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M 3 ATLIE R, PIARIIZAE 20 O 150, 23°4b
PP BT — SR AT S0, XA S 0 o N 7 O g
RILTAER 1 AU AL 2% i 4t 30 A o A 0 0 15
B i A 34 Eﬁ&ﬁﬁﬁﬂﬁﬁ%fﬁﬁ?ﬁ%ﬂﬁaa%

-23 -



[B €1 %= = f PACKAGING JOURNAL
2021 £ 55 13 % 2 3 i Vol. 13 No. 3 May 2021

SER U, pRAh, XTHEB AR A B, N ECAR AR H
HILTFAERAE 20 2 15° , 23° ARSI AR f5 ol i
TS5 SR . X FTATUE A T AR FURRARET 2 p - £F
e | AR ARITAERIA B AN A B A 5 T
BB 1

WL TR EUR , KR AT G Z R T
RHREW, SRR S e A TR, R
da Fil 4b 435 A4k CS2 BAT CS2/CES E A M Al
T LAR 2, 2isc R IR AERY CS2, RIADELH,
BE LS. MALYER 5, CS2/CES &4 MR K
SRV, B MR GARAG, FLIR A T — 2220k 1Y
YR,

b) CS2/CES &M
B4 &iCS2085 CS2/CES EA TR A 3
Fig.4 Comparison of digital photos of pure CS2

membrane and CS2/CES composite membrane

h T B WL 4% 4H 4y CS/CE B4 B B o
AR, P S U L T AR IR SRR TUAR AR AN
[F2H 53 CS2/CE 45 R M ROWEEH , QKL 5 s .
JRAR FURS AR (1 Sa) REE Bl —2b 2 AR £4F i 45 4
4l CS2 i (&l 5b) “FHE s, KM, Wi
UG (B Sc~5f) , B Lz B erge R
O3A, R EEK, BREIMLRGGERBZ ., 1M
MAFYER G R R kB 7% J5 (K sf) , ATLd

BRRME AR A RBIER, XA FRBBAIHL

PRPEREFIZEE 207

=
7

- 24 -

M o




03 =
R R / VIR R & R TR

f) CS2/CE7 Ji
Es5 BRERBRAREAS CS2/CE ERMEE

Fig. 5 Microscope images of original corrugated paper

and each component of CS2/CE membranes

2.2 CS/CE BEhZEMaeR1E

&l 6 i T3 BE 1 27 A6 AN [l 41 43 CS/CE &
A AT 7 25 SR

Ml 6a il 6b HATLIE H, TELF4ER Hoc RAl
T/ INT 5% ZHT, BEA YRR SR, CS/CE
PR i AN R AR BTG O, 73 DA 36.0
MPa 1 16.2% 415 52.3 MPa F1 20.5%., {H2 44F
YR e R A L 5%, iK% 7% i, CS/CE
FEE (8 o7 A i R T A R AR X R R A MR
WK, YR KA TR E, X CS/CE )
EA LTI TS (R e e o N =871 PG N1 ) U
YR e R R LR 5%

AR 5 SR 1 4 o I g M 7 A R
MK 6¢ Fil 6d R LIS, FEMIA 5% £F4E % T4
T, SRR BN 1.5% Bim%) 2.0% B, CS/CE
FEE (8 7 A 588 5 R T 4 A SR B g 3 (Y 52 SR
JFR O 2.0% $8 i %) 2.5% B, CS/CE & il i i
SRR, TSR R A I % . KRR R,
Bl TR PR, STROBA R R B K, AR
TGRS, R kA TR,

MTAF]F CS/CE B4 RE A = o

R i 25 B IR 2 4 2 A 58 SR AL AR 1
RERY 20, XF CS2 AT CS2/CES I HEAT T XRD [
WM, SERWNE T Fin. MTA4ERMMA, Z4
JiE rp 7 JRMH I 4 b & AR T A8 Mk, E CS2/CES B4
R, JETIEERME 10.5 © F 18 © KbEAT ST RH Bk
5o BAERHLFAER IMAREL 7 oc SRMEEE A
HEHES , LA R RSN T RO 2 )3 ) A
X RBEFIROR M BT, E5URIE
AL SE R REAR T e RIS, DT L HLA
HAR

56

52.3 MPa
i e
—A—'—""r ANl
—*%45.1 MPa
40f /‘ e ?8 2 MPa
B} / /‘ “—’."—}I *
e 219
@ | ¢
£ L / I
7 A --CS2; I
—e—CS2/CE1; L
167 N ¢
i —e—CS2/CE3; |
i —4—CS2/CE5; |
8, —CS2/CE7 |
| o *
|
0 3 6 9 12 15 18 21
strain/%
a) RISy CS2/CE JER J1 A% i 2k
550 125
50F 20
= e
> 45) $i5E
172] —
o @
—m— R
40F —o— i R 10

