H6H
20054 12 A

BoS T

ACTA POLYMERICA SINICA Dec., 2005

% ?& No.6

REEERFRAESHHMERR"

BRE TALRT

4

BEY

(REXFERZR KB 300072)

W OE RSEmIELAEBEE(CMMT), R Z P B A B I8 (UFTPS)  Hl & T RSB R/ R A
(UFTPS/CMMT) 54 #40 .J~ 1 Xoray 177 81 (WAXD) . i §f o0 T 2 # 5% (TEM) R 1, UFTPS 71 CMMT & s{ & & #1
BOOMMT R 52% ~ 1008 4 E S HEEHIEE 50%{RH = 50% )MIFE T R%F 104, F¥E#LES,
b ¥ 0 R R B (B R 43k ) 24 .86 MPa, T 134 50% , & K BB MG 2 55 {L B 4 Bl & UFTPS Y 87.25
MPa.1.87 N-m b F B & # H 625.25 MPa,2.45 Nom; AT LUE &, Fik UFTPS Mt B A MR B8
FHETRAE BIX TN TREMETHFENEETURAEESH BRI EST A SEENH M &R
., 8 & HERT R 7 R R e A BRSSO E M H LA UFTPS RH RiFfm K EERIRE

EH.

X@R MKESHH, BUtER, BRA, TERR

BHWIEROWAE S ML 10 F R R
FRE, ARG HENEEE ST EME T
BAMakE A0 e & P8 o B R mE
Y OHMREMBRYNRTRER BEHA.
EREANESYEINARESHHNR SR
Y M EKREESYHEH L, Laurens 7%
& Tl BRI/ H AR E S S
MR T, R T2 7 ;s Pack' ™™ 64 T
Him B (L BB TR L e R T RS 4
TREAYMAARNTYWEAKRREEGHITTHS
BE FAES Bl KEERN(G:3:2), K
MBS MERERENRATEE
YRR, dr T A0 0F 25 F0 B B AR A, R AU AR
HEHIERH MFED " EHEEANEMR.

AT A ERE LN A (CMMT), IR &
R (S8 RE PR =10:2: 1) 2R Y
tEiE ¥ (UFTPS) , R 45 (K i E B A H & UFTPS/
CMMT E4H . M R EFME rEREmY
IR TE R (GTPS) M E S fiT b, HA B H M
St RE, BN d 3t & A bR A AR AR R K MR
AR T TR,

1 EEHES

1.1 HE#MgHE
EXER . HAR, SEESEN 25%. 8K
E11.5%, Wik E WG HER S HFER, 2

a i FR A = W R, b d, RET
FAF=T RE, frs, REBHLFRA=
T-ERO. A8 FrZTHAEE CEC =90~ 100
mmol/100 g, 800 B /it &k F O FEMAL . &
WAL, GH-100Y, db 5 T SR LB ) s SR 4
R AL, 8125 (S) B KL 251, JE T &
B TR AR .

1.2 EBREHEL

££ 700 mL B BOCKHFHEMA 5.04 g 7 8&
BEA 2.4 mLIRFLER, KSR T ATH 20 gMMT
MREWED X HES BRI 80C MR U
3h RERHEFZRTEYRT, B CMMT.
1.3 E8#HHE&

UFTPS/CMMT B & H R Hl & sy W BT &
W EMAR TR 20% REM 10% PREEE,
RIGEEHE S ERE A (3000 /min) FR A 2
min, BIRSWH A EEHSTHE 48 h, F/h7
FRENEBREZ 2B EDEN T TFEL HE
BT A L B HLER O L SR, 15 BVROAR UFTPS; 1
S5RFEFE CMMT R4 R E . &40 BB HEH
B ERFE NSO ZROFHBEERRK
3 105C ~ 110C ~ 115C ~ 120C, 1§ FH % 3 mm
Y Z R HE
1.4 HRREREENR
1.4.1 X-ray fif §f (XRD) % i BDX3300 & X
B4 7 & 10, XT UFTPS/CMMT & 4 #f £l . CMMT,
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MMT Fl GTPS 1T X-ray 8, X Cu ¥, Ni 3B 3%,
WEEF 5 DS/RS/SS = 1°/0.16 mm/1°, & . JE 40
LV, B H I 100 mA, 91 B B 2%/min, R B E
0.02°, &AM, EF 1 K.

1.4.2 E5t8 8 (TEM) i& i TEM % & &+
BT ORIE SR IE . TEM B S % JEM-1200EX,
B 80 kv, BB # 7% B 75 Wi B 1 Reichen-
Jung Utracut E I R VB WA, O H
JE 29 80 nm.

