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JA 7} obd Al vhau=el] daf Couetted HEAES AHadle] Y ADE Lol A|7ka} tjBo] Hgkeo] 7
Ak SHsist S & 20T, 25T, 30T, 34T, 40T 4 Adc) oldALe Hgsly] ste] Fzr) P flow
unit 29} 727} 2= flow unit 39 & fraction (X, X)Atole) H8e P23t X, o X, o ajctsbs o] APA

27 s=pt,+1)°] FAZ Hgslo] 23} 7 Ssale] B AL T3 0]AlS AP Azt HL3}e] v%—)}a}

Aeks Fetdow 2 stelielze) P Kok A 252 o]asle o ?i} e}l elE Falgich

X, .
LB S exp(— C,SY/RT)]
= 1 (1/as) sinh™ [(B.) S exp(C, S/RT)]
1+ Kexp(Cop*(t, + t)*/RT)
Kexp(Coff(t, +t)*/RT)

(1/as) sinh™ [(Bs)o S exp(—C, SY/RT)]

1+ Kexp(Cop™(t, +t)*/RT)

Abstract—For the non-solid system, the phenomenon that stress decreases with time at a constant shear rate is called
the stress relaxation. We obtained the stress relaxation data for mayonnaise by using Couette type rotational viscometer
at 20C, 25T, 30T, 34T and 40T. In order to explain this phenomenon, we introduced the experimental condition,

sap it,+1), to X, and X; which are the fractions of the flow units for the structure formation and the structure de-
formation, respectively, in the total flow equation, and therefore, we derived the following equation of stress relaxation,

By applying this equation to the experimental data flow parameters were obtamed

Keywards : Stress relaxation, shear rate, flow equation, structure deformation, flow parameter, thermodynamic pa-
rameter.
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Fig. 1. The actvation free energy curves for transi-
tion, flow unit 2~flow unit 3.
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Korea, Ltd., Korea)E Ahg-3}lod 20T, 25T, 30T,
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ZF =EA7} emulsifying agent(f-3HA) 2 =Ha-3)
o2y 3 AEA Vg & = dE F
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Flow curve & ##3}7] $lslo] 234l Newton-
ian fluidgl glycerin(G.R., Junsei Chemical Co., Ja-
pan)E ARE3Hch olw] EFE G2 x12% 7550
wt.% glycerin 7849 A& 25T 4] 28.55 centi
poise°| gt}
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Fig. 2. Typical flow curves of mayonnaise at 30C.
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Fig. 3. Flow curves of mayonnaise at 20C(c), 25C
(&), 30T(0), 34C(w), and 40C(a) (— :theory,
¢ o u m a;experiment)
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Fig. 4. Stress relaxation curves of mayonnaise at 20C
(p=6177).
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Fig. 5. Stress relaxation curves of mayonnaise at 25C
(p=6177).
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Fig. 6. Stress relaxation curves of mayonnaise at 30C
(p=61.77).
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Fig. 8. Stress relaxation curves of mayonnaise at 40T
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Table 1. The values of the flow parameters for
mayonnaise

TemperaturesC

20 25 30 A 40
Parameters

1/a,X107° 16256 1509 1444 1353 1.305
1/a; X107 1545 1451 1439 1432 1335
(B2 X 10 10.64 8.905 6.956 6.334 5.921
(B:)e X 10 4189 3222 2217 1931 1.672
¢ X10° 2412 1745 9375 .7071 4127
;X 10° 4115 3448 2.606 1.031 .7870
K 1291 1.192 1109 1.038 .9460
X 10° 9.755 1295 1525 1831 22.75

1/a, and 1/a; : dyne - cm™, (B;), and (Bs), : sec, and ¢,
¢, and ¢, : cal - sec® - mol ™%

Table 2. Thermodynamic parameters involved in
flow units transition for the mayonnaise sys-

tem.
Thermodynamic
parameters AR AG AS?
Temper-
atures(C) keal/mol  cal/mol (cal/mol * K)
20 -2.831 -1488 -9.150
25 -2.831  -104.8 -9.144
30 -2.831 -62.32 -9.133
34 -2831 -22.76 -9.143
40 -2.831 34.54 -9.151
sk
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s
glr
ok
3.2 3..3 3I.u
a/nxi’

Fig. 9. In K vs. 1/T for the mayonnaise system.

AG°=—RT In K (13)

H°—AG®

A
°= 14
AS T (149)

Fig. 9+ Van't Hoff2] 9] plote]c}. o]2]3l Wi o 2
-8 thermodynamic parameter+ Table 24 A 2|3}
of AQith o] 5 e AwEd, $4 AH® 7} &9
e Zhe Ae2 Kol flow unit 2 oA flow unit 3
2o AL £x7} PolAFE fEd A= Wyt
2.2 A= 1 =27]7} o 3keal/mol 9] & He
AL §4 At 7]eldbeln Yzhic) 3 entropy
change AS°E ¢F —9eu AEZ 79 A&t

AG®E 34T olslollMe &9 Fhola, 40T A=
ko] gtolch ol A4ts] £ A} AG°=04] =&
365Co)gt). wels] o] &% o]3ld A= flow unit
transitiono] APHA 0 8 2P 7, 7 & o] A oA
wapkEg o g AlsPiicty A7+ ¢ ok

2 =

§ : shear rate

B2, Bs : relaxation times of flow unit 2 and unit 3
1/a  : shear modulus

C,, Cs: structure factors of flow unit 2 and unit 3
ki, ky, : rate constants of forward and backward

K :equilibrium constant of zero stress
Co  :'structure factor of equilibrium state
P : experimental constant
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