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On the Viscosity of Soluble Alginate Solutions

Miki OGURO

Abstract

Alginic acid was prepared by Suzuki’s method from the brown algae, Laminaria angustata
Krprin. Soluble alginates, i. e., sodium alginate, potassium alginate and magnesium alginate were
prepared from the acid. o

In this paper, a study on the colloidal behaviors of these soluble alginate solutions were reported.
In the present experiment, relation among concentrations, temperatures (25+0.02°C;, 3540.03°C,
45:+0.05°C, 553-0.1°C) and reduced viscosity (7sp/C) were investigated.

Potassium alginate behaved like sodium alginate in the diluted solution. A notable increase of
viscosity was not found in highly concentrated solution of potassium alginate at various temperatures.

The solubility of magnesium alginate in diluted solution was smaller than that of other alginates,
but the salt behaved similarly to sodium salt in highly concentrated solution.

The curve of reduced viscosity of magnesium alginate in highly concentrated solution was like to
that of sodium alginate. That fact would be considered as due to the development of the. gel structure
in magnesium salt. _

In a gel domain, log ?sp/C-C curve is rectilinear, where %sp/C is exponential function of
concentration, and the gradient an exponential function of temperature,

Consequently, the exponential equation was presented as follows:

log n1sp/C = log(m)+Ce[K1—Kat]
Where, C means concentration, and t is temperature.
(7], K1 and K= are given as constants.
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Table 1.

Sodium alginate; Moisture 12.35 %
~ Na (obs.) 11.26 %
Na (calc. CeH7OcNa) 11.61 %
Potassium alginate; Moisture 17.76 %
K (obs.) 17.58 %
K (calc. CsH70sK ) 18.25 %
Magnesium alginate;: Moisture 12.38 % Q
‘Mg (obs.) 5.17 % B
Mg (calc. CsH7O83:Mg) 6.49 %
- I RIEHE
HER, SEECo\WTER2{EE2520. 02°C,
385-+0.08°C, 45+0.05°C, 55+0.1°C wRT,
Ostwald BIfsEH % HVWERARORL A4 D3
AxfEAE, H B0 7R 10085 CAIE L | ’
2o '
REBERRCER 0 1 2 )
- i e
1. &Efilb’f'ﬁﬁﬂﬁm o . Conc. (g/dl)
BB X 2 FbEORAEEFB Tblc. 25°C I Fig. 1. Viscosity of alginate solutions at 25°C
CHIE LA % 58 2 R Lce BRTHUEE —=Q=—0— Na-alginate
1H0H b Thbo 51 HHbHRT L4 v 1 —A——A— K-alginate
& ﬁ o B1E — ) —=@— Mg-alginate
"Table 2. Viscosity of alginate solutions at 25 °C
Na-alginate solution K-alginate solution Mg-alginate solution
E S
@an | " | /C alap | e | mlC i | T | meelC
0.0118 | 0.3169 | 26.86 0.0122 | 0.2582 | 21.16 0.0120 | 0.1500 | 12.50
0.0236 | 0.5229 | 22.16 ' 0.0244 | 0.3987 | 16.34 0.0210 | 0.1987 | 9.46:
0.0472 | 0.8105 | 17.17 0.0488 | 0.5980 | 12.25 1 0.0433 | 0.3228 | 7.45;5
0.0944 | 1.2353 13.08 0.0976 [ 0.9020 | 9.24s 0.1065 | 0.6272 | 5.88
0.1887 | 1.9706 | 10.44 0.1952 | 1.4085 | 7.21s 0.2020 | 1.0067 | 4.98¢
0.3773 | 3.4435 | 9.127 0.3904 | 2.4277 | 6.213 0.4646 | 2.1865 | 4.70s
0.7545 6.3688 | 8.44:1 '0.7808 | 4.5146 | 5.78: 0.8801 | 4.4109 | 4.961
1.5090 17.841 11.82 1.5615 | 9.8350 | 6.29s 1.7936 | 16.523 | 9.212
2.2635 | 38.89: 17.18 2.3423| 17.61s | 7.52¢ 2.4771 | 35.40:2 14.29
3.1080 | 73.937 24.49 . 3.1230 | 27.406 8.77¢ - ' 3.1746 | 63.33 19.95
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Table 3. The gradient value (b) in highly
b ! z . 3 concentrated alginate solutions
_— at 25°C; nsp/C=[1let