1.4.3 51 % 1 88 (Mechanical Testing) g
GB1040-79 #7 #E, 5 FH Testometric AX M350-10KN
Materials Testing Machines 1% % X & & #1 B it 17 ”i
1 B B AR AL A7 R AR R AR b G AN ek
Fiat KBRS R 80 mmx ¢p3 mm HKRY, B4
a5 o, W% HHE 2R 10 mm/min. i
BEEHXTEE (RH) b 50% B3R B T ME 10d, R
=305

1.4.4  #i7% tE B (Rheology) FH XLY- 1 &
B ERRER B ) B ERES AR
8, 5L, 7+ M B8 B A (110C, 120C, 130TC)
J& 38 15 min, SR /5 #4732 M BE RO 0

1.4.5 WK AE(Water Adsorption) # &R
WA RERE, A 105CHRAS TH 24
h BUHE R ERE, T HESAE(K).

- w,

K= x 100%

1

K, w, AFRAHHERER, 50, HET4
WIXHRI R, g; SR 5% 7 Bh 8 2 78 7 (5] 6% 4 %
TR SRR T BOE — Bk iE] B S B ERE LA
1 ()46 X 0 B A B A a1 O T R A K
E N EA MRS ATRA A REDT .

1.4.6 HEEH(TCA) % Fi ZRY-ZP # 5 &
B M L(TGA) 3T E & A5 B AT UFTPS #4784 88
PG4T, BERE 5 ~ 10 mg, FHEE & 15 K/min,
iR E =R ZE 500C.

2 HER5WiR

2.1 X-ray Mt

B1ASEBRA FERIELRRA GRS
¥ 5% BMA UFTPS/CMMT E & #8191 f1 X 4t
WS (WAXD) B . o] LLR 4, 320 6 28 0 4
BRELLEE, K (001) REMTHEH 8.75°8
B} 5.71°, 4R 4E Bragg fi 41 i/ 18 2dsind = A T EH
REEY 2 B BE B doy {43 5125 1.01 nm #1 1.55 nm,

REAFBOBRBERFTH FERCZEA
HEM,BET EREFE, R CMMT, F # T
0 UFTPS 1£ A3 . A UFTPS/CMMT X & #1 ¥ 1% & o]
LA, BB do, AT SR 5K, RIS A 5
MEWT LW, i B #2348 UFTPS ik
F, 0 UFTPS TEBL T HERE R EF 60 A 4Rt .

a) MMT
b) CMMT
¢) Nanocomoposites

Intensity (cps)

Fig. 1 WAXD patterns of MMT, CMMT and UFTPS/CMMT

composites

2.2 RHRRESR

B2 ARE ST 5% CMMT 5 &5 B K
Ix 1B E T8 (TEM) B A . ol Ry
ST 2B RL B b WL BY 1) 7 R0 L $ R L B A
H UFTPS 2 (8] 48 5 1F A th Rl 89 16 BT F, 45 ma
UFTPS 2 FHEC i AR CMMT B, 2B H F 2
EWBHETE B R H B (BR8N EERS),
515 BOEE UFTPS 24k F 3% 5 WAXD #0822 4%
R

Fig. 2 TEM Micrographs of UFTPS/CMMT composites

2.3 HZROA

3NE B 5% CMMT 2 4 M EHE RH =
50% PR B 30 K .60 K .90 XS5 X-ray fi7 5t
B ,BE 4% GTPS 7£ RH = 50% ¥ 55 vh i B 30 % .
60 X .90 XJ5 X-ray fi 51 B . 3+ L G E 7T LA o5,
X F GTPS 7E 30 K. 60 XM 90 R HIR vV, & &
OELESGITN, SRR, FH T Lk
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M TESHH, a0 XENEAHZIES
EEmHEHH XERATEAMNES ZHAR
HIEBEON AR EEEMEAE, MY S s
CMMT Rl UFTPS s 4+ T2 E RRBHIE AL,
poRvich 8= 3 1 e N R R Rk 7 -3 ok 1
TEAMRESRTHHES BETHEMEA
TEEE .

