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Disclaimer
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any of their employees, makes any warranty, expressed
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such use of any information, apparatus, product.or
process disclosed in this report, or represents that
. its use by such third party would not infringe privately
owned rights." o



OBJECTIVE AND SCOPE

dne of the major scientific problems confronting society today is the
reduction and confrol of_éir pollutants. fhe emiésion of“NO'and pﬁher.OXides
of nitrogen from various combus;ion devices ig a serious'céntributof to tha£
pollution. The source qf NO during the combustion proéess méy.be atméspheric
nitrogen or nit:ogen—coﬁtainiﬁg compounds in the fuel. In order to predict
NO emission for the formulation of suitable analytic&l models, it is necessary
to have accurate kinetic data and .a reasonable-reaction,mechanism for the forma-
tion of NO.

The objective of this research program is to obtain kineﬁic and pfoduct
distribution data from which a mechahism méy be proposed for the formation of
NO from fuel nitrogen. Specifically, the kinetics of the pyrélysis and o#ida—
tive pyfolysis of pyridine (sincg it is repreSgntative of the nitrogen-containing
components of fossil fuels) will-be studiéd. In addition, similar oxidative
studies will bé made on quinoline, to determiﬁe the extrapolatability of the
results obtained with pyridine to more coal-like stuctures. \The.oxidation of
volatile, nitrogen-containing pyridine pyrolysié'products, e.g. HCN and vinyl-
cyanide, will also be carried out toAﬁelp elucidate the mechanism of NO forma-
tion. .
The experimental épproach will involvg the use of’a étirred—flow‘réactor
to. obtain differential rate data which-will aid in interpretation of complex
kinetic data. On-stream maés spectrometric and gas chromatogrgphic monitoring
of broduct% and reactants as .well as chemiluminescent aﬁd specific ién eiectrode

measurements will be used to-obtain the data.



SUMMARY OF PROGRESS

Task 1. The study of the oxidation kinetics of pyridine was completed in the

' temperature range of‘9ﬁ8 to 1073 K and concentration ranges of 1.75 to 7.0 mole %

oxygeh; 0.25 to 2.0 mole 7 pyridine. The rate law that best describes the data

is: : oy L
rate = k(CSHSN) (02)(A02)

The (AOZ) factor (concentration of oxygen consumed) is necessary to keep the
data from stratifying according to initial oxygen conceﬁtrations andlindicates
autocatalysis is occurring. The temperature dependence of the rate constants
obtained from this equation is' expressed by

L= 1ol TE .7

exp(-26600+1600/T) (1/mole sec)

An examination of the volatile nitrogen containing oxidation products
indicated that at these conditions the yield of HCN (about 40 to 60% of the
reacted pyridine) appeared insensitive to changee in temperature, coneentrations
and equivalence ratio, and only trace amounts of nitrogen oxides and ammonia
were found. Fuel rich mixtures produced large amounts of smeke so that a nitro-
gen balance was not possible but for lean mixtures HCN and N2 accounted for the-
product nitrogen, within a large experimental uncertainty. An increase in the

concentrations of reactants to 2% pyridine and 147 oxygen produced a significant

N,O and NO

change in the products with yields of HCN reduced and those of N2, 2

increased. These observations clearly indicate a shift in mechanism as the con-
centrations increase. A few experiments were run to determine the influence of
H2 on the rates of pyrolysis and oxidation of pyridine; thé results showed no

influence.

Task 2. The study of the rate and products of oxidation of HCN at lower tempera-

tures was initiated. At 1073 1t was found that: (a) HCN was oxidized at a
measurable rate, {b) added benzene increased the rate of oxidation at low

equivalence ratios and reduced it at xratioes above 0.9, with no;significant -



nitrogen oxides produced, (c) -added acetylene

and also produced NO.

