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ABSTRACT

‘Study on the Structure and Properties of -

Natural Polymer Composites
Inorganiq Chcmistry master Postgraduate: Rui Li

Supervisor: Associate Professor Changhua Liu

ABSTRACT

In order to solve environmental problems generated by petrochemical products, many
researchers have focused their attentions on the natural polymers. Among these polymers, chitosan
and starch have beén considered as the promising candidates due to theirs attractive properties of
low-cost, abundant, renewable, biocompatible and biodegradable, which make them superior to
synthetic polymers and particularly useful in disposable plastics, food, and medicine applications.
However, the main disadvantage of chitosan/starch-based products is hydrophilic character, which
makes them low stability in the humid environment. In addition, chitosan/starch-based materials
have poor mechanical, barrier and thermal characteristics. Therefore, in order to obtain the high

performance chitosan/starch-based products, we carried out the works as follows:

(1) Three types of zirconium phosphonate (org-ZrP) with different functional groups (-COOH,
-SO;H, -NO,) were prepared first, and then added them into chitosan (CS) matrix, respectively. The
FTIR spectroscopy revealed that org-ZrP had intense interactions with chitosan in the composites
because of introducing functional groups on the fillers, resulting in the improved mechanical
properties of composite films. Zirconium sulfophenyl phosphonate (ZrSP) exhibited the best among
the org-ZrP. These differences of reinforcement effect appeared to be caused by the different
adhesion between the org-ZrP fillers and matrix. The stronger the interfacial interactions were, the
better the reinforcement effect was. In addition, the moisture uptake (Mu) of CS/org-ZrP-n
composite films also determined. It was found that zirconium nitrophenyl phosphonate (ZrNP)
showed better moisture barrier property than the other org-ZrP due to its poor adsorbability for water

molecules.

(2) The composite films (CS/TiP-n) were successfully prepared, and their structures,
morphologies and properties were characterized by X-ray diffraction (XRD), scanning electron
microscopy (SEM), thermal gravimetric analysis (TGA) and tensile tests. The interactions between
titanium phosphate (TiP)‘ and chitosan (CS) were analyzed by Fourier transform infrared
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spectroscopy (FTIR). The result revealed that hydrogen bonding formed in the composite films,
which led to the good compatibility between TiP fillers and chitosan matrix. The SEM results
indicated that the fillers could be dispersed well at low TiP loading but obvious aggregations existed
at high TiP loading. In addition, with an addition of only 0.4 wt % TiP, the tensile strength (o;) and
elongation at break (e5) of the TiP-reinforced chitosan composites were improved by 35.1% and
37.0%, respectively. The moisture uptake (M) of composite films with 0.8 wt % TiP was reduced
by 41.7%. Meanwhile, it was found that the CS/TiP-n composite films exhibited higher thermal
stability than neat CS. '

(3) A new type of titanium glycine-N, N-dimethylphosphonate (TGDMP), with the functional
groups ~COOH, has been prepared first and then characterized by Fourier transform infrared
spectroscopy (FTIR), X-ray diffraction (XRD) and transmission electron microscopy (TEM).
Subsequently, chitosan/titanium glycine-N, N-dimethylphosphonate (CS/TGDMP-n) nanocomposite
films of various compositions were prepared by solution casting method. The results showed that the
mechanical, thermal stability and moisture barrier properties of chitosan films were improved by the
incorporation of TGDMP, and the samples kept at moisture environment showed the larger

elongation and lower tensile strength than the dried counterparts.

(4) Glycerol-plasticized pea starch/graphene oxide (PS/GO-n) biocomposite films with different
loading levels of graphene oxide (GO) were prepared by solution casting method. The structure,
morphologies and properties of biocomposite films were characterized by Fourier transform infrared
(FTIR) spectroscopy, X-ray diffraction (XRD), atomic force microscopy (AFM), thermal
gravimetric analysis (TGA), Ultraviolet-visible (UV-vis) and tensile tests. The results revealed that

- hydrogen bonding formed in the biocomposite films, which improved compatibility between GO

fillers and starch matrix. The tensile strength (0;) and Young’s modulus (E) of starch films

containing 2.0 wt % GO increased from 4.56 MPa, 0.11 GPa to 13.79 MPa, 1.05 GPa, respectively,
while the elongation at break (g;) decreased from 36.06% to 12.11%. The introduction of GO also
reduced the moisture uptake (Mu) and UV transmittance of starch films. In addition, TGA showed
that the thermal stability of biocomposite films was better than that of neat starch film.

Keywords: chitosan; starch; phosphate; graphene oxide; composites; properties
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SAMEETE. BNRRERSETMARMSRE, FMUTURRKIEE, PHMESHE,
i LE T AR & B & IR AL . Rao™ LR B IR M (GG) ERRMIEIT TR

2

re——h



%lﬁ—ﬂ'\'ﬁ

Cr ﬁﬁTmﬂ@ﬁﬁﬂ»iﬁ)ﬁB@%?ﬁ LA, ﬁﬁﬁ&ﬁ‘?ﬁﬁ%ﬂ‘]%ﬁ GRETR,
FTEFEPEMIS wi% GGRHME D BEM BB, BAKNESRM N EERRY, EETE
BIE, ERERFTRERREFNREE.

(2) FELREBR AT KR .
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UAt )\ RS RERLE, BEANT \REZPERLE. FESEBMItRES
& B 6 (PA6) /Si0, L CaCO;3. PAG6/SiO; PAG/CaCO=FHEK B A MK 5APAGIRHILL,

HEREBEARERENRRE, HPSOAECCOMBRRLTF. 4Si0,BECaCOMFEME .~

}0.5 wt%lf, PAGHINT R R MGk O MBI} AR K T 169%M13%, BihFHHER A
R iR, '
(2) #phee ,

. HEBERREERRAYMEERN - A EEEE, MBEXMANKRTEEAMERR
BEHERTRAVESERS. WRESVIRABK-BRNTER AL (Si0,) B3
FHE (MMD) L, BERKH-550 (y-28RE=ZEERL) MH#ITT kLB, 537
Bir, BHEFHMMTT A BHREERZE (PVC) MRiaett. XI%Hs IR HEEs
BT Si0, FHAKH-S50% Tk, REHSIEE RSO SHEMME (EP) #ITES.
GRER, BESOMHHNMEFLMBNRSRIER, BRESOFRIMMEHME.
B R, AEFECRARMEAENE T RE R AR /2R L5 (TPU/ATH)
GREEHRL X RAEREIT T 7. ZRafERE (DSC) MTRHE, SKATHRIN
ATNBERE FHTPUBHA B, MHERR T TPUNKHLBEANS BBE. RE-ZH
(TGA-DTA) H7%%, TPUATHHKEAMERBA MR EFTX MR ERNARES

REEHHERR, ZRHLLKATHE S E R TPUR BEH TR .
(3) e .

ATRERSYN Y, FERAEBTNARRFENEREYS, BRAT &
B MBEESCIR RIS KR 6K (PAG/CNTs) HAMBESH15 wi%

5



75 B K P AR S

]

CNTsh, A SRCARBRRRE T 14MIEE, HMK0.13 S/em, FPACRE T ¥
SRR . TR EETINMPMMA/MWNTSAK S AR R B AT THI . &L, W
HBMEOBRAKE AR BN, HKREAMBHFEEENENRR. FRBIEH
RTARMBRERN SR atENER. SRER, BRERRT/\BEBMHTHRAK
EXPMMAR R MR K.
(4) BHRRERE

REVOKE ARG REFOERYE, SHRENT ERERBAKMELN. WX
PR TERL. ZRUREHIRRI=HRERERENHEERZMS (HDPE) HREH
B, GREW: 2H30 %R, HDPE/ERERERAARNERBEER R,
A0 W%l BH), EAPE BRI RA 150 . AtsushiZEC & MRS B/ e
THXEEHE, SARBER (PD ML, KBRS EANERSHBERYUEETR, 4
F A B 02.0 Wik, KBRS T ML 12, LanZP 4 RPIR + 9ok H A MR CO,
StREEHEMERYE, HEENLSROMMTREEE.
(5) Jptieg :

BAYRAGIK AR SYERTREBMS BH—MERUERKTE, R
HRMKEAMHT RN —ANEENE. BTEPREEHED, REVERMTHUREE
AUEEE, RETHTKE, TRREKATHORT, FUFTLEREVHKRISHEN
FHMERTHARESYES. ME (-THE) /SI04KE S EBESIOA BRI MELEE
Fk, ARKEEESENOETRAMESOFENYMEHE . XKEHESERAR,
KA B4 HpmEmRc.
15 BEMNRHARRANE

EARRBAYTF, ZBH (CS) MR (PS) LAILREEE. MrigKm. FUXHEEL
Eig, BAEEMHEAY. £YREESRROEETRTZATSMUER. BEKHLK,
BAFHIREG—EREAPREFNINA. RERERR, FERREESIENESFK
WA, RAENA D EeE, thh, EERAEES, BEMFEN KR TREMNRE
BRI FE TR, FEENNEAEZHTRE. ETRAVAKRESHEIE
Frge, PRE R RS E RGN, RERESERENAH T EFENR
B, ARHETHRE (B K. EUABREBECNRRAE. ARk IFERE
ARG EHRRRIRE, BARERSREZENATFENREE.