RH = 50%

Intensity (cps)

10 15 20 25 30
Diffractograms angle 28 (°)

Fig. 3 The diffractograms of compeoites stored at RH =
50% for 30 d (a), 60 d (b) and 90 d (c)

RH=50%

Intensity (cps)
o

10 15 20 25 30
Diffractograms angle 28 (")

Fig. 4 The diffractograms of GTPS stored at RH = 50%
for 30 d (a), 60 d (b) and 90 d ()

2.4 J15iEEE

& 5 % UFTPS/CMMT E & H# HHE RH =50%
RIFFIE FRFF 10 KON DML, EESHH
i CMMT B8R 2% 5% 8% 10% B , A I
s ha] LA A, UFTPS/CMMT & & # B R —Fh L %
£ 0 T 64 AR R R AR B, B A R AR R AR R
SRt ; LS SN IS, o 2R ) 36 2 AR AR, O 1) B
A% 4 7 [ 5 B R 7 38 B0, CMMT k2 F K , UFTPS
A S WAL, M ERA B R S A E S
MM A EER T, UFTPS A FRHE R EHE,

1 Ak S 18, B IR R AR AR BT B 2 FE AR B
S, CMMT [ 7 UFTPS k2 iy el iifl ,
kA B YA RSN B RS R M,
REJ17EIE M, e CMMT HF #1 UFTPS Z (B Y 3%
T AR LA SR A A1 FHE IR A A R IR FEOBE &
UFTPS 2+ FHEBIE B KR B AT W 2 . & 4z fb
SRR CMMT #I UFTPS BB R EE S .
F CMMT ¥ T & B K& S BE 4 P06 P HE & 1% B
Wi & R IR AR AR B R A
b7 24 Bt 7 A A %ot A s

30

251

= 20}

s b

2 15h

£

2

= 10r

R a) 2% CMMT
5 b) 5% CMMT

c) 8% CMMT
. d) 10% CMMT
X - 1 'l 1
0 30 50 90 120 150

Tensile strain (%)

Fig. 5 The stress-strain curves of composites with different

mass contents of CMMT
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Fig. 6 The effect of the CMMT contents on Youngs modulus

and hreaking energy of compaaites

ME6.7.8 H&a4F 1 B, ek UFTPS A
It ,CMMT 7E 2% ~ 10% {58 W, B )8 IR B & I RE
TR FRS EAMNEE N ERESR
HEFeiK UFTPS . B REBEMAAEX .56
R R, RS RIS L
ERACEH UFIPS FEBRIFMNAES A, ER
HEHERITFNESHH.
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Fig. 7 The effect of the CMMT contents on yield strain and

yield stress of composites
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Fig. 8 The effect of the CMMT contents on breaking

elongation and tensile stress of composites

Table 1 The mechanical parameters of UFTPS/CMMT comoposites with
different CMMT and pure UFTPS stored at RH = 50% for 10 days

Composites  Composites Composites

Parumeters UFTPS 5 o CMMT) (5% CMMT) (109% CMMT)
Yield Stress (MPa)  3.69  11.89 14.04 21.44
Stress Peak (MPa)  4.53  13.48 21.12 24.86
Yield Strain (%) 13.92  38.92 57.98 39.65

Strain Peak (% ) 109.69  113.00 134,50 101.11
Youngs Modulus (MPa) 87.25 148.66 595.10 625.25
Energy Break (N-m)  1.87 1.87 2.01 2.45

2.5 WETH
HRYRETAITANERYMNTIIZNK
HF#H-EHXFEL B XYL-TEERE RHTUR
ETARSERO SBE SN TEERIEN
VDK R RE BT U)o AR R R 26 9.10.01.
METALUEH ARGEESRERAES
MR EEN YL NESTEAD, 2
A ER T X EERMTESHMRIEDY
PWARAERT B4 UFTPS 2 (8] &9 57 1@ 15 M
NEHB, T8 THEHER BB RE

6 & oy B AN TR BN & & 8 R AT Y
B EWEW ER -WEET  BE®H,
T ESN REKEFETHN HRABET .
BARBIBBE, AR X

4.0
®110°C ¥=425-0.74X
a 120°C ¥'=4.20—0.74X
36k A130°C Y=4.08~0.74X

. X
1.2 1.6 2.0 24 28 32
lgr, (s’1 }

Fig. 9 Shear viscosity related to shear rate in the linear fit for

compsoites with 2 wt% CMMT at different temperatures

®110°C Y= 451-0.78X
38 o120'C ¥ = 443-0.78Y
al30°C Y=4330.78%
_ 34t
&
=
< 30
o
26
22r 1 L L 1 1

12 16 2.0 2.4 28 32
lg¥, (s

Fig. 10 Shear viscosity related 10 shear rate in the linear fit

for compsoites with 5 wt% CMMT at different temperatures

12 1.6 20 24 28 32
lg¥,, (s1)

