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JeRERE AL, AT LUK B X IR s g, BAT
I 4 102 FH i 5

TERTA A AR R R DATRIRET 4 il
ML RRIIE H 45O %5 RIRET Ylad W AL iE AT
LPYE . RREFYE. REFYESE . XECRIRA YT W T
SEAAPRHRIGSE, HLANRRET AR am R SR | A4 4Ny
SRIRELAE T TR, DLRIREF Y Ry SER Ak 6 2 A
BB R IR R SRS 1

1 RAFHILES SERERR

1.1 RREF4EREE

RAIRNE Y EF 2t T 2253 J AR ST AE P 25 4 T A AR T
LT 2 . R L AEFEA | M AT LT 4E
EAR AT HE LIRRET 2 5 17 s S B bR
AR REAREARL R Sath , (0 FH R SRET AR b b 1 52
HEMEL BOE GBI T HH AR, 5.
BE2f . YRR AUt Ag 2 T vz e A Y

e, MR 4 5 R FLR (polylactic acid,
PLA) &4, SRJG R 3D FTERE AR % A9 i &
HRRL U XA SR A IE A 12 3D ATEN T 245
AR AR, R RS AR 42
THEE . SR . RR MRS MR RE Y5
M ¥, SRS RN, TERRE TN A T S IRRET 4 4y
SV FEAS SR AR T T 51.5% 1 52.9%. 1EAS
B2 0SB MRRE RS B B AR B, IR R
FR KA S350 R T T 24.9% F1 13.1%. FTEIRELE
A5 1 R BE B WO RE g, B 25 185 L % R T
I, SRR ECR 10 B IESCHN R R A A RS 5 IR
Heoh 5 BfAH b, SRIESRTE T 202.4%. e il 2l HE
1) 22 RUBE R BURFAE 53 BT SR LS, #5751 3D
FTENA W B A MR B2 250 S R BB E &R
EACHR A AR EAT AT R 1M R

FOWR, BUMK A AR 2 A 5 3R O R / X R
R T B[S (polybutylene adipate terephthalate,
PBAT ) LI T45 G, W& H T HARIK. TkE
it SO A SR PR R T R A B FH B 4 M s 1), i
FEH SR KA T DU . AREF4EIR & il 2 A4
i s SRJG R AR RSB0 4380, ZEDURR / A7k HE
LR RRL 4 PBAT ALK, JF BN |
JEJELFE | ARFLIBE / K I A i A I i) S f LA
TR ETE] 4 AJ7M, 3Rl T T REZELE, e
TEABREAER & T2, iF5EHl 4 T PBAT fifl

JEE / DURRK RIS S AT G I, IRE T B A AR
il T2, W8 TEARMBIKYE, AR E B
NREHE TR, RIS A URR A e (AR AR AL T
HIBIETE T
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VT EF Y J& —Fh RAREF UM B, TR 4 U8
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AN, LR SEYERPA T, Bl ik AR BE
BELT o V0 ARG A R N TR HAT AR
SREOIRE . RAFADESNE . R R I | BRI
IKPE R e B AN )RR iR B2 A, H AT E A TEF4E
PUB B B, IR EH& S8 ", Entegrion 2v
AT AERIBE AT e 52 G, R HIRL T IR ES .
W R A B AN, T Ak ai DA R At R
i U, gz B ok 2 L ER SR, T
ZHTHE . @RET.

RAREFYESG 98 BRHE R AR 2 7Tz 0
il , FEE BASF 23 vl BURR . WRRSE R IR 4E AR
SRR AR, S AIBVER R IR NI TIAE HRRET GRS s iR
VR AR M SRR AT B . IREE AT
MASAREEL S, S IERESE . HAR =22 0wl AT LR
AR A B E EA , B T — RS SRR
FCE AT TR PR, BB 2B 7 BUAS i — 484k
BerHEC " B YRR I T T AT
KL T AR T 208 TR 41
SRR GAEE, TS . S R
PEALFEXS S5 ML 122k e . WO PR BE A SE M T T
THEFE M. HEr, ATA4EERR MR, DR
RERE QSR N MG AR, SR A ICYi A BRI T2
BRI R E NS, Ca Dl eE I
R

