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Application Note
Concentration dependence of viscosity of aqueous alcohol solutions

Industry : Energy, Petroleum

Instrument : EMS Viscometer

Measurement method : Electro Magnetically Spinning Method
Standards : -

1. Overview

Alcohols are utilized extensively across many industries, serving as an ingredient in products
ranging from solvents, fuels, and disinfectants to foods, drinks, and cosmetics.

In this application note, the determination of the concentration dependence of the dynamic
viscosity of aqueous alcohol solutions using the EMS Viscometer, a non-contact viscometer that
uses autoclavable and airtight sample tubes, is shown.

2. Precautions

None.

3. Post-measurement procedure

All sample tubes and samples are discarded according to proper waste disposal procedures.

4. Apparatus

*  EMS Viscometer

* Control Laptop PC
* Dry Air Unit

* Compressor

5. Reagents

* Sample: Methanol, ethanol, 2-propanol, deionized water (diluent)

1/6



APVS-0107en

1) Set the following measurement parameters in the EMSVisco software:

<> Temperature 1 20°C

<> Motor rotation speed 1,000 rpm
<> Meas. time - 1 (1 second)
<> Repeat times : 10 times
<> Meas. interval : 30 seconds
Notes:

Each alcohol type is measured in order from a concentration of 100% to 10%.
A 0% (deionized water diluent) sample is also measured.
Each concentration is measured 10 times.

2) Transfer a 2mm diameter aluminum probe (¢2mm) and 300uL of sample into a sample tube,
seal it with its tube cap and packing, and set the sample tube into the EMS Viscometer. Use
the temperature control function to stabilize the temperature at 20°C for 5 mins, and then
commence measurement by clicking the start measurement button in the software.

3) After each measurement “time”, remove the sample tube and mix the sample by lightly shaking it.
As each sample is measured 10 times, 9 shaking events are required per “measurement run”.

4) After the measurement run is complete, dilute the sample to the next concentration point and
conduct a measurement run for it. Note that you simply add the desired deionized water to the
same tube, no need to change the tube or probe.
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7. Results & Discussion

Curves representing the concentration dependence of viscosity for all alcohol types are
presented graphically in Figure 1, and the raw data used to generate them is tabulated in Tables
1-3.

Concentration dependence of viscosity plots generated from data for methanol and ethanol
measured by the EMS viscometer is shown alongside that from chemical handbook literature
(see Reference list) in Figures 2 and 3 respectively.

The results gained by the EMS Viscometer for all three samples show their expected

characteristic concentration dependence with their viscosities peaking at about the 40%

concentration mark. Results for methanol and ethanol were especially similar to reference data.
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Figure 1. Concentration dependence of viscosity of 3 aqueous alcohol solutions

3/6 mHEF TR
KYOTO ELECTRONICS
MANUFACTURING CO,LTD.



APVS-0107en

Methanol

40 -

35 r
- 20 o Reference data
;;f e (Chemical
g 2o | Handbook)
> 20 |

L)

.‘E‘ s L s ® ® o ® Measurement
§ 10 8 ° ® data (EMS
= b Viscometer)

05 - @

0.0 ! !

0 50 100
Methanol concentration (%)

Figure 2. Concentration dependence of viscosity of aqueous methanol solution
(EMS data alongside reference data)
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Figure 3. Concentration dependence of viscosity of aqueous ethanol solution
(EMS data alongside reference data)
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Table 1. Viscosity data for various concentrations of aqueous methanol solution