Mechanism Discussioﬁ. From the above results
is clear that conditions can bé found for the
nitfogen compounds that promote the formation
These conditions relate to both_concentration

continue to better define them.

increased the oxidation rate

and those reported earlier it
oxidation of heterocyclic
of N2 at the expense of NO.

and temperature and work will



DETATLS OF TECHNICAL PROGRESS

Task 1-

Task "1 whiéh'consists of the study of .the oxidation of pyridine, was con-
tinued with the completion of the experiments .that determined the rate of oxida-
tion in the temperature range of 948 to 1073 K. A complete ‘summary of'the data
is given in Table 1 including the results from 1979 (1) and'those from 1980
reported previously (2). The experimeﬁts were repeated primarily to measure
.the formation of HCN over a wide range of conditions and of NO, NH3 and N2
over a more limited set of conditions. Thus, all experiments reporting HCN
yields, and onlylthose, are from the current year.

In éddition, when the pfevious results were reexamined, an error in the
flow calibrations for the He/Oé mixtures was discovered. Corwmction of the flow
rates resulted in slightly different reaction times, rates and:ihitial concen= -
trations of pyridine in Table 1 than those reported earlier (1).

The rate'equation reported pre&iously (3) still gave the-best description
of the data éver a wide rangé of fuel rich to lean ratios

L 9
rate = k(CHgN)*(0,) (40,)* - . (1)

where (AOZ) is the oxygen consumed and indicates autoéatalysis. Figures 1-6.
illustrate the data plotted as rate vs the concentration function in equation
(1) at “each temperature. It is believed that the intercepts are about zero,
within the uncertainties of the data, thus the k values in fable 1 were computed
with this assumption and the averages reported‘with the standard deviation of the
mean and the standard deviation of the points, o. These rate constants yield an
activation energy. for the oxidation of pyridine of 52.8 + 3.2 K cal/mole and log
A of 14.7 + .7,

An examination of the HCN yields indicates that there appears to be no

significant trend with any of the variables, time, temperature or concentrations,



Table 1 ‘ 5.

Data Summary*

Co (mole %) time $SHCN Fraction Reacted(%)’ Rate x lO5 CF x 107 k
(CSHSN)/(Oz) (sec) CSHSN O2 (mole/1-sec) '(l/mole-sec)
948 °x
1:1/1.75 4.4 11 15 .351 .1167 . 301
1.1/1.75 8.4 26 . 60 .415 -.0982 423
2.1/1.75 8.3 10 79 .319 .0903 353
.27/3.5 2.1 33 10 . .527 .1241 425
.28/3.5 4.4 72 21 .575 .1035 556
.56/3.5 4.4 59 33 .941 .1873 502
1.1/3.5 4.4 30 36 .958 .3415 280
2.0/3.5 4.0 (18) 39 , 31 2.439° .4215 578
1.0/3.5 2.0 (51) 10 7 .625 .2355 265
2.0/3.5 2.0 (44) 10 14 1.251 .4292 291
1.0/3.5 4.0 (58) 24 © 19 .751 .3108 241
.28/7.0 2.2 60 11 .958 .2868 334
+56/7.0 2.2 55 17 1.756 .4959 354
.56/7.0 4.4 82 29 1.309 " .3487 . 375
1.1/7.0 4.4 69 47 2.202 .6082 362
1.1/7.0 2.2 49 34 2.982 .8152 366
2.2/7.0 4.4 - 66 40 4.213 .9285 454
2.2/7.0 2.2 T 40 317 5.207 1.2487 409
1.0/7.0 2.0 (39) 55 : 24 3.429 L7117 482
2.0/7.0 2.0 (43) 22 21 2.752 1.2714 216
2.0/7.0 4.0 (65) 51 . 55 3.190 ©.9281 344
.28/7.0 4.4 80 19 .638 .2414 264
Average 372+ 21
g = 99
- 973 %k
1.1/1.0 4.3 6 5 ..1834 .0311 590
2.1/1.0 4.2 8 43 .4890 .0749 653
1.1/1.0 9.2 18 63 . .2742 .0416 659
2.3/1.0 9.1 17 : 68 " .5196 .0521 997
0.58/1.0 " 9.3 29 57 .2212 .0307 721
"1.1/1.0 9.2 31 54 .4722 .0440 1073
1.1/1.75 4.2 28 45 .8557 .1066 803
0.53/1.75 4.3 28 . 30 .4265 .0811 526
0.50/1.75 4.0 (48) 42 30 .6400 .0705 908
1.0/1.75 4.0 (55) 20 T . 6090 .1162 524
0.27/1.75 4.3 44 24 .3356 .0494 679
1.1/1.75 2.1 18 23 1.1002 .1174 937
0.58/1.75 9.2 46 64 .3509 .0549 639
2.1/1.75 4.2 : 23 51 1.4059 .1486 946
2.0/1.75 2.0 (20) 11 16 1.3400 .1495 896
2.0/1.75 4.0 (32) 21 40 1.2794 .1592 804
0.27/3.5 2.2 42 13 .6398 .1204 531
0.27/3.5 4.4 70 25 .5340 .1041 513
0.58/3.5 1.2 15 9 .9169 .1849 . 496
70.25/3.5 2,0 (52) 51 16 . 7721 .1140 682
.42/3,5 4,4 50 39 . 5746 .1687 341