=) 24 B UM A A 04 TC AL SR AR
FROATER Y, SIS RTER4E - PR ASIRI R A0
DL — DB BRI A . ZEIZIF 5, DIATEr 4
VE R UM () SCHEERARE,  FH B PO X 21 4 22 ] 1) —
AEMEEEERHATIETS, & TOMB =850, 25
T B2 413447 ( vacuum insulation panel, VIP) AY{#
TPERE. S ARUSIN PR PISOR AT 4ECh VIP AL,
W T B BOBURE AT 21 A A A R e PR
fip st IRAE A At o Y BRI (4 78 o 3t 43
B 0 392 30% B, AT EF4ERIE BT — 4k IR 25
P oA B 22 BB AAORE , BB S BHLAS R 1232
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YU INJT 3O N2 50% B, AT 4EEDE A
1% = 2 R 25 454 oA R R TR R 2, S EUE
P NERGS R EECE , Rl IE, AR,
VIP ) IR GRBON . DRI R PRI ) foe DS T i
R 30%. WAL EY . RS MARILE
P ZEL I e R 2R LR AT R B . b,
K AR . AR IO BRIR SE LI S T LS R A7 41
I BELIATE 1221,

2 RERBVBEBRBENR

21 HREBE—-XMER

OB R LUK . HRERAR . TR KK
RIRMWIEF AR R, AR REVETS NG, 7E4R
HNAIHL IR TS R [RE AR 40 . B 2008 4 [E
K OCPREAT By Lok, URARBTg R T
E Ry B, AU & 3 BALFE AU A M4
H | GURBTIRE O Tl AR AR AT L% i 2
HHET, KEZEABRIAUE S IR 4 ng, SR —
REF Yk B A R ss A b2, N 2 4t
Kud, FFEAEHTE MR,

J TR AT A AT AR e R
M ARG . Liu C. 55 B9 DI % B3 1 R v
PN R AT A R 2 A B JEORMR A 40K . AT AT
P LA RKEFYE, SHURGRE . RS, AT
BB AR . 1 T RERE S T s I AT 2T
e, FOTH RS L 4E ] DL S RAT A 4e 38 A2 2 —
B, TR RG22 A L
AE. A T ERm BRI AR S PUKYE, mdRE RS
Joe KL — B4R ( alkyl ketone dimer, AKD )i 214k
T A AKD 3R N it IS ARIK 21 4ETT R FIRG 5 1
I WO | B 41l 1 O S e S e S e
R AU R, A B A AT 1 mhthr
SRE . ARSI IR 4R 1 i A mL R
IR AR A 5 A #E o  AIK T E PRAR
Horp g E RN 03633 mg/kg, AR, BEAL,
AR I HLAE H AR ST 60 d BRI RHR 4346
VIR, SR, AR AR AR HL ) — A A
AR T R AR LM (polystyrene, PS) #k}™
an ARG ARG, Rk, XA AT R AR I s B
AL G AR L YR R SR 2% PLA 77 i iy FRAR G
o fH EETH O BERSEMRT A, R/ Rt
BCH ™ i o

B 7 AR R B 40K B ] 5 A, Wang H. Q.
25 3 B HNO; Al HyO, RN & A AR R 40, R
JG BRI R T AR TR S, AR TR ERA 43
MPa F i HUIE IR B2 R 30 d LA EAIRAS EME, 28k
PR A PAEEAR SN, S, F. Curling %5 PO RR T 477
[RIFERLAT RS IR FERRA AR R T RENE , 4528 i
IR, PAEFFER 4 TR ECR 80% HYFEL LA RS BIE
SRR B A p PR P RE . B AR LA i A 4
G, (EURT L 2o 396 58 1 485 P55 Oh Ao 25l 2 114 fle
Wo B AR 4E I E AT RMIE TS, 4
JE PN A AT k2 A 20%. Wang H. T. 25 7l 17 5¢
SEACIABIN T 5 2% P ERE RS i, BRI T S
RS, 2 SLiREE AT RIS T AR BT
(5% b R BRI RN TR, B T 4R s T
LAY
22 HMREBEVEFRER

Ak, MEACRAIE I — R Ak, 4R
HASIR SR F 2 2044, dn
anfl e Il iude | R . B ie R H
SRR PR G RO AR IR
B — B A AR AR I T AL T S A L, ARSI
AL R B . H AR E 4R AR Tl e
I WAL, PRI, BT A0S 24 P
TGP RSN, AR S
A B FCRSASE T T 20 A g a2 .
W RLT s HoA e . Bl rkaelr . #EM A0
e, RETE LD AR R SE LI RE . Z5H 1L
Ji AR LR A 2 BEAR AT S BT R A AR . T
P BB T VRSB IC A H i A5 Y T Sk AT B Ut
FEXFRHRIEA TR, TR TERENER, IBIE T
YCIPLEA BRI IRV ESE Wl SR i T b
2.3 RBEBEBHAR