(mPa-s)
Concentration (%)
Methanol
0 10 20 30 40 50 60 70 80 9 100
1 110 | 132 | 163 | 174 | 1.8 | 180 | 158 | 132 107 | 082 | 051
2 103 | 131 | 175 | 175 | 184 | 171 | 165 | 134 | 109 | 091 | 052
3 120 | 142 | 179 | 176 | 1.8 | 185 | 156 | 136 113 | 088 | 052
4 107 | 139 | 164 | 18 | 18 | 180 | 170 | 138 118 | 087 | 052
5 110 | 142 | 166 | 179 | 1.8 | 173 | 158 | 136 112 | 082 | 056
6 121 | 133 | 166 | 178 | 194 | 166 | 157 | 137 109 | 091 | 057
7 114 | 137 | 164 | 176 | 1.8 | 18 | 158 | 135 111 | 088 | 055
8 120 | 133 | 166 | 181 | 18 | 170 | 170 | 135 113 | 085 | 054
9 121 | 133 | 166 | 181 | 187 | 173 | 169 | 137 115 | 084 | 058
10 115 | 150 | 168 | 174 | 194 | 174 | 163 | 134 | 115 | 087 | 057
Mean 114 | 137 | 168 | 178 | 187 | 175 | 162 | 1.35 112 | 087 | 054
Standard deviation | 0.06 | 006 | 005 | 003 | 004 | 006 | 006 | 002 | 003 | 003 | 003
RSD (%) 564 | 442 | 309 | 170 | 222 | 333 | 352 | 131 | 296 | 375 | 468
Table 2. Viscosity data for various concentrations of aqueous ethanol solution
(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 | 1.8
2 103 | 155 | 211 | 253 | 281 | 275 | 249 | 223 197 | 156 | 116
3 120 | 158 | 215 | 267 | 274 | 263 | 254 | 221 | 201 | 154 | 122
4 107 | 148 | 206 | 258 | 270 | 271 | 264 | 216 | 209 | 154 | 121
5 110 | 154 | 212 | 260 | 296 | 261 | 248 | 224 | 190 | 158 | 113
6 121 | 161 | 222 | 258 | 287 | 263 | 249 | 216 19 | 157 | 113
7 114 | 153 | 226 | 263 | 291 | 260 | 253 | 217 189 | 166 | 114
8 120 | 150 | 230 | 267 | 279 | 265 | 257 | 218 189 | 153 | 117
9 121 | 155 | 230 | 249 | 279 | 279 | 248 | 218 195 | 155 | 115
10 1145 | 157 | 220 | 259 | 288 | 271 | 247 | 221 195 | 165 | 1.13
Mean 114 | 155 | 219 | 259 | 284 | 268 | 252 | 219 196 | 158 | 117
Standard deviation | 006 | 004 | 008 | 006 | 008 | 006 | 005 | 003 | 003 | 005 | 003
RSD (%) 564 | 247 | 373 | 220 | 290 | 236 | 210 | 130 | 330 | 287 | 292
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Table 3. Viscosity data for various concentrations of aqueous 2-propanol solution

(mPa-s)
Concentration (%)
2- propanol
0 10 20 30 40 50 60 70 80 90 100
1 1.10 1.63 243 322 344 355 3.84 3.18 2.98 245 2.25
2 1.03 1.75 247 3.03 3.68 351 3.78 3.24 297 2.53 2.24
3 1.20 1.66 243 321 3.65 353 3.69 3.19 2.92 2.46 2.23
4 1.07 1.68 245 321 359 3.58 3.56 3.22 3.04 242 229
5 1.10 1.74 244 321 3.64 357 3.89 324 293 2.39 229
6 121 171 248 311 3.47 3.57 3.62 3.20 2.82 243 2.29
7 114 174 243 3.16 353 373 3.62 3.27 2.82 2.38 229
8 1.20 1.63 2.48 3.04 3.53 3.65 3.52 3.19 297 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
10 115 1.68 250 324 347 357 363 333 2.92 237 2.23
Mean 114 1.68 2.46 3.15 3.54 3.58 3.70 3.23 2.92 243 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 (%) 5.64 293 1.10 245 2.64 1.88 351 1.40 2.46 2.03 1.18

Concentration dependence of viscosity studies requiring the measurement of volatile samples
such as aqueous alcohol solutions can be performed with confidence by using the EMS
Viscometer because it employs sealable sample tubes that prevent concentration changes
caused by volatilization.

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  of methanol aqueous solution]
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