Co (mole %) time $HCN Fraction Reacted (%) Rate x lO5 CF x 107 k. .
(C5H5N)/(02) (sec) CSHSN ) O2 (mgle/l'sec) " (1/mole. sec)
973 K (cont'd)
1.1/3.5.% 1.1.: 12 15 1.4641 .+ .3168 462
1.1/3.5 4.4 50 48 ‘1.5281 " .2566 596
1.1/3.5 2.1 32 30 1.9560 .3139 623
1.0/3.5 2.0 . (64) 23 . 21 - . 1.4012 .3044 460
2.0/3.5 2.0 (31) 27 26 "3.2892 .4301 765
2.3/3.5 1.1 11 14 2.6814 - . .4282 626
2.1/3.5 2.1 22 33 . 2.6841 ©.4668 575
0.59/7.0 1.2 31 : 9 1.8959 .4735 400
0.55/7.0 2.2 50 23 1.5281 .5267 290
0.56/7.0 " 4.4 76 34 1.1577 .3834 302
0.25/7.0 0.5 (41) 41 . 7 2.4978 .2591 964
0.25/7.0 . 2.0- (47) 78 - - 16 1.1885 . w2161 550
0.5/7.0 0.5 (34) 39 B T 4.7510 .4451 1067
0.5/710 1.0 (50) - 54 13 3.2898 . .4107 . 801
0.5/7.0 2.0 - (59) 76 24 . 2.3141 .3521 657
0.66/7.0 5.3 (46) 85 46 1.2951 .3148 411
1.2/7.0 1.2 22 13 2.6841 .8079 332
‘1.1/7.0 2.2 . 45 26 2.7506 . .7896 348
1.1/7.0 4.4 72 51 2.2005 .5274 417
1.0/7.0 2.0 (56) 70 36 4.2646 .5701 748
2.3/7.0 1.2 - 19 18 ~ 4.6315 - 1.2734 364
2.2/7.0 2.2 i 40 41" 4.8802 1.1468 426
2.2/7.0 4.4 49 68 02,9951 ,7426 403
2.0/7.0 1.0 (36) 39 25 ©9.5030 1.1057 859
2.0/7.0 2.0 (53) 54 46 6.5783 .9373 702
2.2/7.0 4.4 (62) 66 70 4.0209 .5760 698
Average 633 + 31
o = 213
- 998 7k
.27/1.0. 2.1 *28. 21 .425 ‘ .0223 1906
.53/1.0 2.1 13 21 ' .396 .0345 1148
.54/1.0 4.2 39 - 46 .591 .0295 2003
1.1/1.0 4.2 31 59 1.943 .0378 . 2495
1.2/1.0 9.2 30 71 ~.455 .0307 1482
©2.2/1.0 4.3 ‘ 26 60 . 1.5767 .0537 2935
1.0/1.75 1.0 (38) 11 8 1.303 .0789 1651
0.5/1.75 2.0 (56) 33 25 .978 .. 0703 1391
2.0/1.75 2.0 (24) 23 34 u2.724 71512 1802
1.1/1.75 2.1 32 45 11.939 .1016 1908
1.1/1.75 1.1 19 .. 20 22,303 . .1083 2127
2.1/1.75 2.1 29 54 3.515 . .1316 2671 -
0.5/3.5 0.5 (43) 22 y 8 2.606 . .1489 1750
1.0/3.5 1.0 (46) 30 24 3.554 - .2833 1255
1.0/3.5 2.0 (58) 43 47 2.548 . 2497 1020
2.0/3.5 4.0 (49) 44 65 2.607 . .2674 975
0.5 39 17 4.727 .1770 2671

.52/3.5

.