Conc. (g/dD)

“Fig. 2. Relation between 73p/C and Na-alginate 0.4860
concentration at 25°C K-alginate 0.25%
— A= /\=— Na-glginate Mg-alginate 0.6700

e X = X == K -glginate
— ) = Q== Mg-alginate
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Table 4. Viscosity of Na-alginate solution at various temperatures

25°C 35°C c 45°C 55°C

C
(g/dD Msp l ‘"sp/c Msp '”Sp/C (g/dD Nsy ﬂs;)/c Msp 1 "lsp/c

0.0118 | 0.3169 | 26.86 | 0.2081 | 25.26 || 0.0133 | 0.3229 | 24.29 | 0.3163 | 23.78
0.0236 | 0.5229 | 22.16 | 0.4942 | 20.94 || 0.0267 | 0.5067 | 18.98 | 0.4541 | 17.01
| 0.0472 | 0.8105 | 17.17 | 0.7297 | 15.46 || 0.0534 | 0.7578 | 14.19 | 0.6888 | 12.90
0.0944 | 1.2353 | 13.08 | 1.1583 | 12.27 || 0.1068 | 1.1614 | 10.88 | 1.0774 | 10.03
0.1887 | 1.9706 | 10.44 | 1.8532 | 9.82( || 0.2138 | 1.9465 | 9.10s | 1.7602 [ 8.23s
0.3773 | 8.4435 | 9.12r | 3.2278 | 8.555 || 0.4276 | 3.4394 | 8.044 | 3.1633 [ 7.39s
0.7545 | 6.3688 | 8.44: | 6.1869 | 8.200 ||.0.8552 | 6.7901 | 7.93» | 6.3208 | 7.3%
1.5000 | 17.84: | 11.82 | 17.03s | 11.29 | 1.7103 | 19.11s | 11.18 | 16.54s | 9.67:
2.2635 | 38.89; | 17.18 | 34.90s | 15.42 || 2.5655 39.55 | 15.42 | 32.741 | 12.76
3.0180 | 73.937 | 24.49 | 60.19; | 19.95 | 3.4206 | 70.26s | 20.04 | 54.500 | 15.93
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Table 5. Viscosity of K-alginate solution at various temperatures

C 25°C 35°C c 45°C 55°C
(g/dD '

o | wlC | | /€ | B my | agiC | | me/C

0.0122 | 0.2582 | 21.16 | 0.2401 | 19.68 | 0.0125 | 0.1749 | 13.99 | 0.1685 | 13.48
0.0244 | 0.3967 | 16.34 | 0.3166 | 12.98 | 0.0251 | 0.3094 | 12.33 | 0.2755 | 10.98
0.0488 | 0.5980 | 12.25 | 0.5366 |- 10.99 | 0.0502 | 0.4700 | 9.38: | 0.4388 8.'{4;
0.0976 | 0.9020 | 9.242 | 0.8340 | 8.545 || 0.1004 | 0.7847 | 7.81c | 0.7245 | 7.21s
0.1952 | 1.4085 | 7.21¢ | 1.3002 | 6.661 | 0.2009 | 1.2646 | 6.205 | 1.1985 | 5.965
0.3904 | 2.4277 | 6.214 | 2.1892 | 5.607 | 0.4018 | 2.1479 | 5.34s | 2.0102 | 5.005
0.7808 | 4.5146 | 5.78: | 4.1081 | 5.261 | 0.8037 | 3.9792 | 4.951 | 3.7422 | 4.65;
1.5615 | 9.8350 | 6.29s | 8.5391 | 5.460 | 1.6074 | 8.2845:| '5.15: | 7.6038'| 4.73:
2.3423 | 17.61s | 7.52: | 15.25: | 6.515 | 2.4110 | 14.28s | 5.92: | 12.83s | 5.32
3.1280 | 27.406 | 8.77¢ | 23.99s | 7.685 | 3.2148 | 22.51, | 7.00: | 16.654 | 6.114

