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ABSTRACT

Shock tube investigation of ethylene oxide-0.-N; mixture have been performed to reveal detonation
characteristics of the mixture in terms of detonation pressure and speed. Theoretical calculation of thermody-
nami¢ parameters at the Chapmann-Jouguet detonation of the mixture has been also performed. A compari-
sion of the observed results with the calculated ones can lead us to predict the detonation parameters
of ethylene oxide 1n an artificial air. In addition, we have observed 1gmition delay times of ethylene oxide
mixtures. The best fit of the observed delay times to Arrhenius gas kinetic relation gives :

v=10""“exp(E/RT)|CH.O| 0] (N, !

E.= 3.67kcal/mole

The ohserved activation energy 1s markedly reduced, mmparfzd with the case of ethylene oxide diluted

in Ar. It could be due to the factor that N» play a role as detonation promoter yielding very reactive
NOx radicals.

T8 7158 0] | Shock Tube(F 2 3+3), Diaphragm(ZA <), Incident Shock Wave( At %7 11), Detonation
(o]’4FY), Ignition Delay Time(H3+A A AlZt), Ethylene Oxide-O-N: Mixture(|d
A ZALe| = -4 —F 4 EFE), Chapmann-Jouguet State(C-] *’e} B ), Arrhenius Gas Ki-
netic(o}&| %2 7}2 ¥HS-& %) Radical(¥t#)
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Table 1 Experimental condition for C,H.O @ Q2 : N2 mixtures behind incident shock wave.
mixfure mole equivalent ratio
C,H,0 o N D
A 14.81 4.444 40.74 083
i B 14.81 37.04 | 48.14 | 1.00
C 14.81 29,62 55.56 1.25
D 14.81 22.22 | 62.96 | 1.67
| E 2222 37.03 40.74 1.50 |
F 22,92 29,63 | 4814 . 1.88
¢ | 99,63 66.67 11.11 111
H 20,63 | 48.14 2222 | 1.54 |
| I 20.63 29.63 40.74 2.50
] 20.63 22,22 48.14 . 3.33 ]
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Fig.1 Schematic diagram of shock tube
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Fig.2 Typical oscillogiam of stable detonation

~pressure in CzH40 @ O 1 N2 mxture(Pi=
B50kPa, mixture A) behind an initial shock.

The signals from the lowest represent
pressure profiles observed at stations 1,
2, 3 and 4, respectively. The two lower
and upper oscillograms were triggered by
the signal 1 and 2, respectively. The
sweep speed 1s 200us per division.
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Table 2 Observed detonation parameters of ethylene oxide-oxygen-nitrogen behind initial shock wave

($=0.83, [EO]: [0g] : [Ng]=4:12: 11).

| run Pi mole/L (x107%) Pcy(atm) ) ‘ uplm/s)
No. | &Pa) | [EO] | [0 | [N] | L1 L2 13 | L1 | Lo L3
1 | 125 | o8 | 231 | 215 | 278 | 264 | 269 | 1819 1879 | 1867
o | 125 | 078 | 23¢ | 215 | 262 | 266 | 298 | 1826 | 1848 | 1877
3 | 125 | o078 | 234 | 215 | 275 | 313 | 302 | 1835 | 1864 | 1877
¢ | 125 | o078 | 23 | 215 | 280 | 272 | 260 | 1843 | 1o | 187
5 | 125 | 078 | 234 | 215 | 277 | 281 | 265 | 1906 | 1948 | 1817
6 | 250 | 186 | 468 | 420 | 570 | 663 | 632 | 1860 | 1897 | 1858
7 | 250 | 16 | 468 | 429 | 609 | 569 | 625 | 1961 | 1966 | 1897
8 25.0 156 | 468 | 429 544 | 743 587 | 1937 | 1984 | 1917
o | 250 | 156 | 468 | 4290 | 565 | 652 | 616 | 1961 | 2012 | 1917
0 | 250 | 156 | 468 | 429 | 565 | 58 | 619 | 1905 | 1984 | 1887
11 | 500 | 312 | 937 | 858 | 1249 | 1426 | 1498 | 1860 | 2060 | 1964
2 | s00 | 312 | 937 | sss | 1237 | 1225 | 1266 | 1869 | 1913 | 1897
13 | 500 | 312 | 937 | 858 | 1280 | 1258 | 1348 | 1905 | 2021 | 1917
| 14 | 500 | 312 | 937 | 858 | 1220 | 1232 | 1298 | 1951 | 2002 | 1959
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Table 3 Observed detonation parameters of ethylene oxide-oxygen-nitrogen behind initial shock wave