Co (mdle %) . time . $HCN Fraction Reacted (%)  Rate x 105 . CF x 107 k
(CgHeN) /(0,)  (sec) CgHsN 9, (mole/1:sec). . (1/mole sec)
998 °k (cont'd)
.54/3.5 1.1 40 24 2.424 - .1947 1245
1:0/3.5 2.1 57 : 53 3.454 ©.2119 1630
1.1/3.5 1.1 28 25 3.394 | .3019 1124
2.2/3.5 2.1 39 58 4.727 .3296 1434 .
2.2/3.5 4.4 49 79 2.969 .1775 1673
.5/7.0 0.5 (35) - 65 . 16 7.700 .3642 2114
2.0/7.0 0.5 (41) - 27 . 17 12.793 " 1.0475 1221
1.0/7.0 0.5 (45) 47 - 20 11.135 . 6701 1662
2.0/7.0 2.0 (41)° 70 : 61 8.292 .5974 1388
.27/7.0 1.1 79 15 - 2.356 .2052 1148
.52/7.0 0.52 51 15 6.060 . .4316 1404
.54/7.0 1.1 71 25 - 4.218 . .3856 1094
1.0/7.0 0.51 44 .26 10.665 .7436 1434
1.1/7.0 2.1 76 52  4.515 © .4529 997
1.1/7.0 1.1 54 ~ 30 6.417 .6979 919
2.2/7.0 2.2 67 - 64 - 7.961 . .6174 1289
Avérage 1605 + 92
o = 530
" 1023 %k
.27/1.0 2.1 40 134 .580 .0206 2816
.28/1.0 . 1.1 31 18 . 902 .0203 . 4443
.54/1.0" 2.1 31 44 .902 7 .0301- . 3000
.54/1.0 4.3 46 . 63 .667 .0211 3161
.55/1.0 1.1 25 28 1:449 .0325 4458
1.1/1.0 8.4 45 -~ 79 .652 , .0188 3468
1.1/1.0 2.1 .20 48 1.159 .0441 2628
1.1/1.0 4.3 29 69 .844 _ .0301 . 2804
2.2/1.0 4.3 14 72 . .811 - .0422 1922
.27/1..75 2.1 60 . 32 .873 .0389 2244
.28/1.75 1.1 40 24 1.164 .0469 2482
.54/1.75 2.1 45 | 48 - 1.309 : . 0604 2167
.54/1.75 4.3 64 . 65 .928 © .0384 2417
.55/1.7:8. . 1.1 30 23 1.738 .0705 2465
1.1/1.75 2.1 42 . 59 2:434 .0760 3203
1.1/1.75 1.1 25 32 2.897 . .1067 2715
1.1/1.75 4.4 - 48 73 1.397 . .0534 2616
2.2/1.75 1.1 19 , 40 4.404 v .1520 2897
1.0/1.75 2.0 (45) 43 43 2.492 .0865 2881
2.0/1.75 1.0 (40) 18" 30 - 4.173 .1482 2816
.25/3.5 .5 (61) 57 18 3.303 .1000 3303
.5/3.5 .5 (50) 52 4' 20 62029 +.1531 3938
.5/3.5 2.0 (49) 80 54 2.318 ‘ .0934 2471
1.0/3.5 2.0 (69) 65 59 3.767 .1815 2333
.1.0/3.5 1.0 (54) . 51 44 5.913 - L. .2254 2623
.5 (46) 36 23 8.346 © .2561 3259