APEEERTT CS/ME (B MESSHRA PS/ARTE BESSMEOHE RS
BestR, RBTHENT:

(D) £F o-BBHE (0-ZP) RERMETRHE, ROAEEENHRBER oZP
EREERGHOMNRT, LERTH-OH EATUHEKENENER (-OR H-R) FIRA

6



HIERZR

Bk, RITEE T SHAARFEAE (~COOH, -SOH, -NO,) KA BB (org-2eP),
REBENAHEREE (C5) BRES, TRATHRENHERNS RIERBLH. KA
L. | |

(2) STRME (TIP) 5 2P RHAMNEH, BHXRAYTP LAHRRRERD,
RATHE T AW (CSTP-) A M, 3 BT X-54#75 (XRD). I Hi% # (SEM).
AEHH (TGA) « HEMRRBEHASTRIN T RMENMANKRBEN., BN
PR, S -

(3) HTREARSS TP MOREER, RIE—SART HERN, NXE TR
®% (TGDMP), 8%/ FTIR. XRD. SEM. TGA % 5%t 55 B8/ HLBE R4k (CS/TGDMP)
SR RARMGH, BARILEETT IR, BEZA, RIEHRTFES AR EAH
. -

(4) BTHIRH (PS) RABHEAT, RIESTEANELEES (GO) N
H7HH, RFI FTIR. XRD. AFM. TGA. A%MRSTFEXEMTTRE, HIRT GO M
BN PSMMTA. MR, HE. TEEENTY.,




(i PN el VA7

¥2E FREEANBERENERESNS S
2.1 81§ :

A0k A0

HATRNEAN LA R OEEEREK, RERATISKRTFRERSY. FE
ERAUERERAL GO, TENEAMBNLLHEE (BE—LERNLE 0
M) B8 T e AEAPY S, RN — S, #EHUBR 5% A2 AL &,
RMUARSRNFHOMR, RULEELEEON, B, REMRTHRINTFUEE
R R R EEMN.

EEMTAETR S, BROTAE —o-BBE (o2P) BLIEASHIE MR,
—%, o-ZP BTFRBARK, HRAENMEEEARERE, RIFORANETSEl,
FHEEARUM FRRAWER . B—HE, SRMLHL, THENANERLTUE
MR N ERRNGREREH), BEBNR, RS (ZP) ERFERGH
MR, $ERMO-OH EATUBRM EMENER (-OR BR) FEARM, EHARE
BTENMRGHE, AR BRET SENRATRESN. ET oZP WRE, FRAEERT
ENTH AL ETHRERTT S0, WETEHR, KT9H, BRAFURLY
209, mmp R, ROTREXTRRERTNERENESWHENTN.

AR E RIS RERFNEEH (~COOH, -SOH, N0, MERMES
REHEOER, RIGELEE (CS) EAER, —RENCR—FHMETELY, HE
ESHERE®, SHAATLESHEREATRARERS. ZRET CS HH R EMEEH
MU, WHTEERE Y, B, BNHTEREREERNNN TERER 5K
BYIERIAE I LB BT S SR '

22 KL
221 EERFIRNE

RA): REH (CS) (M, =300000+50, BRZBEEXT 90%) , BPEEEFHRENL
WA R RRE: SEILE (ZIOC8H,0, AR) METRAEMBERLFBHTF R Pl KBS
B, RSB R RN b BRI ERA R Kb ZKEEK.

R ERAEEMME SR (DF-101S, BM) + ROEHBEABFESR
(KQ-400KDV, BIl) ; BHFHZR (2XZ4, ¥iL) ; $ELAFTEHE L (TDZ5-WS,
k) o MAHRTRE (CS101-24, ERXK) ; EEZTHH (DZF-6020, L) .

2.2.2 org-ZtPR I &

AL KBRS (ZiSP) MHEM-N, N-WEFEERE (ZGDMP) MHl&TERIT
SHE, REAHER. BUEBRENHETEUT: §ARRIRGERBRE™,



%2 ¥ ARERANBREX SRS HSHRNE.

FE— YRR AL 10.68 g ZrOCl8H,0 ¥ F 100 mL (2B FK+, JFMA 12 mL 3K HF ¥
W, HEO0Sh, FRFH—HHE S0 XBMAET 180 mL MEETFK. REHEFEMAZ
WEER TR A, B 70 °C HE B RN 6 do RINHEIRR BRBERAE. B
Wit g, YE, A 60 °C KETHRMTTHR 24 h, HBEBME (ZPP). HETRHRAR
15 mL f) H,SO, F1 10 mL £ HNO; 18R AHIiF Y ZiPP B0 K (2.5g) , BERHE60°C T,
RIGEE S2°CHHRN 1 h, EEBRHHAEANIZR, BEERHA 45mL HkKS, B
BT R EANER, BO, Bk, 7 60°C T4 24h, HIEMLEERE. ZHAHBRE
R ¥t Fig. 2-1 Fim.

fl 2-1 BBASEROLEH9E (2) ZGDMP, (b) ZrSP A1 (c) ZINP
Fig. 2-1 Schematic lamella of (a) ZGDMP, (b) ZrSP and (c) ZINP



PR KFW 2 3
2.2.3 CSlorg-ZrP-nE & BRI &

20 g EREMAMT 100 mL 2% (AL MBREET, HoBNE, mix
S EBHMARE RS org-ZrP BH. 60 °C FTHHEKMN 3 h, Z2IWEREEH
CSlorg-ZtP B AVIRBEF IR LAERMR, 50°C FF. HHAN—RIIZSHRES A
CS/org-ZtP-n (n % org-ZeP MM T CS WRBEASR). BN, CS/ZrSP-1.0 BINR TR
JERVEMT 1.0 wi% ZeSP. FEMHTRIER, Fih MBEMEM TN S%HTHREF.

2.2.4 GHIREFNTERERR

{5 Nicolet (Madison, WI, USA) 170SX REM-ZHA ST, BHHEENA
4000-500 cm™, R A8 RHHBHEA. '

K XRD-3D B X SHEATHMX LR BT E A2 TR RAF), Cuk, 385 (A = 0.15406
nm) , HHEN 36 KV, HHifN 20 mA, HHERE N 4/min, BRERRNEMERN 3-35°

(20) . HABRKARIIE K 3-40° (26) .

Fi $-4800, HITACHI R#ihT BMBMER T B HMREL UL org-ZeP BRI
HABPHAEER. MR ESHEAERETAGNR, BEFH ISM-6460 FA PR
BT EME UEOL, Japan) MEXMEEAE.

HHE GB1040-92 45, FATTLHFHAN (CMT 6503, BYIF=BELREHAF) Xt
BERERRE (o) MSRHKE () BT TR HRRTH10x100mm (XK
FrE%E R 10 mm/min, FHZERRETE FHYEE R 43%FE P PE—A. EEME=KN
FHE.

¥5CS/org-ZtP-nBL & BT A/ 2150 mm x 10 mmBI K%, REBA80 CHAET T
R, RHERERELRRIC AW EERRSET2% RHNRT R PE—AEKREERE
E, whw, ETFRHREE (M) -

Mu= (W, -Wo) IW, x 100%
AW, WRRTRENERERRR, WRREHERRNHNEEAEFRAKEN TR,
ER R =KTFIE,

23 ER51e
2.3.1 59

%t F ZGDMP F1 ZrSP MM, RATERF O T HRE™, KERITN ZNP
9 FTIR &7 297, B Fig. 2-2)E W4, 7E 3446 cm™ 4R HIHEIE R T ZeNP RERH K
(R-OH fiaiwzh"; 7E 1439 1 1158 cm’ FALRMEEAEF P-C #1 P=0 HHEH HHHJ5{R3h
(7781, 22 748 1 692 om™ AbHUSRMER N T BB C-H AR UK KIS dhiRs). KRk

10



28 ARERANRREX ERES SRR

I
25k, BAE 1355 11 1535 om™ ETREES) T N=O RENHM R HIBGRS M. X LA
KB EH ZINP HAMH LRI & . ‘
ATHABEARERANBRESRERBRNER TR, Fg 22020 TEMNEAN

FTIR %R, @it ERIEIR, EHEZABS, 900 cm™ 3 1200 cm™ KbAYHEIRAIR,
B org-ZtP MIMATFHRT CS WA HIFE"), FRBER 1 (voor 1634 cm™) AIBLHER I

(S 1538em™) VARRRT HANE, BBRT HEY, XTHEHTHRERENR
HEsEE (—COOH, -SOH, -NO,) 5 CS EAMEETHRANREREA ¥, BERF
KA BERBE BN BARR (ZiSP: 1644 cm™, 1542 cm™; ZGDMP: 1641 cm™, 1540 cm™;
ZINP: 1640 cm™, 1539 cm™). BJ ZrSP > ZGDMP > ZINP.

