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Fig. 2 Schematic of dynamic light scattering geometry
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Table 1 Detailed information of chemical sample

Chemical CAS No. Molecular formula ~ Molar mass/(g-mol ") Source Purity (mass fraction)

n—-Hexane 110-54-3 CeH,, 86.18 Aladdin 0.993 5

n—-Decane 124-18-5 C,H,, 142.29 Aladdin 0.990 0
n—Hexadecane 544-76-3 CHsy 226.44 Sigma—Aldrich 0.990 0
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Table 2 i~iii groups of binary system parameters at 298 K

Group Composition T n/(mPa-s) n, n, % (n,—ny)/n,/ %
i n-Hexane (1)-+n-Decane (2) 0.501 0 0.493 1.3714 1.409 9 2.80
ii n—Hexane (1) -+n—Hexadecane (2) 0.060 0 2.772 1.3714 1.434 8 4.62
iii n-Hexane (1) +n-Hexadecane (2) 0.852 0 0.493 1.3714 1.434 8 4.62
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(a) Schematic of dynamic light scattering system (b) Physical picture

1: laser; 2: telephoto lenses (/<2000 mm); 3: 1/2 zero-order glass slides; 4: polarized beam splitters;

5,6, 11, 17, 19: mirrors; 7: beam splitters; 8: high reflectivity reflections mirror; 9: pressure-resistant body:
10: pinholes; 12: fiber probes; 13: fiber beam splitters; 14: photon counters; 15: digital correlators;

16: computers; 18: neutral density slices
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Fig. 3 Schematic and physical map of the dynamic light scattering experimental system
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Fig. 4 Temperature regulation schematic of the experimental system
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Fig.5 Normalized intensity correlation function and deviation of equimolar fraction of n—~Hexane/n—Decane system
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Table 3 Fitting results of time autocorrelation function parameters

Coefficient Fitting results Uncertainty/ %
b, 0.999 39 0.05
b, 0.017 07 0.76
te /s 4.424 81 1.34
b, 0.013 09 1.20
te. /s 148.280 2 3.38
25 HRAMW
2.5.1 RS A FEXBE

F AR T=298.15 K, 1L AR AT R HIA S A 3 [ R 87~ 12° 1 I 42
MW B K g0, 7, (¢) ool 7o (g) oo, RN ZR I FHR 0% 20 51 0% 8 ) 26 i R I JE PR L 4
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Table 4 Validation of hydrodynamic modes
6/C) ¢/(X107"m™*) o /(X107 ") Te et /(X107 Te. a/(X10°m’s ") D, /(X10"m’s ")
8.00 2.70 22.06 4.42 0.67 148.28 81.65 2.46
8.20 2.84 22.89 4.37 0.69 144.93 80.66 242
8.40 2.98 24.36 4.11 0.73 136.99 81.85 2.45
9.00 3.41 27.24 3.67 0.82 121.95 79.81 2.41
10.00 4.21 34.41 2.91 1.03 97.09 81.81 244
11.00 5.08 41.20 2.43 1.23 81.30 81.13 243
12.00 6.03 49.33 2.03 1.44 69.44 81.81 2.38
. 8
S = 4 %0 O % {150
50} - - - Fitting by Eq(1) R 2 © O,

s O o LT 3 I @ 1120

» 40 Ce .8 s _
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(a) Verification of hydrodynamic models (b) Relaxation time against incidence angle
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Fig. 6 Hydrodynamic modes verification for temperature and concentration fluctuations of n-Hexane/n-Decane system with
equal molar fraction and relation between incident angle and relaxation time
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F 1 a* )y NIST REFPROP 10.0 #1458 R B8t ™, DYoL Dy 8 iR BOCmk#s = .
H A5 1 A BT IR RO B o S S O TR B =k 2 i B
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K ap~ay, Do~D, o3 3 09 4 5 8 R RO B & S8 TRARES R A% 6.
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Table 5 i~iii Thermal and mutual diffusivity experimental data and literature data and NIST Refprop 10.0 data