AU AR BR 4 T s H LSS, BT
o FAVESE st B bR . ARSI AE A 7 2 40 T
LS | JEERE R SR, W R E AR b
a2 USRI 1 52 pp A ) B SRR SE S5 F T
HAA IR TR S . 5 LA ARSI 2% ne
SEFYRATC AT ARRIERL R IR L REIR AR B
YRIRBIE BRI [ BRI | SR SR )RR
AE R FIZ b Y. FREITE 20 e A5 0E T4
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AU B EFCE B I R, R T AeK
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R 5] B, D. G. Eagleton %5 P #had T 4%3¢
BOpPRI gz ot 4, IESIEIKIRIR M (expanded
polystyrene, EPS) JEIKAZE nl i dbfT T HoAe. 45
RERW, TEANEREAT . IRE . PRI TE T,
AIRBIH R SR I P TS g vhE . MFR T 5
kPa, MEAbERYE . 2 2k npidiit, ACHAYEE] & Y
oA EPS. W. Somchai 25 P s
e e AT TAFSY, AR T ARSR I A A R R
MELRE R TERE. 280 24 d PIIRBNSEES, S55R BoR4t
I A% A B ARk RE S IR VA B i 25 ), (B4R
AL A b1 o S D R A ey T A B S R
P, AU A AE K iz i i A B RIS 1.

3 FHEREBRENKR

3.1 AHERERIMAE
MR T R O N TR . R
AIORAE IR B , o IR RUE YIS B,
Bij (b2 R ARG, TR S AR AR 7 A B . ]
MR SRR, AT PR Ge )7 B o T =
20%~35% 1 20%~60%"". [ 2016 LIk, 4BRK
WA ST EEFEK 5.6%, Fiitx—o%
Frge) 2030 42 P LG E YR 2 H R A
( polyethylene, PE) il i, PE J&— Fh 175 4= 1)
AT AE TR A YRR R I G R G, SRl
S R PE B C 283l il 1/ E B RNE G
2021 4, XuY. M. % " DIKJRALER (47F)
fii 9 ( carboxymethyl cellulose, CMC ) A 3= % J5
R, TR AR R O R (polyvinyl alcohol,
PVA ) il B TATEF Y2 B AR s . T 2F 4 R 5k
Al b B —FP AT A . AT AR REAR A R, AT
DIME AL G SR A R A . CMC J2—FlK i
TERGY), HAMRMRAAT TH. 5 A B 4E
FZAEW (IR . RRIEBVEMI R E ST ) AHEL,
¥ BESREAA KA R4, (AR FHRTR AL
S T3 A i 10 Y1452 R 5 B . 7 N7 D )
RIREFGER S EAL, AR AT REE R R4 T 3
HiEAE, [ AT HES AR A B B R R o 7E_EiR s,
s (AN2) TR (ChialZE) #afres (N2
KI5 i == o i i L S N i i 7 = S D N
AR R BN SRR, AT . AT AT
AT RARBTR A Z S5 I CMC, P AT PR AR
5 CMC U E . 56K CMC 5 PVA R4S,

PR B S s G BRSOV S
R ACEIR G CMC-PVA SR B, R %
1 CMC-PVA SEIRIE G W)Wl 7 13 b, stal DLl
Y B — 2 W AT w e ek, AT A B R R AT
R I PERE . BATE . WORAE LU ) 1 4
TRIBYE, FIZHRTERE 60 d INZYH 64% Bk PlE
fift, JCTTIRSALTR, PR, AT PN R ET LA S 2
GUEZESS NN iE =S AW

UEAh, SRR AT R T R tRIESE Y LA
BREFLEFN CMC Sy JsUA s}, SR A SEE RSO3 g 17 ]
R . JCis YL IR . 75 CMC 5 BRI =t
58 : 42, 136 °C FUEEE 49 min WY IRALSHE T, Hil 4
T CMC/ SRR, o A 56.16 mm/s, i1 &
110.129 g/(m™h), . WHKIEESHR 15115 N-m)/g
13.095 (N'm)/g . ILJE CMC/ BRI 2633 T Bl K
AbFR, SRS N ARVEPI RS, SR IDREAR Ml B AR
Bfih.