(b) cs

(@)

Transmittance (%)

Transmittance (%)

_
i

4000 3500 3000 2500 2000 1500 1000 500 1800 1600 1400 1200 1000 800
Wavenumber (cm™) Wavenumber (¢cm™)

2-2(2) B4BASS (ZGDMP, ZrSP, ZiN) BULI5hil,
(b) £ CS & CSlorg-ZrP-1.0 A MM s kiLM
Fig. 2-2 FTIR spectra of (a) ZGDMP, ZrSP and ZrNP, (b) CS and CS/org-ZrP-1.0 composite film

232 X-fTt o4

g

Fig. 2-3(a) 4 org-ZrP ¥ K # XRD ik B . B P3RifTR M T ZSP A ZINP B K K145

1



LR gl e 1A'

P ]
SRR, CINRMELEBRER (1484) EXPY, 4510 1624, 154A. ZEE
%7 ZiPP EFIE| A T-SO;H RI-NO, B8, ZGDMP ¥ K M) XRD iM%, RACRYE
gRAN, BRER17.6A. XHLETCRREHE—ZY.

Fig. 230N S B AR RBMAET AR XRD B, LMWA 0.5 wi% org-ZtP B, RH#E
CS/ZINP-0.5 [P IS T ZINP HUGAEME, JLRFIHE A I 8H IR ZSP F1 ZGDMP
WIEM, SRR, ZNP SEARMTEEYN L ZGDMP, ZSP SEARNE IEHES,
Bk, ZINP K ERGRIFHMEEATHRAT ARRR. 4 org-ZrP FEN 2.0 wioh,
CS/ZtSP HAMEH AT ZrSP MIFHEATSTIE, T ZGDMP M EMIKIF A MRS, XL H
F ZGDMP M4 R HLE{E. ZGDMP ER A K H F-Co0 MARE T LA T-NH,"
KBRS ER AT ME ZGDMP EAR 3B, T ZeSP 2B ZGDMP N B4 SR, Bk
CS AT ARGHNREAMEHE, HIT ZSP MK LK.

(b)

CSIZrNP-2.0

CS/ZINP-0.5

CSZrsP-2.0

CS/ZrSP0.5

Intensity

CS/ZGDMP-2.0

CSIZGDMP-0.5

cs

"0 15 20 25 30 35 5 10 15 20 25 30 35 40
26(°) 26(°)

.
.
L]

2-3(a) ZGDMP, ZrSP 1 ZiNP f XRD [iff, (b) CS REAMRAK XRD Ml
Fig. 2-3(a) XRD patterns of ZGDMP, ZrSP and ZrNP,
- (b) XRD patterns of composite films with different org-ZrP

12



08 RFE TR = B M S W

2-4 BEESEMR, CS R CSlorg-ZrP-1.0 & Mk
Fig. 2-4 SEM micrographs of org-ZrP powder, neat CS and CS/org-ZrP-1.0 composite films

233 PMBRIM

RATEIL SEM X BT HIMFE ST T AR AT . H Fig. 2-4 BTs, = org-ZeP FRAM T
BRE A B4, BR ZGDMP 1 BB, ZBRA=FNERERARR, X5 XRD
A4 R —BU(Fig. 2-3(a)) . FIBT b T BF S F BERR S (U A X e RS REFE S0 M, Fig. 2-4
R 2R TEHE 1.0 wi% org-ZrP HAEMHHEEE. NETLURI, ZAMRANTHHER
T4l CS #. 4l CS B T RUBYE s, KT RE RN . £ZARP, CS/ZINP-1.0
MR RA, BIREWS ZNP ZRIMFRAE LR E. RROB TR SEARNER TR
AR SRS . 3F ZGDMP Rl ZiSP ki, BN SHNEEZ-COOH, -SOH 5 5REHELF
HmE e RMER, ™ ZNP RitS CS RAEMMBHNT AL MAREH. KA,
BHERALEEELHER. BK, CS/ZGDMP-1.0 M CS/ZSP-1.0 RA MM R F H
CS/ZiNP-1.0 K&, Bt5h, %WINT ZGDMP KR SR ZSP X R B A ZGDMP K B HE /N
BEHET.

13



PR R FM L EAr R

234 HEMESI R

L3
o

—
=
g 8§ 3

Elongation at break (s, / %)

[
o

I A lg A Ig a L A

A

//

—0— ZGDMP
et ZrNP
A)¢ \\
A

—t— ZrSP

00 05 10 15 20
org-ZrP content (%)

"25 30

E &

©»
(1]
i a

N\

/‘i—_ZrNP

—4e— 21SP
~O—ZGDMP

N

05 1.0 15 20

25

org-ZrP content (%)
2-5(a) CS/org-ZtP MAEMAIHIRAE, (b) CS/org-ZiP EMMAIEIRMCE
Fig. 2-5(a) Tensile strength and (b) elongation at break of CS/org-ZrP composite films with different

org-ZtP loadings

Fig. 2-5 B7R org-ZiP A BM T A A PR, S5 CS BAIE, HAMBAAMHE
B (o) FIRHKE () WHENBITRE. X5LRARENXTENAKRMESER
MG RA—BE, HHRER, 8%, org-ZP BRIFMSMARKS; KK, BT ZrP
5|\ T-COOH, -SO:H, -NO, B 86 H1, 5 SEAF Bk, ERNWEBES , org-ZeP
EXREROFEERNR. B, org-ZtP SEBRIFIIEENEBRREREAFITZMI A,
i, ERMBEHRET— M, KRNI EAYSHATERAS, ZHTUM XRD 217
SGRBN, BAIBNFHERK.

AR, RAKIABRESE LARNE AN EREEN D2 RUETHENTH. 3

14



%28 FRERANEREN RSN SEENEW

org-ZtP &K 0.5 W%, CS/Z1SP, CS/ZGDMP, CS/ZINP =Fp &M H KK IEMK .
EHMBERROARREREERATIFAFTIRY. —BKRE, REFEHRR, MRARE
1. Bk, ZrSP M1 ZGDMP % CS MBI RE L ZNP &, T ZrSP 5 ZGDMP Z B MIAF
BT ZeSP B LR KB RER, ARMPITLILER, Fbl ZsP MR R &
7.

80+

70 ' —h—ZrSP .
< +

65 ZINP

60-: .

554

45 :

404

354 . /

30 o /

25 ' \A

00 05 10 15 20 25 3.0
. org-ZrP content (%)
2-6 CS/org-ZrP MA MO IR B (A 4%

Fig. 2-6 Moisture uptake (Mu) of CS/org-ZrP composite films with different org-Z:P loadings
235 WiRtERESH

Fig. 2-6 AR ABEMMEE NWHAEFFHUNREHEME. NEFTLUEH,
CSlorg-ZiP-n A MRMBIRME (Mu) BHRET 4 CS BBA. 2 ZINP FIEER 20 wt%, E&
JRE Mu IAF] T B/ME 25%. CS IRI@HRRMBEETRR org-ZP 5REBS FRATH
B, HAEREYTFLEMKSFREERMN-OH B-NH, B RSB RD. A—FHR
B & org-ZtP MIIAA, HEZEEEEP R MITOERE, HKF>FFEL CSlorg-ZP-n HAH
i, WEFIHMITOESR ARNERT K FESH ARG, NIRRT ERERM
BRI HE, U945 RUGT A REC, ERRMAE R BRAR CS RIERHEAZRRTRM,
WA EER, HinZNP HABE Mu R, XTEER B T-NO, MK FHRBRMEHNE
/NF-COOH F1-SO:H E BEH .

24 it

AR, BHREEHET SHZGDMP, ZISPRIZNP=HARBMENZREL M,
HFIFIFTIR. XRD, SEM. h¥i. REHZHATBRRR T org-ZIPHIG M CSBE R
BREW. LR BRorg-ZPETHE, LR, WALNEEER=ETHRIFATEN.
XRDIREH, 4H-COOHE REHMZGDMPEER & RF IR, ZNPh TR iR

15
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 ERARTARRBY

HUBRBHRTARAS, THTFZSPRE, LARENHFETUBHE, E@T &N
AT ARRR. BELE R B RZGDMPER SEACSHAL R . HFEMARY, &
BEMRIPRE SRR KRS BRENAREENNXR. FEERSE, MmBEMRELT.