Table 6. Viscosity of Mg-alginate solution at various temperatures

C 45°C ¢ 35°C 55°C
(g/dD 1lC | BAD g | aggc | GAD L an | myc | me | m/C

L

0.0120 | 0.1500 | 12.50 | 0.0126 | 0.1191 | 9.45¢ | 0.0124 | 0.1274 | 10.27 | 0.1149 | 9.26v
0.0210 | 0.1987 | 9.46: | 0.0251 | 0.1839 | 7.32s | 0.0248 | 0.2085 | 8.40r | 0.1786 | 7.20:
0.0433 | 0.3228 | 7.455 | 0.0502 | 0.2925 | 5.82r | 0.0496 | 0.3408 | 6.87: | 0.2857 | 5.760
0.1065 | 0.6272 | 5.88 || 0.1004 | 0.4664 | 4.645 | 0.0992 | 0.5367 | 5.41o | 0.4204 | 432
0.2020 | 1.0067 | 4.98: | 0.2007 | 0.8048 | 4.0lo | 0.1984 | 0.9073 | 4.57s'| 0.7773 | 3.91s
0.4646 | 2.1865 | 4.70c | 0.4015 | 0.4843 | 3.69s | 0.3968 | 1.6950 | 4.27: | 1.3954 | 3.5ls
0.880L | 4.4100 | 4.961 | 0.8030 | 3.2251 | 4.01c | 0.7937 | 3.4003 | 4.28: | 3.0233 | 3.805
1.7036 | 16.52s | 9.21s | 1.6050 | 9.6546 | 6.01: || 1.5873 | 10.82 |- 6.817 | 9.0605 | 5.70s
2.4771 | 35.40: | 14.29 | 2.4088 | 21.740 | 9.025 | 2.3809 | 27.38; | 11.50 | 20.98: | 8.813
3.1746 | 63.33) | 10.95 | 3.2118 | 43.63; | 13.59 | 3.1746 | 52.10 | 16.44 | 39.03s | 12.30
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Fig. 4. Viscosity of K-alginate solution
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- Fig. 6. Relation between 7sp/C and
concentration of Na-alginate
solution at various tempera-
tures
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concentration of Mg-alginate
solution at various temperatures
=O—0=— at 25 °C
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Fig. 9. Relation between 7sp/C and various temperatures
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Table 7;

The gradient value (b) of alginate

solutions in highly concentrated solution
. bec
at various temperatures; 7,/C=[(7)e

8HRRLEEH T, REALE—FL
Temp. (°C) |. Na-alginate K-alginate | Mg-alginate TWABHEhADT, §E0C 15,/C =
25 0.4860 0.259 0.6700 E_n]eb'c AT B0 KIHTRER
35 0.4234 0.200 0.571s ATIE, HOROM TR TER
45 0.3681 0.1665 0.5107 BIRTH 5 D TRANWILT %0
55 0.2924 0.1151 0.4676 b=Pe " @
P, q: {EE t BE

HB7 ROFBEECAT 2 BERE,
BB b % vt Q)RS HEEE R
HEJE 2 L7, £ 0ofERIE, 5

£

Table 8. 7,/C calculated and experimented in highly concentrated solution
at various temperatures

1. Na-alginate solution L

C 25 °C 35 °C c 45 °C 55 °C
@/dD | Cale.(1) | Obs. | Cale.1) | Obs. | 87D | Cale.c1) | Obs. | Cale.1)| Obs.
0.7545 8.225 | 8.441 7.847 | 8.200 || 0.8552 7.80s | 7.93 7.31s | 7.3%
1.5090 | 11.86 | 11.82 10.79 | 11.29 | 1.7103 | 10.70 {11 18 9.39: | 9.67:
2.2635 i 17.12 | 17.18 14.87 | 15.42 || 2.5655 | 14.66 }15.42 12.07 | 12.76
3.0180 | 24.72 | 24.49 | 20.46 | 19.95 | 3.4206 | 20.06 lzo.o4 15.50 | 15.93

