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1. 

Un&r Contract XASR-483, New Ydrk Uni.rsersi.t;y 

is investigating %he kinetics of  dystems related t o  the 

0F2/B2% propellan-br bong tliese are the kine6ics of the 

t h e m 1  decompbsit;ion of OFz, F2# and B*Hb, r'esp$c6iVely, 

and the kinekfes 0% the Pe&ctiod between hydu'ogen and 

fluorine, Another program is comnc i iq ,  in &ich the 

, I  

kinetics of the low temperature s o l i d  phase kinetics of 

the reaction between hy-drazbe and ni-trogen tetroxide is 

t o  be investigated, "ids latter system is of interest  

because of reported engine ctifficultiiss in space. 
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2. 

1. Chemistry of *tRestark Pressure __I_ Spikes'! i n  the 

Nz €I@? 0) Engine 

The following hypothesis regarding the origin of 

V e s t a r t  pressure spikest1 i n  the engine is being used as ths 

model f o r  %ne laboratory studies: At tne end of a combuslion 

cycle, N204 vaporizes before the fuel line is cleared 09 1J2H4. 

N$$ expands in to  the low pressure com3ustion chamber, is cooled, 

and condenses an %he chamber .CizjLl, 

cycle, N204 f l o w s  i n to  the c h d e r  before N2H4, and, also, 

expnds and. then condenses on the chamber w a l l .  then NzH4 enters 

the chamber, IT2% reacts rather t -wa condenses. Tine duration and 

intensi ty  of  combustion i s  $00 low to heat the chamber walls 

A t  the beginning of the next 

suff ic ient ly  t o  vaporize the condensates. I"ne effect  of -bine coin- 

bustion on the condensates is. tha t  the attendant radiation causes 

pho-tolytic reactions. 

again condenses, 

are formed winic'n can be inii;iated in to  explosive decomposition by 

A t  the  end of the conbustion cycle, N2H4 

The process con-binues until chemical species 

- radiation froin the combustion reaction. 

Experhentally, K i s  model is being pursued i n  the  f o l l o w -  

ing w a y  t o  elucidate the chemistry during t h i s  sequence and also Kne 

thermochemical phenomenon: 
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The sequence of N z H ~  deposition, N204 deposition, and 

phstiolysis is being studied i n  a cell i n  which reactants and 

products, i n  the condensed phase o r  the gas phase, can be m w z e d  

by a rapid-scanning IR-UV-Visible spectrometer. Tne spectrometer 

is tlae lh,rner-Swasey 501 irhich is  capable 0% a maximum scan speed 

of 0,003 second over portions of the spectra,  Tile overall set  up 

is shown i n  Figure 1. 

spectrometer radiat ion source, used f o r  obtaining absorption spectra, 

or i n  the path of an arc  image furnace, which i s  used as a source 

of photolytic radiation. 

condensates on the cooled c e l l  window are obtatnable. For obtain- 

ing the gas phase spectra, i n  addition, ano't'uler c e l l  is w e d  which 

is i n  the  forin of a cross so tha.5 win2ows can be placed at, r ign t  

angles t o  tine ones being used t o  sdxdy the concllemates, 

i n g  the cell, tile gas phase can be analyzed. A blow-up of the 

cell is s ' n m  in Figwe 2, First, the cell i s  evacuated through 

tlne stopcock, tnen the cell  %rindow is  cooled w i t h  nitrogen, IT2Hl1, 

is condensed, and tnen the Itbreak seal" tube wliich con-tafns 

Liquified N 0 i s  rotated thereby breaking the seal and releasing 

drops of bT204 

Tlie cell  iS placed i n  the path of a 

In  tiis se t  up as shown, spectra of the 

By ro t a t -  

2 4  
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The question of interest  i n  th i s  stufij 5s whether o r  

not the diborane/oxygen difluoride engine will conceivably display 

pressure spiking phenomena similar t o  that  in the N21ib/T!12% engine 

operaling i n  space coiiditions. 

of explosive compounds was analogous t o  the one used i n  the N213b/ 

N2qL engine. Tersely, toe h e 1  condenses i n  uie coriaustion chaniber 

a t  the end of fne con%ustion cycle; the oxidizer condensesat the 

beginning of the next cycle, and t i e  condensabe 5 subject t o  

The model assumed f o r  the formation 

photolysis. 

For the i n i t i a l  investiga-bion, the approach was t o  

condense the oxidizer and fue l  on a cold surface adjacent t o  the 

pinhole leak of a rapid scanning inass spectrometer and t o  analyze 

the voLatiles a t  the surface warmed up. 

scribed previously when it was used i n  the N2Hb/\$2Q study. For 

t h i s  study, diborane was first condensed on tne'cold surface a t  

liquid nitrogen t;emperature. 