($=1.00, [EO]: (03] : [No]=4: 10 : 13).

run Pi R mole/L .(-310'3) ch(atm) .uﬁ(m/s)
| No. | (Pa) | [EO] | [0 | [N 1 [ 2 | 13 | L - L3
BREEARE 252 | — | 202 | 288 | 1928 | 1946 | 1912

2 125 | 0.78 194 | 252 | 281 | 304 | 29 | 1869 | 1882

3 125 | o078 | 194 | 252 | 280 | 299 | 275 | 1927 | 1924 |
| 4 190 | 118 204 | 383 | 476 | 461 | 470 | 1914 | 1041

5 190 | 118 204 | 383 | 451 | 471 | 463 | 1852 | 1890

6 190 | 118 204 | 383 | 478 | 464 | 476 | 1878 | 189%

7 190 | 118 294 | 383 | 465 | 468 | 480 | 1852 | 1874

8 190 | 118 204 | 383 | 459 | 500 | 467 | 1878 | 1874

9 2550 | 155 387 | 504 | -— 636 | 619 | 1951 | 1966

10 250 | 155 387 | 504 — 633 | 642 | 1900 | 1948
11 250 | 155 387 | 504 — | 646 | 650 | 1975 | 1948 |

12 250 | 155 | 387 | 504 | 616 | 626 | 635 | 1951 | 1991
|13 375 | 233 581 | 756 | 918 | 99 | 98 | 1923 | 1958

14 375 | 233 581 | 756 | 955 | 1007 | 992 | 1914 | 1941 |

15 | 5 | 238 | 581 | 756 | 931 | 1007 973 | 1878 | 1906

16 375 | 233 581 | 756 | 89l | 953 | 972 | 1887 | 1923 |

17 | 500 | 310 775 | 101 | 1251 | 1253 | 1225 | 1M8 | 1924

18 50.0 3.10 7.75 101 | 1238 | 1259 | 1238 | 1904 1930 |

19 500 | 3.10 775 | 101 | 1360 | 1300 | 1290 | 2000 | 2040

20 500 | 3.10 7.75 101 | 1197 | 1225 | 1200 | 1905 | 1966
21 500 | 3.10 775 | 101 | 1230 | 1320 | 1297 | 1951 | 1949

29 500 | 3.10 775 | 101 | 1306 | 1327 | 1320 | 1905 | 1924

93 750 | 465 | 1162 | 1512 | 1870 | 2015 | 2010 | 1961 | 1976

94 750 | 465 | 1162 | Is12 | 1904 | 1961 | 1945 | 1951 | 1976

95 | 1000 | 620 | 1155 | 202 | 2526 | 2546 | 2464 | 2025 | 1966

%6 | 1000 | 620 | 1155 | 202 — 2512 | 2497 | 1951 | 1914

27 | 1000 | 620 | 1155 | 202 — 2519 | 2625 — 2012
| 28 | 1000 | 620 | 1155 | 202 | 2449 | 2464 | 2520 | 1951 | 1984
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Table 4 Observed detonation parameters of ethylene oxide-oxygen-nitrogen behind initial shock wave

