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W E RASSHBEMBNR T ARSFROED KRS F BB (Curdlan) KB B (ASC) R T ¥4
v ZH T WHF] ASC B H 4 (Solid-like) 1720 A HER ¢ EMBHNENRMKEMETE, THRERE R
BEMED wnd fFER/DE ASCHAMBETERS FTRMBEEOENTEBR ASCHRIBHELTS
Herschel-Bulkley S8 KAM T AT LEAI B R A RN EAEER SR MELEHEM TURRELE
SREEMERN, ST ERABBLMFRE . 0300 HHEER CSTEBREETEFRELE ¢ =

Ge' HFIRBERE 1 =2.54,

XER AR, KB, Nt REREEY, BREE

13-3-DHERWARELXEFETHR . K
BRI b RSN R T
BM—rEEEREEEyRY . A] #8 fZ ( Curdlan,
CUD)R & Alcaligenes faccalis X BEF= S MM E L
B.orERNEl,Eem L340 HEBTE
BEHET AL . By T o] PR HL A 0 4 A0 % B B AT
o Ryt HIV &5t AR EF R Z L
T AT R Y T B b A B B K B VR
HE ERMERE THEEK, KM g ha
B2 E B — MR IE K 4y F A A, i AT AR A A i
— AN RHEEHESERENNRFESH.

FRTFTAEBRABTK, AETHERK.
Cadoxen( 34 = 2 & ) /K% F1 DMSO(—H T
B . Tada U WA TR MR T EK S TF
6 RSS2 B 0T 2R IR ok 7 R TE A R Ok B e
S AWk, 7 K5 ik R B ) 22 A A
1 . fE DMSO P, YT R EMR T 7%
M BERESHAE BT 700, §EERMBLE
W o B AR 1 9% B9 T FEARY DMSO 35 3 1
FITALEUTREASYEBRY, ST HEE NaOH
KIS (N > 0.05) BT 17 4

TEAFEATEP JEREEARNREE
AT BB K BE R B B R TR M A S L B g
MO EEKEFRMAREMFAS R, TEE
KEFHRE —MMRER ARSI VERE
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1 #HRMAx

1.1 ##

SHEAGARG TREOTERES AL
Takeda 2> A 4248 G O @O R BUOST EE RS b
% CDU-1.CUD-2.CUD-3,CUD-4 1 CUD-5 44 F
B4y 514 192,101.,50 .21 #15.1x 10,4y F B4+
(M M)k 1.3 8 RF#—Fa1t.

1.2 F#ERKBFHMAEE

BaERES T KPP ERTHERBEER
A5 e ) B p T R A 4 BRI L A B
FAAH 50 pm [\ R AH R, EREEH 1300
r/min, R R RE R 0C.

1.3 FAHREKPHBE®RYE

AFRBE T EEEKINEREEINE
NEEEER L ERNLRE 7se ( sp = niny -
lLp#ig SR EFRMKOEE)BHN. LB
f1 43 B 7E 30°C .559C .60°C .65°C ,70°C 1 80°C & ¥
T 0.1% a] SR BIF WA M 15 min, RE A L
HL(CENTRIFUGE 05P-21, Hitachi , Japan) I 3000
mn B.L 0 mn. EHNEMOMBABET, B
Ubbelohde BY K5 [ i+ I E B & EIE WM 5., F A
B & 6 # 8 1 ( Nicomp 380/DLS, Langhome,
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2% A EREFRNBRERTEL -&IHE
AL i 0 3% B 0B R~ 4 #7 X (SALD-20007,
Shimadzu, Japan) W & . BF 5 ¥ 5% 76 W & 5y 48 75 4t
BE 10 5.2.9% o 78 B B MR RO T A5 4 4 U Sl i S
5 8485 TMD-2S( Nikon Co.,Ltd. , Japan) E .
1.5 Eh-WyEENR

F H R AR 8 i 89 #it 28 {2 RFS 11 ( Rheometrics
Co.,Lid., USA) W& 30°C & A [ 2+ F &, £ [
FERTE R B P W L N - ORI R X R PR
47 Hide L (H 2 25 mm, BB 1.5 mm) . 3 {XAC
HHMERYE N 0.002 gem RS AHLE
4 12 32 Herschel-Bulkley i 2 2 # & (HB #i %)
HETIG

r=r1,+ K (1)

A, BERN . K AEERE. hFE
R
1.6 shaxsats Nl

KA RFSI A CRAGRKFITRER,
HES om) /MBI MESL TR BH S
FEIAE TR 0 CH BRI BB G (MR E
B ¢ MR MM ED tans HIBEK
k). BEERER M X RN 0.01 F T,
MEE HBHEEN 1077 - 10° radfs. Lk F g
HRERARBRAHBEURHEERCKIEL.