41 N0.5 wt % org-ZtPRY, CS/ZiSPH AR BIFH S ¥R, J5h, BEIHXEREH,
CS/ZINPEL A AR B B AR T A B E A,




FEW (CS) RUFARELMZBAABRHNEHY. hTMMKE. FHEDH
¥, MAEYMRYLE. EHEE. ZERESRREATTY, RRBCEBATETRL,

o RS, RPN, HRaE. 4RaEPS%. BRBENHFEE, KOREEEL

BRKMBERMHT R ZONA. ATREULTBNMELSE, FMENGRRTH
WhHR—FIEEHRNTET,

ERFGKETAEP, Ho-BRE (ZP) REUREVESIRFEHREM K. —
Hl, o-ZP BFRHARK, AREOABEENRRBLES, RIFORILART SHlE,
HARGH MY TEREWER, HEIH, H—0H, SRELMEL, EHRENEREL
] LU 3 R R A R SRR Bk, BT o-ZiP R FHERE, —HHIRETE
BT RAW-Z? LAV, I RZAB/aZP SKEEHHS, @iz 4
O, FEM R a-ZP K AHBES, JUHRRN, MAPBRMAKENHE, B4
YRR DR, AREl. HENARTHENRRK. BEBMRE, REMRK (TP) 5
ZP HRMMAEH™), BROAMEEVITP HEMRNEHRRERETHR. Hit, RITE
BT TiP EHEFRHREERRME. hTE TiP REAFEXEAN-OH, FE TiP L5 CS 4
TRABNERER, SEANTREXKERNO SR, MaEtt, Hgtt. [, 5
ZiP HiLL, %1% TP MEEMREER, XHAMNTREVETSHHBRML.

EFLRT, HET—RIIM CS/TIP HEMR, BT TiP 95 RX FREBRS FHERE.
HEE LR ERERNER, Hr LSS RNXRAIE T XA,

3.2 RS
3.2:1 FERAFIRNE

R HER (CS) (M, =300000+50, BEZBEEKXT 90%) , B PEBEEHEEYT
WHBRAFTRG; NEHK (TiICl, AR) METREMERULZEZAFARPL; AEL-H
BB AR R B, BRMURREHBAWITFERINRLFERA T KA
ZREEK. '

(5. EHRERMMMEHBHER (DF-101S, BM) : RYBHEEHEKH LS

(KQ-400KDV, B ; BHEFR (2XZ4, L) ; 2ELENTFERE LU (TDZ5-WS,
K¥) . BHERTEE (CS1012A, ER) ; HETHA (DZF-6020, L¥#§) .

3.2.2 TiPEO$I &

17



il PN A

% 0.3 mol TiCl, ¥§ T 430 mL 2 mol HCI ¥¥¥# P, RIGFEBE &4 T, HHIBEMA 400 mL
1.25 mol H;PO, ¥ ¥ . RIY 24 h JEHUTIEL I8, %ﬁzﬁé PH=3-3.5, % P,0s TP T
1, B3EEHOBMERK (TiP).

3.2.3 CS/TiP-nE & ER ) &

B 2.0 g EEBM AT 100mL 2% (ABRME) MERERT, RIBHNE, Wik
AP EBMMARFRE TP B8 (02wt %E) 1.0 wt %, H%TF CSHRBESER).
60 °C FHARMN 3 h, ZLREMKEH CS/TP BARRIBEAERBR LRERK, 50 °C
TFE. BHEBH—RIEAEHSH CS/TiP-n. EHFITRIEN, FiHNRSETHHEHE
K9 43%H TR . B RN %45 5 T Table 3-1,

AR RORBNEREE ,
Table 3-1 Codes and crystallinity of the samples

Samples (O CS/TiP-1 CS/TiP-2 CS/TiP-3 CS/TiP-4 CS/TiP-5
TiP content (wt %) 0.0 0.2 0.4 0.6 ' 0.8 1.0
Crystallinity (%)  52.84 48.56 4248 42.67 4437 45.19

3.2.4 GHIFAEFERERR.

£ Nicolet (Madison, WI, USA) 170SX Eif# ML SR, HIHETEEN
4000-500 cm™, SRR R AHIHER.

R A XRD-3D X! X SR LR S E AN B FRAEFRA ), Cuk, B (A = 0.15406
nm) , HHEER 6KV, BHEN 20 mA, FHEREN 4/min, FHBEEN 3-50° (20) . &
BIEHR Xe=Ac/ (Ac+Aa) ARE, HP Ac M1 Aa HHRREENIESRXHER,

FJ $-4800, HITACHI R34t 7 BMBRARE S MMM L5 AL 07 TiP Bokife & B+
A EIER. SRR TR RAERETAGEH, W& ISM-6460 BAHRARB T EM
% (JEOL, Japan) MEKWERA.

£/ TA-STDQ600 RLZAMAM A HER#AT TGA 447 BARFT, FEERN 10
°C/min, EEH 25°C~500°C.

BB GB1040-92 IR, (R 8612 RHL (CMT 6503, SYIF=BER RS AT) 3
BRRBRIRE (0p) FGRMKE () HTTWEA. BARTH 10x100 mm (FxK) ,
PABEE Y 10 mm/min, ZERRBTHTHHE M E FHNEEN 43%H7F 5P F4—H, EZN
BR=REFHE.

WCS/TiP-nE S EH BB AN H50 mm x 10 mmiI K%, REBAS0 CHAF TS
B’ RiERERERBD A, BEGERET8% RENTREST, YH—ARKERE
Hidhw, ETFEREE (M) .

18




FIE TR/ BRUKESMHNEH 5 R

M= (W, -Wo) Wy x 100% )
AP, WERATERENEFRBEERR, WRAEFERRRHETEERETRKEHRE.
ERWE=KIPIE.

33 R5ite

Transmittance (%)

4000 3500 3000 2500 2000 1500 1000
Wavenumber (cm™)
@3-1 TiP¥ %K, CSHICS/TiP-48 SIEMLII KR

Fig. 3-1 FTIR spectra of TiP powder, CS and CS/TiP-4 composite films

’ 33.1 45aH

Fig. 3- 10 £ MTIPRICS/TiP-nE A ML S k& . 3 TTiP, 3445 cm™ 11634 cm™
FiAb i R T BT R B K 9 FRITIPRE M-OHE B 3R, 61038 cm™'ib
B (R W e 1R T P=O R Z54%3h: 1400 cm ™' ib kI B FP-OHBY K 4wz "), #6616 cm™
RS N T Ti-OR M gE iRz 1", ZEAICSIEMA SR E S, 3194 cm™ L HIEERO-H

1 . ' . 19



(il PR A

P
FIN-HH GRS EBREIY, 2862 om™ BHE MGt 4 SR MC-HIN G RSB #1635
™ Ab /MBI R T-C=0 (BLRERD) M455ah; 1538 om™ AbRN-H (BERRHRID RZER &R,
By T 5 B 2 DB RRYHAE I, BRLUE 1405 o™ i B T-COO IR FRi 48 e #1%0,
HRCSTIP-4E4HE, -OHF-NH,fH 4R3I (3194 cm™) HERHE, Fr, C-H%R
e (2862 cm™) MBI (S ~1539 cm™) H5152849 cm™, 1546 em ™4t XEZRALH]
B R TIPECS 2 A R ML R E R FT R,

CSITiP-5

CSmiP-4

CSITiP-3

CSITiP-2

intensity

Cs/TiP-1

cs

M

TiP

10 20 30 40 ' 50
- 20(°)
3-2 TiP ¥, CS# CS/TiP-n MARK X 1741 A
Fig. 3-2 XRD patterns of TiP powder, CS and CS/TiP-n composite films

332 X- i85t 4

Fig. 3-2 1% 3-1 4 P EHT TiP M CS/TiP-n KA B XRD BHMLREHE BFEM X
AT4tMeR A, TIP Bk A AR T 2B 0 T4 CS B, 42HI7E 20= 11.64°, 18.32°F1 23.46°
HIL T SAMEER, XRIDIATHE RS0, BEFTHE 11.64°70 18.32°4 BB TK
WAEAEELEH, T BACKHTHERDARMESTHEEEREH ™, 54 CS
AL, CSTiP-n i1 XRD M LF&RH REZN, RRENEEEFIRERR, LEE
CS/TiP-2 J. B4METHERI, A 04 wi% TiP J5, TEFBENLREMN 52.84%MF T
42.48%. FRBMAGRIHERRENLERERATEW, R TP §BK 0.4 wN Z &
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HIE KT/ AR NG H 5 hE BT
AR R BRI, S5, HEEAHK XRD Bt A RH TiP AW, X8R ELER
TP EEE M ASBILED.
333 MBI

B3-3 TPk, CSHICSTiP-nEARAPHBHEA
Fig. 3-3 SEM micrographs of TiP powder, CS and CS/TiP-n composite films

AT EENE TP BRAEHLUR TiP KN TRE R E®, Fig. 3-3 RHEAN
1 SEM B, MEFTLAEN, TiP BRREFRAUBH RIS, BWREEHH, K5H XRD
AR (Fig.3-2) , RRHT CS RSN, SHEEFEEE. ®HIRMEHR, &
TiP FRHEBIKE (02 wi%, 0.4wth), HERMBTEHEX PR, X2 T TP REH-OH 5
FRWEDTRRT AR, MRTFHOREE. FLKH TP —IMM, BASRERASS
BAES, WRTHERRR, SRWMERBEE.