B RSN UL 4E R I B 5h, VERE
WRESAAERE S PIIHBERLER (cellulose
acetate, CA) 5 IBYETEH (thermoplastic starch,
TPS) LR, FIXURHTHF 0K PCA/TPS JHR Y H
Fe il e, CA J&—FhE E i LF e R IR A
] CA LA /DSt (1% 14 9 550 T A LR P B4 BE PCA
(plasticized CA) o fEILIR M, PCA 1=y 3 5 44
BN IESEE TR HUBRGREE | i R R AT RS
FUENE, MG ARA Bl it — 2 SO B REE | Hitdr
SREE M APERRGT R e M. Xl PCA/TPS 7E 5 it
N HEASRIN TGS, A BAEAR S —FE B A
TR, TG IEE A ™,

32 MRAHRIGEBARER A

LB AR SRR /B N e i Ra S/ L LS LR
2, IER4EIRURH 3 B ) B — AETE AR R
TWHIN R 4ER MR, B RIRETHE R Tow
A ATREMRROTERT, I B GO R IR
WA EEAR ., HRMAR . WRMAEE Ty . HUAMGR B =
o WK AR LA 2RI, T8, R
Sh DIREANG Tk AT o 3 RS R YER GOK A
& (cellulose nanocrystals, CNC ) . £F4EEYKef22
( cellulose nanofilament, CNF ) F1 40 1 4 K £F 4 2%
( bacterial cellulose, BC) ™,

2021 4F, Li Q. % ™ ] CNF. PVA IR HH L
¢ (polythylene oxide, PEO ) i iz #t i, 45 22 £ A il
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BT R EE AT A e A RN R B A A Y TR
PIBRAL G RN (polypropylene, PP ) ¥k LAY
MU H AT R AR R E0R N9S HUEE AR R
FUEE oy — 2 PP s el 23 Tk g ok A RIK
iz, PVAAE R D EMR FE2E 85, PEOEN
AR = T gk, CNF ki )24 ERE. CNF
A B B3GR LA K CNF FIFTASR G Y Z DB i 4 &
U, PTDACOR H s B A HLERE IR 1 A
FHEF SN E . J%E PEO JREWIE IG5,
Fok$ & PVA Fl CNF RS 99 T 957, 1 CNF 1E
PVA F1 PEO Z [HJJE U2 ey b, dE— P4 1 &
B 12k RE . F R P T A R 25 22 BOR AT A A:
FEEARYS) . FEWE | IRIAORETYE, B
AR AR AT R PR FE SR IS, i AR
ML DI RE M HOK TiO,, 3% 1B HA B A
MRS M, DR 1 B AT LR K BH S R BE S 10 min 52
B 100% MR, ZiZ T SRyt BT . I8
BECRAN BN AR 5 0 R B A R TR K A T I
A AR B, SRy AR i e A R — AT
5 AT AT A= W R B e 11 BE AR AR T 05 —Fh o=k,
FESE BRI A BA B RV 1.

YKL Yl R AR A R A S I N
flan, A H % W% L LT 48 % (microfibrillated
cellulose, MFC) & & ¥ & #§ (epoxy resin, EP)
KR ENEST THFFE, DA MFC il EP & Jikhim o 3t
TR BN [E MR B 1) MEC/EP & & /KM RE, 5256
SRR W], MEC 5t 73 80N 0.6% I MFC/EP & 45
IRV A A Ty 2k RE . S IA TREHH L,
ZURRL A BT A IR I L TSR R SRR
. A. P. Mathew %5 “ IS S 47 4 % ( microcrystalline
cellulose, MCC ) 35850, DL PLA JJE il 45 T
A YIRERR I G AR, JFRTT T AR MCC 5 &%)
PRI PERE RS2 . SEERES IR, BEE MCC &
SN, APRHRLRSR BB T, AhThiaR
IR BT %, H A Ryohei M. -1 5
T BA B — B3 FHET 9K LR 4 R G A MRPRITAT
FEfi skl M TR ALE S - BAREIER T £
BHEMAER, PRI A48 “Nano Sakura”
AN — A AR SL T 5 SRS | i S S A P
AR it S LA A -