2 HRE5WiE

2.1 FIBEEXKPHERYE

T P K B P RO E X T AR T IR K B
A ERERAFHERERTEEARE HHX
HTHREFEFEEN . EHRE EREERK
(DN =25)t AT R fE K P RIERHON . AH R
AR T EETE K2 60°CHE AT fE RIS WA, 7EX
—RETWER A EREEEEEKY AR
3 3 A R R VR N BORE E FLER T AR
4, KA B 0 & 4 T T AR K e L SR
REW, EMBEERT sSsCof, REAB T H
TR HEM EERWEKERRAD, XARN
0.01; T %4 fin #28 B £ 55°C LA b B o] W2 B 82 6
MTEILRE BEM EERMNCEERRRAD,
BAZAN 0.05. 3 X0 A BT 5% 4 AT 48 B Y K 7 1
RN

RN ERN AR RUNEETL

AR TEEE  FEHHEHEBREEL 1.4-3-D
MREE AREERBETKRU T EEETH
FHEBMGTRIMNEBESXHFE. AR
AT B KAF BT B RE TR R
B, e, TEETERNEBRSTH
BRMER, ZTHKE EAETEEEREE R+
REBSEEER . BEWSST, EXKBER T
ERETHEU— kA FEY BT UERER
BRI, (X224 30% , (R it AT 38 B B9 7k & 1R R
WA .
2.2 FRERITHHIHFNERAR

B EH 20 R BB BOHERBN AR
BRMR T4, 18 848 K L2507 R ER R~
#HKF 2 5 HL ) BE . Paral %51 B S AU 7 23R H
EHERFNIRTEMER 7. PR FHER
MXF:

f.o= U1 + (d,/d]? (2)

xR d,RPEEEZ. b E-TS5E0BHRK
HHEH.E 2 2T CUD-1, ERARBERIF
5 SE R B fF & . 4 F CUD-1.CUD-2., CUD-3,
CUD4 F1 CUD-5, {4 B & 4+ HI A4 68.5.33.1,
29.1.23.8 M 15.6 um, RHAREE 5+ T R M EMK
BEAN RS TFEAIERERSS 28 . 78K B
Rt RN SafERPN S8 CREXBRRELE,
BEAEAEREE L TRPUMAWTEER
SHN R R R XM AN IR
KN

A[EE S ET KD  EMREBRRE, WA
SEFHEEBRESEAGRENFR A28
o b, BT LA VR 2R ) A2 I 0 v T A LA AS R I
FRENBEAERELE, TEARE T IR BN
AHHMNMH R, MSHHEETLHEKNIERS

+ CUD-1

Viv (%)
o
T

0 M 1 PITTTY ioad szl u
0.1 1 10 100 1000
Size (um)

Fig. 1 Particle size distribution for 2% aqueous
suspensions of CUD-1 at 30°C
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Fig. 2 Undersize cumulative frequency for 2% CUD-1

aquenus suspensions at 30C

KA TERBFRAESENEMNEMNEE
B, o RN RETRANEESEE.

2.3 FTEEREFHAREH

231 RIAWYEER R B3 e #£8,
Herchel-Bulkley i ¥ B RIGE R T R A7 5 F
B2 KB FBMARKE CUD-1 BER N
FEh4T R . K 1, CUD-5 BB AR I 1R/ («, =
0.03 Ps), MK EZ T B MH & MAFE . Nishinari
2051 50 Tako & Hanashiro''*! 1§ 22 3| STHEER
BWE 0.2% R, ATHEKBEBFHR O XA LB
HORERLER TR HRE 280 R R T
BR RIS M ERENERT . ERMA -,
MR EIE R K 898 B OT 38 B 5 F B a0k i o) 38
IS hn .

