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Application Note
Concentration dependence of viscosity of alcohol aqueous solution

Industry : Energy, Petroleum

Instrument : Viscometer

Measurement method : Electro Magnetically Spinning Method
Standards :

1. Scope

Alcohol is used not only as raw materials, fuels and disinfectants for the chemical industry
using solvent but also for foods and cosmetics.

Examples of measuring the concentration dependence of the dynamic viscosity of alcohol
aqueous solutions using an EMS viscometer that can be measured by sealing, sterilization and
non-contact were shown below.

2. Precautions

None.

3. Post-measurement procedure

The sample container and the sample are discarded appropriately.

4. Apparatus

* EMS Viscometer

* Control Laptop PC
* Dry Air Unit

* Compressor

5. Reagents

* Sample : Methanol, ethanol, 2-propanol, deionized water(dilution solvent)
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6. Procedure

1) Enter the following conditions in measurement condition of the sequence mode of control

software.

<> Measurement mode :Repeat mode
<> Measurement temperature :20C

<> Motor rotation speed :1,000 rpm
<> Measurement time :1 (1 second)
<> Repeat count 110 times
<> Measurement interval :30 seconds

2) Place an aluminum spherical probe of ¢ 2 mm and a the sample in the solid state to a container,
cover with a cap and packing, set the sample container in the EMS Viscometer, and click the
measurement button after controlling the temperature for 5 minutes.

3) Take out the sample container at each measurement and stir the sample with shaking by the hand.

4) Add the dilution solvent to the sample after 10 times measurement, and measure under the same
condition.

7. Example

The measurement results about the concentration dependence of viscosity of alcohol aqueous
solution are shown in Figure 1 and Table 1-3.

And the graph which compares measurement results of methanol and ethanol with the reference
data respectively are shown in Figure 2 and 3.

The results of all three samples show the characteristic concentration dependence with the peak
around 40%. And, in both methanol and ethanol, it is possible to obtain the measured viscosity
value close to the reference data.
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Figure 1. Measurement result about concentration dependence of viscosity
of each alcohol aqueous solution
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Figure 2. Measurement result about concentration dependence
of methanol agueous solution (compared with reference data)
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Figure 3. Measurement result about concentration dependence
of ethanol aqueous solution (compared with reference data)
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Table 1. Measurement result about concentration dependence of methanol