3( 1 1 1 5
CS2 CS2/CEl  CS2/CE3  CS2/CE5  CS2/CE7

b) AR[EIZL4> CS2/CE R fiiag g

56

PN
st P 523 MPa
//#’ |
401 // |
; 42.) MPa
£nt |/ |
s ’ 305 MP Y
gour ! S !
s ! —— CS1.5/CE5; |
161 ¢ - -~ CS2/CES; |
,! —e—(CS2.5/CE5S : f
8r |
y |
|
1 1 I L L 1 11
0 3 6 9 12 15 18 21 24

strain/%

¢) ANFIZHSY CS/CES JE; H1 )i A8 i 2k

- 25—



[B €1 %= = f PACKAGING JOURNAL
2021 £ 55 13 % 2 3 i Vol. 13 No. 3 May 2021

501 120
N
N45 —/ e‘\-
s™t {15
2 =
s -
2401 —m— R

—a— iR )

. 5
CS2/CES CS2.5/CES

Frkr
d) KRR CS/CE R fa i
BEo6 FRAS CS/CE R 3L ihL% K Hi 32
Fig. 6 Stress-strain curves and tensile strength of
CS/CE films of different components

30
CS1.5/CES

intensity/(a.u.)

W

CS2/CES

iy

510 15 20 25 30 35 40 45 50
200° )

7 CS2 &0 CS2/CES & X fiTgt Eigk
Fig. 7 X-ray diffraction patterns of CS2 film and
CS2/CE5 film
455 ANRI4 5 CS/CE JEE J1 - REETFT XRD ]
SEETRH, HEFER Soc R R T 5%, i8F
7% B, A4ER ARG, AR THERERY
Bog; MR R BOB I 2%, K3 2.5% i,
SCRPHE B B LR, AR T4 R m R A7,
X CS/CE JEERY 1 - ERe A A B2 . 28 b iR,
AWE5E T CS/CE B € 1 fie e M o ik o0 B 1
e Goe MR L, 2000 2.0% 1 5.0%.

3 45iE

AW S At B AL PR T 2, KSR
MR AP PR BUR AT R, FRR XA R IMA TR
B % CS/CE B Al ik 14 v 1 duk fole
B XSRS G . SR B AT R~
SRS BREIRCPR) 2T 2 28 LA R ) 5 (9 AN TR 28 23 A 7 1 3%

fiE, 459K, RS AR PR 4 R HAR
H15~20 pm, HESHEA G FRA4ER AR
RHAWRR, BAN AR B s, Se R
PO YE R e BT LA R 2.0% F15.0%
BF, A B i K sE B ik 52.3 MPa, Wik
Rt 20%.

S 3k

(1] 2. A4, PRl 700 127F [N AR H ik,
2020-11-30(01)[2020-12-17].

LI Jingwen. 70 Billion Packages Delivered This Year[N].
People’s Daily, 2020-11-30(01)[2020-12-17].

21 H & . \BCRBEE BRI, kst aibis AL
3E 2[N]. T A HH], 2020-12-21(03)[2020-12-22].
GAN Xi. Eighty Percent Packages Unrecycled, How Far
is Green Express?[N]. Workers Daily, 2020-12-21(03)
[2020-12-22].

[3] HIETALA M, VARRIO K, BERGLUND L, et al.
Potential of Municipal Solid Waste Paper as Raw
Material for Production of Cellulose Nanofibres[J]. Waste
Management, 2018, 80: 319-326.

[4] ORUE A, SANTAMARIA-ECHART A, ECEIZA
A, et al. Office Waste Paper as Cellulose Nanocrystal
Source[J]. Journal of Applied Polymer Science, 2017,
134(35): 45257.

[5] LEI W Q, FANG C Q, ZHOU X, et al. Cellulose
Nanocrystals Obtained from Office Waste Paper and
Their Potential Application in PET Packing Materials[J].
Carbohydrate Polymers, 2018, 181: 376-385.

[6] LEI'W Q, ZHOU X, FANG C Q, et al. Eco-Friendly
Waterborne Polyurethane Reinforced with Cellulose
Nanocrystal From Office Waste Paper by Two Different
Methods[J]. Carbohydrate Polymers, 2019, 209: 299-
3009.

[7] AZIZI SAMIR M A S, ALLOIN F, DUFRESNE A.
Review of Recent Research into Cellulosic Whiskers,
Their Properties and Their Application in Nanocomposite
Field[J]. Biomacromolecules, 2005, 6(2): 612-626.

