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Correlation of Viscosity of Aqueous Non-Electrolyte Solutions
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(Key Laboratory of Biomass Chemical Engineering of Ministry of Education, Department of Chemical and
Biological Engineering, Zhejiang University, Hangzhou 310027, China)

Abstract: The viscosity estimation for aqueous solution is required in the design of many chemical processes.
However, the estimation results obtained by using the methods available in the literatures are usually not
satisfactory. In this paper, the shape factor was introduced to the viscosity correlation equation for the
non-aqueous liquid mixtures, which was developed recently by our group, and a new viscosity equation for
aqueous non-electrolyte solutions was obtained. The new equation could be used not only for the correlation of
viscosity of binary aqueous non-electrolyte solutions, but also for the viscosity estimation of ternary aqueous
non-electrolyte solutions by using the equation parameters correlated from binary mixtures. 54 binary aqueous
non-electrolyte solution systems with 2876 viscosity data points were correlated by using this new equation, and
the total average absolute deviation of the correlation is 4.60%. Furthermore, 7 ternary aqueous non-electrolyte
solution systems with 352 viscosity data points were also estimated by using the new equation with the total
average absolute deviation of 3.75%. The results indicate that this new equation is adequate for correlating the
viscosity of binary aqueous non-electrolyte solutions and for estimating the viscosity of ternary aqueous
non-electrolyte solutions.
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Table 1 Correlation results of this work eq. (6) and Martins-Cardoso-Barcia equation for viscosity of binary aqueous
non-electrolyte solutions

This work eq. (6) Martins-Cardoso-Barcia eq.(1)
Component (2) # Np T/K AAD  MaxAD Uy, — Uy, Uy, — Uy, AAD  MaxAD  Ref.
Pa o Wwe pgpd e R R 1% 1%