T /K o 1008a/a ! D/ 1 b/ D/ Le
(X10"m*s ") (X10*m*s ') (X10"*m®s ') AD,/D,, (X10"*m®s ') (X10"-m’s ')

Group 1

298.15 80.79 3.54 82.66 2.44 3.50 2.53 — 33.14
303.15 79.39 3.97 81.45 2.59 3.91 — — 30.57
313.15 76.55 3.83 79.08 2.99 3.42 — — 25.59
323.15 75.07 3.75 76.80 3.33 3.23 — — 22.52
333.15 72.34 3.62 74.61 3.87 3.53 — — 18.68
343.15 70.19 3.51 72.51 4.28 3.34 — — 16.42
353.15 67.09 3.35 70.51 4.58 3.56 — — 14.65
363.15 65.46 3.27 68.61 5.11 2.97 — — 12.82
373.15 63.01 3.15 66.81 5.55 3.61 — — 11.35
383.15 61.92 3.17 65.12 6.14 3.91 — — 10.09
393.15 59.89 2.99 63.51 6.50 4.42 — — 9.22
Group 11

298.15 84.34 3.81 — 0.85 9.89 — 0.86 98.96
303.15 83.35 3.27 — 0.96 5.83 — — 88.18
308.15 82.25 3.09 — 1.03 5.44 — — 80.20
313.15 81.07 2.55 — 1.12 4.93 — — 72.67
323.15 79.67 2.13 — 1.35 4.59 — — 59.16
333.15 76.43 1.61 — 1.71 4.33 — — 44.71
348.15 74.12 2.31 — 1.97 3.94 — — 37.55
373.15 68.81 1.66 — 2.66 3.50 — — 25.85
398.15 65.22 2.31 — 3.75 3.13 — — 17.40
423.15 60.83 2.82 — 4.24 3.87 — — 14.34
448.15 57.24 3.21 — 4.73 4.01 — — 12.11
Group iil

298.15 81.54 2.25 — 1.97 2.28 — — 41.43
308.15 78.07 3.57 — 2.18 2.91 — — 35.75
323.15 73.36 2.49 — 2.62 1.73 — — 28.00
338.15 70.79 2.19 — 3.13 1.43 — — 22.63
353.15 67.86 2.14 — 3.67 1.26 — — 18.50
368.15 63.54 2.39 — 4.18 1.87 — — 15.19
383.15 59.91 2.38 — 4.74 3.09 — — 12.63
398.15 56.72 2.51 — 5.14 3.45 — — 11.03

K FH e KA 22 (Maximum Relative Deviation, MRD ) Fl1°F- 2 4 X} ff 22 ( Absolute Average Relative Deviation,
AARD) PG SCHR AU G 45 58, HE o351
MRD = 100 X MaX{(Expii Calcz>/Expl} (12)

1Y .
AARD =100 X NZ‘ Ey— Cus|/Ey, (13)

i=1

N E g Coo 20 SRR I/ T4 180 3R B5098 56 5008 AUl A G2 (10) L (11 M3 HRAE , N 38 7R 52 56 508 25580
7 g 12K R AE 298.15~393.15 K, #f AR AT #4 BT 47 8 & 2052 50 £l | 18] i NIST REFPROP

10.0 F0 SCHR B A 75 T AR A 1 e, G 3G 50 R B 06 B SR =X (1O LG, SE B {8 5 DQ I At 5 2 1)

e KA 22 0 1.50% , P34 Xl 25 0.66 % o A R G2 i A5 8 R %05 NIST REFPROP 10.0 fir 15 8045 i#4
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Table 6 Polynomial fitting parameters of thermal and mutual diffusivity for groups i~iii