Ysh

Fig. 3 Effect of molecular weight on flow behaviour for 2%
curdlan aqueous sispensions at 30°C

2.3.2 KA P 5(a)(b)FIE 6(a)
(L) B EHT ARG T8 2% o] K& 3R
1% ~ 4% W E CUD-1 B M|, ¢’ . 6" 1and 157
REMEXE  h T8 R BB §, CUD-5
B CRMOERDEEFEN MNELTUREELE
FROLFRIFLELEERNMIELEEAN ¢ > ¢,

T (Pa)

¥ (s

Fig. 4 Effect of concentration on flow behaviour for curdlan

aqueous suspensions of CUD-1 at 30°C

ELBR B AL 1) CUD-4, 6 F1 6" 5K t 2.8 0 41
B, T 6 F and SLATB/ME 1 47 4
EREE A5 TR B B B
T LB A B AL TR R O B
ot R SR RE (0 L 47

3
0fa Sample-2
CuD-4
lozaEHBBEBBaEBBHBBBaaaf 38»
AAAAAA.AAAAA“CUD's
—_— af 8 A s 4 82 u“ﬂ AG'
é]olgvaVVV\?Vvvvvvv\,v;E! AG»
G foitBie, .82 cupa
-6_ AA‘AA“DUHUDUU ‘.g EYEE
¢l ¥ A A s aaar LTel
10 vvvvgivvvvv CUD-1
o(r'
1o’ . , . aG"
10?10 10° 10’ 10?
o (rad-s")
10’
b Sample-2
v CUD-4
ACUD-3
1o’k s CUD2 4
c CUD-1
e
= v v
s v
1o §§§§ R
Beda, R
$B5sgel¥s
107 . , _ 2
10 1o’ 10’ 10 10

Fig. 5 Frequency dependence of &', & and tand for 2%
suspensions of curdlan with different molecular weights at 30°C
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0.05, MM AA B R EER M and /DT 0.1, 5
B ans 295 0.5 REEY ¢ B/ H ¢H
AR EE TREER BHER®R, 5K
NaOH ¥ F (9 77 R B v s sk i R AE L) . " O R
RARBE L2 ol T BB, 5 ] PR 7 o B AR
¥ B NaOH(0.01 ~ 0.2 mol/L) ¥ W sk BEBHIL .

Table 1 Flow parameters , vield stress t, , consistency index X and power
law index n for curdlan aqueous suspensions at 30°C in the case of

sample-1
Sample-1{ W/ W% ) r,.(Pa) K(Pa-5") R
CUD-1(1%) 0.4 14.0 0.29
(2%) 3.8 3.20 0.22
(4%) 14,0 0.32 0.39
CUD-2(2%) 3.7 1.30 0.37
CUD-3(2%) 1.2 0.65 0.35
CUD~4(2% ) 0.3 0.50 0.23
CUD-5(2% ) 0.03 0.32 0.23
10% CUD-1
I R AN
R €=3.5%
1025680 ............ 603 a7 oG
= }55835829ggag98s8s8ey e
gmlgggbu oug goccoog?‘j G oG
- oa_‘f ???? P N A c=2 5%
2 T G oG
S I I A c=2%
We-. . L Goe
c=1.5%
1071 . . -G G
10 10! 10° 1ot 12 csi%
w (rad-s") G
1 1
0 b CUD-1
o 4%
o 31.5%
(-] 3“/00
1.5%
© 1%
= ' -
510.1_299.§ o, ..9”
. gggﬁ‘iigfg-“
107 3 B 3 3 ey
10 10 10 10 10
o (rads)

Fig. 6 Frequency dependence of &', G and 1ané for curdlan

suspensions at concentrations of 1% ~ 4% at 30°C
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HENERA XK, B3 TR ERSEH, b T #&
BERGK TS HE, X P Bl ST BE S5 o] PR EOR T Y
FEABRA L —EANHERKREEER,
R &S R 2 1R OB FURL T ] SRR IR
B, hERS, REMBIRREE A TERE
PR R, RV E TR AR RS LR
4 T AR ) A 4 SR A 1, % BB B SO A HELBE D

FRBAATER, FITRERS BRI Z
[ 5 P 3R 38 B8 R A 0 T REAE BLF A K, T J0RL E]
BERXEERARY O ERETREEFREZ—,
B BB K Fet R G5, BRI M
R WA D R ERBAME X NRES
S (and B R, EH LB HRGEE
WP F A WA, B, AT and 2 R B/MELH
WS AT R B ¢ EE N BT A S T
HHig 6y

G = [ G ) nse iniomom (3)

B74WT 6 S TFREMEWXE, THES

PASTECARARA M T G B RBOCHR, B ¢

ERPMBRKAEBHEENWERER S b5

Ll TR E AR AR, G B F R
WABETE--RBEHE, HEREEMMmNL.

