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 Thermal Conductivity of DMSO + C2H5OH, DMSO + H2O, and DMSO + C2H5OH + H2O Mixtures at T = (278.15 to 338.15) K Jun-Chao Zhou, Yuan-Yuan Che, Ke-Jun Wu,* Jian Shen, and Chao-Hong He State Key Laboratory of Chemical Engineering, Department of Chemical and Biological Engineering, Zhejiang University, Hangzhou 310027, China ABSTRACT: The thermal conductivities of dimethyl sulfoxide + ethanol, dimethyl sulfoxide + water, and dimethyl sulfoxide + ethanol + water were reported. The measurements, covering a temperature range from (278.15 to 338.15) K were performed by a transient hot-wire technique over the whole concentration range at atmospheric pressure. The experimental data of thermal conductivity were correlated by the second-order Scheﬀé polynomial in terms of temperature and weight fraction. The average absolute deviation of those correlated values from the experimental data was 1.35 %. The uncertainty of thermal conductivity was ± 2.0 % with a coverage factor of k = 2.
 
 ■
 
 INTRODUCTION The thermal conductivity of liquids is an important transport property as it is essential to the design and optimization of various heat transfer processes and is also of great interest in the clariﬁcation of the internal structures of liquids.1 Dimethyl sulfoxide (DMSO) enjoys a wide range of applicability as a solvent and chemical intermediate, both in industry and science owing to its low toxicity, environmental compatibility, and good separability.2 Its mixtures with ethanol (C2H5OH) and water (H2O), have attracted extensive interest in the ﬁelds of organic chemistry, chemical technology, and biology.3,4 Moreover, DMSO is a good entrainer candidate for extractive distillation, for instance, the separation of alcohols and water.5−7 The thermal conductivities for the mixtures of DMSO + C2H5OH, DMSO + H2O, and DMSO + C2H5OH + H2O are needed for the process equipment design and optimization. On the other hand, the highly polar sulfoxide group of DMSO acts as a proton acceptor and interacts intensely with the hydroxyl group of ethanol and water via hydrogen bonding.8,9 For this reason, these mixtures may exhibit a strong nonideal mixing behavior. The availability of accurate property data for the DMSO mixtures will be helpful for the molecular dynamic study. Properties of DMSO + C2H5OH and DMSO + H2O mixtures10−15 have been reported by several authors. However, a review of the literature shows a lack of thermal conductivities for both mixtures. Zhang et al.16 measured the thermal conductivities of DMSO and its aqueous solutions covering the whole range of concentration but only at 299.65 K. More data at diﬀerent temperatures are needed for industrial application.3,4 Neither the thermal conductivity data for DMSO + C2H5OH nor DMSO + C2H5OH + H2O has been found. In this work, the experimental data of thermal conductivity λ at temperatures from (278.15 to 338.15) K for binary © 2013 American Chemical Society
 
 mixtures of DMSO + C2H5OH and DMSO + H2O and ternary mixtures DMSO + C2H5OH + H2O covering the whole range of concentrations at atmospheric pressure (0.1 MPa) were determined. It should be explained that the thermal conductivities of C2H5OH + H2O were redetermined at expanded concentration and temperature ranges for engineering requirements, as the reported data17 were only given in compositions of 25 %, 50 %, and 75 %, by weight, at the temperature ranging from (300 to 340) K. The second-order Scheﬀé polynomial18−21 was applied to correlate the experimental data.
 