1.0/3.5



Co (mole %) time  %HCN Fraction Reacted (%)  Rate x 105 CF x lO.7 k
(CSHSN)/(Oz) (sec‘) CSHSN O2 (mqle/l'sec) " (1/mole sec)
| 1023 °k_(cont'd) L
220/335° .5 (39) 21 23 9.525 .3923 12428
2.0/3.5 2.0 .(48) 48 66 . - 5.565 . 2404 2315.
.28/3.5 .55 54 14 3.129 ¢ .1007 3107
.40/3.5 1.6 71 22 2..066 ©.1093 - 1890
.55/3.5 2.2 78 49 2.269 .1081 2099
.55/3.5 1.1 . 49 28 - 2.839 .1761 1612
.55/3.5 .55 . 35 17 4.056 L1791 2265
1.1/3.5 2.2 66 ‘ 61 3.824 - . .1l608 2378
1.1/3.5 1.1 43 38 4.983 ©.2620 1902
1.1/3.5 .55 26 . 22 6.026 : . 2864 2104
2.2/3.5 222 53 .69 . 6.142 .2212 2777
2.2/3.5 1.1 23 45 . 5.333 - .4086 1305
2.2/3.5 /55 19 27 8.812 .4320 2040
.56/6.6 . .28 44 - 11 10.199 .3762 2711
1.1/6.6 .28 42 18 - 19.480 -6312 3086
.28/7.0 .28 67 9 7.765 . 2060 3769
1.1/7.0 2.3 85 . ' 65 . 4.925 .2842 1733
1.1/7.0 .56 52 33 12.053 .6952 1734
2.2/7,0 .28 32 24 29.684 1.1070 2681
2.3/7.0 . .56 ‘ 46 41 21.335 ~ _  1.0060 2121
2.0/7.0 .5 (65) 65 50 29.483 .7071 4170
1.0/7.0 .5 (56) 79 . 42 .18.316 . .4223 4338
: Average 2710+ 107
o = 740
1048 °k
.27/1.0 2.2 44 ‘ 46 .623 - .0182 3423
:54/1.0 4.3 41 65 . 580 .0202 2871
.54/1.0 2.2 29 48 .822 .0284 2894
1.1/1.0 4.3 .22 ' 71 . .624 .0282 2212
1.1/1.0 2.2 : 29 58 1.638 .0353 4640
0.5/1.75 0.5 (53) 35 . 21 3.960 . 0607 6524
.5/1.75 1.0 (60) 50 35 2.829 .0566 14998
1.0/1.75 2.0 (47) 48 56 2.716 , .0693 3919
0.5/1.75 2.0 (61) 56 ° 51 1.584 -.0483 3280
2.0/1,75 2.0 (16) 35 » 63 3.960 ‘ .0963 4112
.27/1.75 2.2 76 55 1.076 .0251 . 4287
.27/1.75 1.1 56 - 34 1.588 : .0395 4020
.54/1.75 2.1 63 62 1.787-. .0393 4547
.54/1.75 1.1 42 40 243727 .0627 . 3783
1.1/1475 2.1 43 69 .2.429 .0586 . 4145
1.1/1.75 1.1 18 52 2.038 .0955 2134
2.1/1,.75 2.1 40 74 4.567 .0726 6291
.25/3.5 0.5 (77) 64 . ; 23 3.621 .0925 3915
2.0/3.5° 0.5 (40) 36 42 16.293 .3459 4710
1.0/3.5 0.5 . (56) 47 38 10.637 .2300 4625
2.0/3:.5 2.0 (59) 46 72 5.205 .2009 2591
.28/3.5 1.1 " 80 32 2.269 .0756 3001
.28/3.5 . 0.56 ! 60 17 3.389 .0952 3560
.55/3.5 1.1 72 47 4.067 .1187 3426



Co - (méle %) time  $HCN Fraction Reacted (%)  Rate x 105 CF x lO k

HSN)/(Oz)_ (sec) ' CSHSN 0, (mqle/l-sec? " (1/mole sec)
1048 °Kk (cont'd)
.56/3.5 0.55 52 27 5.887  .1632 . 3607
1.1/3.5 212 65 71 3.671 . .1245 2949
1.1/3.5 . 1.1 55 54 T 6.226 T .1964 3170
1.1/3.5 0.55 36 35 8.151 . .2672 3051
2.2/3.5 2.2 37 81 4.189 .1619 2587
2.2/3.5 1.1 44 3 65 9.962  .2543 3917
1.0/7.0 0.44 (58) 83 42 18.784 . .3382 . 5554
2.0/7.0 0.5  (54) 73 63 . 33.039 - . 4965 6654
1.0/7.0 0.5 (59) 87 ‘ 51 19.689 .2947 6681
.29/7.0 0.57 94 22 - 5.309 - .1130 4698
.56/7.0 0.28 79 26 17.886 - .3049 5866
1.1/7.0 0.57 81 50 18.339 .3836 4781
1.1/7.0 1.1 84 . 64  9.509 . .2867 3317
2.3/7.0 0.57 59 57 26.701 . 7188 3715
2.3/7.0 1.1 67 : 75 15.169 .4302 3526
Average 4050+ 190
o = 1200
1073 %k