(0=1.25, [EQ|: [0z} : [Nz]=4:8: 15).
rn | Pi | mole/L (x107%) Po(atm) up(my/s)
No. | ) | [BO] | [0 [ [N] [ L1 - L3
1 | 125 | 077 154 | 28 | 29 | 319 1906 | 1906
2 125 | 0.77 154 | 289 | 303 | 311 | 311 | 1852 | 1850 | 1962
3 125 | 077 | 154 | 289 | 280 | 298 | 287 | 1852 | 1842 | 1884 |
4 125 | 0.77 154 | 289 | 202 | 300 | 287 | 1843 | 1890 | 1862
5 190 | 117 | 234 | 439 | 495 | 479 | 439 | 1885 | 1822 | 1938
6 | 250 | 148 297 | 557 | 548 | 632 | 535 | 1906 | 1913 | 1951
7 250 | 148 297 | 557 | 647 | 662 | 638 | 1905 | 1871 | 1918
8 | 250 | 148 297 | 557 | 660 | 721 | 635 | 1887 | 1871 | 1878
9 250 | 148 | 297 | 557 | 667 | 612 | 59555 1880 | 1858
| 10 | 375 [ 231 462 | 867 0.67 9.83 038 | 1817 | 1894 | 2047
11 375 | 231 | 462 | 867 | 923 | 926 | 800 | 1621 | 1722 | 1951
12 375 | 231 462 | 867 | 959 | 1008 | 906 | 1833 | 1964 | 2091
13 | 375 | 231 162 | 867 | 927 | 965 | 927 | 1852 | 1968 | 2098
14 375 | 231 462 | 867 | 968 | 984 | 933 | 1809 | 1943 | 2047
15 500 | 303 | 606 | 1136 | 1913 | 180 | 1890 | 2249 | 2117 | 2168
16 500 | 3.03 606 | 1136 | 2179 | 1767 | 1810 | 2138 | 2037 | 2113
17 | 500 | 303 | 606 | 1136 | 2199 | 1804 | 1869 | 2199 | 2054 | 2091
18 500 | 3.03 606 | 1136 — 1905 | 2041 — 2230 | 2200
19 500 | 303 | 606 | 1136 | 2023 | 198 18.94 — 2242 | 2242
20 500 | 3.03 606 | 1136 | 1813 | 1893 | 1769 | 2122 | 1939 | 1928
21 500 | 3.03 606 | 1136 | 1917 | 1825 | 19.73
22 750 | 4.92 085 | 1846 | 248 | 243 | 255 2106 | 2020 | 2121
23 750 | 4.92 085 | 1846 | 2274 | 2248 | 2237 | 2104 — 2033
24 750 | 492 0.85 | 1846 —~ 275 | 2584 | 2100 | 2004 | 2106
25 | 1000 | 616 | 1232 | 2410 | 2571 | 2533 | 2568 | 1961 | 1958 | 1979
26 | 1000 | 616 | 1232 | 2410 — 2587 | 25.94 — 1976 | 1996
| 27 | 1000 | 616 | 1232 | 2410 | 2517 | 2587 | 2519 | 199 | 1994 | 1947
Ad M= 7H F A7 dEv ol REE0] 2 Newton-Rhapson ¥H&A4H ‘ﬂ Al 2Hgh
dojupA &t F JAFARY WE £22 2% E UEhATh TabledM 2 %Eﬂ E
AR EUEE 7HE, EFAAAM T 73S EFE FEAG AlTre] FopA L ;,1 & €F
AAH QAL AYD F Hohikeg SR glom, ol ¥AY AHE R & £
o] CJ HEdelde] dojutAl dAxk & 47 Zo] RaF PR AAIH YAEFA N &

Mg oEd &Ale]
A H A TS

=o 7 gauo] e
27|19 50kPacl N HAIRE

Table 8 & 90| 204 5 F=AFAILL

= Tele] #AE

Sl #% T yE P

7193 FakAd A
ot 3] Bttt o

Tte] A
0]

Figodl Qe zZk 49 7]&7|7} = B3t



128 2EE

Table 5 Observed detonation parameters of ethylene oxide-oxygen-nitrogen behind initial shock wave
($=1.25, [EO] : [0z] 1 [N2]=8: 18 : 3).