 ■
 
 EXPERIMENTAL SECTION Materials. Ultrapure water was supplied by a Yongjieda UPWS-T/b-A lab ultrapure water puriﬁcation system, with resistivity equal to 18.2 MΩ·cm at 298.15 K, for preparing the mixtures. Information of the chemicals involved in this paper is given in Table 1. All the mixtures were prepared by mass in a stoppered conical ﬂask. An analytical balance (Mettler Toledo XS205 Dual Range) to a precision of ± 0.1 mg was used. Precautions were taken to minimize evaporation losses of the solutions during the experiments. Apparatus. The thermal conductivities of the binary and ternary mixtures were measured in a transient hot-wire instrument (Xi’an Xiatech Electronic Technology Co., Ltd., TC 3020L).22 Detailed descriptions of the apparatus can be easily found in previous publications.23−26 A brief introduction is given here: two identical anodized tantalum wires of 25 μm diameter, diﬀering only in length, were ﬁxed in the cells of the Received: November 1, 2012 Accepted: February 8, 2013 Published: February 22, 2013 663
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 The value of Zhang et al.16 is 0.200 W·m−1·K−1 at room temperature (25 to 27) °C, 7.53 % larger than the one in this work, which is 0.186 W·m−1·K−1 at 299.84 K. Since the hot wire technique adopted in this work is widely accepted as the most precise method for ﬂuid,16,33−35 we consider data reported in this work are more reliable. The thermal conductivities of DMSO + C2H5OH are given in Table 3, containing nine compositions at temperatures from (278.15 to 338.15) K at intervals of approximately 10 K at atmospheric pressure (0.1 MPa). For binary mixtures of DMSO + H2O and C2H5OH + H2O, measurements were taken at the same temperature and concentration ranges. The thermal conductivity data of DMSO + H2O and C2H5OH + H2O are collected in Table 4 and Table 5, respectively. The thermal conductivities of DMSO + C2H5OH decrease with the increase of temperature and the mass fraction of C2H5OH in the mixture. Diﬀering from the organic mixture, thermal conductivities of aqueous DMSO and C2H5OH solutions reveal a more complicated tendency, due to the presence of water. Experimental data of DMSO + H2O show an increase with the increase of temperature at the mass fraction range of water from 0.2 to 1, while at the mass fraction range of water lower than 0.2, they show a decrease with the increase of temperature. Similarly, thermal conductivities of C2H5OH + H2O increase with the increase of temperature at the mass fraction of water ranging from 0.3 to 1, while they decrease with the increase of temperature at the mass fraction of water ranging from 0 to 0.3. Thermal conductivities for both DMSO and C2H5OH aqueous solutions decrease with the decrease of the mass fraction of water. For the ternary mixtures of DMSO + C2H5OH + H2O, measurements of the thermal conductivity were performed for 37 diﬀerent compositions at temperatures from 278.15 K to 338.15 K at atmospheric pressure. As is manifested in Table 6, the ternary thermal conductivities increase with the increase of temperature when the mass fraction of water is higher than 0.2, while they decrease with the increase of temperature when the mass fraction of water is lower than 0.2. Also, with the decrease of the mass fraction of water, the ternary thermal conductivities show a decrease.
 
 Table 1. Suppliers and Purities of Chemicals Used in This Work chemical name toluene ethanol DMSO a
 
 source Sinopharm Chemical Reagent Co., Ltd. Sinopharm Chemical Reagent Co., Ltd. Sinopharm Chemical Reagent Co., Ltd.)
 
 initial mass fraction purity
 
 puriﬁcation method
 
 analysis method
 
 0.995
 
 none
 
 GCa
 
 0.997
 
 none
 
 GCa
 
 0.990
 
 none
 
 GCa
 
 Gas−liquid chromatography.
 
 instrument. An automatic Wheatstone-type electronic bridge was built up to measure the time evolution of temperature of the two wires during the application of a constant heat ﬂux to the transient hot-wire instrument. A thermostatic bath (Hui Chuang, model YHX-2008) was used to provide an isothermal environment for the thermal cells of the apparatus. The temperature of the sample was provided by the apparatus automatically with its platinum resistance thermometer, whose total uncertainty is less than ± 20 mK. The thermal conductivities of pure toluene and ultrapure water from (278.15 to 338.15) K were taken to check and conﬁrm the good performance of the instrument at the selected temperature range. All measurements were replicated at least ﬁve times for each sample at each temperature. The reproducibility of the values was within ± 0.61 %. The maximum deviation and average absolute deviation from the recommended values27−31 were 1.13 % and 0.70 % for toluene, and 1.32 % and 0.95 % for water, respectively. The overall uncertainty of the present thermal conductivity data was estimated to be better than ± 2.0 % at a 95 % conﬁdence level, accounting for all the random errors of measurement.
 