Methanol 60 283-323 1.84 871.0 4.54 15.23 1278.6 -4.0 5.55 19.79 [14]
Ethanol 70 283-323  3.01 828.2 6.57 25.98 4185.4 18.2 10.21 38.90 [14]
1-Propanol 45 303-323  3.27 614.6 1.76 6.37 6105.3 —-89.2 7.63 21.52 [14]
2-Propanol 45  303-323 386  693.2 2.97 7.92 6109.8 -65.5 11.06 29.06 [2]
Ethylene glycol 44 283-313  1.39 56.1 1.59 6.55 563.0 415 2.69 6.39 [15]
1,2-Propanediol 126 298-338  1.67 -11.9 5.15 13.19 749.8 84.3 8.35 27.29 [16]
1,3-Propanediol 110  298-338 1.21 143.2 2.67 10.03 540.2 207.5 5.47 15.01 [16]
1,2-Butanediol 110  298-338  2.09 -14.9 6.65 21.05 992.1 136.1 13.47 38.01 [16]
1,4-Butanediol 110  298-338  3.18 37.7 7.77 21.74 4440.5 414.8 19.06 46.16 [16]
2,3-Butanediol 110 298-338 149 -149.0 7.08 18.87 204.2 154.0 11.66 31.38 [16]
Diethylene glycol 9 298 1.21 428.8 0.28 0.62 2657.8 422.6 3.80 6.60 [17]
EGMME 9 298 2.50 816.9 1.80 3.01 4822.0 727 7.98 14.57 [17]
EGMEE 9 298 2.85 885.1 0.95 1.52 3525.4 144.7 10.66 22.87 [17]
EGMBE 36 283-313  2.82 804.9 2.06 6.24 4465.0 190.7 10.69 36.29 [18]
DEGMEE 60 283-333  2.33 811.0 5.43 18.19 4791.2 275.3 13.42 41.47 [19]
DEGMBE 45 283-323 264 820.2 3.09 10.11 3304.8 344.8 14.07 47.74 [18]
TEGMEE 70 293-333 247 801.6 4.91 19.00 3155.2 402.4 17.36 50.69 [20]
TEGMBE 75 293-333  2.64 811.1 2.49 8.61 3133.4 446.6 19.22 50.12 [21]
DEGDEE 26 293 421 10933 9.75 18.06 5143.6 162.2 26.57 42.55 [22]
E181 16 303 4.64 949.9 3.22 6.96 4784.7 242.3 21.23 46.82 [23]
Ddipropylene glycol 5 313 136 4183 051 1.24 4330.4 644.9 5.40 17.69  [24]
Tripropylene glycol 5 313 151 699.2 0.33 0.83 6182.9 981.1 11.36 35.54 [24]
PGME 44 298-328  2.52 889.4 4.61 13.35 6080.2 120.3 10.07 32.04 [25]
Tetrahydrofuran 50 303-323 475 985.7 4.36 11.85 6013.9 —244.5 12.23 25.48 [3]
1,4-Dioxane 36 293-313  2.57 679.3 4.01 8.56 6098.5 -187.3 7.81 17.50 [4]
Acetone 71 293-323 455 10471 521 14.68 6003.7 —243.8 10.62 24.07 [14]
DAA 9 323 1.90 808.2 1.34 2.83 3012.0 167.8 4.32 8.72 [26]
Acetic acid 33 293-303 062 1096.6  3.26 6.69 253.2 446.7 2.34 5.57 [27]
Isobutyric 110 302-313  2.00 950.6 3.11 9.64 3632.6 184.3 6.29 17.50 [28]
Acetonitrile 13 298 5.01 767.7 2.48 6.55 —256.5 256.4 7.86 11.78 [29]
Ttriethylamine 54 283-291  3.83  1622.0 7.52 23.40 4475.7 314.6 27.09 52.79 [30]
Ethane-1,2-diamine 60 303-323  1.87 1489.7 13.00 29.54 5025.7 729.8 28.58 54.29 [31]
1,2-Diaminopropane 55 303-323  2.14 14493  12.05 28.29 5039.5 599.4 27.84 55.04 [31]
1,3-Diaminopropane 65 303-323 1.82 1390.1  11.90 28.95 5043.6 627.7 25.23 52.40 [31]
Monoethanolamine 32 303-318  0.92 827.6 3.06 7.52 799.4 479.9 5.69 14.44 [32]
MAE 66 298-343 124 10723 8.39 24.65 3255.3 696.6 15.34 46.62 [33]
DMEA 40 313-353  1.82  1138.1 8.34 25.20 6945.6 467.5 16.32 43.97 [34]
Diethanolamine 55 303-323 086  593.8 2.30 6.75 7346.4 1252.9 12.15 3353 [35]
MDEA 60 303-323  1.13 857.0 4.22 12.66 4797.0 1524.1 21.76 49.01 [36]
Diisopropanolamine 48 318-343  1.04 583.0 1.86 6.81 6067.8 1430.3 16.30 42.71 [37]
AMP 44 313-343  1.05 630.4 2.79 9.61 1565.0 675.8 8.74 24.57 [38]
Trethanolamine 65  298-353 1.00  426.9 2.32 9.37 2907.3 1098.6 16.35 49.00 [39]
Diglycolamine 55 298-343 141 635.9 3.65 12.45 3413.6 510.2 11.55 38.96 [40]
N-Methylformamide 45 298-318 191 447.3 1.69 4.44 974.0 -147.4 2.53 6.85 [41]
DMF 84 293-353  1.99 829.2 8.16 30.70 990.7 —41.3 8.65 31.68 [42]
N-Methylacetamine 60 308-318  1.77 590.7 2.34 6.97 3353.3 107.2 4.49 14.00 [43]
DMA 9 298 295 1224.6 6.42 10.55 4155.5 225.1 17.50 29.31 [16]
2-Pyrrolidinone 95  298-338 150 3883 3.65 9.79 856.0 106.0 6.94 21.82 [44]
NMP 95 298-338  1.92 936.3 11.83 32.39 2097.8 122.8 14.23 39.73 [44]
Allyl alcohol 45 303-323 347 604.3 1.05 4.66 3451.9 -189.3 511 14.90 [2]
Propargyl alcohol 45 303-323 245 323.8 0.46 1.47 1562.1 —-309.4 1.59 5.38 [2]
Dimethy! sulfoxide 50 303-323 173  796.3 4.66 11.00 3360.0 89.2 6.79 16.25 [45]
Piperidine 48 293-323 161 1268.6 8.46 26.48 4758.7 373.0 12.49 39.99 [46]
Pyrrolidine 40 293-323 211 1263.9 8.51 20.97 4792.3 195.6 13.55 36.08 [46]