AN, HAZHEEAE Y or T AR RE G AR
Rk A, Bl MEC . 3R B ST IR 4T 4 R

( carboxymethylated microfibrillated cellulose, C-MFC ).,
SERME . BHES THERY . IR A AR £ A Il R
SEm R A A B RE . SEIREE R BN, oMY
C-MFC JZ 2 B 41 v A0 nT DL 5 36 55 B 1 4% 1 7 v

o [48]
b o

H
33 ARE -AAZSEAMREEREKA

Z R A EEP R TTR . 4R I he
MK, KRR - 4R 2GRN T & nl 1%
i SRR AR L @0, Bai BT %8 PO T & T — Rl IR A
HEEMARR - 24525 25 88 (lignin-cellulose
composite, LCC) o 4§ T 1 it JH 5 7K i 7~ 26 i 94
KFHE R ARTEEAY (nano-cellulose hybrid
lignin complex, CHLC ) #Sf0E MAARE 4 B 5 1
Y, I TR R - FERBE, R RER
IKFE B BGIRIE T, i@k CHLC IR 4ER S
21 YE R ) E A O S | A LT YEFNLF4E M 45 25 B, M
T 82545 T LCC Mhiam i fK sy fa g k. LCC
AT hIsR E (70 MPa) AR E P (=350 C) B
Bm T REZEMEEE . LCC M yihram i (28
MPa) JELF4E R (1.2 MPa) A 23 15, X Fifr
TER I LCC RIAE W45 45 H T 2 b i) BEmti bR,
B A 0] A 0 o i %) B2 P A0 J0RE O T
JE X,

PR — AN EE KRS, Xia Q. Q. 55 P iR
LA R AT IE AR B R & BT —Fho
AR BT 2T 4EHE W SORE, X Rl B MU SR B2 5
7N N i b NI R e 71 5 N O s W
T, AT AR AT AT [ AR R (deep
eutectic solvent, DES) # kMR 4F 4 R Z [ ) A
SRUA RO RRARIRZR, NITTA RUFRIAR o S5 FFAEAR
FRBEAE R RIRIBEIK, WG LT Y R0/ KT 4 B 5
e —E, TR B IR S R, =
T ZERKG G, ®AHA5 T Rob s 100 em x 15
em x 0.1 cm YR BT LR 4E 2 AW PR R . 2 A= 9
Bhag, . Al DIAI B IsOR AR PR . R [ AN
AT AW R B A SR T I 1 SR 7 R 7 SRS

4 ZE5iE

ZR CELBRTRE A0 12 I X e e e ] 025 Ik
9 E 5L U 3 4 R AR . R B E SR (O
RSB XE LS8 @ BURIERE, (H 27 4l 3 3 MR
AR ARIRBHIL IR QU S5 2k (AR T K
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Biomass-Derived Nature Fibers for Packaging Materials: The State-of-the-Art and Future

HUANG Pin’ge', ZHANG Yan', MENG Yi’, YE Jun’, LI Qiang"*

(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China;
2. Department of Technology, Shandong Bohui Paper Industrial Co., Ltd., Zibo Shandong 256405, China;
3. School of Light Industry and Engineering, South China University of Technology, Guangzhou 510641, China;
4. College of Horticulture & Forestry Science, Huazhong Agricultural University, Wuhan 430070, China )

Abstract: With the implementation of “Plastic bag restriction” and “Ban on free plastics bags”, alternatives of
plastics have been significantly sought after recently. Recent developments in green packaging derived from biomass
fibers and nanofibers are reviewed, including natural fiber-reinforced composite, pulp molding-based plastic substitute,
cellulose and nanocellulose based degradable plastics. These bio-based packaging materials derived from nature are
green, environmentally friendly and biodegradable, and have great potential to revolutionize future green packaging.

Keywords: plastic bag restriction; ban on free plastic bags; biomass; natural fiber; green packaging; plastic

alternatives

(B35 21 W)
Analysis on Sustainable Design Method of Paper Packaging Container Based on

Variable Structure and Function

XIAO Yingzhe, LUO Jingming

( College of Packaging and Materials Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: The structural variability of paper packaging is a design method that makes use of the preset structure
of packaging to carry out modification design, so that the packaging can be reused. On the basis of summarizing the
basic design methods such as pre pasting, pre folding and pre die cutting, the main design directions for realizing the
variability of functional structure are put forward, including the integration of packaging products, the generalization
of packaging modification and the creation of packaging entertainment culture, which could provide useful design
reference and development ideas for the sustainable design of the structure of paper packaging containers.

Keywords: paper packaging structure; variability; packaging function; sustainable packaging design
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