This s e t  up has been de- 

€lowever, it was not possible t o  

condense OF2 a t  100 m pressur?, the maximum pressure that it i s  

feasible t o  handle OF2 i n  our  system. 

of prime Wortance  was i;lade on e-qmrating -&e condensed diborane. 

The least volat i le  compounds were boron hydride polymers, 

further investigation, it was found %hat such polymers form when 

cylinders of  diborane are stored at room ternpe?rature. Polymer 

Nowever, an observation 

On 
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formation is retarded when the cylinders are stored in a freezer. 

On tine other hand, t n e  fact tha t  polymers &re not present i n i t i d l y  

does not preclude the f o m t i o n  and deposition of polymers i n  tl-& 

combustion chaniber. In fact ,  it is most probable because, on 

shutdown, the temperature in the combustion chamber needs t o  be only 

about lOOOC to bring about pyrolysis anZlpolyrnerization of diborane. 

The importance of these polymers is thaL, Zn addition t o  t h e i r  

re la t ively l a w  vola t i l i ty ,  some of these polymers are reactive. 

Tinemfore, it is our conchslon, that  the imrestigation o f  the 

0F*/B2E6 Should center upon these probleins : 

2,  Can stable polymers 3ecomo unstable when 

subjected t o  photolysis? 

2. Tne nature of  the in%erac.l;ion between these 

polymers and OFz. 

3. An analpis of the combustion chaunbcr wall 

deposits i n  engines after shutdown t o  determine the 

nature of the polymers formed, 
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3, The Effect of cbryg en on th, Hy-ctrogen/nuorine 

Reaction 

The effect  of oxygen on reaction of hydrogen and 

fluorine, diluted with helium, wits studied i n  a flaw reactor 

coupled t o  a mass spectromeker. Tne ratios of Idhe reactant 

concentrations, temperatures, reaction times, and pressures 

were varied. 

%hese Tables, the amount of’ fluorine unreacted i n  %le presence 

of oxygen is  compared t o  the amount of fluorine unreacted i n  

the absence of oxygen. The data i n  the columns designated D 

refer  t o  the conditions when oxygen 5s absent. 

were imde at different times, rather tiian consecutively, and, 

therefore give a measure of the precision and comparability of 

the data. 

under consideration, therefore, th i s  data w i l l  not be dis- 

cussed i n  th i s  report. 

The data are presented i n  Tables 1 - 3. In 

These rum 

The significance of the data is, a t  present, s t i l l  
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Future Work 

7. 

We will be continuing our work i n  %he 

simulated llcell-enginelt. 

oxidizer and pure fuel (N2Hb and UMDH) reactions, tne  

effect of additives, especially urea, which i n  " tes t  tube11 

studies inhibited the formation of azides when UMDI-I was the 

fuel, will  be investigated. 

After a study of the pure 

The next step i n  the B&/OF2 engine study will 

be a thorongh l i t e ra ture  survey of the properties o f  boron 

hydride polymers which have been the su5ject of intensive 

investigation duriiiz the past ten years. 

The data from our study of the effect  of oxygen 

on the reaction between hydrogen and fluorine t r i l l  be 

amly.zed w i t h  special emphasis on its significance with 

respect t o  a sixLlar s tudy  performed at Atlrzntic Research 

under different conditio-ns . 
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Effect of Oxygen on %he Reaction Batween 
c 

c- Hydro= and Fluorine *- 

I. Compositions of 14ixtu.r~~ Designated by Letters in tihe Tables 

II. Values l i s ted  in c o l w i  under %Ins Composition Desigmbions 

refer t o  Cne concentration of unreacted fluorine i n  units 
-6 of moles/liter x 10 . 



Table 1, Effect of Oxygen at a Total Reactor Pressure of 
25 Torr. 

0 0 0 4.05 3.87 

0 0 0 W 9  2.95 

0 0 0 0 2.21 

0 0 0 0 1.47 

0 0 0 0 0 055 

0 0 0 0 0 

29.56 

2 *73 

0 039 

0 

d 
0 

0 

0 

0 

0 

19.56 

3.71 

0.39 

0 

0 

0 

0 

0 

0 

0 

2.3 $6 

3.13 

0.58 

0 

0 

0 

0 

0 

0 

0 

19 0 56 

10.95 

8 .a 
4;49 

5.26 

b., 10 

3 032 

1.95 

0.78 

0 

19 .s6 

13.49 

10 . 75 
7 .Oh 

5.67 

4.69 

3.71 

2 .!A 

1.56 

0.58 



c. 