[8] FAVIER V, CHANZY H, CAVAILLE J Y. Polymer
Nanocomposites Reinforced by Cellulose Whiskers[J].
Macromolecules, 1995, 28(18): 6365-6367.

[97 HUANG J T, ZHANG S B, ZHANG F R, et al.
Enhancement of Lignocellulose-Carbon Nanotubes
Composites by Lignocellulose Grafting[J]. Carbohydrate
Polymers, 2017, 160: 115-122.

[10] Zdhdh, XU, WA, 2% . RIRNES / 274

- 26—



—

—_—

[B B R, =
R E / SRR S R IEAE

R PR A ANPERE [J]. BRL, 2014, 43(4):
65-68.

AN Jingjing, LIU Wanrui, KE Yucai, et al. Preparation
and Characterization of Poly(Propylene Carbonate) /
Cellulose Composite[J]. Plastics, 2014, 43(4): 65-68.
B AL FERBE 0K TIO, BAA R R BUE & A
RRCRETTE [D]. AR : PUtRRE:, 2020.

YANG Hua. Study on the Inhibition Effect of Chitosan/
Nano TiO, Composite Coating on Spoilage Molds of
Mango[D]. Chengdu: Xihua University, 2020.

KIM KW, THOMAS R L, LEE C, et al. Antimicrobial
Activity of Native Chitosan, Degraded Chitosan,
and O-Carboxymethylated Chitosan[J]. Journal of Food
Protection, 2003, 66(8): 1495-1498.

SRNG NG | 5E ROBEAE LA T AL R ST
[D]. 8. TR, 2015.

GUO Mingming. Study on Applications of Chitosan in
Antimicrobial Food Packaging[D]. Wuxi: Jiangnan
University, 2015.

PSRN R BT I / 9K R G IR AR [D].
SR AR, 2012,

LU Jiameiyue. Research of Making the Carboxymethyl
Chitosan/Nano Materials Composite Film[D].
Quanzhou: Huagiao University, 2012.

[15] BREEFE, BRI, EIEEE, 55 . 0w bk

i P B RS2 ST SR [9]. Aol TRR2EdR, 2011,

27(6): 344-348.

HE Guidan, YIN Yongguang, YAN Linna, et al.
Fast Extraction of Chitosan from Shrimp Shell by High
Intensity Pulsed Electric Fields[J]. Transactions of the
Chinese Society of Agricultural Engineering, 2011,
27(6): 344-348.

LIUY, JIPH, LU H, et al. Gentamicin Modified
Chitosan Film with Improved Antibacterial Property
and Cell Biocompatibility[J]. International Journal of
Biological Macromolecules, 2017, 98: 550-556.
RUBENTHEREN V, WARD TA, CHEE CY, et al.
Physical and Chemical Reinforcement of Chitosan Film
Using Nanocrystalline Cellulose and Tannic Acid[J].
Cellulose, 2015, 22(4): 2529-2541.

SINGH R K, SINGH A K. Optimization of Reaction
Conditions for Preparing Carboxymethyl Cellulose from
Corn Cobic Agricultural Waste[J]. Waste and Biomass
Valorization, 2013, 4(1): 129-137.

R . R ARET il 78 R T BE 2T 4k 3R Je HAE 3G 4K
FORR R [D]. BUM . WL TR, 2018,
HUANG Biaobiao. Preparation of Carboxymethyl
Cellulose from Waste Paper Fiber and Its Application in
the Paper Coating[D]. Hangzhou: Zhejiang Sci-Tech
University, 2018.

TAEGEE, B 4))

Preparation and Performance of Waste Paper Cellulose/Chitosan Film

CAI Rong, LI Xiang, HU Jiawei, FAN Xiaokun, HU Can, LIlJie, CHEN Yi, ZHOU Yueyun

( College of Urban and Environmental Sciences, Hunan University of Technology, Hunan Zhuzhou 412007, China )

Abstract: In order to enhance the mechanical properties of the chitosan film, a waste paper cellulose/chitosan

film was prepared. Using discarded corrugated paper as raw material, regenerated cellulose was obtained through
alkali treatment and bleaching treatment, and then different components and chitosan were used to prepare films.
Morphological observation and mechanical properties of different raw material films were carried out. The results
showed that the cellulose was filamentous with a fiber diameter of 15~20 um, and its crystallinity was much higher
than that of original corrugated paper. When the relative mass fraction of waste paper cellulose of 5% was added into
2% chitosan solution, the mechanical properties of cellulose/chitosan film were the best, the maximum tensile strength

reached 52.3 MPa, the elongation at break was more than 20%, with the cellulose evenly distributed within.

Keywords: discarded packaging; corrugated paper; cellulose; chitosan membrane; mechanical enhancement
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