Vol. 30 BHEFEALFEFIR No. 8
2009 4£8 H CHEMICAL JOURNAL OF CHINESE UNIVERSITIES 1662 ~ 1667

i B PER I ¥ Y I 2 A0 1 RE

RA R BFE X R B R, HER KReR, EFM, ETwa
(1. T ERA BN = DT 2 T RS o R R R S, KR 1300225
2. EPBABEIIT A BE, LAt 100049)

E LA HIEH(DMSO) K SIBA , i AR A T — R AR R (TPS) | BTN [ 39
e Bt bR S R AR RE ARG RE R, OF 5 H b B H /K B A R I e R R AT T L ER. FTIR 4551 8o,
DMSOREMS 5 1M 77 A SR ZU T A 2 1 VB A L/ . WAXD 1 SEM AUBIFSE 25 52351, DMSO A AR T 38
WA A5, SCI T VER IR AL, B RS — AR A LA, TR H I B H il K3 S IR R AR L, DMSO 5 UEH:
PR T MUTE AR E U, RRUS A RO EM VTS, . S IS MBLil Jy 2=tk Re iR 45 R R_ W], &0
DMSOMYIEH | B RUGAR TV B AL AR IR, MG TAPRHW BN, B8RSR EL T H S i/ K2 &

AR R,
KR PUAMERERY; W S
HhESEES 0631 XERFRIRAD A XEHS  0251-0790(2009)08-1662-06

B TR NSELETRA R TR, (EHAS RISt 4 SR 5 -t 205 B3 3 AN W 2240
AR 5 [RIEE, T s ORI A i IR T 5 A5 58 A . Bl AN A A7 5
RN RS R OGTE , TFARR IR T 0] AR BRI I PR AU BB B 5 0 F TR e oz — . fE
HRIRKAYT, VERYEARIA 2 | BB . 7T 56 42 A= W Wk A S 1 A4 PR IO A A5 A, S EL R R
BT A YRR — 2 TR R R LAY, A A R R, RREEIE O
I3 RIS T VAR, T TR A A Y SE RO, 5 BRI RIONN T RS O T RO R IR R PR AN
HAAPIBI T, JORBRG] T IEBAINI. SR, e HIA/N T4 B850 5, AE R8T 4] ) i1
AT LA A ASEPETE R (TPS ), DT BIE 3E 453 A4 fn AL RE AN AP RE, SEBLTER A IZ . % Y
NPT ISR — RS A R S TE R R IS RO R AT, SR R R SR A S, WSS TE R TR
SR, IR R > T REBOAYTE S BE T, BRI BEE AL A IR L, o s £ 24 A T st DR 4 28 1
BBETR A PR 28 R P 454, SEBRVE R A T RO Tk, - SR 2 ou e | KNG TR
SERH AT IR, (R LE /NIy HE B30 S5 Z RN B P RO AR A MRS, T 45 (0 BB 1k 9 Ay
Sy RS, SEMREEAENE, WS EHLSEERN A (E. TPS Ff 3@t F1H 98 5] [ 205 A4 o 55 MIAS
PEXTHIBPEVE R O PERE R DE PR, T R AR URIFSE T O MR ANy I A OB E R, 5
I S0 YA TR LB 22 R P B TR T A A0 VB, AT A 8 o) IR P A ) 2 A

TS (DMSO) SRl b | b A HLE R, STEA RIFRIAHZATE, DMSO RS TE R
O3 PRI TE A A U, IR VE R J0 T N R ) U, DTS B TE B . Nakamura
PP T EEEVER 1E DMSO fFEAE S T ISR AT R, KL DMSO BB S A 280 Rk 1K 11 5 V2 4
MBS AL SRR EE. DMSO A28 R IR T 40 Tolk iyl FEAE b A%, 0 IS R IRTSCRI T, i HL X A
PRI EAT AR TEE , B8 T B S AR 25 Toll, 3 A X2 2 R 2R - ASCRS
PEA R AP e 1) — B IRPE Jh BE3 R)/No3E B8551 M) T R 100 05 0 o PIB PR e BT
THATFERE, JFSH R i K E S HPIBTER R R AT T XL

ek H W . 2008-12-15.
HATH , P ERMEB T P E (HEES . KTCX-YW-208) % B.
RTINS, Ik, B, R G, AT, EZMNEA WM ST HRHIF5E. E-mail: dongls@ ciac. jl. cn



No. 8 b S, AR R B IS  S A A 1663

1 SEIGE Y

1.1 KFEHER

FRVER (TG, EEER &8 75% , KERBRERERABRAR; —H IR (DMSO) ,
Mral, dbEART, A FmER KR E— 2 A S I R 2RI R K I (Glycerol ) , 23#ral, iR
P il % = n.w | /NI B
1.2 SKIETFE