334 AREMSH

#3-2 CSHICS/TiP-n ¥ & EH A 1 F KR
Table 3-2 Thermal properties of neat CS and CS/TiP-n composite films

Sample IDT(°C) FDT(°C) : IPDT(°’C) T.s04(°C)
CS 250.41 313.75 388.55 2738
CS/TiP-2 253.83 31534 702.79 299.6

CS/TiP-4 25762 316.75 710.82 307.5
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100- cs
—a—CSITiP-2
L
2
8 60-
E
k-
® 404
2 40
20+
100 200 300 400 500
Temperature (°C)
13-4 CSENCS/TiP-nE & IR A A i 2%

Fig. 3-4 TGA curves of CS and CS/TiP-n composite films

Fig. 34RCSHAR &S BTPHE SHENAENE. HETH, F—PRENBRKL T
MR, RELE0°C~130°C™®), B RKER 200 °C~360 °C, X H T RBE AR HT5|
&', RS, TPKMA, ECS/TiP-nE RN RERHEX B, HiEEHA
500 °Cht, HABHMRRFEKTHACSH. FIHZETable 3205t T— A RREM A R
B, KPIDT. T IPDTULRFDTABIRFHE MBI MRRE, 2 HES0% HIEE. ]
AEEMREE RRLHREEY, B¥ETE, EETPEENYM, DT, T.ox. PDT
FIFDTRMEHEKR . KIERFRTIPER AN T RREENRIES), ANELSHRT,
TiPLOBRIEH T AR R T ORI, BERSENMEM, RREN) TFHIMAEERD

THEM,
: 52

o
[—]
N
~
[l
N

—_——c
g

i :

&
EEXIE

Tensile strength (o, / MPa)
l8 ls At 2 'l
X XES
Elongation at break (s, / %)

[
(-]
PO S
£ 3
-

8
£

(') ) 0'.2 ) 0:4 0'.6 0'.8 ;
TIP content (%)
B3-5 CSFACS/TiP-n¥ &M 1y P14k
Fig. 3-5 The mechanical properties of CS and CS/TiP-n composite films with different percent

contents TiP
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FIE KRR/ BRMRE SRS SRR
335 hEMREs

Fig. 3-SRCS/TiP-nH A MM H ¥ ERETIP S ROBHE . NEFTTUER, HETPESRE
MAWHM, RAMKMBHEE (o) FNRHKE (o) ARARBEMNRR. YTPHE
EH0.4 wi%, RHsRBERN R KR HES T BAES50.32 MPa, 61.46%. X¥iH T TiPXY
FREE A RRETION A, — R B TFTIPBR S RIFONMBACSER S, H—7Hi@
RO THAMSREFZ M= TRNERER, U LEEZIS NN, TIPRBREEE.
BBNANER, BT CSHEE. PETPSROSENMM, JRMBEEGHHAT
ARAR, SBHEERRE.

3.3.6 MIBMREDHT

EEEREETRATER, RRAEHREIERER. BFig 3-6 ACSHE S RAMME
BEH98% IR (Mu) Higk. MEFTTLUEN, MATPERRENEEXNERR. LTiP
CRARR0S wit%, REBKIMUIAE]T B/MEA4.4%. KRR B THORM B SRR W&
THRMEARER, FARREL T LEKD TERK-OHR-NH, B SEHHEEMD, ANiIMHE
TREBBREKORE". SGRMEOSREEHME, MEXER. REEREN
HEBMTPKATARAR, EMMFEENERNRS, 5K FHEAN-OHR-NH,FHER
HAMZ,

80
754
;

704
65+

£ 604
3 ———
X 554
504
45+
40 ] v 1] v L] v 1] 1 J A
00 02 04 06 038 1.0
TiP content(%)

M3-6 CSHNCS/TiP-n ¥ A MR RIB{E #h 4%
Fig. 3-6 Moisture uptake (Mu) at equilibrium of CS and CS/TiP-n composite films

3.4 it

EAELRD, FRREERIIBER T —RIICSTPnE S4B, SREH, ERRNSG
HWAHEETPRERURFEEAREAENNXR. FIRERER, TPERREDITE
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e ______]
RTROZRER, SBTHRIFHATEAE. NSEMBRTUREES, HTiPE BILBIENH,
SR BT LRI A BZECS RS, Rt — R, KT BHHIT ARRZ.
FEHR BRTIPBRLN SRR A MRS, ATIPHERA04 wi%, HARHH
[EREE RN R K2 Hf137.26 MPa, 44.86%38K450.32 MPa, 61.46%. Bt5F, TGARINK
BHENRER, SAMCSEML, FAMMAGEENEREEHABRRK.



%1% BRATHEREHRIREO LY
¥ 48 BRUMTRERREEOEW

4.1 3|8

FRE (CS) REFRARELBEZBMERRRINER, ANSHR—MHEFIRA
BT, BTG, FREDREE. MEYRRE, THRRE. SERESFRRER
Wes], EHCLBEATETEL, AmEkeE™, St Hoed 454
R, RFHHEERE, KORREEURFKMERIH T REZHNA.

HEr, BERSYERN—FTERZELIIRMEIR SRR, ZERAHER
B e, RN AT e 8, T ERT RN ROAKRERSA
X%, ®EL. BROVEEAYURERE . REFKBRXARETRESYMELE, E
BT REFAEN S IR TRAY - EEORE. ATEHREAADESS OR
ik, REEWH. EEERE) OO0 g 1 — o hl g g R EGOK R ER R
KERGYWZRAMREERS. RABXLHEHFARBEBMFE. b, —EXRMER
i, ERFEREHORT, BERE (ZP) BRiEM-OH EATUHK EHANER (-OR
BR) FEBARS, ZARNBBERAVRET —HFNTE. ST, FRERESTESH
EHRTH LMK RRRERONBER. L/ BReaR™, BRZ -8/
BRI BSR40 K H A RO, SRR LK B R S AR REF UM B/ 2R (B R
KA PRI,

REUEFHERHFEL, RO —HFHHE—HERN, N-NEPEBERK
(TGDMP, Tif(OsPCH,),NCH,COOHJ'H,0) fEhHKERIEL. Bk, HMEK (TiP) Mk
2y 2P A, FUREN-OH ARG A NERRR. HK, 4R TP K
Bkl zeP EH, HRITHELMA. FR, B3TF-COOH EEEHNTIA, TGDMP HH fitify,
RETLEL B A ERTIMEERAYZ AN R EEREE AIHHNTRREERE
AR, RiaEtt. BB,

ERERBRSF, RITYRFAIRNGEERT TGDMP, REWR T H3 RN
W, RNRIIERETHREEEHEEREZERXR. :

12 KBS
421 FERAHIRNE

BH: TR (CS) (M, =300000+50, EZBEEEAT 90%) , HFEEEFEENT
WHRAFTRME: WEMAL (TICL, AR) WETFREMERLEINFRPL: HERN,
N-WEFEBR (DMPG) SRR, ¥4 Fig. 4-1 Fim: REK RS
FHEAFRAT R BRURKEMRAMITERIRLERN " Kb ZKEEK.

25



il N = VA7 8

(o8, #aRERMNEE S BEER (DF-101S, BM) ; RIIBLBBEARKIFERR
(KQ-400KDV, Bil) ; HHHEZR (2XZ-4, #iL) ; ZEEAFFHBLHL (TDZ5-WS,
¥ ; HAERFHERE (CS101-2A, ER) ; EZTFH#H (DZF-6020, L) .

OH

F

N
Oﬁ;l\ /FOH

OHOH
4-1 DMPG B4 F444

Fig. 4-1 The molecular structure of DMPG

0

4.2.2 TGDMPRI$I &

# 0.3 mol TiCL, ¥ F 430 mL 2mol HCI ¥+, RIGEHBEHT, BHBBMA 400 mL
0.63 mol DMPG #¥#i™P. KM 24 h FHUiiEitsE, YREZ PH=13-3.5, ZHHE P.0s {ITFH#
BRI, BT EHOBERE (TGDMP).

4.2.3 CS/TGDMP-n#i* £ & IR H &

B 2.0 g BEEMKAHT 100 mL2% (BHRAY) WERERS, HABHAE, miX
AP 2B ARFEE K 0.5 wi% TGDMP %, 60°C FHERMN 3h, BLRERRE
¥ CS/TGDMP IB-AY MRS B LMIERAE, 50 °C T4k, HHEIBH—RIIZEE, &
£ 3% CS/TGDMP-n (n /4% TGDMP #%F CS MAREASR). ERTRIEMN, FANER
HETHIHEE N 3% TREF . HRES RN NS 5T Table 4-1

& 41 BRI ENRS
Table 4-1 Codes of the samples

Samples CS CS/TGDMP-1 CS/TGDMP-2 CS/TGDMP-3  CS/TGDMP-4  CS/TGDMP-5

TGDMP 49 02 04 0.6 0.8 1.0

content (wt%)
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248 BRANEREEEMSNEN
424 GHRAEMEREN

A Nicolet (Madison, WI, USA) 170SX RMEMHFHAS NI, BHTEEKN
4000-500 cm™, KA R HHA#EK.

