A = b iR S R Bk SR s e G47))
Hg CO, HERL RS0, 11 v/ GI k15 ;
B Al PR R R BN A B HECR B, ¥ SO TR 5 11 50% B 35(E 5

b B HE AR FOHR A v 1 DX ) AN R T AS [R]



66 e Pl 5 401 7P BRI S il i A

32 A3

JCEE BRAE T 43 BE Y R R FR bR BCVE AT, B R
WU EE, L ERAE A — E R, R
8 RENHE, TR AT BIHE SOOI, Al BRI
AR BIBRECAR , 45 & 1B P AFN S PRfcHF R 2
V6] FR) 22 (LA AR lHE 7 A A B O A, 7T LAAE DAy i
TERRSE 5y T 35 B AT 28 S, Al AT H O R A5 Wtk v
e

ETIHHE ML SR EEESERT B,
i CDM F B9 A&ZE i HE & ( Certified Emission Reduc-
tion, CERs) Je—MFEHRAUNA S T, 2l sk
PR BRHR O A 1 25 5 B ORI, Rl 38 5 T SK ik
WCHEIT H A AZ U R S8 RIS HE L 55 o A%
Sl IS CDM IUH T &, 4 3H s HE B 7
HAMNBERSE, KA RNAZIES, 728 7Emk
Lo A5 CERs,

RHEW KA HHman 12 A~ REN B, L
CRERE 1Y A5 5 CDM 15 B - & 0% 38 78 3
FE MR TT g . 3 [ A 2005 42255 — > CDM 3t H 7&
UNFCCC Pl i3 Wk i 2y 31 2016 4%, A 3807 4>
CDM 15 H AR M. 2013 4R )5, T2 3KE — Kk
Lo i —— AR SE Hy T r 2k, H 2t
AR IR A5 EARR BUR BE IR — B L, &
45314 & 1) CDM It H 0 K@i sb . B 7E 2013
RGN Z R E ARG CDM I H jdiHE R, X (538
[ CDM B 32 5) T B A 5

011411 H, ERKEMBEFEZRRSTRT (6
T RBRHE S Zy ik s TAE @ ), At ntmi,
RE . B, ERAT. #ALE . TRE . R

*x2

TAE I REIRARBEL 51l . 2012 486 J], EZEK K
JRAMUFZE U as Bl (b2 0 B TR A2 5 8 3
PATINE) . B T EE BB S L, S
EZUEfE+ ( Chinese Certified Emission Reduction,
CCERs) 224, FEFFHRIREEE NS5 115
oLl
2.2 7 AN T RS S BARFNE 2928 5 Bl

AR R S 2 2 R, 7 MR
TG A7 G H SR R R BRSE 5 8 BRI, XA
A TS 5 B BT W20 BRI o B A A
HRAEH TR RLE o 25l R A T 2015 48 B2 ik
OSBRI ARE . 4 B B AV A Tl R
2 Rl

HoAr, o5 o5 A 2 A B 5
CCERs J8#F 32 5 2 M. 21 B R UE #2250 4R
FERHERT LN TAZE BRICAT , A H BB TC AT LA
TERRSE 5 T35 128 5 LIARAGAH N ) Bk psiAF I A o 24k
HIERCE 5 5 A7 1) 4 B2 ik HlE 50 o B A 1 A% 1 Tk T A
I, 5 E AT b SK 5 o0 A A Bk O A B S
#11) CCERs k58 UB 2. FIWGSEAH Y 5 1 CCERs >k
TMEA R SR, WAk CCERs 4RI, Al mia i
FLRBBRBLAR ML . CCERs fIRI SR U036 3 FiR o

HAMEZ AN, Al H] CCERs 347 HETH ik HF
Y BB AR R EESR , IF BT IT & i [ B
ARSI H M A 2% B ARRA . DALt o], sk
JHRAE A5 BT B 24 B W) 3K ) B HF R FC &R, B CCERs
HATHIE W ER S 5 e A5t 5%, X 5%
B AN EH O 50% HAG e PR . FEHIX

FiX R AT 2015 £ 5 AN

V=R BN ATRHERCE 2 AL R

(EEEL DR i it

TR B SRR 2 MR T L Tt (F) 1

AL g

LB 2 T (R
PRE bt

WL 20002014 HFAEE—FLEA REFGRIL 6 J7 t PRIEER) H07

KHETH 2009 4FLORAE A (LB HEcR I 2 J7 ¢ 9L

REVRIFAEH: 1 07 tARIERE)