run Pi | mole/L (x107%) ~ Pglatm) uD(rﬁ/s)_ _
No. | Gpa) | [EO] | [0 | N | 11 | 12 [ 13 | 11 | 12 | 13
1 | 125 | 156 | 352 | 059 | 302 | 343 | 363 | 2020 | 2021 | 2060
2 | 125 | 156 | 352 | 059 | 304 | 477 | 463 | 2010 | 2031 | 209
3 | 125 | 156 | 352 | 059 | 421 | 420 | 410 | 2015 | 2176 | 2156
4 | 125 | 156 | 352 | 059 | ~— | 407 | 402 | 2041 | 2131 | 2131
5 | 250 | 312 | 703 | 117 | 677 | 830 | 833 | 2041 | 2070 | 2183
6 | 250 | 312 | 703 | 117 | 700 | 875 | 804 | 2062 | 2080 | 2108
7 | 250 | 312 | 703 | 117 | 667 | 860 | 775 | 2051 | 2090 | 2120
8 | 250 | 312 | 703 | 117 | 697 | 875 | 804 | 2062 | 2080 | 2108
9 | 250 | 312 | 703 | 117 | 823 | 864 | 859 | 2247 | 2131 | 2169
10 506 | 625 | 1406 | 295 | 1622 | 1641 | 1618 | 2010 | 2163 | 2171 |
11 | 506 | 625 | 1406 | 295 | 1576 | 1750 | 1640 | 2105 | 219 | 2211
12 | 506 | 625 | 1406 | 295 | 1587 | 1743 | 1683 | 2020 | 2162 | 2295
13 | 506 | 625 | 1406 | 295 | 1734 | 1743 | 1751 | 2051 | 2110 | 2156
14 | 506 | 625 | 1406 | 295 | 1710 | 1756 | 1718 | 2105 | 2184 | 2236

Table 6 Observed detonation parameters of ethylene oxide-oxygen-nitrogen behind initial shock wave
(6=1.54, [EQ] : [0:] : [N5]=8: 13 : 6).

an | PP | mole/L (x1079)  Pglatm) (/)

No. | (Pa) | [EO] | [0 | [N | u L2 13 | LI 12 | L3 |
1 | 125 | 155 | 252 | 116 | 343 | 442 | 441 | 2000 | 2059 | 2072
2 | 125 | 155 | 252 | 116 | 296 | 416 | 431 | 2005 | 2079 | 2071
3 | 125 | 155 | 252 | 116 | 329 | 400 | 381 | 2094 | 2079 | 2095
4 | 250 | 310 | 504 | 232 | 676 | 878 | 875 | 2051 | 2163 | 2198
5 | 250 | 310 | 504 | 232 | 652 | 881 | 901 | 2025 | 2100 | 2095
6 | 250 | 310 | 504 | 232 | 693 | 885 | 895 | 2010 | 2059 | 2120
7 | 250 | 310 | 504 | 232 | 660 | 900 | 87 | 2015 | 2059 | 2120
8 | 250 | 310 | 504 | 232 | 680 | 840 | 823 | 2051 | 2162 | 2158
9 | 500 | 620 | 1008 | 464 | 1749 | 1770 | 1816 | 2213 | 2120 | 2213
10 | 500 | 620 | 1008 | 464 | 1516 | 1845 | 1894 | 2105 | 2184 | 2239
11 | 500 | 620 | 1008 | 464 | 1448 | 1715 | 1751 | 2162 | 2009 | 2224
12 | 500 | 620 | 1008 | 464 | 1765 | 1906 | 1868 | 2105 | 2195 | 2202
13 | 1000 | 1240 | 2016 | 928 | 3304 | 3649 | 3599 | 2162 | 2220 | 2310
14 | 1000 | 1240 | 2016 | 928 | 3252 | 3663 | 3664 | 2105 | 2276 | 2310




Table 7

: mole %
mixture _
C.H.0| : [0
B 4.10-13
C 4.8.15
D 4.6.17
| §:8.11

u;(m/s)