KA XRD-3D B X HEATH MR EHBHNUBETEFTRL ), Cuk, 55 (A = 0.15406
nm) , EHREN 6KV, BHAN 20mA, F#EZK 4 /min, FHEEEN 3-50° (20) .

K H HA JEM-100CXI BESTF BME, 4 80 kv MnE ik T ik TGDMP ¥ K K193

Fi S-4800, HITACHI Bd$3# 7 BB HUH & I OR B S A2 47 TGDMP BRI ER &
PR SR SRS EREPAGER, BEFH ISM-6460 A HEBHHRTF
B8 (EOL, Japan) MEHWEHA. '

£ H TA-STDQ600 R A MM OOTEE Mk iT TGA 7. BARHKF, FHEEER 10
°C/min, A5 25°C~500 °C.

A% GB1040-92 b5, AT BN FHBAL (CMT 6503, WIIF=BERREAF)
HREOBHEE (o) AERMKR (o) #HTTHR BAHRTH 10x100 mm (FxK) ,
P EEY 10 mm/mine FFFESETFARKHIREELES (RH=0, 43, 98%) FH—H.
EFNE=KITHE.

¥ CS/ZGDMP-n B & HBYR AN 50 mm x 10 mm FK %, RIEHA 80 °C A+
FHRUE, REERERIERICH Wy EFRFEFERDHET 43%, 98%RH KT %E+,
Yo—REHREZEEERK W, HTAHEREE (M) .

Mu=W,-Wy) Wy x100% (1)
A, WRFTHREOFRERRE, WRAEEESRRENEEARETRKRELRE.
ERWE=KEEHE.

43 ZBRETE
43.1 T5nth

B Fig. 4-2 TGDMP¥ K AICS/TGDMPA K H A TR L1 B . ZETGDMP & (Fig.
42(2)) 1, 3444 om’ B T AR 5 8 )5 B Tk A48 IR 30 RI-COOHE A 2 I H L iR HE
023, 1735 cm™ 1638 cm™ 45115 /8 F-COOHRM-COO fifeh 45 3 5h B tic e ™>12%, 10001200
o™ &b 38 FIR i ) B T-PO> 2 A A 1), b, 612 om™ AL S R IR B FTi-O
RIGET R, ELA Gt BAE L TGDMPE £ A e |

* Fig4-2(0) M4 X BB EACS/TGDMP-3 8 &ML A% E . X TAMARRE, 3194
om™ &b 55 A1 RO-HAIN-HIP 5 iR B E B X ', 2862 om’ BHE A % B MIC-HIH 4R 3h
i, £1634 om™ b H/MEINE TC=OMARE) (BEIERD , 1538 em™ LRN-HRHE
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PR FE T FA R

m
FRzh (BRI 1Y, SRR A, BEk7E1405 om™ it tH 3R T-COO X #R 1
#dn el ZECS/TGDMP-3E S, 3194, 2862, 1538 cm™ =AbAYE M RSB,

4RI 213202, 2875, 1546 cm”, XL LR Y T TGDMPECS 2 AL SRINA BBt e .

Transmittance (%)

3444

Wavenumber (cm™)

(@)

2875

3202

3194 o860 1634

Transmittance (%)

1538

1405

4000 3500 3000 2500 2000 1500 1000
Wavenumber (cm™)

(b)
E4-2(a) TGDMP¥ 5k BOLL 5P 8@, (b) CSFACS/TGDMP-3 R ATRAYLISM K18 E
Fig. 4-2 FTIR spectra of (a) TGDMP powder, (b) CS and CS/TGDMP-3 nanocomposite films

432 X-fiT5t 4R

Fig. 4-3XTGDMPHIZ AEHIX-HEATHE. BRATH#ERY, TGODMPREEEEE. X
FAMCSHE, 4HI7E20 = 11.64°, 1832°R123.46° I T =MFTHE, JMLIATRERH—K
(U, BRAATATIE11.64°0118.32°4 FIRB FARUAT KM BALH, 234674 5 HORTSH 5
HEAREEAPHEETERLEH, SCSHME, CS/TGDMP-nE & RMXRDIEHZLA
K, REBHBREEHEHRE, AHATGDMP-2H, X4 RIR T IMASKHERR
W REEHZE TS, ANTGDMPSEE K04 wi%lt, HABNRARLF. Mt #E
A B HXRDEE & 8 R L TGDMPHIAS (b, XTI AR i FAK IR R E T ) H & B H
D,
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F4E PRANTEREMREMENEY

CS/TGDMP-5

CS/TGDMP-4

CS/TGDMP-3
CS/ITGDMP-

Intensity

CS/ITGDMP-1

cs

TGDMP

10 20 40 50

20()"
B4-3 TGDMP, CSFACS/TGDMP-n¥ &M IXRDT4} H it
Fig. 4-3 XRD patterns of the TGDMP, CS and CS/TGDMP-n nanocomposite films

4-4 TGDMP¥ 5 A9 EHRAFICS, CS/TGDMP-niK W& MAI e R
Fig. 4-4 TEM image of TGDMP powder, SEM micrographs CS and CS/TGDMP-n nanocomposite

films
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]

433 WK

i SEMATEMA TGDMP ik FICS/TGDMP-nK A M MA 44T T 5. Fig. 4425
TTGDMPHITEMERK . MERTTLUE tH, TGDMPEURANF—ERRHBERE, BHK N
HATFsonm. HHAKMHREEH, FREKBAEN, XEXRDERZE B (Fig. 4-3).
ME R AT AR 4 R AR, A MR THRE, $—PELT EHABAHLRN
Kbkl soh, T RESKMBER R RHIEHER, Fig. 440FARERTHEENSEM
BH. NEPTUES, AHAREENETFELR, TGDMPEEH}0.2%M0.4%k, FKH
RAECSEAT A HIS, RHRERSILBT. X6 R B TTGDMP L KR K-COOHE
BALEREATFERTRNBUNEREAN. BTETRNBEHTREESN, #
CS/TGDMP-1JEFMES T —/ L. HTGDMPHI KRB FN0.8%, HARKKERRIE
FER, ARBRARSTAERYS, FHRTHRRS. XURART It 4 HTGDMP
SEMANESRAFHRRARE.

434 BIZEMIH

— CS )

—4— CS/ITGDMP-1
—%— CS/TGDMP-3
—0— CS/TGDMP-5

100

Weight Loss (%)
(=23 -3
S .9

8

100 200 300 400 500
Temperature (°C)

4-5CS, CS/TGDMP-ni%k M AMRMATMRL
Fig. 4-5 TGA curves of CS and CS/TGDMP-n nanocomposite films

%4-2CS, CSTGDMP-n#ik EEMEHA N Mz
Table 4-2 Thermal analysis of neat CS and CS/TGDMP-n nanocomposite films measured by TGA

Sample IDT (°C) FDT (°C) IPDT (°C) T.s504 (°C)
Ccs . 25041 313.75 . 403.62 . 2738
CS/TGDMP-1 25473 319.34 623.19 298.0
CS/TGDMP-3 257.05 328.52 647.63 298.0

CS/TGDMP-5 25747 333.4 643.83 294.6

30 -



F4FE BRAMZREBEREROYE
Fig. 4-5 3 4CSFICS/TGDMPHIK E A H B TGA B . 730 °C~165 *CZ IRl I R E X R F K
ATFHER, 200 °C~360 CZ AR K E R B BRI Z Bt A ARRARS B M0, Eidxt
H&B, TODMPHIFIERZRERMABEHHERT. A, HABEMERENRARR
LA E. fETable 4-2 5 T —EHREEH RS PEE, HPIDT. Tsn. PDTRFDTS
HIF TR AIA A RE B, HARS0%E R BABRFHHEE " NRL AR,
MEPHETE, EBOMREEHERTACSH. XTHEHFIHREERN. —&
TGDMPHK 5% FB 4 F L R RSB /e, LA FKBRENE TR T
R#iEZ): H— A ERTGDMPER M MARR T REM S TR RN AR,

) —— 0% RH

80 —0—43% RH
= | —8—98% RH
g 70-: — 1
\‘ 80- o
) > -
£ 504 §/
§4o- Q/‘?'"' —3 ~3—3
s 30.
2 20] .
(] ] ——

00 02 04 06 08 1.0
TGDMP content (%)

100 @

o —— 0% RH
L . ~0—43% RH
g 0. /f\i\—;—sa%m
£ 10 / i
E 60- —8—s
‘; 50
g 1 i/i—~‘f
& 304 \ /
17 201 i\i
00 02 04 06 08 1.0
TGDMP content (%)
(b)
@4-6 CS, CS/TGDMP-ni K M SRR A EEIRRPAE (2) WMBE (b) BRI
¥