 ■
 
 RESULTS AND DISCUSSION Experimental Results. The thermal conductivities of pure DMSO, ethanol, and water are indicated in Table 2 for correlating the data of mixtures. Literature data29,32 of ethanol and water are listed in Table 2 for comparison. The thermal conductivity of DMSO at room temperature (25 to 27) °C was reported by Zhang et al.16 using the hot probe technique.
 
 Table 2. Experimental and Reference Thermal Conductivities λ of Pure DMSO, Ethanol, and Water at Temperature T and Pressure p = 0.1 MPaa DMSO
 
 C2H5OH λ
 
 H2O λ
 
 T
 
 W·m−1·K−1
 
 T
 
 K
 
 expt.
 
 K
 
 expt.
 
 294.83 299.84 304.64 309.47 314.33 319.33 324.37 329.31 334.49 339.35
 
 0.186 0.186 0.185 0.184 0.183 0.182 0.182 0.181 0.180 0.180
 
 278.92 288.98 298.87 308.81 318.86 328.52 338.22
 
 0.169 0.167 0.165 0.162 0.160 0.157 0.156
 
 λ
 
 W·m−1·K−1
 
 W·m−1·K−1
 
 T lit.b
 
 K
 
 expt.
 
 lit.c
 
 0.1676 0.1643 0.1610 0.1578 0.1546
 
 279.47 289.15 299.07 308.79 318.62 328.63 338.24
 
 0.579 0.599 0.616 0.631 0.642 0.656 0.665
 
 0.5741 0.5912 0.6088 0.6243 0.6380 0.6498 0.6591
 
 a
 
 The expanded uncertainty (k = 2) of experimental thermal conductivity is 2.0 %, and the standard uncertainty of temperature is 20 mK. bReference 32. cReference 29. 664
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 Table 3. Experimental Thermal Conductivities λ of DMSO (1) + Ethanol (2) at Temperature T, Mass Fraction w, and Pressure p = 0.1 MPaa T
 
 λ
 
 T
 
 λ
 
 T
 
 λ
 
 w1
 
 K
 
 W·m−1·K−1
 
 w1
 
 K
 
 W·m−1·K−1
 
 w1
 
 K
 
 W·m−1·K−1
 
 0.1028
 
 280.31 290.23 300.13 309.91 319.71 329.37 339.41 280.19 289.67 299.77 309.74 319.47 329.62 339.18 279.97 289.86 299.80 309.85 319.51 329.67 339.27
 
 0.170 0.167 0.164 0.162 0.159 0.157 0.155 0.173 0.170 0.168 0.166 0.164 0.162 0.159 0.178 0.177 0.174 0.173 0.171 0.169 0.166
 
 0.2005
 
 280.00 290.06 299.81 309.71 319.61 329.47 339.51 279.97 289.71 300.23 309.84 319.66 329.72 339.56 279.39 289.18 299.05 308.94 318.75 328.70 338.46
 
 0.170 0.168 0.165 0.163 0.161 0.158 0.157 0.174 0.172 0.171 0.168 0.166 0.164 0.162 0.181 0.179 0.177 0.176 0.174 0.172 0.170
 
 0.3004
 
 280.15 289.71 299.79 309.88 319.57 329.60 339.18 280.20 289.79 299.87 309.61 319.66 329.64 339.25 280.00 289.82 299.88 309.42 319.18 328.94 338.72
 
 0.171 0.168 0.166 0.164 0.162 0.160 0.157 0.177 0.174 0.172 0.170 0.168 0.166 0.163 0.184 0.183 0.182 0.180 0.178 0.176 0.174
 
 0.4060
 
 0.7006
 
 0.5007
 
 0.8004
 
 0.6016
 
 0.9000
 
 a
 
 The expanded uncertainty (k = 2) of experimental thermal conductivity is 2.0 %, and the standard uncertainties of temperature and mass fraction are 20 mK and 0.00001, respectively.
 