Fig. 11 Shear viscosity related to shear rate in the linear fit

for compsoites with 1¢ wt% CMMT at different temperatures
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F2HIMT 120°CH B & B K8 B30 75 1L BE
AE, MAEHIEH n, EHIGILEE AE, R THE
MEAEMERAETANZNA, R ELREA, W
WIE G MRS iR R R R T
AR RE GRS E I RERE S R A %
R, FF BT T R 5 4 T2 LDPE K9 3
EiELEE AE, = 33.24 k)/mol s X ILHA KR & M EL R
AT A%t i B AR AL b B AU O B B SR
BRA S BIg R AL Nt R s TRE R
HEGHBNATETN . PRI HERD
B A B RHIE 2 i 3O 535 B BT YIRS B 8 1
RIRELW, BT R4 WA &P s iE i
B RE %2 B0 & 248 v 41K 58 A B A B E
BE B gy~ lgy HEFEH KLY 0.7, XYY
AR A B E R TR R,
HEamain L& q, oy @ o 28 AT 5F vl e
RERLEELGHBAETN.
Table 2 The effect of CMMT mass contents on the vicious flow activation

energy and flow index r of composites a1 1200

CMMT mass contents The flow index r AE,,.(HJ'nml)
2% 0.26 36.41
5% 0.23 30.34
10% 0.19 27.31
= RH = 100%
50F~o-RH = 75%
~a-RH = 500%
—e—RH = 100% Adrh--A A A
—+—RH - 75% , &
F 4op e RH=30% 6---0--0
S o o’
= . 0
2
£ 30p
3
_3% _______ -
20+
— Composites
---UFTPS
10' L i 1 L N
0 4 8 12 16 20
Time (d)

Fig. 12 The water content of composites with the storage

times at different RH's

2.6 WokiEsE

KPR RE R VR4 S R B R B —
TREERGR . B LRTE RH =50% .RH =75% . RH
=100% T W T & & # ¥ F1 UFTPS By 7K
TEEE AR LE 12 NEHR T L EE, CMMT i E
A0 5% B AR R Tt Kt RE B BAF F UFTPS. %
RH = 100% I , 4 UFTPS SF 8K B K0 46 %,
BEEMBEER kB KAR 2% fEEHITBE
TRHREAEIHE, IRHTEASHH P
CMMT 1 UFTPS Z B A AEHM K2 FREY
ME—ERHERBER.EXFTEEERETR
& TR AR K ERE
2.7 RABEEH

B 13 HESFBER UFTPS R TR I,
MEH,ZEZINOCUTHAMANNERRATE
BASTE0CHMBE T HRENRLERNEE
RN R 4 UFTPS B BREZN, E
BHER 15.12% W REE N 277C,

105
£ %or
E
=
£ 751
=
=
E 6or

a) Composites a
451 b} Pure UFTPS
b
0 100 200 300 400 500
Temperature ¢C)

Fig. 13 TG curves for pure UFTPS and composites

22 b TR SR 343°C ; UFTPS/CMMT B & # R
HIth R R 284°C, AL AR E N 357C,
HEMRAN 4. 4% . TUEL . EEHHNMEE
HARLERE S BB/, XIRAHE R A
BAB I8 2 vE i 3545 68 MMT # UFTPS
FERFHWAESGE S ROANBRBETHENE
EHE.
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STUDIES ON PROPERTIES OF THE THERMOPLASTIC
STARCH/MONTMORILLONITE COMPOSITES

HUANG Mingfu, YU Jiugao, MA Xiaofei
{ School of Science , Tianjin University , Tianjfin  300072)

Abstract  The composites of thermoplastic starch plasticized by urea and formamide/citric acid-activated
montmorillenite { UFTPS/CMMT) were prepared by the method of melt-intercalation . The ratio of urea and formamide
used was 2: 1. Wide angle X-ray diffraction { WAXD) , transmission electron microscope ( TEM) studies revealed that
UFTPS was intercalated into the layers of CMMT successfully and formed composites with CMMT . When the CMMT
content was 2 wt% ~ 10 wt % , after the composites had been stored at a reletive humidity of 50% for 10 days, the
mechanical testing indicated that the maximum tensile strength of the composites reached 24.86 MPa, and the tensile
strain reached 134.50% , Youngs modulus increased from 87.25 MPa for pure UFTPS to 625.25 MPa for UFTPS/
CMMT composites, and the breaking energy increased from 1.87 N+m to 2.45 N*m, which showed thal mechanical
properties of composites were evidently better than those of UFTPS. Rheology analysis illustrated that during the
process of composite preparation both the extruder screw speed and the processing temperature could effectively
adjust the flow behavior of composites. Comparing with traditional GTPS, the composites greatly reduced the
recrystallization resulting from long time storing. In contrast to pure UFTPS, the composites had better water
resistance and thermal stability .

Key words Thermoplastic starch, Montmorillonite, Composites, Citric acid