Table #L (continued). 

Pemp.(*G) Time (sec,) 

500 0 

.0005 

,001 

.002 

. 003 
,004 

,005 

,007 

,010 

. O S  

450 

A B C D 

20 . 82 20.82 20.82 

13 * 32 17.49 18.12 

12.28 15.41 15.20 

9 437 1L66 LO.41 

7.70 9.78 10.20 

6.45 8.X 8.74 

5.20 7.28 7.70 

3 054 5 A l  6.04 

2.08 3.74 4.58 
0 1.87 2.70 

22.26 

16.20 

15 s o  

3-4.20 

12.60 

11. .30 

10 .It0 

8.00 

6.20 

3.70 

22.26 

18 8 2  

18 A3 

Ilt .YO 
J.2 e 9 1  

11.57 

10 .24 

7.79 

5.78 

3 .I1 

22.26 

lk 047 

13.36 

12 .t7 

8.90 

8 '01 

7.79 

5 .% 

t.00 

2 -00 

22.26 22.26 

21.37 21.60 

13.36 13-80 

11.80 13.13 

10.46 10.91 

8.01 9.12 

5.56 6.90 
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boo 0 

.OW5 

.001 

002 

003 

004 

.005 

.OW 

,010 

,015 

Table #1, (continued) 

A 3 C D 33 

23.92 23.92 23,E 23.92 23.92 

21.20 22.72 22-24 23.92 23.80 

20.80 21.29 22.72 23.92 23.20 

1930 19.85. 19.61 22.M 21.29 

1-9.10 19.13 16.98 20.57 20.33 

18.110 17.94 16.50 19.37 19.13 

\ 
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Table 2, EXfact of Oxygen at a T o t a l  Reactor Pressure of 
50 Torr 

Temp.(OC) Time (sec.) A B C D D D 

36.08 36.08 36.80 36.88 36.88 36.88 

2 -21 4-05 4.05 2.95 3.31 1.47 

0 0 0 0 0 0 

0 0 0 0 0 0 

3.33 

2 .os 

0 

0 

0 

0 

41.65 

15.41 

1.66 

2.91 

0 

0 

0 

0 

0 

41.64 

10 . 83 

1.24. 

0 

0 

0 

0 

0 

0 

41.65 

16 .rj6 

4.99 

4.16 

2 091 

2.49 

1.66 

0.41 

0 

41 . 65 

17  .49 

L.lG 

4 .O4 
3.74 

3.33 

2 .49 

2.08 

0.83 

11.65 

17.07 

1e99 

b .50 

3 474 

3433 

2 .LY 
1.66 

0 



'IWA Report /#2l 
f. 

Table $2 (continued) 

,002 

.003 

.004 

.005 

,007 

,010 

.015 

D - , A  B C D D 

44.53 4lr.53 w1.53 44.53 h4.53 44.53 

47.84. 47.84 47.84 47.84 4.7.84 4'7.84 

44.97 L0.66 41.111 43.OG h.1.52 39.71 

33.49 30.a 32.05 31.53. 29.18 31.09 

25.35 23.92 25.35 24,87 23.44 25.35 

21.53 20.57 21.53 21,53 21.05 22.48 

19.61 19.13 19.6Z 19.61 19.13 20.57 
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Table 3. 

Temp.('C) Tim (SeC.) 

600 0 

.002 

.003 

450 

0 

.002 

.003 

0 

.002 

.OO3 

.004 

.mi; 

Effect of Oxygen at a Total 
Reactor Pressure of 75 Torr .  

D 
_I__ 

A B C 

0 

0 

0 

66.80 

2 .ooo 

1.33 

.66 

0 

55.32 

0 6 5  
0 

66.80 

2.67 

1*33 

.56 

a 

0 

0 

0 

62 A 8  

2.49 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



*L 

/'PIASA Report #21 

Tabl.43 (contiriued) 

.002 

4 003 

.004 

.005 

007 

.OlO 

.OlS 

77.52 

62.79 

46.51 

27.13 

25 S 8  

20.93 

22.48 

20.69 

77.52 

55.12 

39 053 

23 2 5  

24.03 

23.25 

22.48 

21*70 
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Table 3 (continued) 

D 
_u- 

A B c 
-I_- 

84 2 9  

79 2 3  

75.86 

70.80 

68.27 

53.53 

59 .OO 

48.88 53.94 53 .lo 
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I I 
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