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Tab. 1 The VLE data for the Ethylene glycol(1)-1,4-Butylene glycol(2) and

Diethylene glycol(3) ternary system at 6.67 kPa

s T/C X Xy %3 Y1 Y2 Y3
1 126.5 1.000 0 0.000 0 0.000 0 1.000 0 0.000 0 0.000 0
2 128.9 0.962 5 0.021 8 0.015 7 0.989 7 0.006 8 0.003 5
3 129.7 0.926 7 0.044 2 0.029 1 0.979 8 0.013 6 0.006 1
4 129.8 0.851 4 0.099 1 0.049 5 0.959 3 0.030 7 0.010 5
5 130.4 0.704 8 0.157 8 0.1373 0.914 7 0.054 5 0.029 8
6 131.7 0.684 4 0.168 4 0.147 2 0.914 7 0.054 6 0.0317
7 133.6 0.5312 0.213 0 0.255 8 0.849 7 0.084 3 0.066 0
8 136.0 0.421 3 0.263 0 0.3157 0.780 3 0.127 4 0.092 3
9 137.8 0.350 1 0.2817 0.368 1 0.741 6 0.140 7 0.117 7
10 139.4 0.324 1 0.302 9 0.373 0 0.7311 0.1521 0.116 8
11 140.0 0.2859 0.315 4 0.398 7 0.666 2 0.183 6 0.150 2
12 148.7 0.203 9 0.326 8 0.469 3 0.529 4 0.2354 0.2352
13 149.1 0.1717 0.3199 0.508 5 0.494 2 0.243 2 0.262 6
14 149.8 0.163 2 0.3150 0.521 8 0.486 1 0.244 3 0.269 6
15 150. 1 0.143 5 0.3107 0.545 8 0.459 6 0.249 1 0.291 3
16 150.5 0.1315 0.305 4 0.563 2 0.458 4 0.248 6 0.293 0
17 158.3 0.069 3 0.252 2 0.678 5 0.256 1 0.262 7 0.481 2
18 158.5 0.065 4 0.239 6 0.6950 0.252°5 0.2552 0.492 3
19 158.5 0.040 3 0.184 3 0.775 3 0.141 8 0.216 9 0.641 2
20 165.1 0.017 3 0.080 8 0.901 9 0.067 8 0.110 6 0.821 5
21 166. 1 0.000 0 0.000 0 1.000 0 0.000 0 0.000 0 1.000 0
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Tab.2 The interaction parameters of NRTL, WILSON
and UNIQUAC models for the Ethylene glycol(1) and
1,4-Butylene glycol(2) at 6. 67 kPa

Tab.3 The interaction parameters of NRTL , WILSON
and UNIQUAC models for the 1,4-Butylene glycol(2)
and Diethylene glycol(3) at 6.67 kPa

F5E Y a, ay, b,/K b, /K A
NRTL 1.854 1.450 -633.3 -783.3 0.300
WILSON -1.510 —1.487 761.9  525.3 —
UNIQUAC -0.615 -0.349 195.0 217.6 —

*4 6.67kPa TZ_F(1)-ZZZE(3) NRTL,
WILSON #1 UNIQUAC & — t X HEEASH
Tab.4 The interaction parameters of NRTL, WILSON
and UNIQUAC models for the Ethylene glycol(1) and
Diethylene glycol(3) at 6. 67 kPa

i) a, a,, b,/K b, /K A

NRTL -7.955 1.483 3694 -8795 0.300
WILSON 0.150 5.956 129.8 -2795 —
UNIQUAC 2.128 -0.345 -1019 232.3  —

i a, a,, b,/K b, /K A

NRTL ~ -12.410 -0.541 5608 —592.8 0.300
WILSON 1.036  7.351 -227.4 -3273 —
UNIQUAC ~ 3.713 -0.144 -1694 187.1 —

®5 6.67kPa TZ_Fg(1)-1,4-T_E(2)-ZZ 2 (3) = SETNH =
Tab.5 Predicted vapor data for the Ethylene glycol (1) -1,4-Butylene glycol(2)

