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Aol 25T 7)o A 24hr B T A2z ALgstgdo)

I & AAEY ZFFEFE Jlsle] ndEE ko] 30. 32. 34. 36. 38. 40% =2
& ZH3lo 25T 2AsHA He22A] EX A9 AgE AL

non-Newtonian 2| &2 L2 RY S22 A HFES
T3ttt 432 Haake concentric cylinderical viscometer(VT550, system MVI)E A&
3t ofefet 2& FEEEH st ZAHHUG

Power law model : ¢=K 7" A

Casson model : ¢%= K + K. 5/0'5 (42)

714 yE AUEE(E), o= AYLHPa), K= FZRE 25 (Pas”

=
rlo

8
=A%, Casson FESHL 5oc=(Ko) 0| T}. Apparent viscosity(7.5)= AY £E 5s-1
A 7K ¥"7' ZRE AFAh LTwss) 15239 $EENC NAE JFge

10~55C 2% oA Arrhenisus 2102 HE] BEA59it)

7a = A - exp(E/RT) (43)

3714 AE AF, TeE 25(K), RE 7| A448.3144kl/mole - K), E.& &A=
(kJ/mole)o] t}.

(2) Vane &&5&¥ 34

Hae &8 =AHL controlled shear-rate Z 71| A] Haake viscometer (VT550,



Haake Inc., Germany)E AF-83}4] vane WH o2 ZAFYTh vaned %0](Hv)7} 3cm,
A E(Dv)o] 2cm 4709 L2 FAE vaneo B A5tk (Fig. 1) controlled shear
rate A2 Z 25To|A 0.1 rpmo.2 ZA3 0™, vane §ESHL olg2lo] 93]
A st A ct.

T .=

aD%( Hy 1 ,

714 Tn & H) EAZ (maximum torque), DVE vaned] 2 EH,& vaned] o],
0 o= vane?] 3ESHLS el

D'
H. .

Fig 1. Four-bladed vane attachment
for vield stress measurement

(3) Capillary extrusion #o] €@ HZE A5st 54 A5 24

Instron Testing Machine (Modell011, Instron Co., Canton, USA)9| capillary extrusion
viscometerE ARg-3t] Y A5 FESHE ST HFL 20X capillary
extrusion cello] 2 ¥ 47§18 Th& crosshead speed (0.5, 1, 2, 3em/min)2 A 22 ¢
A SomolM FAHHNLH, ABIL oificeE FH}EU 27HE Y(Fo)H
copillayE Bt 2 7HE YFIE SHHA g8 Ao debel ABLd(o)P
AGEE (g ALS

o= AP/AL/D) = r4P/2L (A5)
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714 AP = (F- F)/A, F, = A&7} orifice® S0 wo] HF (g), F. = A&
7} capillay® $3F W] Ho) F (g), A = capillaryd] BHZ (7)), L = capillary
tubeo] Zo|, D = capillary tube®] A7, r = capillary tube$] ¥7ojt}.

y = 4Qxr (416)

oJ714 Q = zR’Xcrosshead speed, R = extrusion barrel®] wt7oln, Kzt# ngte
A9 YoM @2 A7 £58 HUSY (0)% AGEE ( NEHEH power law B
24 (A )l st AR,

m. Az ¢ 323

1. % SEtdol 22X §Y

1) Shear-thinning &

d2 ¥= H99 8% dddE AT F R0 WE 93 FEEAH A4
A] Haake concentric cylinderical viscometer(VT550, system MVI)Z& o] £ }0:] Aade A
@ 38 HAEZZHE power law E A F Casson R4S HLsld SFEEAN
WAEFES FAHT TR @ FE5A dAESEE Table 10 Uehi
Power law R o -461 A FAHAA 54 AFmE 10T $& 0.30-0.559)

gl shear-thinning (peseudoplastic) FA Y& & & Aot

(Fig 2). mt2bA @39 %—i%‘—ﬁv— 5 2(T.S)0] Z7}842 n gho)
BllE BT 748 shear-thinning &4 A1ZS JElY T Q&L & 4 g} o9 e
FTHAAETS QALY F3AZ 93 JAEY $Fo= 2 g den YAzt
o] A% BETE $3E ?32}-4 T F7H Ao B¢ A &2 5715
e ol §HYAY FE #23A Hz o A3 24 E s shear-thinning
AEel zuHdrh n33 73 A2 20HE Fo| Zs18e| wat 7o
shear-thinning A&& 1o l-‘E 1FAe] =7t S wel QA Aol
FE A7) W Aoz My =5 4 gt