 Table 4. Experimental Thermal Conductivities λ of DMSO (1) + Water (3) at Temperature T, Mass Fraction w, and Pressure p = 0.1 MPab T w1
 
 K
 
 0.1000
 
 279.63 289.49 299.22 309.03 318.88 328.78 338.60 279.76 289.60 299.58 309.43 319.18 328.97 338.87 279.37 288.93 298.86 308.79 318.54 328.60 338.59
 
 0.3967
 
 0.6929
 
 λ −1
 
 W·m ·K 0.522 0.539 0.551 0.563 0.575 0.586 0.594 0.366 0.374 0.382 0.389 0.396 0.400 0.404 0.250 0.251 0.253 0.255 0.257 0.259 0.261
 
 T −1
 
 w1
 
 K
 
 0.1995
 
 279.91 289.80 299.67 309.51 319.20 329.20 338.93 279.57 289.12 299.16 309.00 318.75 328.48 338.61 279.69 289.32 299.26 309.16 318.90 328.75 338.86
 
 0.5013
 
 0.7941
 
 λ −1
 
 W·m ·K 0.466 0.480 0.492 0.503 0.511 0.523 0.528 0.319 0.324 0.330 0.335 0.339 0.343 0.347 0.222 0.222 0.223 0.224 0.224 0.224 0.224
 
 T −1
 
 λ
 
 w1
 
 K
 
 W·m ·K−1
 
 0.2998
 
 280.21 290.02 299.92 309.95 319.70 329.56 339.37 280.01 289.59 299.60 309.51 319.44 329.12 338.90 279.18 289.38 299.40 309.13 319.21 328.90 338.51
 
 0.414 0.424 0.434 0.444 0.452 0.460 0.465 0.282 0.284 0.288 0.292 0.296 0.298 0.299 0.200 0.200 0.200 0.199 0.199 0.198 0.196
 
 0.5990
 
 0.9000
 
 −1
 
 b
 
 The expanded uncertainty (k = 2) of experimental thermal conductivity is 2.0 %, and the standard uncertainties of temperature and mass fraction are 20 mK and 0.00001, respectively.
 
 minimum laying between the mole fraction of DMSO 0.5 and 0.6 according to their molecular dynamics simulation results of the thermal conductivities of DMSO + H2O at 298 K as is showed in Figure 1. But the experimental data in this work decrease monotonously with the increase of the mole fraction
 
 It can be found that the thermal conductivities of binary mixtures of DMSO + H2O do not show an apparently nonideal behavior as the densities and viscosities10,14 show, neither do the thermal conductivities of ternary mixtures of DMSO + C2H5OH + H2O. Nieto-Draghi et al.36 reported that there is a 665
 
 dx.doi.org/10.1021/je301171y | J. Chem. Eng. Data 2013, 58, 663−670
 
 Journal of Chemical & Engineering Data
 
 Article
 
 Table 5. Experimental Thermal Conductivities λ of Ethanol (2) + Water (3) at Temperature T, Mass Fraction w, and Pressure p = 0.1 MPaa T
 
 λ
 
 T
 
 λ
 
 T
 
 λ
 
 w1
 
 K
 
 W·m−1·K−1
 
 w1
 
 K
 
 W·m−1·K−1
 
 w1
 
 K
 
 W·m−1·K−1
 
 0.1002
 
 279.61 289.19 298.94 308.91 318.50 328.31 338.27 279.49 289.08 299.08 308.84 318.69 328.65 338.71 279.23 289.17 299.14 308.97 318.79 328.65 338.36
 