B TE R R B 579034 LU A9 75 %8 ML N ( Rheomix 600p, Haake, Germany) #E47 /AR, 1RA& 5514
TREE 130 °C, %53 40 r/min, WA 6 ~8 min. FHorp = F RSP ARIS S Ve MR 2R DMSO (5 BUFEE 1) 10% ~
40% , FRic A TPSD10, TPSD20, TPSD30 I TPSD40. H i ¥k R b H il & & Jy 40% , #nic K
TPSG40; HM-5 /KRR H A 30% , KA 10% , #Ric R TPSGH4O0.

1.3 {XEERMK &M

K1 Bruker VERTEX 70 A UM AR 2T AL (FTIR) , FA —EERRBRERTR ( DTGS ) O, 4
HERA 4 em ™", ALY 4000 ~400 em ™', BEAEER S 128 IR AREIRME S (5, BOA B0 4 R
BBEZ (ATR) X E A LA 703

Rigaku D/max2500v PC X S5 (Cu Kae, HLER 40 kV, HLJEA 200 mA) , FHHEHEE 4. 00°/
min, A KA 0.01°, FHHFETEH 5. 00° ~45. 00°.

FEHE #2345 XL30 ESEM FEG (FEI Company, US) WLEEWr AR, 7 PN AR H 2 SO0E Ry A i
BT B IR AR e DR G W 4 PRIBPETER FE S AR TR AU T V2 R T, R BT I 4 b B FEHLEY
R TR A

TF Instron 1211 AU REA BLSLIGHL - IMASAE S B R P RE W%@@#%, JSF A 20 mm x4 mm x
I mm. Mk 6 MRES, BOEE, 76 25 °C F #4733 71247 N i3 Rheometric Scientific
DMTA IV ZhZs S1 2l g , IR TR - 100 ~ 100 °C, SR, P, FHEHE A 3 K/min,
A3 1 Ha.

2 HRS5WiL

2.1 ABHERMEILIMGES

B 1(A) A6 30 d LUR, JEM R or1 B RE A A ik st b TR 1A 2% A 2850 35 B A 22 1k
M. DMSO H A9 AN P A 4803 T 5 A R ) U IR i ZU A U8, S BT A 1] R s
fE WA R A B 0 728 . e PR SR AR IE IO /E 3371 em ™' AL, S —ANTREAY a0, ORH T UER 4 F
AP B R EE | 2T NGRS B > 1 8] 4 5 R L R IR S B AV S5 2R, B DMSO BYTA, %I ¥
A7E HB iR, JF7E 3271 em ™ AR B T — R, 3371 om ™' ARIR SO AR A5 I 5 RS | SR PR D TE K
JEA )70 N S DMSO B 5 HAL 2 3ASEE TH— LRI ZR. MidE 3271 om ™ 40 BLAY S W81

102
(A) 3371 (B) 1053 | 2993

l

[ : i
175 < c
3425 | 7 7
3271 € ¢
1 1 1 1 1 1 1
3800 3600 3400 3200 3000 2800 1100 1050 1000 950 900
plem™ #fem™

Fig.1 FTIR spectra for plasticized starch samples with different DMSO content after 30 d aged
(A) 2800—3800 cm~'; (B) 900—1100 ¢cm~'. a. Starch; b. TPSD10; ¢. TPSD20; d. TPSD30; e. TPSD40.
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Fig.3 SEM micrographs of native cornstarch and TPS plasticized by DMSO
(A) Starch; (B) TPSD20; (C) TPSD30; (D) TPSD40.
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Fig.5 X-ray diffraction patterns of native starch and TPS plasticized by different plasticizer

after 30 d(A) and 70 d(B)
a. Starch; b. TPSD20; c¢. TPSD30; d. TPSD40.
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Fig.6 Stress-strain behavior of TPSD with Fig.7 Stress-strain behavior of thermoplastic starch
different DMSO content samples plasticized by different plasticizer
a. TPSD20; b. TPSD30; c. TPSD40. a. TPSD20; b. TPSD30; ¢. TPSD40.
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Fig.8 DMA traces for TPSD with different Fig.9 DMA traces for thermoplastic starch samples
DMSO content plasticized by different plasticizers
a. TPSD20; b. TPSD30; c¢. TPSD40. a. TPSD40; b. TPSGH40.