Rade A%e U

e
o
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& NS AH0034%) Eo fa w= = 1
(30-34%)9 4 10-40TAFO1 8] BS, HEE A4K)% 2RI FE(r)E L2 27}
gol wet B4 Zass AFE wol} SSTAAE oAl Z7Hdn. ol ssCabe
e exo od BuAAY Adel B WY FAR B T U= AT
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Table 1. Magnitudes of flow behavior index (n), consistency
index (K) and apparent viscosity (7., Pa.s) at different
temperatures

TS. T=10T T=25T T=40TC T=55C

(%) | n K 7a | n K 7a | n K 7a | 1 K 7a
30 | 044 {1158 | 470 | 055 | 8.63 | 418 | 040 | 915 | 348 | 0.44 | 794 | 322
32 | 035 (2245 789 | 048 {1652 715 | 043 {1484 | 593 | 0.33 [14.66 | 499
34 | 036 |3413|1218| 046 |28.12 (1179 | 047 {2035 | 867 | 0.32 {2595 8.69
36 | 041 |59.67|23.09| 042 |50.83(19.99 | 0.39 |46.98 |17.60 | 040 |41.34 |15.74
38 | 030 |134.68{43.65 | 0.37 |107.05]{38.84 | 0.33 |{89.63 | 30.49 | 0.34 | 75.22 1 26.00
40 | 030 |197.53| 64.05 | 0.33 |148.55(50.53 | 0.30 |126.60| 41.04 | 0.31 (104.28| 34.35

= o
Casson e F:q PoFol 7%l met A dedch o

w(H12)5h

Co(ANE EDEE FF Zvbo] mHAA FTSAOR(Table 3) ondt FRYR
dtaknl 2o AWAAZ HAFtKFig 3, Fig 4). Vane 53 FH FAELS
O}&é-:]__o__

TT =

ool BlE wi$ e WAE HAFH o] vane o] HAY WA
o
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Table 2. Yield Stress(6.) for Casson model at different temperatures

TS(%) 10T 25T 40C 55T
oo(Pa)| R° |oo(Pa){ R' |oo«(Pa)] R° | ou(Pa)| R°
30 411 0.92 211 0.91 3.18 0.99 2.52 0.98
32 9.22 0.95 4.77 0.94 471 0.97 6.31 0.98

34 14.69 0.95 9.45 0.94 5.62 0.98 11.69 0.97
36 2220 0.93 19.14 0.95 17.59 0.99 13.94 0.99
38 64.59 0.94 4498 093 39.09 0.95 35.09 093
40 83.34 0.96 64.02 0.95 61.35 0.94 51.74 093

Table 3. Effect of solid(%) on magnitudes of Casson vyield
stress(0oc) and vane vield stress(c o) for doenjang

T.5(%) 6 oc(Pa) 5 o(P2)
30 211£0.39 2.30+0.18
32 4771031 459+0.17
34 ' 9451057 7.601£0.22
36 1914274 11.05+0.39
38 44 98 +0.80 21.71+0.87
40 64.02+2.63 29.75+0.14
R’ 0.88 0.92
300 - D40%
038%
A36% .
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Fig 2. Flow curve of various concentrations of doenjang
suspension at 25C
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Fig 3. Effect of total solid (T.S.%) on Casson viled stress (0 oc)of
doenjang
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Fig 4. Effect of total solid (T.S.%) on vane vield stress (0oc)
of doenjang
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F1YE I3 BEI) AE(7a5E B0 s FBBAS 7HAHR=0.99)
Table 4)
7as = a(T.S)° (415)

2R7) Are 257} 718 wE giste 3¢S HoF9oni(Table 1), #r%
of gt 43 dlyuxE 6.58-10.70 klimole Ato]9] $X& Hth(Table 5). 1%
o] 7% A3 AU} 149 ki/moled] $XE Ho HAo] BT} vekrh

Table 4. Relationship between apparent viscosity and total solid
content (T.S.) at apparent viscosity (7.5) : 7as5 = ax(T.S.)P

exponential T=107C T=25T T=40C T=55¢C
model
1.09x10™ 3.44x107" 3.32x10™" 7.86x10™
9.24 8.88 8.83 8.55
R 0.99 0.99 0.99 0.99

Table 5. Magnitudes of activation energy for diluted doenjang

sample
Total solid(%) Ea(K]/mole)
30 6.78
32 7.98
34 6.80
36 6.58
38 9.21
40 10.70