BN

R

Toll: 2010—2011 4R T —4F — AL HE Bk 2 7« DA 1
CELAE ELEHE B R W BA6; AR Tl 2010—2011 4F
[T —AF SRR S 1T 0 () AR

AR AR T 3000 ¢ SRS RUR T 1 7 m® (9 80 5
B T2 3 45 0 1T A 200 AT HIk I ) 5 34 ) ol I e B
5 BRI RE B FEARRHE RS

2008—2012 4R [T —4F B A ALBRHRF A T 2 U7 ¢ A

430 W7, #07, kPg. Al Hf Tl BIRS
186 R Mk, Atk ki
167 M7, BBk, kP8, ALTAE 12 AT
109 WP, L, B BOr. e, USRS E A
HEACAT L B A S 450k
W AT, By, AL B 0. g, W
180
=4
B B L LR 26 Mk
578 YAEIS e
AR (IETERRMRAERE)
254 MR . BRG4 . A, BEk. KB, WERSE




3K E3W o i 4RAT MV AR HER B Sod & 12 67
Fz3 2015 £E T MR B A CCERs #EHE R
WAETH CCERs AT Ho i)/ % RN E AL
o S M CCERs it 50% 5 Pk, BOHBIX; -3k ALY . 2RLI . S TA . ARSIk
- SR Bk I 5 AR AR AT R XA R B s B s 1 9T
it 5 TCHBI IR 5 ok 11 AR T3 Al R 9 P P 1 [ R AZEE 1 B
o o TR, PR sr . . FHLIK; AR R AR S 5 A T B H R Bk ST L P
E B I A A T A BB O T 5 150k B — U R, EL/K 3T H R4
RO AN R HEITE AN 2 X B 5 7T T2 B R B VR oR 1 A P VB SR ) 5
N 0 I . AT . Y ST B SR £ R B AT DA B A T A B R A B X
B A VR BN A (B MK 5 T A AR VR RLET RE VR K R Rl . K BHAE R L . BisE
e LRI 35 5 T 9 B 045 05 X
R " 70% Db oA B F 7 5 BRHE RO s A 1 HCHE R S BB 9 7 2B 1 CCERs AR ] G A4
- T HE T 2 oL P R HE A
H T SR T RIS A ELA T A (4% CCERs I FIMRAEF 5 T 1) BRERE
WL 10 FIMCHE s 514 04 2000 H AT 100% FHFHGIHY, K& R TARGTAS (2013451 /1 1 H—2015 4 5
A 31 H) 35 H I 60% A F T
KT 8 (2015 4EH) kIR E ; TCHIBRER G ; 2010 4E 12 H 31 HERAGEAT; BRI E A2 B

T34, Aeat T A HE R BRI H 3 2l s
T E ST KT H AR AR A 2R, ARk A S Rk
. awdbie . FAWAE . ASEAE AT H KoK
HLIH 5 AR B AR AT B0 X P H SRR s s 2
V7 [ Bt H o
2.3 FREEE S TR

#2015 410 ANE, 7 PMalAA kit 2000 £
AN N AR S 1, RIHRECEIA T2
Gyt ffiad 4600 7 v, BRIFRACH At 13 /27T, 2015
9 H, BERE U E ) E bRl SR, KT
2017 SFJH Bh B m WA B AT A, HE4UR
A 04 8 T LA B 4 E PR HECE 5 T o
e EPEAE 7 i A T 47, 2016 412 H 16 H,
V)28 5 T T R 4 [ e Tl S e e (li#R)
HUOAB G2 AT, )AL 3R A A A
BRI EE Dy, By 4 4~ H R #ik 75
Tt BREAESEI, 2016 4212 A 22 H, Ak
HEANAE Ty I A TR W AN S Ty 0o 2847 o AR
B Gy i ). Afe. e, @&p. W
BROAE, AR, . BRSS9 Mk, X2 AME
KB g a3, RIRERS S TS
BT TR

3 HEEKITILHBRAREE

BRHE O 2 B DA T el R 29, vl e B
PARTZ . BSOS . s BRI > — A ARk 7™
At ] DATEAN R U S8 R A1 s P a0 1o W S

T2 & i g i] 4 5 B ik C 49 8, CCERs ke 52 B ik HE
1555 . BIEFECRUB A BRI, & 0] LI B B 1R
EIHAFER AR P RECR, MEEE THEY, &
ST SRR O A CCERs 28 4% 5 W HE R 7™ s oK
2. Pk, SR shukHk s Al SE U HE B 2491
ik,
3.1 AT REHERT RO
3011 JRAUHIREAR

I P AR AN ASURT D i R R o T fe i ke ]
T ELA AT DARRAIRAE P2 A . T2 AR S (A A i il 3
B, AP BRI, 35 ULy A R AR O AR
W25 P AR s AR R BRI 6 R, R4S e PR
BRI A, TRtz 8. 2015 48, P 4R
PEFHR 2752 7 ¢, TR 0.07 U7t [ 4G
AR P 10071 J7 ¢, T PRAR IRy 5391.2 J5
JREAR ISR AR AR o 12 5 R 4 ] e 3 3 s AR A 7ol 7
REMHER 7 LT
3.1.2 AR A AR EOR