Fig. 4-6 The tensile strength (a) and elongation at break (b) of CS and CS/TGDMP-n nanocomposite

films under different relative humidity

43.5 NEHREDHT
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Fig. 4-6 /& CS/TGDMPT 4Kk A H 81 1 ¥E 6k B TGDMP & B LA R ARS8 BE 3244 A
. NEIFATLIEH, HRNEHMKE (o) HEHHERAMMTIEM, RHEE ()
HIBEEHIRHE A I T M. 2AXHE A h 0%35 4k 4 98%, CS/TGDMP-2 54 B4 {3
BERITE M 2 iy 87.9 MPa, 21.8%4%K 17.7 MPa, 85.8%. XTIBERAT KA TR#E THYE
FRER, M T SRR MU R RE 2@ e,

WAk, ZERHMFMER T, BETGDMPH & RANMM, HEMENEIHERE TR
BT, SREN43%, HIN0.4 wi%TGDMPH, HARKMBMREIAET HAEN45.06
MPa. X HTGDMPIE XA KERMBAF FRARXRENRE. X—SREMBENA
KABTT L RR AW —BM, SRRAE, HUTHA: (1) TGDMPBRREFH2
MEEREES, () HTHRPRSAREZAAROERABEER, HRRBELARE
S8, TGDMPEEW RS BRI S HIER, MINTCSHEE. ALHHTCOMPA R
BIBEAERN, SIRMRIERETHR BN ETE, BRARURERSHEE, RERMER
FH. X—AESEMEAH NS, ARRNERR, ETEIHAEFHEARILACSR
RHEROHRMER, XTHEGTKITFEAKMEERTHRBBRM. FHRTEH
CS/TGDMP-niE Wi B K R R T T M, HALFRE bR T £ ML R 1), da Bl A4,
ERBABREMRERESYN NS, AMEAKRTROFNEAX, EZHHMATHEHE
(IR .

43.6 MIEMEED T

754 —8—98% RH
—O—43% RH
70
§ 65 /i/i
3 i
S 602

é\

10- \é\o/é//é
00 02 04 06 08 10
TGDMP content(%)
4-7CS, CS/TGDMP-n 4% M & BEZE A FI4E % i A TR o 43 2 8 1t 2%

Fig. 4-7 Moisture uptake (Mu) of CS and CS/TGDMP-n nanocomposite films at different relative

humidity
3% TR TGDMP K Bikiat 5 s R pR Btk W, RIS HIME T B-EHEE43% RH
#198% RHFFF IR R E. MEFig. 47T UEH, HAXEESK, FFEGREER
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4T BRI RGBT

L . |
Ko ER-HFEF, SERMREAEETANCSE. LTGDMPHIE R40.6 wioeht, Muik
HTB/ME. XTREHTHAKMHESRGZABRNERNBAER, FHREELIFLE
KA FERH-OHE-NH, B e B B H WD, MTIMHE TR BB R TR KB Zg0KH
HEA& RS, MUEXEXR. XEERFIGSEMTGOMPHA TR, FEHRE
HANZSE, 5K2FEHK-OH 5i-NH, BREEAI K HMEL. B2Z, TGDMPKIMALE
CS/TGDMPA K E & IR I FH R P18 5R .

44 &1t

EARLRT, EREERIIMHE T CSITGDMPAIXKE A, A5 MRSRE AN
AR EREBZARRT BOSRNGSRER, BETHFERAMERE. DEURERR
PTGDMPHIMAFTH TR B RBRO B MR RNR R KR, BRERHER RN H#EH
ML E. Wb, RaRAEARE MR Tt LA R R R .

KX)



BRI AT LA X
HS5E EMELAREENESHRBMEMR
51 3l8 ' ’

GAEAVMHETRAMSHENRE, CREMERNTUTRIIETZHNE
(30152 Soh 7 B ORI JLERTR A — M. BRSSP AUMBRETARN 4, BIR
FREMNBRRFED, ARAMUMHER AEEMNTI—ROAESH, TIEERFRRK
Sk E— R MAREER SRk, Bit, FARBEKEERAVHHERARANEN
(54136, gpiA%, KHRSVBREENRYBRNKMNEERZANAEHERS. BEOR
ABATETARAIEH. Bk, FAEHEHTERENRNHRE—ELE RS (GO)
KERMKEAHH. 5HBAML, GORFANASHEHAATHE, WL, FHE,
$E. RE, FUSETRADERYEER. RANELEBRER I TRERSYHER
R, B, —~HYMEEHEMATBESE, WENRRTREMOABEEL. K
LR S py 11,

BT LR, RIEHHGIER (PS) ERER, FAKALUER PS M GO HI3EHH,
FHRTF GO WA HA PS . BT, WHERRAREHLRFH—FIE, HiR
M. REEE, XAFTHERALRELEY. CE2HATRL. Bff. Tha%K
LHRM, BRNR, SHERS TR, ERMRMRRAREE, Z80FHEEN
WAFEAKEMELLRFERAM, B, RIPEMANELABES, EBOXENRTRIR
o

RANE KRR FEEEIN T —R5UH PS/GO-n EMHE A, REWHT GO MFEX PS
BrEA. MR, h¥EMEe. RBHENEE. RNFBLS. X5 RTHIRHEE.
TGA. HW¥MRASFRMIBITTRIE. s, EERNEHERELANXREETTHR
it

52 LRE
521 TERFIRNE

Rl BIRM (PS), BRIA/MN 29 um, 1 35%EERMA 65%HMAR, BT
Nutri-Pea Limited (Portage la Prairie, Manitoba, Canada); Hifh (99%, AR) HERRWMLE
RAT B4 FERET LEEHERERATHRAR: IRMMRHE (K508, AN
(P,0s) FIEK (H0p) BIREHAAERR Rt MR, RRETER)IFLERA
"y KA ZREEK. ‘

e, EARERMMKE N RS (DF-101S, BM) ; ROREBER KBS
(KQ400KDV, Bl ; BHESTE (2XZ4, #iL) ; EELEZNTFHE O (TDZS-WS,
K9 ; BRABRATHRE (CS101-2A, EK) ; HETHRME (DZF-6020, Liff) .
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B5F R/ A ARREYE AN RITR

522 GO Bl &

AR A Hummers A KR A BRHELHE GOM, SBBEWT: %25 WA BH,
1 g NaNO; 1 46 mL H,SO, KA B HURSEHER 250 mL 48, A BB P#IT.
BEARRPEBBMA 6 g KMnO, LR TEPRIFEEMET 20 °C. RFHEEFE 35°C,
A RRMN 30 min 5, ZBMA 92 mL KKSEHH RN 15 min, BEFEINA 280 mL 60 °C
FUKH 3% H0, BHOERF KK KMnO,, EBRASM&E. B, WREE LHREEP
. BEET 50°C TEZTH#.

523 PS/GO-n £ E AR B &

Hl&H wIEEN PS/GO-n EMEA BRI R T : H—E R GO KX (0.0, 04, 0.8, 1.0,
15 1 2.0 wi%, X TRIEERNERYE) BHRE 70 mL fKF, BFEIE1LShZE, B
BT MA 2 g PS KR 0.5 g Hb4kEMA 30 min, X T HIEMERBIL, BRABA
95 °C FKH4RF . KM 30 min FFILMACERADNE R, 2TREREEH PS/GORE
BB BB R LIRS, 50 °C Tk, #HBM—RIEEBSS N PS/GOn (nfh
# GO MMT PSMRBENFR). EHITRIEN, FraNBHEETHREEN 43%HTH
2,

52.4 GHIFATFMEREMR

KA Nicolet (Madison, WI, USA) 170SX B BHASMENSHT, RHEEN
4000-500 cm”, RFIRRAHAEA, ‘_

K F XRD-3D B X $HE&ATH N ST ERA X BREFRA A, Cuk, B4 (A =0.15406
mm) , EHEN 6KV, BHHA 20mA, FHFEEN 4°/min, FHEHER 3-50° (20) .

KA B A JEM-100CXII RUES i F %, 7 80 kv MEHET MR GO RARKBHNS
. ‘

FH%E vecco /A7 NanoScope Quadrex HREF 1 BB ME T R4 MBS RE
B, B, FHEHEN 3 umx3 pm.

1 FITA-STDQ600 B! 42 & A4 T X B S T TGA 2 #7 . RARSF T, ABREEN10
°C/min, ¥ BEFEFH2S °C~500 °C.

R UV-2550 RUES-RT GIEA CFMXBRFIEFRAT) % PS/GO-n EME A RIE
FeRBATER, BKHEEN 200-800 nm',

1R GB1040-92 #3¥E, MEFITIEE FHEN (CMT 6503, FHIF=BELRFEAT) *}
HRMEERER () , BMERE (o) FINRHEKE () #7THR. HARTH 10x100
mm (FExK) , BMEEY 10 mm/min, ZERARHHHRHE THANEEN 43%KHEH
FE—HE, EXME=RECTHME,
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HPS/IGO-nE Y E AR KA H50 mm x 10 mmB K%, REHRAS0 CHAD TR
SR, BHERERILFRIT W EEEHERETHNEERNSB%RNTHRET, FH—R
FHREZEELHW, ETEREE (M) .