I
. - 1

2. K-alginate solution ‘

c 25 °C . | 35 °C ‘ C 45 °C 55 C
®/2D | cate.1) | Obs. | Cate.d | Obs. | B/4D | Cale.C1) | Obs. | Cale.C1> | Obs.
0.7808 | 4.901 | 5.782 | 4.70s | 5.261 | 0.8037 | 4.572 | 4.951  4.38: | 4.65s
1.5615 | 5.59s | 6.20s | 5.54s | 5.469 | 1.6074 | 5.22 | 5.154 | 4.81z | 4.73
2.3423 | 7.33; | 7.52: | 6.81s | 6.51s | 2.4110 | 6.08 | 5.924 | 5.280 | 5.32
3.1230 | 8.98 | 8.77 | 7.69: |-7.68s | 3.2148| 6.840 | 7.00:  6.78 | 6.1l

,‘ ) L R B |

3. Mg-alginate solution
U me | o] mec sc | o | <
&/ cate.)| Obs. | ®/4D |cale. 1] Obe. Cale.(1) Obs. | /4D Cate.1)] Obs.
0.8801 | 4.86: | 4.961 | 0.7936 | 4.21s | 4.28, | 3.88s | 3.800 | 0.8030 | 4.03; | 4.0l
1.7936 | 8.911 | 9.21: | 1.5873 | 6.64t | 6.28s | 5.62s | 5.70s | 1.6059 | 6.08 | 6.01s
2.4771 | 14.09 | 14.29 | 2.3809 | 10.46 |11.50 | 8.161 | 8.81s | 2.4088 | 9.17: | 9.025
3.1746 | 22.48 | 19.95° | 3.1746 | 16.47 | 16.44 | 11.83 |12.30 | 3.2118 | 13.82 |13.59

) bec
Cale. (1) : Value calculated by 7,/C=1nYe
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- Table 9. The gradient (q) of

alginate solutions in the
—qst
exponential equation; b="Pe !

O
Na-alginate 0.0156
K-alginate 0.025
Mg-alginate 0.0124
Temp. (°C)
Fig. 10. Relation between b and various

temperatures -

— A=——/\— Na-alginnate FI0H-LRD N B EHO PIX, T

—X e X - K -alginate

FoBBY - B 0.732, TALXVERA VY
LI 0.501, TAFVEE= I XYV AR
0.802TH b, LO(CAFHVTaERDBE, HIROIL ThH B, HIFEOFEE P ¢ VT (2K
BHEE LD &, (DR RDIb LR B L,

£ ORBERBIORC R LB D T, BEAY—HL TV,

= Qe O = Mg-alginate

Table 10. The gradient b at various temperatures obtained from the
b.’; —qt
exponential equations; 7,/C=["Je and from the b=Pe

Na-alginate K-alginate Mg-alginate
Temp. (°C) ,
Cale. (1D I Calc. (2) Calc. (1D Calc.(2) Cale. (1D Calc.(2)
25 0.4860 l 0.4934 0.259 0.260s 0.6706 0.6524
35 . 0.4234 0.422¢ 0.209; 0.2011 0.571s 0.5759
45 0.3681 0.360: 0.1669 0.1550 0.5107 . 0.5087
55 0.2024 0.308s5 0.115; 0.119; 0.467s 0.449:

bec
Calc. (1) : Value calculated by 7sp/C=[me
—qet
Cale. (2) : Value calculated by b=Pe ¢

#65, H7H, £8MNEOHION X b # 1 HHRCRG 5 70/C XIREC OIRBEMTS b, TOBRES
FIEEOIEMEETD 5, MEEMBEESRORT VAN, 71 ¥y ERO Mg KR %
BRRE(ERT 5 EX 6N A0T, HREEL LARHEDT, HWEL & L EEM UL T-ORER = %
AF N0 = R L ¥ — R UTRKE L R A DEEMLESFRE, TAF 3TNy,
EORBE, TLXYHFORMEES BT 0 EIbhs, BORL b LB, TAF B
)7A%M%ﬁ%ﬁ%<.morﬁvaﬁrxﬁbmmxok%ﬁw,%oFAOzz»+ — AL ERY
EVvdOrEbh, V- FEs Y Y AKCHETE L RE,
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Table 11. 7,/C obtained from the exponential equations, %p/C=(7)e » Map/C = (1e