Total AAD /% ° 4.60 11.95

* EGMME, ethylene glycol monomethyl ether; EGMEE, ethylene glycol monoethyl ether; EGMBE, ethylene glycol monobutyl ether; DEGMEE, diethylene glycol
monoethyl ether; DEGMBE, diethylene glycol monobutyl ether; TEGMEE, triethylene glycol monoethyl ether; DEGDEE, diethylene glycol diethyl ether; E181,
tetraethylene glycol dimethyl ether; PGME, Propylene glycol monomethyl ether; DAA, 4-hydroxy-4-methyl-2-pentane; MAE, 2-(Methylamino) ethanol; DMEA,
dimethylethanolamine; AMP, 2-amino-2-methyl-1-propanol; DMF, N,N-dimethylformamine; DMA, N,N-dimethylacetamine; NMP, 1-methyl-2-pyrrolidinone.
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Table 2 Correlation results of this work eg. (10) and Martins-Cardoso-Barcia equation for viscosity of binary non-aqueous liquid mixtures

This work eq. (10) Martins-Cardoso-Barcia eq. (1)

Systems Np T/K Voo AAD / % Us, ; u,, Uy, ;u33 AAD / % Ref.
Mmethanol(2) /Ethanol(3) 94 283-323 -14.13 1.44 218.27 -143.27 0.67 [14]
Methanol(2) / 1-Propanol(3) 12 303.15 -38.14 2.43 304.26 -158.80 1.87 [14]
Ethanol(2) / 1-Propanol(3) 10 303.15 -4.71 0.38 42.23 -31.42 0.29 [14]
Methanol(2) / Acetone(3) 13 298.15 65.61 2.06 —-203.72 202.17 1.79 [48]
2-Propanol(2) / DAA (3) 9 323.15 3.61 0.85 269.82 -187.48 0.17 [49]
1,4- Dioxane (2) / DMSO(3) 24 303-313 7.64 0.68 47.41 -90.06 1.93 [4]
DMF(2) / NMF(3) 11 298.15 —4.06 0.74 129.25 —129.55 0.75 [50]

Total AAD / % 1.23 1.06
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X = 0 3E B T AV WS FE HE SR 0RS 2 v T-Martins-Cardoso-Barcia 7 72 .
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Table 3 Estimation results of this work eq. (8) and Martins-Cardoso-Barcia equation for viscosity of ternary aqueous
non-electrolyte solutions

This work eqg. (8) Martins-Cardoso-Barcia eq. (1)
Systems No K “AADI%  MaxAD/% AAD /% MaxAD / % Ref.
Water(1) / Methanol(2) / Ethanol(3) 116  283-323 6.61 23.28 11.71 41.30 [14]
Water(1) / Methanol(2) / 1-Propanol(3) 24 303.15 0.81 0.92 2.02 13.46 [14]
Water(1) /Ethanol(2) / 1-Propanol(3) 24 303.15 1.62 1.81 2.77 11.24 [14]
Water(1) / Methanol(2) / Acetone(3) 28 298.15 3.85 4.43 7.44 16.58 [47]
Water(1) / 2-Propanol(2) / DAA (3) 36 323.15 6.05 6.80 11.39 21.74 [48]
Water(1) /1,4-Dioxane (2) / DMSO(3) 58 303-313 3.56 13.14 15.37 36.07 [4]
Water(1) / DMF(2) / NMF (3) 66 298.15 3.77 5.40 14.17 14.40 [49]

Total AAD / % 3.75 14.93
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