HIAK AR TR R R L B R TR
TS AR R, Al R ESCR AR
XA PR EAT EIR T . W I A E AR A
PR TEREOR | BUAHLCK B REE T AR | (Al BkzE
BWHERGE I F A | ZRHL T8 R S AR R AR
FRE S B R ARSET
3.1.3  eitmmkinllicge AR

e A 3 T A B R A RO v B i
AU AT HE— DA B, Yk /D15 e HEl R, 8 nT



68 e Pl 5 401 7P BRI S il i A

32 A3

DA AR 7= 3o R (o P A, DT 5 24 1 B BT 5 1 i
U8, BRARAET A . (HI, 2 T2 Anme mlii R g5t
B RIS Y S AR, Al R B AR A B Y S PR
B, RS GBI RS, FEE R EOeE
3.1.4 kiR ER

Hk ORI (EREBUEN) ZETET% ~
15% [y 4500 T X AR T 2835 . BEAE . VRV . T
e IEEAETIREE . kIR R RS T AR
WD T A LB RIS, RORFRIK T/KFE . HIAE
FRHE R, BRAR T AR IS AE R, IR RIS T X
B T5 YRt
315 BT EAR

il 2% 3 AR 77 i R P T B P IRE R L BE, [
IR 2577 AR R R VRN, AN i LA ISR H 258
BB e o FE IR ORI AR [T A b, ik e
A EE, DR AT AR, AR B ZE R AT
TR, HIL, HlRELRMS R A TR, BF
AT AR . FRER Z 2R S ARl DA S it
300 7 A 2 1) 2 FH P ) g i, A0 ST 0 0 s A
REVERFRAG, X el AR SR T IR I ™, AT LA
SCLREURAY “BEGORIT, PR REUR A, R
A REIRIR D VS Y R
3.2 JFJRARE IR PR R Al HE U BA R ik

20124F 11 H 28 H, AR ERENEZ. HEKIA
W RATT T INssm Z 4 b e e 48 Bk R dtix
TAEREAY, JEAERE] TR K, TR
BEAHAS (AR AR ZR) (GB/T 23331—
2012) SR Ak BEVR A PR A, Ak N A B
B REE AR AL S BUORPRE, TSR ASeHE T e
BB SHEA, SEReEA A S RS, EE TR
SCAEEE R R AT BB FRALE], R B TAERRS R
. WREE PR IL . REUR A RS R

T e U5 A A R @B T T RE R . S
TR WREHAMEEINT . AR E
BRI PR R, RRUSNG AT AR R A BT B T
G 1/T, BB RATRE TAERRE st . REVRTHFE
FRELREAR. REURRCRIFLAR S 0 RYEDLH] . Al FEfE
TR A KA RN, e Bl T 23z i Rtk ,
KM T IR KR SE R R, BRI
JEHSEIL T ikt S kgs, A TP ERE S A
R4 AR S48 s A4 A 25 SR AR A 5 Hh I 67
BRI ER

TEARA T A A 8 T 451 s B Y5 T AR Y S AT
REVR BB INE ., fud—Bntmlfgseik, &E

T 2014 4ERA T CRETEAE BRAA 2R 9 3 40 Al Gk
Z5K)  (RB/T 118—2014) o JFREREM A R BL. ot
FREIRH TS, RSBl R AR A T B,
AR T EBET . BRI SRR A MG — .

1SO 14064:2006 i 5 AR UEE — 1> 3 #7324
B IE, e s — B R = AT S A g e v
HMERLE T 1 Fr b S AR 0l 3 AU BT A A A
B AR AT AT o R E A T ik
KA UERHE R RE, DI TR 1 o SRR
I T7 AL S BRATA b T7 ERAHIR] o Aillad e A L 1 Bk
HERCE PR R e, T RABEE A S RHECS 00, 1248
BHERICTES 1, AT 4 oy RE DR T 35 3¢, BRI 3R 58 1
A, BALREFERIIES . MABARE S 1Y, #
SRR HE R HEA TS 5, LA AR B S P Ak A
CoRE” GEATUE, HRAR N6 Al [ PR A T T
M AAT WA e HE AN B A% A AT, TR aRHE
TR B AR R B W AL 2L

4 HRIE

e 3 AR AT b A R SR T 2 58 ) B R AT 55 AR
B, HHEATTLSS S AR HERERSS S
Gyttadsr, AR B Y REDHE AR AT 55 A ik — 25 40
e, T E AR A 1 AR S5 Lz sk, i
ARACRIE S, FERRIBHE T A7 e A o ol o T2
& REIRR IR | TS R R 3 ), R
2R A b g i A LA R P T

& £ x #

(1] whEEARY 2. PEEAUTIE 2014 FEERE [R]. dba: hE
A4, 2014.