 0.513 0.527 0.540 0.554 0.564 0.574 0.583 0.355 0.360 0.365 0.369 0.374 0.379 0.384 0.240 0.241 0.241 0.241 0.241 0.240 0.240
 
 0.1998
 
 279.37 289.17 298.99 308.78 318.61 328.63 338.50 279.46 289.32 299.13 309.03 318.87 328.66 338.41 279.65 289.44 299.59 309.40 318.93 328.87 338.51
 
 0.453 0.465 0.475 0.486 0.494 0.503 0.511 0.312 0.317 0.319 0.323 0.325 0.327 0.328 0.213 0.212 0.212 0.211 0.209 0.208 0.207
 
 0.3002
 
 279.32 288.97 299.12 309.04 318.77 328.34 338.26 279.45 288.96 298.95 308.68 318.67 328.68 338.63 279.90 289.62 299.35 309.29 319.24 328.86 338.59
 
 0.401 0.409 0.418 0.426 0.432 0.436 0.441 0.274 0.275 0.277 0.278 0.280 0.281 0.283 0.191 0.189 0.186 0.184 0.183 0.181 0.179
 
 0.4002
 
 0.7016
 
 0.4981
 
 0.7996
 
 0.5997
 
 0.8994
 
 a
 
 The expanded uncertainty (k = 2) of experimental thermal conductivity is 2.0 %, and the standard uncertainties of temperature and mass fraction are 20 mK and 0.00001, respectively.
 
 Table 6. Experimental Thermal Conductivities λ of DMSO (1) + Ethanol (2) + Water (3) at Temperature T, Mass Fraction w, and Pressure p = 0.1 MPaa λ
 
 T K
 
 −1
 
 W·m ·K
 
 w1 = 0.1013, w2 = 0.1004 279.89 289.52 299.22 309.05 319.04 328.90 338.67 w1 = 0.1994, w2 =
 
 λ
 
 T −1
 
 0.459 0.471 0.480 0.490 0.502 0.501 0.516 0.1977
 
 K
 
 −1
 
 W·m ·K
 
 K
 
 w1 = 0.0990, w2 = 0.1990 279.39 289.21 299.19 309.12 318.55 328.55 338.39 w1 = 0.3012, w2 =
 
 λ
 
 T −1
 
 −1
 
 W·m ·K
 
 w1 = 0.1991, w2 = 0.1017
 
 0.405 0.416 0.424 0.433 0.437 0.444 0.450 0.0997
 
 279.39 289.32 299.14 309.00 318.78 328.57 338.37 w1 = 0.1001, w2 =
 
 λ
 
 T −1
 
 0.408 0.419 0.427 0.436 0.444 0.451 0.456 0.3995
 
 K
 
 −1
 
 W·m ·K−1
 
 w1 = 0.0996, w2 = 0.2997 279.60 289.36 299.44 309.18 319.10 328.90 338.74 w1 = 0.1993, w2 =
 
 0.358 0.363 0.369 0.375 0.379 0.384 0.387 0.2998
 
 279.76 0.361 289.51 0.368 299.53 0.375 309.33 0.381 318.84 0.385 328.62 0.389 338.57 0.394 w1 = 0.2501, w2 = 0.2489
 
 279.73 0.361 289.55 0.369 299.59 0.377 309.40 0.383 319.14 0.388 328.73 0.393 338.56 0.397 w1 = 0.2998, w2 = 0.1990
 
 279.21 0.313 289.19 0.318 299.00 0.321 308.98 0.325 318.76 0.328 328.87 0.332 338.52 0.334 w1 = 0.3984, w2 = 0.0998
 
 279.24 0.315 288.89 0.319 298.91 0.324 309.09 0.330 318.61 0.331 328.63 0.335 338.44 0.338 w1 = 0.1001, w2 = 0.4999
 
 279.20 0.316 289.08 0.321 299.05 0.326 308.91 0.330 318.62 0.333 328.36 0.336 338.46 0.339 w1 = 0.1999, w2 = 0.3991
 