.5/1.75 .25  (46) 35 11 7.737 . .0472 16390
1.0/1.75 . . .5 (53) 35 .37 7.737 .0861 8990
2.0/1.75 .56  (54) 37 54 16.359 .1102 14840
2.0/1.75 1.0  (51) 31 55 6.852 .1075 6370
.5/1.75 1.0 (61) 69 : 49 3.813 .0395 9650

©1.0/1/75 1.0 (57) 51 57 5.637 .0633 8910
1.0/1.75 2.0 (63) ° 55 - 66 3.031 .0515 5890
2.0/1,75 . 2.0 (57). 37 71 4.088 - .0752 5440
.25/3.5 .25  (58) 75 - 19 8.289- .0703 11790
.5/3.5 .25 (54) 67 28 14.810 .1229 12050
1.0/3.5 .25 (41) 50 ‘ 38 22.105 .2129 10380
.5/3.5 .5 (52) 88 46 9.726 .0712 13660
1.0/3.5 .5 (56) 70 . .53 15.473 - : .1477 10480
2.0/3.5 .5 (59) 54 63 23.876 .2186 10920

-+ 2.0/3.5 1.0  (51) 65 76 14.368 - .1358 10580
1.0/3.5 1.0 (62) " 81 69 8.952 .0885 10120
2.0/7.0 .5 (78) 86 76 38.020 .2430 15650

Average 10710 + 770
¢ = 3190

*Co is the initial concentration, f $HCN is the fraction of reacted pyridine

' ‘forming HCN, rate is for the consumptlon of pyrldlne, CF ys the best concen-
tration function to fit the data\ (C H N)%(O )(AO ) and k is the apparent
rate constant Rate/CF. w! T ‘
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10.

with tﬁe exception that at very fuel rich conditions ‘(2% pyridine, '1,75% oxygen)
the yield of HCN was'consistently lower.. The lack of sensitivity to experimental
conditions may indicate HCN is also being oxidized, this possibility is being
investigated, ‘The HCN was the only significant volatile, nitrogen-containing
product observed for.both fuel rich and lean mixtures. Only trace and irregular
amounts of nitrogen oxides and ammonia were foéund. |

In order to_detérmine in what form the unaccounted for nitrogen finally
evolves under fuel lean conditions,. gas chromatographic experiments were
initiated with?a'molecular siéve 5A column to measure molecular nitrogen. Fuel
rich conditions proque a large amount of smoke containing nitrogen which does
not permit quantitative trapping or measurement. When 0.5 or 1% pyridine with
7% oxygen concentrations were used the uncextainty in the measurements of N2
waszlarge. However, a few experiments at 1048 and 1073 K indicated that the
remainder of the nitroggn was in the form of N2, within experimental uncertainty,
although some NZO was found at 1073 K. It was decidéd fo increase the concentra-
tions of reactants to 2% pyridine 14% oxygen fo improve analytical'precision.

The results of these higher concentration epxerimén;s were unexpected.

Only fivesexperiments were run in the 1023 to 1073 K range, all at 2-sec
contact time so that the pyridine was completely consumed. In this teﬁperature
range very little HCN remained but essentially all the nitrogen could be accounted
for,‘within experimental uncertainty, by N2 andAsmall, but significant amounts of
NO and N20. In additioﬁ, the mass spectrometer gave rapidly osciliatihg ion
currents for the 14, 28 and 32 ions, indicating that possibly a non-steady .state
existed in the reactor. These results are more in agreement with those of
Axworthy and Dayan (4) who reported large amounts of N,0 and some NO in the 973
to 1073 K range using 15% oxygen,

Because of the mechanisms for pyridine oxidation and pyrolysis that the

research group at Purdue have devised, we were requested by Charles Proctor to
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run a few experiments fmn oux flowﬁsystemﬂwfth'added'hydrogénjto examine its
effect on these reactions. Their shock tube apparatus ‘had been disassembled,
Table 2 summarizes ‘these results.. It can be seen that very little, if any,

effect is produced by the hydrogen.