713.34
765.10
112,76

788.03
77742
705.71
73396
776.64
757.60
761.34
76891

044.19
743.03

73296
771.21

765.10
750.25
70171
881.10
861.71
852.19
806.55

8ol.71 -

871.44
881.40
891.59
842.87
792.58
613.30
613.04
589.90

706,66

349.18
739.97
839.96
696.18

0106

At BHTHE o8 PN SAlol= BHEY HEY M BHAT

T.(K)

513
395
498

494
014

511
502
203

H56
550
209
206
ob2

o715

al7
422
229
411
ol%
55(0)
485
245
464

- 399

Ignition delay times in ethylene oxide-oxygen-nitrogen mixtures behind initial shocks.

t(ps)

993.84
1076.66
1066.30
952.43
9680.89
1146.54
124747
1128.42
1143.95
1169.83
1164.65

1208.65
121641

125205
1123.24
1185.36

667.73
1223.66
1524.83
195531
1981.24
13856.76
192419

1919.01
1737.48
1706.35
2027.92
1858.27
2788.99
1203.47
1449.35

890.32
1475.23

2665.76

1097.36
1159.48

2515.65
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Fig.d Plots of (a) Poy vs Pi and (b) Do vs Pi
for ethylene oxide-0;-N; mixtures(¢p=0.
83 [EQ|:[0z):[N2J=4:12:11). The
solid lines represent calculated values.

Table 8 Experimental condition for C;H40 : 0> : N> mixtures behind incident shock wave,

CHO(%) |

| Mixture |
_ A

sl Milc> Bl w B @ v =

741
14.8
14.5
14.3
14.8
27.6
29.6

29.6

0:%)

4444
29.6
37.0
444

22.2
62.1

22.1
48.2

Fig.5 Plots of (a) P, v Pi and (b) Up vs Pi
for ethylene oxide-0,-N; mixtures(ép=1.
=4:10:13). The

solid lines represent calculated values.
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Fig.6 Plots of (a) Pu vs Pi and (b) Up vs Pi Fig.7 Plots of (a) Puy vs Pi and (b) Up vs Pi
for ethylene oxide-02-N; mixtures(¢p=1. for ethylene oxide-O.-N» mixtures(dp=1.
11 [EO|:[0z]:[Nz]=8:18:3). The

25 |EO|:[0s):|[N2J=4:8:15). The
solid lines represent calculated values. solid lines represent calculated values.
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Fig.8 Plots of (a) Pey vs Pi and (b) U vs Pi for ethylene oxide-O,-N. mixtures
(p=1.54 [ED] ; [Dg] : [N2]=8 : 13 :6). The solid lines represent calculated values.
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Table 9
EO O N,
3047E~3 6.095E—3 1142783
35047E—3 6.095E— 3 11427E—3
3.047E—3 6.095E 3 11427E—3
3.047E—3 6.095E— 3 11.427E—3
3.47E—3 6.095E—3 11427E—3
3.047E—3 6.095E— 3 11.427E—3
3.047E—3 6.095E—3 11.427E—3
3.047E—3 6.095E—3 11.427E—3
3.047E—3 6.095E~3 11427E—3
3.047E—3 6.095E—3 11.427E—3
3.047E— 3 6.095E — 3 11.427E—3
3.047E—3 6.095E—3 11427E—3
3.047E—3 6.095E—3 11427E—3 |
3.146E—3 4.719E—3 13.370E—3
 3.146E3 4.719E—3 13.370E—3
3.146E—3 4.719E—3 13.370E—3
|  3.146E—3 4.719E—3 13.370E—3
| 3146E—3 4719E—3 13.370E—3
3.146E—3 4.719E—3 13.370E—3
3.146E—3 4.719E—3 13.370E—3
3.146E—3 4.719E—3 13.370E—3
| 3.146E—3 4719E—3 13.370E—3
3.146E—3 4719E—3 13.370E—3
3.146E—3 4.719E—3 13.370E—3
3.146E—3 4.719E—3 13.370E—3
6.269E— 3 6.269E—3 8.621E—3
6.269E— 3 6.269E—3 8.621E—3
6.269E—3 6.269E—3 8.621E—3
6.269E—3 6.269F—3 8.621E—3
6.269E—3 6.269E—3 8.621E—3
6.269E— 3 6.269E 3 8621E—3
6.209E — 3 6.260E—3 8.621E—3
6.269E— 3 6.269E — 3 8.621E—3
6.269E—3 6.269E—3 8.621E—3
1.515E—3 9.089E—3 9.847E— 3
1.515E—3 9.089E—3 9.847E—3
1515E—3 9.089E—3 0.847E—3
1.515E—3 0.089E— 3 0.847E—3