Coefficient Group 1 Group 11 Group 1ii
a,/(X10°-m*s™") —127.243 55 218.483 36 694.626 51
a,/(X10m*s "“K ) 2.33362 —0.729 65 —4.868 72
a,/(X10%m’ss *K *) —7.889 08 1.168 81 13.091 44
a,/(X10%m’s K ) 80.499 60 —7.6657 —122.788 09
D,/( X107 m*s '"*K ™) 3.213 80 52.303 39 73.651 45
D,/(X10%m*s '"*K ") —0.055 17 —0.463 18 0.667 16
D,/(X10%-m*s 'K %) 0.221 20 1.329 41 1.990 94
D,/(X10"m’s =K% 0.151 05 —1.188 76 —1.877 24
Le Le
%0 30 24 18 12 30 24 18 12
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Fig. 7 Comparison of experimental data and fitting equation of thermal diffusivity of n~Hexane/n—Decane system with equimolar
fraction and NIST REFPROP 10.0 data.
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Simultaneous Measurement of Thermal and Mutual Diffusion
Coefficients by Dynamic Light Scattering

GAO Peng, ZHAO Guanjia, YIN Jianguo, MA Suxia
(Key Laboratory of Clean and Efficient Combustion and U'tilization in the Circulating Fluidized Bed , College of
Electrical and Power Engineering, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: The thermal and mutual diffusion coefficients of fluid working fluids are important transfer
properties that characterize their heat and mass transfer in the field of refrigeration, petroleum, chemical
and others. Reliable thermal and mutual diffusion coefficient data are normally necessary for design and
optimization of the equipment and process. The thermal and mutual diffusion coefficients can be determined
with different equipment. The dynamic light scattering method owns the advantages of measuring
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properties under equilibrium condition and in the non—contact and absolute way. However, it is still not an
easy way to obtain the two properties simultaneously and reliably by the dynamic light scattering method.
Therefore, the present study tries to understand the influence of sampling time, incident angle, viscosity,
refractive index deviation and Lewis number Le in dynamic light scattering method on the reliability and
accuracy of the method. In consideration of the difference of viscosity and refractive index, three binary
systems of n~Hexane/n-Decane, n-Hexane/n-Hexadecane and n—~Hexane/n-Decane at the defined molar
fractions (0.50/0.50, 0.06/0.94 and 0.85/0.15, respectively) are selected as reference fluids. The first and
third systems have similar viscosity, but different refractive index difference of the components; the second
and third systems have similar refractive index difference, but different viscosity. The measurement is
performed in the saturated condition at different sampling times, incident angles and in a wide temperature
range. Correlations are established based on the experimental data for both properties. The results show
that the thermal diffusion coefficient and I.e number decrease as the temperature increases, while the
mutual diffusion coefficient increases as the temperature increases. The relaxation times of temperature
fluctuations and concentration fluctuations of the binary system of n—Hexane and n—Decane with equal
molar fractions satisfy a proportional relationship with the inverse of the square of the wave number, and
the temperature and concentration fluctuations corresponding to the heat and mutual diffusion coefficients
are verified to be consistent with the hydrodynamic model at the same time. The maximum fitting
deviations between the measured thermal diffusivity and the calculated value of the fitting equation are
1.50%, 1.10% and 1.00% respectively, and the average absolute deviations are 4.00%, 0.34% and
1.95% respectively; the maximum deviations of mutual diffusion coefficient are 2.00% , 5.62% and 1.00%
respectively, and the average absolute deviations are 1.06%, 2.58% and 0.31% respectively. As the
sampling time is 1.5 to 3 times of the relaxation time, the incident angle is between 8" and 12°, the system
has lower viscosity and higher refractive index deviation ( =>4% ) and the Le value is 10~80, so it is
possible to obtain both the thermal and mutual diffusion coefficients of the binary mixtures with an
uncertainty of less than 5% . The dynamic light scattering experimental system developed in this study can
be used to obtain the thermal and mutual diffusion coefficients of various complex binary systems
simultaneously under the above defined conditions, providing a method for the study of diffusion in
complex binary systems.

Key words: Dynamic light scattering; Mutual diffusivity; Thermal diffusivity; n-Hexane; n—Decane; n—
Hexadecane
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