 279.42 0.318 289.09 0.322 298.97 0.326 308.89 0.331 318.56 0.334 328.47 0.338 338.21 0.340 w1 = 0.2973, w2 = 0.2950
 
 279.31 0.319 288.86 0.324 298.97 0.329 308.80 0.334 318.62 0.339 328.51 0.342 338.37 0.345 w1 = 0.3973, w2 = 0.1991
 
 279.38 0.276 289.22 0.278 299.20 0.280 308.75 0.280 318.65 0.282 328.45 0.282 338.51 0.284 w1 = 0.4999, w2 = 0.0998
 
 279.26 289.12 299.14 308.85
 
 279.58 289.38 299.35 309.11
 
 279.32 289.10 298.94 308.85
 
 279.34 288.90 298.90 308.60
 
 0.277 0.279 0.282 0.283
 
 0.281 0.284 0.286 0.289 666
 
 0.280 0.284 0.286 0.289
 
 0.280 0.283 0.286 0.290
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 Table 6. continued w1 = 0.1999, w2 = 0.3991
 
 w1 = 0.2973, w2 = 0.2950
 
 w1 = 0.3973, w2 = 0.1991
 
 w1 = 0.4999, w2 = 0.0998
 
 318.52 0.285 328.79 0.288 338.61 0.288 w1 = 0.0992, w2 = 0.5999
 
 319.10 0.292 328.83 0.292 338.81 0.294 w1 = 0.2002, w2 = 0.5005
 
 318.73 0.292 328.56 0.294 338.42 0.295 w1 = 0.2991, w2 = 0.4010
 
 318.57 0.292 328.48 0.294 338.31 0.296 w1 = 0.4006, w2 = 0.2982
 
 279.06 0.243 288.95 0.243 298.94 0.243 308.83 0.244 318.63 0.244 328.76 0.244 338.51 0.244 w1 = 0.4960, w2 = 0.2037
 
 278.90 0.242 288.96 0.244 299.18 0.245 308.76 0.245 318.57 0.245 328.59 0.245 338.47 0.245 w1 = 0.5995, w2 = 0.0998
 
 279.06 0.244 288.71 0.245 298.92 0.247 308.89 0.248 318.83 0.249 328.68 0.249 338.44 0.249 w1 = 0.1002, w2 = 0.7002
 
 279.05 0.245 288.76 0.246 299.06 0.248 308.62 0.248 318.76 0.250 328.27 0.249 338.21 0.249 w1 = 0.2000, w2 = 0.5988
 
 278.98 0.245 288.93 0.247 298.95 0.249 308.93 0.251 318.47 0.251 328.53 0.252 338.36 0.252 w1 = 0.2953, w2 = 0.5048
 
 279.63 0.248 289.32 0.249 299.19 0.250 309.26 0.253 318.99 0.254 328.85 0.255 338.68 0.255 w1 = 0.3972, w2 = 0.4017
 
 279.25 0.215 289.20 0.213 299.33 0.212 309.02 0.211 318.94 0.210 328.66 0.209 338.62 0.208 w1 = 0.5000, w2 = 0.2994
 
 279.50 0.215 289.34 0.214 299.31 0.214 309.16 0.213 319.08 0.212 328.66 0.210 338.60 0.210 w1 = 0.5968, w2 = 0.2014
 
 279.46 0.215 289.25 0.215 299.11 0.214 309.17 0.214 318.75 0.213 328.75 0.213 338.56 0.211 w1 = 0.6989, w2 = 0.1004
 
 279.36 0.216 289.07 0.215 298.93 0.215 308.97 0.215 318.74 0.215 328.67 0.214 338.57 0.213 w1 = 0.1001, w2 = 0.7984
 
 279.31 0.216 289.02 0.216 299.32 0.217 309.00 0.217 318.81 0.216 328.62 0.216 338.59 0.215 w1 = 0.2033, w2 = 0.6974
 