1

150

1
100
M. (10%

Fig. 7 Plateau modulus % versus molecular weight M, of
curdlan at 30°C

HE 8 W,lgey Ml lge MERHEXRMRB(R
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SETH. RITERA-TEXEMNT BEREE
1, ( Diffusion-controlled cluster formation ) #7822 3
WAXARELSR BESBRKRTHHRTRSE
&, X sepr 7 B it — R T P AR BT L R
BETY#, Y EMNEBREEER T, S5
SEELAK THASRXHMEREERNIRE
TER:

¢ = G, (4)
Heh ¢, By EER, IEEEE £HEF =
2.85~3.21. B S WLIH S « HKB TABE,
% tand B B/MERT ¢ =3.03.
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Fig. 8 Plateau modulus G} versus concentration ¢ for

aqueous suspensions of CUD-1 at 30C
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BAOZH . AMEAEASS I RERE LEHT
AR BBERN, XBF B c =0.01 T oM
AE| ¢, fH CUD-1 BRIFBENFHKE ¢, =0.003,
# b 24 h B TR EE B W R BRI T . AEX B, o,
BIAR BN RIEE A, S c<c, BT, HEMBLE
MAS, FERZEMNEERS FAENE LT
Pzl M e>c, B, MEREBMEEN. X
B.ETERAEL, xRN

¢ = G,e' (5)
RPEEE ¢ = Cee Me, BBHFBRGS)RARAN
RN EMAE 8 B oand #E B ME B BT R
BaIBIE,THE P ¢, =0.0028 £ 0.0005, B4 5 W

RULERELRATESMAYE BIKMT CcUuD-

I BB EEMHHEE ¢« £ ¢, =0.002 ~
0.04 BRfMFT M L R B (T EFMN , HEBEET
FRAREEMTENERER, L/FRY ¢, EVE

EXMER) M T RRERE ARESH  £1.9
~3.5MmE4™ HH  EREGHE L™ B
B ¢, =0.004 fF ¢t =2.37,¢, =0.003 B ¢ =
2.54,¢,=0.0028f + =2.71. X— G EBA XA
PERE BT A AT N AT LOE B S EGE AR R
TR R SRR
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[ m0.004

*® 0.003
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Fig. 9 The dependence of the shear modulus on the reduced
concentration e = (¢ - ¢, )/¢, at tand — minimum { for tand

see Fig.6)
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VISCOELASTICITY OF AQUEQUS SUSPENSIONS OF CURDLAN WITH
DIFFERENT MOLECULAR WEIGHTS

CONG Fengsong, ZHANG Hongbin, ZHANG Weijie
( Shanghai fiao Tong University , College of Chemistry and Chemical Technology and College of Iife Science and Biotechnology , Shanghai  200240)

Abstract The rheological properties of aqueous suspension of curdlan (ASC) with different molecular weights were
investigated with dynamic viscoelastic experiments . Solid-like behavior for ASC was observed at room temperature .
The storage shear modulus ¢’ demonstrated a slight frequency dependence over the range measured, whereas the loss
shear modulus G" and loss tangent 8 showed a shallow minimum. The viscoelasticity of ASC increased with
increasing molecular weight and concentration of curdlan. The flow curves were approximated by the Herschel-
Bulkley rheological model. The fact that ASC manifests an elastic behavior is attributed to the formation of
percolating network established by the aggregation or flocculation of curdlan particles, which can be described by the
scalar elasticity model of percolation theory. The shear modulus &' showed a scaling relationship with the curdlan
concentration in excess of a threshold concentration ¢, =0.3% , ¢’ = G,&', where the scaling exponent ¢t =2.54,

Key words Curdlan, Aqueous suspensions, Viscoelasticity, Scalar elasticity model, Percolation theory