PR 30-36%74%) 443 FHRAHE BE7 2255 229
S7hetT E 2R/l 2842 PRI Fasts 42 non 53 s



$e45 20 9P Bol WUTh Cason FRIAL FE7 Z74gel B} ¥
gehn £E7} gobdel mel e g HTh(Table 2) Zejut ¥4 BE HEE
A=K} B HE (7,99 BHAAAZ 57 Fobas s gRSAL Fad
A%e wol 8% AuA $E7 §& AR F3G034%) = B W
WAt E A FAY BEG0-34% BF Aed)ol4 1040TA0lg A, 7
e 257} F7hel meh WA pads FGE Holy SSTANE Al 37}
o olel @ A% @RAA Age 4F FYF2 A
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Fig 5. Flow curves of 40% doenjang suspension at
various temperature
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Fig 6. Concentration and vyield stress correlations of
doenjang suspension at various temperature.
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2. capillary extrusion 2ol olst M= X[+ RSA XF
ZF 1¥E gFo] thsle] capillary extrusion ¥Ho] 93te] Z2AE 3 (force)E o]

[ol=]
o} power law Bd (4 1)9] #8554 wAWFEL wwstgich(Table 6) ©F2|
FLEE R U FEAFT AFmS 12t wgren] 042-0498 Uehjol
pseudoplastic E4& 7HAL Y& &5 AU o3& F nFR o] F1g
e gastden was FuPE FPol Figel wEh B 33 pseudoplastic

S & 5 AKTable §). Az2E AFK)= 2135 3

Fohd 2 m(R=097-0.99), ZR7] A= (7.5)% Kgt3t ntd
t}. webA capillary extrusion WL §5A AF Ay
7] A=} %% 548 1AsHA SAse doln &g ¥4 2 Add &

)

Table 6. Effect of total solid (T.S5.%) on flow behavior index(n),
consistency index(K), apparent viscosity (#»as) by
capillary extrusion method for doenjang

T.5(%) n(-) K(Pa) 745 (Pa - s)
32 049 105.77 4647
34 0.48 171.25 74.16
36 0.46 269.83 113.33
38 042 760.75 299.16
40 042 1225.85 465.56

V.

()

=

m

2 Ay A A£3 non-Newtonian 45 ZHAEL fARe] &5 EHL & Yl
o {5 AFMm)2 030-0559 MY E JeERNo] shear-thinning(pseudoplastic)
ALE & 7 AN FuFE FgFo) F/1go) wat ngte ZASE AFgFL Y

N
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E Steko] F7Mgtel whel ®Th 73 shear-thinning A4 2E WERY
2 & F Uik FRE AFKS 2H7) AE(7.9) 89 132 9%
sbgtel wat Z7hsk o™ 10-40CTALele] 2= oM E 2271 S7stel o
Zaste A%E Bgoy 5T 52 LRAAE 4TAMEY ¥ 2
B} opAstAE casson FEZH(00)E FRLIFL TFFo] S w2 FI1ER
o 250 gJoiNE 10-40CALel ] BS 2E7t F7Hetel mE FESHL a3
Aoy 55TAME A F7istgch oleleh Axe @de WY 257} 55C-60T
Ql Hog B u, g Agtde] il Eae #Ade] P& Aor ARdT 25T
oA 248 casson FEGH(00)T vane FELH (o) F i’-f‘é’v‘i'— kol F7Hgl
w2} F7pstd o vane FEEH A FAEo] AAH
ZATHR™=0.92) 2R7] AEE &57} =718 g u‘i
Fol g 43 A= 6.58-10.70 Ki/mole AW HE Yetilth Exo ©
dEeel Mg Ee 2571 Eoldd wEl AGEHo| ol
3 27 AeE Ag&Er) Fvhshel uet A
2788 o] 3t capillary extrusion BRo] 93] SAHE power law E 9| nj
& F5 ATANFMIF 15 2L 042-049F ERH O] pseudoplastic 54E

Aee 45 Aoy HRE AFKIS 2BV BE(r.5)E IBE FFol
Z745e wet Fvlstgen £& A4@ABRAE EJTh Instrong AHgst] SAHHE
capillary extrusion ' B @A FA7} rastn FAo] JAsH BFY FFEEH S
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Abstract

Flow properties of doenjang samples at various total solid contents (30, 32, 34, 36, 38,
40%) were evaluated in this study. Flow properties of doenjang samples was determined
by using Haake concentric cylinderical viscometer and Instron testing machine with
capillary extrusion viscometer, and consistency index(K), and flow behavior index(n) was
also determined from power models, and yield stress was derived form Casson models
and vanes methods. Doenjang samples showed shear-thinning (pseudoplastic) fluid with

small magnitude of flow behavior index(n) (n=0.30-0.55). Casson yield stress was from
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2.11 to 64.02(Pa). Vane yield stress was more effective than casson yield stress in

property of reactivation. Apparent viscosity was decreased with the increase in temperature

and activation energy was in the range of 6.58 to 10.70 kJ/mole. From the capillary

extrusion method, K and n was increased with the increase in solid content with good

correlation with. The result revealed that capillary extrusion method is useful for

measuring the flow properties of doenjang.
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