1. Na-alginate solution .

c ' 25 °C 35 °C c 45 °C 55 °C
(/4D | Cale. () | Cale.(7) | Obs. | Cale.(®) | Cale.7) | Obs. | /4D | Cale.3) | Cale.(7) | Obs. | Cale.(3) | Cale.(7) | Obs.
0.7545 8.225 | 8.20 | 8.44| 7.84r| 7.8 | 8.200] 0.8552 | 7.80s | 7.43 | 7.93| 7.3 | 7.28 | 7.3%
1.5090 | 11.86 | 11.81 | 11.82| 10.79 | 10.70 | 11.20 | 1.708 | 10.70 | 10.42 | 11.18 | 9.39% | 9.32 | 9.67:
2.2635 | 17.12 | 16.99 | 17.18| 14.87 | 14.66 | 15.42| 2.5655 | 14.66 | 14.08 | 15.42 | 12.07 | 11.92 | 12.76'
3.0180 | .24.72 | 24.45 | 24.49| 20.46 | 20.09 | 19.95| 3.4206 | 20.06 | 19.08 | 20.04| 15.50 | 15.24 | 15.93
2. K-alginate solution - )

C 25 °C 35 °C c 45 °C 55 °C
®/4D | Cale.(3) | Cale.(7) | Obs. | Cale.(3) | Cale.(7) | Obs. @/d) | cale.(3) | Cale.(7) | Obs. | Cale.(3) | Cale.(7) | Obs.
0.7808 | 4.90 | .89 | 578 | 4708 | 4715 | 5260 ] 0.8087 | 457 | 456 | 4.95 | 438 | 4.3% | 465
1.5615 | 5.50s | 5.98 | 6.20s | 5.5 | 5.551 | 5.460 | 1.6074 | 5.2 | 5.20: | 5.154 | 4.81a | 4.82 | 4.73
2.3423 | 7.3 | 7.3% | 7.52:| 6.81¢ | 6.54 | 6.5 | 2.4110 | 6.08 | 5.98 | 5.92 | 5.28 | 5.207 | 5.32
3.1230 | 8.98 | 8.93 | 8.77 | 7.69 | 7.7l | 7.68 | 3.2148 | -6.8% | 6.765 | 7.00: | 6.78 | 5.81: | 6.1L.
3. Mg alginate solution

c 25 °C c 35 °C _ 55 °C e 45 °C |
(®/4D | cate. (3| Cale.(7) | Obs. .| ®/D | Cale. 8| Cate. ()| Obs, | Cale. (8] Cale. (73| Obs. | B | Cale. (3| Cale. (7|  Obs,
0.8801 | 4.86+'| 4.77¢ | 4.96:1 | 0.7936 | 4.21s | 4.255 | 4.28: | 3.8 | 3.46:°| 3.800 |0.8030| 4.0 | 4.05 | alore
1.7936 | 8.9 8.59s | 9.21s || 1.5873 | 6.641 | 6.75s | 6.284 | 5.62s7| 5.462'| 5.7Cs | 1.6059 | 6.08 | 6.13s | 6.0l
2.4771 | 14.00 | 13.39 | 14.20 [ 2.3809 | 10.46 | 10.73 | 1L.50 | B8.161 | 7.7 | 8.81s | 2.4088 | 9.17: | 9.27; | 9.0%
3.1746 | 22.48 | 21.07 | 19.95 |3.1746| 16.47 | 17.03 | 16.44 | ‘1183 | 11.13 | 12.30 | 3.2118 | 13.82 | 14.03 | 18.59

. gt ’
CePe

Calc. (3) : Value calculated by 7,/C=[("e
Cale. (7) : Value calculated by logns,/C=1og(n)+Ce+ (Ki—Kat)
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