(mPa-s)
Concentration (%)
Methanol
0 10 20 30 40 50 60 70 80 90 100
1 110 | 1.32 | 163 | 1.74 | 183 | 180 | 158 | 132 | 1.07 | 082 | 051
2 103 | 1.31 | 175 | 175 | 184 | 171 | 165 | 134 | 1.09 | 091 | 052
3 120 | 142 | 179 | 176 | 18 | 185 | 156 | 136 | 1.13 | 088 | 052
4 1.07 | 139 | 164 | 18 | 18 | 180 | 170 | 138 | 1.18 | 087 | 052
5 110 | 142 | 166 | 179 | 188 | 173 | 158 | 136 | 1.12 | 082 | 056
6 121 | 1.33 | 166 | 178 | 194 | 166 | 157 | 137 | 1.09 | 091 | 057
7 114 | 137 | 164 | 176 | 1.88 | 1.80 | 158 | 135 | 111 | 0.88 | 055
8 120 | 1.33 | 166 | 181 | 18 | 170 | 170 | 135 | 1.13 | 085 | 054
9 121 | 133 | 166 | 181 | 1.87 | 1.73 | 169 | 137 | 115 | 0.84 | 058
10 115 | 150 | 168 | 174 | 194 | 174 | 163 | 134 | 115 | 087 | 057
Mean 114 | 1.37 | 168 | 178 | 187 | 175 | 162 | 135 | 1.12 | 087 | 054
Standard deviation | 0.06 | 0.06 | 0.05 | 0.03 | 004 | 006 | 006 | 002 | 003 | 003 | 0.03
RSD (%) 564 | 442 | 309 | 170 | 222 | 333 | 352 | 131 | 29 | 3.75 | 4.68
Table 2. Measurement result about concentration dependence of ethanol
(mPa-s)
Concentration (%)
Ethanol
0 10 20 30 40 50 60 70 80 90 100
1 110 | 157 | 218 | 256 | 290 | 269 | 254 | 218 | 203 | 159 | 1.18
2 1.03 | 155 | 211 | 253 | 281 | 275 | 249 | 223 | 197 | 156 | 1.16
3 120 | 1.58 | 215 | 267 | 274 | 263 | 254 | 221 | 201 | 154 | 1.22
4 1.07 | 148 | 206 | 258 | 270 | 271 | 264 | 216 | 209 | 154 | 1.21
5 110 | 1.54 | 212 | 260 | 296 | 261 | 248 | 224 | 1.90 | 158 | 1.13
6 121 | 1.61 | 222 | 258 | 287 | 263 | 249 | 216 | 1.96 | 157 | 1.13
7 114 | 153 | 226 | 263 | 291 | 260 | 253 | 217 | 1.89 | 1.66 | 1.14
8 120 | 150 | 230 | 267 | 279 | 265 | 257 | 218 | 1.89 | 153 | 1.17
9 121 | 1.55 | 230 | 249 | 279 | 279 | 248 | 218 | 1.95 | 155 | 1.15
10 115 | 157 | 220 | 259 | 288 | 271 | 247 | 221 | 195 | 165 | 1.13
Mean 114 | 155 | 219 | 259 | 284 | 268 | 252 | 219 | 1.96 | 158 | 1.17
Standard deviation | 0.06 | 0.04 | 008 | 006 | 008 | 006 | 005 | 003 | 003 | 005 | 0.03
RSD (%) 564 | 247 | 373 | 220 | 290 | 236 | 210 | 1.30 | 3.30 | 2.87 | 292
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Table 3. Measurement result about concentration dependence of 2- propanol

(mPa-s)
Concentration (%)
2- propanol
0 10 20 30 40 50 60 70 80 90 100
1 1.10 1.63 2.43 3.22 3.44 3.55 3.84 3.18 2.98 2.45 2.25
2 1.03 1.75 2.47 3.03 3.68 3.51 3.78 3.24 2.97 2.53 2.24
3 1.20 1.66 2.43 3.21 3.65 3.53 3.69 3.19 2.92 2.46 2.23
4 1.07 1.68 2.45 321 3.59 3.58 3.56 3.22 3.04 2.42 2.29
5 1.10 1.74 2.44 321 3.64 3.57 3.89 3.24 2.93 2.39 2.29
6 121 171 2.48 311 3.47 3.57 3.62 3.20 2.82 2.43 2.29
7 114 1.74 2.43 3.16 3.53 3.73 3.62 3.27 2.82 2.38 2.29
8 1.20 1.63 2.48 3.04 3.53 3.65 3.52 3.19 2.97 2.45 2.25
9 121 1.62 2.49 3.02 3.42 351 3.84 3.23 2.86 2.38 2.24
10 1.15 1.68 2.50 3.24 3.47 3.57 3.63 3.33 2.92 2.37 2.23
Mean 1.14 1.68 2.46 3.15 3.54 3.58 3.70 3.23 2.92 2.43 2.26
Standard deviation | 0.06 0.05 0.03 0.09 0.09 0.07 0.13 0.05 0.07 0.05 0.03
RSD (%) 5.64 2.93 1.10 2.45 2.64 1.88 3.51 1.40 2.46 2.03 1.18

For EMS viscometer, since it can be measured in sealed state, the viscosity of volatile sample
such as alcohol aqueous solution can be stably measured without concentration change of the

sample.

9. References

Chemical Handbook (Revision the fifth edition) Basic course 11-49

[Table 7.22 Temperature 6 dependence of viscosity coefficient | of ethanol aqueous solution]
[Table 7.23 Temperature 6 dependence of viscosity coefficient 1 of methanol aqueous solution]
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