(2] EARIAEES B I A% A+ 2 kiR
JETFEREAT 55 4R 1T 58 0 (2016-02-19) [2016-12-13 ]. http://www.
scio. gov. cn/xwibh/xwhfbh/wqfbh/33978/34172/2y34176/Docu-
ment/1468938/1468938. htm. .

(3] HERZEIREESE . P EEHSE 4L (2015) [R]. JLat:
frEgEH R, 2015,

(4] EZRIHFLEE. EEFRFLHIAMR 2014 4F) [R]. Joat: ERFHR
#h, 2015.

[5] BEREKBEEERIVAIT. EACHACH] 5 AE 4l iR 2= S A HE T
BT SHETR M (RX47) [R]. dbat: EREREMBOER e
VAT, 2015.

(6] 55 Be. =T $& ik % A TAE 77 % [ EB/OL].
[2016-12-13 ]. http://zwdt. ndrc. gov. en/fwdt/fwdttzgg/201611/
20161107_825814. himl/2016-11-7.

[7] Intergovernmental Panel on Climate Change(IPCC). Greenhouse gas
inventory book—1996 IPCC guidelines for national greenhouse gas in-
ventories| R]. Geneva, Switzerland: IPCC, 1996.



B32% A3 e el 3 AR TP B HE T BUIR Sl i 2 69

(8] FWMI, BX%. TEBHBICL 7555 [M]. dbat: e Tk 201607/120160701_61933. shtml.
At , 2016. [13] Rl REMSEZ Rs. KT RS S A
(91 deniiiREMpiZE 5t 2x. Ut R BRI Z L s KT A i PO PP A 4% R (2016 R ) 11938 31 (I R ek 31 ¢ (201619
T 285 2015 47 B B & HEBCRA 4% B0 0 0 (3R ek 2) [R]. [2016-12-15]. hitp://www. shdrc. gov. cn/xxgk/
(2016)393 5 ) [R]. [2016-12-15]. http://www. bjpc. gov. cn/ exxxgk/23051. htm.
zwxx/ tztg/201603/t10032349. html. [14] VYT REMBEZ RS WY R EMREZR B 2T IR
[10] rﬁ%ﬁﬁﬁﬂlﬂﬁlﬁﬁéi/*\ IR R W 22 % T UAT 2015 2016 AR BB HE RO SE 2 TAE @A [R]. (20169-19) [2016-
AP BE A BRHE A SR A5 A% A R 5007 S0 29 A0 56 AR i3 12-15]. http://www. cerx. en/jystongzhi/4496. htm.
(R < Mo ph (2016 1664 5 ) [R]. [2016-12-15]. http:// [15] WKW RS RHER G 2. KT T8 2015 AFRRRHEACE Fl kAR
210. 76. 72. 13 9000/ pub/ gdsfgw2014/zwgk/ tzge/ 2xtz/201602/ (PR @A [ R]. (2016-10-11) [2016-12-15]. http://
20160218 _348297. html. www. cqdpe. gov. en/article-1-23453. aspx.
[11] WHeE RIEMRER R, BREERTE R (AL 2015 4F [16] Fkib. 2014 FEERRA0IR MR [T]. AR, 2015(19)
BB RC AT 43 L 77 46 (938 0 ([ 20151708 5) [R]. [2016- 18 -27.
12-15 ]. http://www. hbfgw. gov. cn/xw/tzgg _ 3465/ gg/tpwj/ [17] H 3, KR =, BUAR. AT =" WL FIUAEAR
201511/120151125_91461. shiml. [M]. JbET: fh2e Dol R, 2015.
[12]  KEWREMRER G2 RS T R i HE AL [18] & ¥, R = @ELTREMARBORTER[M]. LT b
o A AR 2015 4F BERR HE B 2906 DL A 5 [ R oll s feat:, 2010.

(2016-7-1) [2016-12-15]. hitp://www. tjdpc. gov. cn/dtzx/tzgg/

Present Situation and Reduction Approach of Carbon Emission of China’s Paper Industry

LYU Ze-yu® JIANG Bin SUN Hui LYU Zhu-ming CHEN Chen
( China Cleaner Production Center of Light Industry, Beijing, 100012)
( * E-mail ; estell@ 126. com)
Abstract: Through the analysis of the current production, consumption situation and development of paper industry, as well as energy effi-
ciency policies of China, the present situation of carbon emission reduction, the challenge and pressure faced and future development require-
ment of China’s papermaking enterprises were discussed, in order to seek the method to achieve high energy efficiency and fulfill the carbon
emission requirement. The study showed that the carbon emission reduction of China’s papermaking enterprises was a formidable task in the
future, however a further deepening the reform and the establishment of national carbon trading market, paper industry would have great op-
portunities. All of these pressures would promote the sustainable development of paper industry.

Keywords: papermaking; carbon emission; carbon trading
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