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New method for measuring liquid diffusion coefficient by equivalent
concentration thin layer move
YANG Ruiqin', GENG Bolin', LI Yuan', LIANG Xin', MENG Weidong"”

(1. School of Physics and Astronomy, Yunnan University, Kunming 650091, China; 2. Yunnan Key Laboratory of
Carbon Neutrality and Green Low-Carbon Technologies, Kunming 650091, China)

Abstract: The liquid phase diffusion coefficient is an important basic data for studying mass transfer process,
calculating mass transfer rate, and conducting chemical engineering design and development. Given the
limitations of the existing methods of measuring liquid phase diffusion coefficient in terms of measurement
accuracy and scope of application, a new method based on liquid-core cylindrical lens to rapidly measure the
liquid phase diffusion coefficient by equivalent concentration thin layer move was proposed. By taking liquid-
core cylindrical lens with spatial concentration measurement capability as diffusion cell and imaging element,
the said method only needed to note down the time-dependent variation of a thin layer with a certain fixed
concentration (fixed image width) in the experimental images, and the liquid phase diffusion coefficient could
be calculated based on Fick's second law. At room temperature (25 °C), the diffusion coefficient of potassium

chloride aqueous solution was measured as 1.804 9x107° cm’/s by using this method. Meanwhile, the influence
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of selection of thin layers with different concentrations on the measurement results was studied. It was found

that the calculated liquid phase diffusion coefficient was relatively stable when the concentration of the

selected thin layers was less than 0.16 mol/L, and increased with the increasing concentration of the selected

thin layer when the concentration was equal or greater than 0.17 mol/L. When the diffusion coefficient was

measured by this method, thin layers of multiple concentration could be selected simultaneously in one

experiment to calculate the liquid phase diffusion coefficient, which had the characteristics of simple

experimental operation, short measurement time and accurate measurement results.

Key words: liquid diffusion coefficient; equivalent concentration thin layer move; liquid-core cylindrical lens;

KClI aqueous solution
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Fig. 1 Schematic diagram of imaging
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Fig.2 System diagram of experimental device
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Table1 Measured values of potassium chloride widths at

different concentrations

C/mol/L) 0.0 0.5 1.0 1.5 2.0 25 3.0
w/pixel 8 113 214 316 413 510 61l

F W /N ZFE G W C 59 w a1
Pk R C=0.0050xw—0.0594, £& 14 ¢ & #
R*=0.9998.

32 HELAERITE

TEXTFRWOUAT B 58 N 5 i AW EE C,=3.0 mol/L
AME W B E G PO E, R8I AW
C,=0.0 mol/L B F7K. ¥ #—Bit a5 RER
I B 220 (R ™ PG, I 3 i . P 3 LT Sk R
7 2 B0 B w=30 pixels, H1 134 ¥ B RN G BE A] A £
PECZR AT DI 202 iR B2 C,=0.09 mol/L,
O SR IZ R B 2 00 B 72 B R) ¢ A RS s AR AL B HE,
w2 iR .

(a)20 min  (b) 30 min  (c)40 min  (d) 50 min  (e) 60 min  (f) 70 min

B3 SUHBRREKPHTBESR

Fig. 3 Diffusion images of potassium chloride solution in

water
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K2 SHHMKREEE C,~0.09 mol/L(w=30 pixels) fif E
7, WERTiE ¢t T
Table 2 Changes of position Z;, of thin layer C,=0.09 mol/L

(w=30 pixels) with time ¢

t/s /5" Z! Jem t/s /s Z! Jem
1200 34.6410 0.8558 2760 52.5357 0.649 6
1320 36.3318 0.8355 2 880 53.665 6 0.638 0
1440 37.9473 0.8212 3000 54.772 3 0.628 7
1560 39.496 8 0.8063 3120 55.8570 0.616 0
1680 40.987 8 0.7871 3240 56.9210 0.605 0
1 800 42.426 4 0.7695 3360 57.965 5 0.594 0
1920 43.817 8 0.7563 3480 58.9915 0.5858
2 040 45.166 4 0.7414 3600 60.000 0 0.570 9
2160 46.475 8 0.7255 3720 60.991 8 0.563 8
2280 47.749 3 0.7095 3840 61.967 7 0.548 9
2400 48.989 8 0.6952 3960 62.928 5 0.5374

2520 50.1996  0.6782 4080  63.8749  0.5253

2640 513809  0.6611 4200 64.8074  0.5148

Hf/N — ek A58 Z, 5 7 Z a2k ¢
% Z,=—0.01137"+1.2499, # 5 Z %L R*=0.999 3.
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JE R 158 22 pRBUIR T S RO B R Bl YR U
W R LA R R E S
T WO B 22 /N, W R JCBR A 250, DR L AE i ik
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Table 3 Corresponding calculation results of different thin layers

WRTEEwpixels  WREIEC,/(mol/L) A KR MXZEHR  DAx10%cm’fs)  ADRHRE/%
30 0.09 Z!,=—0.01137"+1.2499 0.999 3 1.804 9 2.3
32 0.10 Z/,=—0.011 1£"*+1.2543 0.998 7 1.8316 0.8
34 0.11 Z!,=—0.0108*+1.2513 0.997 6 1.818 5 1.5
36 0.12 Z!=—0.0107¢"+1.2526 0.999 2 1.867 8 1.1
38 0.13 Z/,=—0.0105"+1.253 1 0.998 3 1.8779 1.7
40 0.14 Z!,=—0.0102¢"+1.2523 0.998 3 1.847 3 0.02
42 0.15 Z!,=—0.0100"+1.2537 0.996 9 1.848 0 0.06
44 0.16 Z!,=—0.0099¢7+1.2594 0.998 7 1.8827 1.9
46 0.17 Z!,=—0.0100£7+1.2659 0.998 4 1.994 4 8.0
48 0.18 Z!,=—0.01007"+1.2846 0.998 8 2.068 4 12.0
50 0.19 Z!,=0.0100¢7+1.2842 0.999 1 2.143 4 16.1
60 0.24 Z!,=—0.009 5£+1.286 6 0.998 9 2.2859 23.8
70 0.29 Z!=—0.009 17'”+1.308 5 0.998 5 24470 325
80 0.34 Z/,=—0.008 7t"*+1.3186 0.998 5 2.589 1 40.2
90 0.39 Z!,=—0.0083£+1.3316 0.997 3 2.7147 47.0
100 0.44 Z!,=—0.0079£7+1.334 8 0.997 5 2.8255 53.0
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