Table 2

Effect of Added H2 (:; moleZ)

Temperature - Time Co(mole %) ‘ Ffaction CSHSN
(© (sec) (CSHSN)/(OZ) ’Réacted'(%)u.
(without HZ) ' (with H2)
925 1 .5/0 o 14 16
925 2 .5/0 27 : 23
950 0.5 ‘ .5/0 ' 21 17
950 1 -~ .5/0 33 30
700 1 .5/3.5 21 23
700 2 .5/3.5 : ) 51 53
725 0.5 .5/3.5 = 27 30
725 1 .5/3.5 ‘ 44 . ‘ 51
725 1 11/3.55 39 . 36
Task 2

This task consists of determihing éhe rate and products of oxidation of
HCN. Investigation of the rafe of'oxidatioﬁ.of HCN was initiated at 1073 K
to determine if it was being'copsumed as it was being ﬁrqduced from pyridine
and under what, if any, coﬁditions NO can be produced from HCN at this low
temperature.. All the rate data will be‘tabulated in the next report, But some
observations can be summarized at this point: (a) The rate of consumption of
HCN was significanﬁ using oxygen at 3.5 or 7.0% poncentrations. (b) _Addition
of benzene to produce an environment similar to that of pyridine oxidatioﬁ tended
to incygasé the rate of HCN oxidation up to an equivalence ration (ER) éf about
0.9, éftér which the rates of consumption of both HCN and oxygen drastically

fell off; no significant NO was noted at all ERs. (c) It was thought that
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poéSiBly.acetylene may have been an.inhibiting“interﬁediate, (the 26 ion
current appeared largé fqr high ER experiments):but a'feW‘experiménts with
added acetylene gave increased HCN#copéumption'and also significant NO forma-
tion. It is clear'from these obse?vations that there is still considerable

uncertainty as to the factors influencing NO formation.

Mechanism Discussion .and Future Work

Altﬁough there is still much to. be learned ébout this complex mechanism,
somevbbservatioﬁs‘about the féctors influencing NO formation can be made and
attempt to relate these to staged. combustion results; It is clear that inert
pyrolysis of heterocyclic nitrogen.leads to HCN as the only major volatile
nitrogen containing product, with some nitrogen reméining in the solid, the
fraction of which depends on the pyrolytic temperatﬁre.' When the éxygen is
added,.the products are about thg same for Qefy fuel rich mixtures. However,
as the concentration of oxygen is increaéed, tﬁe éolids (smoke) production
decreases while HCN yield appears: to stay the same or inc?eases a small amount.
At ER > 1 but with low‘oxygen concentrations)§_7 mole %, thg smoke becomes
negligible but HCN yield still remains about the same, the rest of the product
nitrogen apbearing primarily as NZ. As.fhe ongen céncen;ration~ipcreases with
fuel leaﬁ»migtures, a shift in pr&ducts'occurs with nitrogen oxides becoming
important, This is consistent with the data at 1223 K reported earlier (Table

1, ref. 2). It was found that fuel lean mixtures at 3.5% O, produced small

2

amounts of NO (less than 15% of total nitrogen) and significant N but at

2’
7.0% 0, all lean mixtures yielded significantly higher NO. Thus, at low .

temperatures higher concentrations of 0, are necessary to activate the NOx

2
formation mechanism. In conclusion, it appears that if the proper oxidizing

conditions are used, N2 formation will be promoted at the expense of NOx

formation.
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Future experiments will be concerned’ with: thé ‘completion of the HCN
oxidation kinetics study and a better-definition of the conditions of concen-
tration and temperature necessary‘tdfoptimize N2 production in the low tempera-

ture (973 to 1173_K)Tr@gibn:d“'“u
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