Mu= (W, -Wy) Wy % 100% )
R, WEFTRENFRERRE, WRTEREHREEA98%MIF KRS HRE,
ERWE=WECPHME.

5.3 GR5VHE

Transmittance (%)

‘997

4000 3500 3000 2500 2000 1500 1000
Wavenumber(cm™)

@5-1 GO¥ik, PSHIPS/GO-S4EMEA BN KILE

Fig. 5-1 FTIR spectra of GO powder, PS and PS/GO-5 biocomposite films

53.1 Ao

Fig. 5-LHGOBK, PSLARS ABMFTIREHE. NEFATLAE, 253430 om At
TRk, HARNT-OHERRMAERS, 11720 cm 11628 om™ LAIHEIS R TREN
SRR, By Sh, 7E1400 cm™, 1134 cm'A11059 cm ! =40 BRMEE T AE
HEHIC-OH, C-O-CHIC-OfyiRzRre!), X LdGE ki) T LGOT BRI HI& -

£ PS ) FTIR Bl&, 3283 om™ 1 1650 cm™ 42 ii-OH X A 45 R3I M dhdwah 3|
&, 1151 cm™ 1 1077 om™ FALFREIRAHEHR T C-O-H # C-0 RAGMATRSY, 997 cm”
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S ———gg
£-C-0-C ¥ C-0 BIMAERSBAE!), 2928 cm™ 4bHER JLH ) C-H RIPAE RN T M
0591, 765 om™ 405 MITLHE R T C-0-C FAIRaH", TI7E PS/GO-S EMB A, WIE
¥ 1650, 1151, 1077 #1997 em™, HRIEBEBRET B3, AHBH 1642, 1145, 1072 F
993 cm™ . XiKBAT EEMEABD GO SRMA FEER T RHER.

532 XT84

Fig. 5-2 5 GO & PS/GO-n YR A MM XRD B, # GO M EH, 20=11.1°AHRT
—RAATEEE, BN 0.8 nm, SaCRMEMEH—E. EANRBES, HATHIE
SRR C Rg B9, 57° (B RKSERE) , 15.1° (A RASEH) , 17.1° (A F
B RUAFMEH) , 19.9° f 22.1° (B B M, i\ GO J§, PS/GO-n AMHABFRA
HB GO HAF1EHE, {H PS BRMATHRBERE. HIMRLERELY, GO FECLMIFHH
B B35 M PS BB, PS MRELHEHT GO MMATZEMH", LRET
e R LR ZERLE, GO MARBARR A FHARLRER, WHTATENSHNT
BT ELROEE. ' '

GO

N ey

PSIGO-4
PS/GO-3
PS/GO-2

PS/GO-1

intensity

PS

10 20 30 40 50
26()
52 GO ¥k, PS#PS/GO-nEMESHEM X FTHE
Fig. 5-2 XRD patterns of GO powder, PSand PS/GO-n biocomposite films
533 RMRBEIH

RAEL TEM F1 AFM % GO BikiAl PS/GO-n HABMMAE ST T H9. W Fig. 5-3(a)
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Fix, EAABHBHERRTEVN, FREMRT L5, XROBMEA L

HerEmAe B A - gL nRE. B HTREPS MBEBRORERE,
Fig. 5-3 th2B T AN 3 pm x 3 um B AFM B H . AEHRIIFERH, PS/GO-n AR
AR T4 PS.PS/GO-3 H A M A T3 B B (R, = 7.330 nm A 7 A B8 B (R = 10.082
nm) H4GH PS REAIMEE /M (R,= 8.068 nm, Rg=10.500 nm) "), XRHF GO FE L#FE
KEMSEEREA, HRAHESERI TERBHARER, BREIH GO MEFMIHE PS
Rk IR WA, 2 GO &N 20 W%, PS/GO-S filn MIVETRAMN T,
R A R, BMEA IR KK 14.009 nm A 17.926 nm. X R E ABEH GO & RAEM, GO FE#E
HABPABAYSHHATHARAR.

@

2
% 1,000 wn/ity

T 100.000 rm/dtv
1 o (2g) 17576 m

[ 14,000
- 138.60 m

5-3(2) GO RyiBSERE: (b, c» d) 9512 PS, PS/GO-3 # PS/GO-5 AR F 1 ERER
Fig. 5-3 TEM image of GO powder (a); AFM images of PS (b), PS/GO-3 (c) and PS/GO-5 (d)

biocomposite films

534 KRR

R THREBEENELRNEH, RIEETEEESHRANESENRANR. £
HAREMEREED Fig. 54 Fm, BH GO SRAMM, FARNKIMNELEY BRI, £
5K (290400 nm) , PS/GO-5 BEIBNEILTE X 0, TTIETLM PS IR, XY PS/GO
B A AR B IRA B R BRSO,
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Fig. 5-4 The UV-vis transmittance of PS and PS/GO-n biocomposite films
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Temperature (°C)
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500
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_d
-3
I

Derive Weight Loss (%/ °C)

Temperaturs (°C)

M 5-5(a), (b)# 3% PS # PS/GO-n EAMHMATIIS AR
Fig. 5-5 TG (a) and DTG (b) curves of PS and PS/GO-n biocomposite films
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% 5-1 PS #1 PS/GO-n MM SR AL Hi 812
Table 1 Thermal properties of neat PS and PS/GO-n biocomposite films

Sample IDT (°C) FDT (°C) IPDT (°C) T.so (°C) T (°C)
PS 2842 3269 306.36 273.8 3115
PS/GO-1 291.6 3337 365.39 292.7 3182
PS/GO-3 295.3 3326 389.96 . 298.0 319.3
PS/GO-5 294.4 3343 400.49 294.6 3184
53.5 AIBEMED

HTHHR GO MMARBIEMEM AT HEREM, RITHTTREMTLR.
Fig. 5-5(a, b) 4513 PS F1 PS/GO-n HAMKBMAL (TG) MEAKE (DTG) B, NE
BRI B K E. 100 °C ZATMIKEN T RMERIAS FHER, 250
°C~350 °C 2 B 2K T R e AR ARS I, R R, GO MV INE A R IE N2
BN BIRR. W ARMEENARRELANE, 7 Table 51 UM T — LA KRN
HIAAMRER, HH IDT. Tsm IPDT MUK FDT 2BIRTHRMGREEY. 24 50%
RIGEE. BARFABEE RBLARARE, NEFIETE, HAROAREREY
BT PS M. XTHEDT GO 5NN FL AR T ROLRIEA, HMAKN GO KB
T R TR,

5.3.6 HEMEES

Fig. 5-6(3, b) 2B T GO FEXHEME L # M M. BiE GO KA, BMEHE (o)
MG EAER (B) WENE, BBWKE () HEMRK. %GO FEM 0.0 3K 2.0 Wik, o, W
E HBE% M 4.56 MPa, 0.11 GPa 18K %] 13.79 MPa, 1.05 GPa, & i 36.06% /PN 12.11%. iX
BHERH GO FMATT IR BEARE TR, ER54 PS BHALAKNRET . X

| —HRELHRENR TSR BRI, % PS/GO-n AP, BT GO HEMRYE

KA BZERRE AP EFE ZABRT RNEREM, FiUlSRRREAZIIS I, GO
BRIMEE. HBAINMEM, MMT PS MRE. RRBMH TR THNES, FBW
R,

REEARERYMEANEL AN 2R — A EERR. B, EASFER
Y TEAMERRR M ERBEARRREENRFRESRERNERES. £BFE
AT (BEM), FEAREREOEBND . KA BB E R %R A

. Nicholais-Narkis 2%, (2) XT#e".

0= on(1- a®)) ) :
Ad: o HEBHERIE: o M o FHNEAHERNEFRBMERBE. %

40



% 5H ﬁi’ﬂ/ﬁ%?ﬁ%ﬁ&i%ﬁ“ﬁﬂmﬁﬁ“ﬁfﬁ

Nicholais-Narkis ﬁ&‘F AP oMb EHR, BN '35@4’5}335’5331%&&?5‘1%&’5
Xo HFREHKNTF, K a EDTF 121, RETHRFEEFRFRFORDRM. R
EfERRN 0, AKX (2) ®BEHA .
0clow=(1-12101%) 3)

BAARMBHRER o TREOESHHAZBRANEIRETERR/ LN, &
GO F1 PS FIA 1RGN S E1E A, B 3R oY Ul 57 1 A4 PS B BITK. GO . ¥ PS(1.15
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Fig. 5-6 Effect of GO weight fraction on Young’s modulus (a), tensile strength and elongation at
break (b) of PS/GO biocomposite films; Effect of GO volume fraction on tensile yield strengt ratio

of PS/GO biocomposite films (c)
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% PS/GO-n W E & BZEFRHE R 98% M HIRBIERE (Mu) HHR. NEFITLLEH,
PS/GO-n HATERBREEM LM PS K. % GO MAEN 1.5 wikelf, Mu L3 T B/ME
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MIBAEYE, ISR A RT B,
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Fig. 5-7 The values of Mu at equilibrium of PS and PS/GO-n biocomposite films
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