ZE LA, SRR AT DAV R e R A SO ), FEIRRIBY U 4 T SR TE A 1 S8 Ak,
FIIPVEVERS. X GFHZATITRT SEM WF53 360, FE SR M in T3 B v DMSO FT LAAG 50 i e VR 3 3 A0 sk it
SER BRI S5 M, 152 BAT IR S E S 45 H A RSB PETERS. FTIR 455380, DMSO B85 3e ki iy et
T RGBR ZL ) S AN TR, IR SR TE R 40T R0 AH B A . P M e b it el 2B PR RE RO F 2 & B, X
PR s HIM AR I SRR, (i DMSO 48 E A HA R AR A dEfe. 12225 R W], DMSO #25
TV, MR T 2 SR S B, PSR B A T ARG 5 AR T i DA R i K R R AR
DMSO [ 34 335 5 T 1.



No. 8 Wb B BRI MBI 0 B B e b gk 1667

2 % X M

[ 1] Long Yu, Katherine Deana, Lin Li. Prog. Polym. Sci. [J], 2006, 31. 576—602

[ 2] Karina P., Nielsen P. V., Bertelsen G. , et al.. Trends in Food Science & Technology[ J], 1999, 10(2) . 52—68

[ 3] ZHU Chang-Ying(/RH¥) , YOU Ying-Cai( H¥EA4) , ZHAO Fu-Kai (#XIEBL) , et al. . Acta Polym. Sin. (43> F2#4R) [J], 1999,
(6):720—724

[4] Forssell P. M., Mikkila J. M., Moates G. K., et al.. Carbohydrate Polymer[ J], 1997, 34. 275—282

[5] WANG Pei-Zhang( F{i¥) , WANG Lan( E# ), LI Tian-Hua(ZEMH4E). China Plastic( P EZEN [J], 2002, 4(16) ; 39—43

[6] JANG Wen-Bo( Z[M1#) , QIAO Xiu-Ying(FFFH B ), TANG Zhong-Zhu ( FFBAE) | et al.. Acta Polym. Sin. (&2 F24R) (1],
2006, (1):97—101

[7] Smits A. L. M., Kruiskamp P. H., van Soest J. J. G, et al.. Carbohydrate Polymer[ J], 2003, 51. 417—424

[ 8] Ma Xiao-fei, Yu Jiu-gao. Carbohydrate Polymer[J], 2004, 57. 197—203

[9] MA Xiao-Fei( 3% %), YU Jiu-Gao( TJLAL). Acta Polym. Sin. (Fi4-F2:4) [J], 2004, (2) : 240—245

[10] MA Xiao-Fei( B8 &), YU Jiu-Gao( T-JLE:). Acta Polym. Sin. (Fi4>T244R) [J], 2004, (4) ; 483—489

[11] Fang Zhong, Wallace Yokoyama, Wang Qian, et al.. J. Agric. Food Chem.[]J], 2006, 54 2320—2326

[12] Joeroen J. G. , Hubertus Tournois, Johannes F. G.. Carbohydrate Research[J], 1995, 279 . 201—214

[13] Robert Vignes. American Chemical Society Annual Meeting[ M ], Washington, DC: American Chemical Society, 2000

[14] Reginald H. , Wilson S.. Carbohydrate Research[ J], 1988, 180, 339—344

Preparation and Characterization of a Novel Thermoplastic Starch
Using Dimethyl Sulfoxide as the Plasticizer

ZHANG Kun-Yu'?, RAN Xiang-Hai'*, WU Hang'?, YAO Bin', HAN Chang-Yu', ZHANG Hui-Liang',
ZHUANG Yu-Gang', DONG Li-Song"*
(1. State Key Laboratory of Polymer Physics and Chemistry, Changchun Institute of Applied Chemistry,
Changchun 130022, China;
2. Graduate School of the Chinese Academy of Sciences, Beijing 100049, China)

Abstract A novel thermoplastic starch was prepared by melting processing method using dimethyl sulfoxide
(DMSO) as a plasticizer. The effect of the plasticizer was investigated by a combination of FTIR, XRD,
SEM, DMA and tensile testing techniques, and was compared with the more conventional plasticizers, glycerol
and glycerol/water. FTIR analysis show that DMSO act as a hydrogen bond acceptor and can form stable hy-
drogen bonds with starch. XRD and SEM results indicate that the crystalline of starch is destructed and the
starch granules transferred to a continuous amorphous phase. It was found that the DMSO could more effective-
ly restrain the retrogradation than the plasticizers, glycerol and glycerol/water, due to the stronger hydrogen
bonds. The mechanical analysis showed that the effect of the DMSO was better than glycerol and glycerol/wa-
ter.

Keywords Thermoplastic starch; Dimethyl sulfoxide( DMSO) ; Hydrogen bond
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