 279.41 0.218 289.26 0.218 299.02 0.218 308.93 0.218 318.71 0.218 328.67 0.218 338.79 0.219 w1 = 0.2999, w2 = 0.6001
 
 279.23 0.218 289.34 0.220 299.10 0.220 309.05 0.220 318.69 0.220 328.68 0.221 338.34 0.219 w1 = 0.4015, w2 = 0.4988 279.58 289.65 299.63 309.51 319.26 328.98 338.52
 
 0.191 0.191 0.189 0.188 0.187 0.185 0.183
 
 279.20 289.08 299.09 309.00 318.70 328.49 338.43 w1 = 0.4993, w2 = 0.4009 279.42 289.18 299.24 309.02 318.89 328.77 338.86
 
 0.192 0.191 0.190 0.189 0.188 0.187 0.185
 
 0.191 0.189 0.187 0.186 0.183 0.181 0.180 w1 = 0.5996, w2 = 279.16 288.99 299.07 309.07 318.93 328.61 338.50
 
 279.32 289.16 299.18 308.89 318.64 328.80 338.51 0.3001 0.191 0.190 0.189 0.187 0.186 0.184 0.182
 
 0.191 0.189 0.187 0.186 0.184 0.183 0.181 w1 = 0.7008, w2 = 0.1996 279.61 289.37 299.47 309.58 319.04 329.12 338.89
 
 0.196 0.195 0.195 0.194 0.192 0.192 0.190
 
 279.16 288.99 299.07 309.07 318.93 328.61 338.50 w1 = 0.7999, w2
 
 0.191 0.190 0.189 0.187 0.186 0.184 0.182 = 0.1001
 
 279.31 289.27 299.24 308.93 319.05 328.75 338.43
 
 0.198 0.197 0.197 0.196 0.195 0.194 0.193
 
 a
 
 The expanded uncertainty (k = 2) of experimental thermal conductivity is 2.0 %, and the standard uncertainties of temperature and mass fraction are 20 mK and 0.00001, respectively.
 
 The coeﬃcients a0, a1, and a2 for eq 1, as well as the values of the average absolute deviation (AAD) and standard deviation (SD) are presented in Table 7. Owing to the lack of fully developed thermal conductivity predictive models for liquid mixtures, empirical and semiempirical correlation equations are considered in the literature. The second-order Scheﬀé polynomial18−21 was applied in this paper. With its simple forms, the polynomial is able to correlate binary data satisfactorily, and calculate values for ternary mixtures with all parameters fully determined by binary data.20,21 The second-order Scheﬀé polynomial for binary mixtures is
 
 of DMSO, which show a similar tendency with the experimental results of Zhang et al.16 Further studies in molecular dynamics are required to investigate the inﬂuence of molecular interactions on thermal conductivity of liquids, and more data are needed for support. Correlation of Thermal Conductivities. The three purecomponent liquid thermal conductivities were correlated as a function of temperature, using a second-order polynomial21,37 λi = a0 + a1T + a 2T 2
 
 (1)
 
 where λi is the thermal conductivity of the pure component i, T is the temperature, subscript i represents the pure component as 1 for DMSO, 2 for C2H5OH, and 3 for H2O.
 
 λ = λiwi2 + λjwj2 + 2βijww i j 667
 
 (2)
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 Figure 1. Thermal conductivities λ of a series of DMSO aqueous reported by diﬀerent authors as a function of mole fraction of DMSO xDMSO at temperature T = 298 K and pressure p = 0.1 MPa. Both groups of experimental data show a monotonous decrease with the increase of the mole fraction of DMSO, without a minimum between xDMSO = 0.5 and xDMSO = 0.6, which is obtained from the simulation results: × , this work; Δ, Zhang et al.;16 , Nieto-Draghi et al.36
 
 Figure 2. Relative deviations 100(λcalc/λexpt − 1) between the present experimental data λexpt and the values λcalc calculated by eqs 3 and 4 for DMSO (1) + ethanol (2) + water (3) at temperature T and pressure p = 0.1 MPa. The average absolute deviation (AAD) is 0.74 %, and the maximum absolute deviation is 3.57 %. ⧫, this work.
 