and Diethylene glycol(3) ternary system at 6.67 kPa

NRTL WILSON UNIQUAC
Fe5 T/C
¥ Y2 Y3 Y Y2 Y3 Y Y2 Y3
1 124.6  1.000 0 0.000 0 0.000 0 1.000 0 0.000 0 0.000 0 1.000 0 0.000 0 0.000 0
2 123.9 0.9893 0.007 2 0.003 5 0.989 5 0.007 4 0.003 1 0.989 2 0.007 3 0.003 6
3 124.3 0.979 4 0.014 3 0.006 4 0.979 8 0.014 5 0.005 6 0.983 4 0.0105 0.006 0
4 125.1 0.9585 0.0313 0.010 2 0.959 1 0.0316 0.009 2 0.958 6 0.0314 0.0101
5 127.0 0.921 4 0.050 3 0.028 2 0.921 9 0.051 1 0.027 0 0.921 8 0.0503 0.027 9
6 127.3 0.9154 0.054 2 0.030 5 0.915 7 0.0550 0.029 3 0.915 8 0.0541 0.0301
7 130.2 0.863 3 0.076 8 0.059 9 0.861 6 0.078 4 0.060 0 0.863 1 0.0772 0.059 8
8 133.1 0.804 1 0.110 1 0.085 8 0.800 9 0.112 1 0.087 0 0.802 9 0.1110 0.086 1
9 135.6 0.7506 0.134 3 0.1150 0.746 9 0.136 3 0.116 9 0.748 7 0.1356 0.1158
10 136.7 0.7251 0.152 3 0.122 6 0.721 3 0.154 2 0.124 5 0.722 9 0.1537 0.123 4
11 138.4 0.6835 0.173 0 0.143 6 0.679 8 0.174 6 0.145 6 0.680 8 0.174 6 0.144 6
12 142.9 0.564 1 0.2227 0.213 3 0.561 7 0.223 2 0.215 1 0.560 8 0.224 4 0.214 8
13 145.1 0.502 5 0.240 5 0.257 1 0.501 1 0.240 3 0.258 6 0.499 2 0.2420 0.2587
14 145.7 0.4845 0.243 5 0.272 0 0.483 6 0.243 1 0.273 3 0.481 4 0.2449 0.2737
15 147.2 0.4397 0.255 8 0.304 5 0.439 5 0.2551 0.305 4 0.436 9 0.2571 0.3060
16 148.2 0.4102 0.261 8 0.3280 0.410 7 0.260 7 0.328 6 0.407 8 0.2628 0.3294
17 153.9 0.2319 0.269 3 0.498 8 0.2350 0.267 4 0.497 6 0.232 1 0.2690 0.4989
18 154.4 0.2193 0.260 2 0.520 4 0.222 6 0.258 4 0.519 0 0.219 8 0.2599 0.5203
19 159.1 0.1360 0.2211 0.642 9 0.1395 0.2197 0.640 8 0.137 5 0.2206 0.6419
20 160.4 0.057 5 0.108 5 0.834 0 0.059 9 0.108 0 0.8321 0.059 0 0.108 3 0.8327
21 164.2 0.000 0 0.000 0 1.000 0 0.000 0 0.000 0 1.000 0 0.000 0 0.0000 1.000 0
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Tab.6 The comparison between experimental data and predicted data for the ternary system at 6.67 kPa

R Ay, | Ay, [BAIXHR2ZE/% Ay, | | Ay, [HIXR2E/% | Ay, | | Ay, [ X5 2 /%
NRTL 0.012 6 3.601 0.004 9 3.636 0.008 0 4.076
WILSON 0.011 4 3.107 0.004 3 3.535 0.007 8 5.326
UNIQUAC 0.012'5 3.447 0.004 8 4.471 0.008 0 4.108
—
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Fig.2 VLE diagram for the Ethylene glycol-1,4-
Buthylene glycol and Diethylene glycol at 6. 67 kPa
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Vapor-Liquid Equilibrium for Ternary System of Ethylene Glycol-1,
4-Butylene Glycol and Diethylene Glycol

CHEN Weihang', LI Yien' , ZHANG Jie', JIANG Yuanli’, WANG Xungqiu'

(1. School of Chemical Engineering and Energy, Zhengzhou University, Zhengzhou 450001, China; 2. Henan Energy Chemical
Industry Group Co. , Ltd, Zhengzhou 450046, China)

Abstract: In this study, isobaric vapor-liquid equilibria ( VLE) data for the ternary system of Ethyleneglycol,
1,4-Butylene glycol and Diethylene glycol were measured at 6. 67 kPa. The experimental data were correlated
by the widely used NRTL, UNIQUAC, and Wilson models, and the results showed that the maximum average
relative error between the experimental data and the predicted data was 5.3262% , which could meet the re-
quirement of separation engineering.

Key words: producing glycol by coal; ternary VLE; NRTL equation; WILSON equation; UNIQUAC
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A New Cryptophane A-Coated SAW Methane Gas Sensor

WANG Wen', HU Haoliang] , HE Shi’[ang1 , PAN Y()ng2 , ZHANG Caih()ng3

(1. Institute of Acoustics, Chinese Academy of Sciense, Beijing 100190, China; 2. State Key Laboratory of NBC Protection of
Civilian, Research Institute of Chemical Defense, Beijing 102205, China; 3. School of Chemistry and Chemical Engineering,
Shanxi University, Taiyuan 030006, China)

Abstract: In view of the current situation that the traditional methane sensor technology is difficult to imple-
ment the field detection and monitor on methane gas, a novel room-temperature SAW methane gas sensor coa-
ted with cryptophane-A sensing interface is proposed by utilizing the supermolecular compound cryptophane-
A’ s specific clathration to methane molecules. The sensor was composed of differential resonator-oscillators
with excellent frequency stability, a supra-molecular CrypA coated along the acoustic propagation path, and a
frequency acquisition module. The supramolecular CrypA was synthesized from vanillyl alcohol using a three-
step method and deposited onto the surface of the sensing resonators via dropping method. Fast response and
excellent repeatability were observed in gas sensing experiment, and the estimated detection limit and meas-
ured sensitivity in gas dynamic range of 0.2% ~5% was evaluated as ~0.05 % and ~184 Hz/% , respec-
tively. The measured results indicated the SAW sensor was promising for under-mine methane gas detection
and monitor.

Key words: urface acoustic wave; methane gas sensor; cryptophane-A ; resonator-oscillators