T(K)
494
ol3

206
508

513
498

494
a1l

503
476
447

450
478

lgnition delay times & temperature for C:HsO— 02— N2 mixtures behind incident shock wave.

Delay time(psec)

| 1247.47
1128.47
1200.89
1169.83
1164.65
1216.41

1252.65
1185.36
1223.66

1382.00
2023.91

1992.85
1303.94

206
550
559
206

562
5638
o7D
045

47
D07

- b4

204
029
545
015
ol2
013
509
925
522

47
510

500

bl3
()2

1955.31
1981.24
1856.76
1924.19

1919.00
173747
1706.30
2027.92
2008.38
1842.74
1884.15
18360.86
1203.47
1097.36

1351.00
1376.88
1335.47
1309.59

1211.24
1273.35
107641
1897.20
2012.50
1907.50
1996.65
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EO 0, _ Delay time(usec)
1.515E—3 9,089E — 3 0847E—3 2068.05
1.515E—3 0.089E— 3 0.847E—3 517 1205.40
1515E—3 | 9.089E—3 9.847E—3 519 1785.00 |
1515k —3 9.089E — 3 O.847E—3 496 2050.20 |
1515E—3 0.089E—3 0847E—3 515 1858.95
1.515E—3 9.089E—3 0.847E 3 515 1841.10 -
1.515E—3 0,080K—3 9.847E—3 o000 1999.20
1515E—3 0,080E—3 9847E—3 504 N 1981.30
1.515E—3 9.089E—3 9.847E—3 517 | 1815.50 !
1.515E—3 9.089E—3 0.847E—3 524 1718.70
1515E—3 9.089E -3 0.847E—3 526 | 170340
74 & dAshe #Em HES kY. R

17 18 19 20 21 22 23

",fT (X 1E-4)

Fig.9 Plot of y versus 1/T for the mixtures A.
B, C and D.

Ag & F St
JFAIE 4 3l

o] Aol ol3he] Thgat Ro

(y:lﬂg{t/(lo_m [EO]-4.E [02]—114 [NZ]"”'I )}
t=A exp(E, /RT) [C, H,OF [0, [N}

A= HAF1 ko] 32 (Frequency Factor), E.&
HEY A wge A3} o= (Activation
Energy), a, b ® c¢& ¥HgAo|t), o]E 93]
Multiple Regression Program AH8-3te] 28X 9

a3 oS3 2
r=10"# ﬂp(Ean) [C EH4 O]—ai.ﬂ; [O 2]—124 [NE]'*LLI
E,=3.67kcal/mol

Y Az AT w2 843 JUAE By
T SI=H ol N8 WrgAF7F So@s
MR WEEEE wEs s dEdelAd
S22 AE3n glom HH7bA] Wh-g-of A
o) ¥k-g-Ado] 7% NO gtz Ao vg
A5 A7t gAE Hoew B 5 gt =
NO # gL A7) ¢35ty N=N A o] &
o{Fot jc}, F7] FolAe F75gEe A3}
kg ol A thert e uheo) o3le] AvtaE ez
dx 22 827 gojdy.

CH+N,=HCN~+N(AH &= 16k]/mole)

H RS TGS olRY dex oz ZIYE
= ol o} & g uteof o]l =23} iR
Higo] dojylng 9 nige] 754 ®o)

HCN+QO=NH+CO(AH = —139%]/mole)

N-+0.:=NO+O(AH &=~ 133k]/mole)



134 233 -

NH+0=NO+H(AH /"= — 269k]/mole)

Ao} e 471A ¥HLEC] wf$ Hlg o] &
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Aoz oiddEn
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