 With all the obtained parameters Aij and Bij in Table 8, the thermal conductivities of the DMSO + C2H5OH + H2O ternary mixtures can be calculated by eqs 3 and 4. Figure 2 displays deviations between experimental data and calculated values as a function of temperature. The values of AAD and SD are 0.74 % and 0.0018 W·m−1·K−1 respectively, which proves the secondorder Scheﬀé polynomial can be satisfactorily used for calculating the thermal conductivities for the DMSO + C2H5OH + H2O ternary system based on the data of its constituent binary systems without extra parameters.
 
 where λ is the thermal conductivity of the mixture, βij is the nonlinear mixing eﬀect between components i and j, wi is the mass fraction of component i in the mixture, subscripts i and j represent two diﬀerent components as 1 for DMSO, 2 for C2H5OH, and 3 for H2O, respectively. The cross parameter βij is expected to be a function of temperature.21 Assuming a linear dependence with temperature,38 here we deﬁne it as βij = Aij + Bij T
 
 ■
 
 CONCLUSION Measurements of the thermal conductivities of DMSO + C2H5OH, DMSO + H2O, and DMSO + C2H5OH + H2O systems were performed in a transient hot-wire instrument over the whole concentration range at temperatures ranging from 278.15 K to 338.15 K at 0.1 MPa. The experimental data of binary mixtures were correlated as a function of temperature and composition for interpolation, applying the second-order Scheﬀé polynomial. Values of ternary mixtures calculated by the polynomial, with the parameters obtained from correlating data for relevant binary mixtures, are in satisfactory agreement with the experimental data.
 
 (3)
 
 The thermal conductivities of binary mixtures DMSO + C2H5OH, DMSO + H2O, and C2H5OH + H2O were correlated using eqs 2 and 3. The coeﬃcients Aij and Bij for DMSO + C2H5OH, DMSO + H2O, and C2H5OH + H2O mixtures together with AAD and SD of the ﬁts are listed in Table 8. For ternary mixtures, the second-order Scheﬀé polynomial can be expanded as the following form λ = λ1w12 + λ 2w22 + λ3w32 + 2β12w1w2 + 2β13w1w3 + 2β23w2w3
 
 (4)
 
 Table 7. Coeﬃcients a0, a1, and a2, Average Absolute Deviation (AAD), and Standard Deviation (SD) for eq 1 for Pure DMSO, Ethanol, and Water at Pressure p = 0.1 MPa a0 DMSO C2H5OH H2O
 
 a1 −1
 
 2.5741 × 10 2.5107 × 10−1 −7.6618 × 10−1
 
 a2 −4
 
 −7
 
 −3.1709 × 10 −3.4117 × 10−4 7.5975 × 10−3
 
 2.5799 × 10 1.7309 × 10−7 −9.9576 × 10−6
 
 AAD
 
 SD−1
 
 %
 
 W·m−1·K−1
 
 0.06 0.11 0.11
 
 0.0001 0.0002 0.0007
 
 Table 8. Coeﬃcients A and B, Average Absolute Deviation (AAD), and Standard Deviation (SD) for eqs 2 and 3 for DMSO (1) + C2H5OH (2), DMSO (1) + H2O (3), and C2H5OH (2) + H2O (3) at Pressure p = 0.1 MPa A DMSO + C2H5OH DMSO + H2O C2H5OH + H2O
 
 i = 1, j = 2 i = 1, j = 3 i = 2, j = 3
 
 B −1
 
 2.3477 × 10 1.5898 × 10−1 2.5064 × 10−1 668
 
 −4
 
 −2.3546 × 10 3.4267 × 10−4 −1.3680 × 10−5
 
 AAD
 
 SD−1
 
 %
 
 W·m−1·K−1
 
 0.24 1.35 0.63
 
 0.0004 0.0043 0.0019
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