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1.7 V 205 and 1.;r102 oNidizers were found inferior to Ca0r04 .

2.0 Sum .):“..- of .:, ccomn15sb-lo ,, t

2.1 Conference at Sandia

A confere ,:7as hold at Sandia co February S, 1060
between Catalyst Researe.h and Sandia technical
personnel.

The burning rLte, 6 inches per second, minimum, and
the resistace, 2000 eb.ms, mini-Th 10 milli second
after b„Iroin.,:;, are to be CO':... 	 tho most ilporeant
palaeters. The 200 to 400 cal. L.1. heat value d..)es
not apply any mor. Pap 	 ality is critical only
be!fcre buraih. Othor para ...lter have not yet ben
cstablised.

2.1.1 Fotura,

A fuse strip electrical resistance meas'Irir3.
apparatus similar to cell stach conditics
will be fabricated. The fiber study n..sistarce
test will be made ilsi.n3 the above apparatus.
An all vitron papar will also be stied.
Ti:e fuse strip, after bernic1::„ will h. inspected
under the mioroscope for con.du ,:tive particles,

Improvin Burainato

Finer Ti and2 -1Cr06 particle sizes will be
purched to impro .jc b,LninL; rate. The efl'ects
of atomizin-, and calcin -in- CaCr0

4 on 1Yernin'' rate
will also be st1Hied.

z e r $ tu v

Twenty-fiv2 o;:i(liz.rs have bean selected, by
mutual az;reement; for co:....parativc studies. The
nu,A1. ,er of o::idizers studied; will be reduced by o
proliminary literature study. Each feasihlo
oYidier will be combicd. witn Ti in pape -.7 for:.1
and f;Ludied.
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2.2 Fiber Study

Blue asbestos (-20, S-00, 713 ) and 11) , asbestos 511,

and fiberfra fibers were found to 1ac inproved
electrical resistance when compared to standard vitron-
fiberfrax heat paper. PKT and I1aowool fibers were
found to be unacceptable. These fibers had reduced
burning rate and resistance, and poor paper strength.

Fiber:fr.:1z paper had 	 du-_.ed br-ag rate anc
1. fair paper

strenth, but does not  	 rcjection. The blue

asbestos papers had the sa:n2 or improved burning rate

and good paper strength. The 51 asbestos slightly re-

duced burning rae, but had good paper strength. -See

Figure 1.

The type of 	 her was varied to 	 rove electrical

resistance. The vitron US2d in 
ti: standard paper was

replaced with the fibers to be studied. This was 4one

because of tha poor electrical resistance properties of
vitron in heat paper. A ratio o: 26.5:73.5, Ti:Ca0r0 4 ,

was used. The per cent fibers u:re held constant.

2.3 Al.2 0
3
 Diluent Study

The addition of Li 2
 0 to ',Ica:: pc.pc:r j_-, provcr_l. the electri

D

-

, 	 ' 
cal resistance, UL: ::a.d 	

cfet on burning rate.

The addition of 47. Al
2
0
3 
reduced the burning rate 41.27,.

The resistance improved as the A1,0, uas increased up to

87.. Above J, A1,0 the no ca. As the2.3
Al 2 0., was increasee, the heat value was reduced as a linear

func
,,ton (-7.5 ca1/17, Al 2

 0 ). See Figure 2.i 	 ' 

A1 903 was added to heat paper in 47. inere:,ents to 127, as a
diiuCnt. A ratio of 23.5:73.L;, -1- .:cacro

4
, waF. u sed. Tha

fibers were held constant.

	

2.4 The E."'T0cL 0 T: Ync.raas .Tn^ 	 Per Cent of Fibers

Increasing the fibers from 127. to 247. in heat pa lv:.rs

found to be an unacceptable method of 5:proving electreal

resistance, due to the reduction in burning rate. Increasinj,

the fibers by 47,, to 167., roe) the burning rate
The resistance was ivLproved w'len the fiber:; were jeer: ese(1

(34.2 ohm, 127. fibers; 13 3 oha, 2/;7. 	 -The heat

value yes reduced as the fibers were increased (599.66

cal/gm. 127.; fibers 52)..2r ,
 cal/gm. 247, fibers). See Fjgnre 3.

The fibers were increase:: from 12 to 247. in 47. incronts.

womminsa_ 	UNCLASSIFIED
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2.4 The Effect of Increasiu the Per Cent of Fibers (Continued

The ratio of 26.5:73.5, Ti:CeCr0 , was used. This ratio
was selected because it was near 4the maximum burning rate.
A 50:50 ratio of vitron to fiberfrax was used.

2.5 Addition of Silicon to lleat Paper

The addition of Silicon to Ti:CaCr0
4 

heat paper was not
successful because of reduced burning rate. The heat
paper pr ,ideed a magnitude of improvement when electrical
resistance was Lead. The heat value was similar. See
Figure 4.

The metal to oNidize ratio was varied. Equivalent weiL;hts
of Silicon to Titanium were used. The per cent firs were
held constant.

2.6 Silicon - Oxidizer Study

Silicon blendr, with 	 and 1
2
Cr

2
0 were found insensitive.

The Ki.:n0 and
i	K2 Cr 2 0 7

 had to be igi!ited with heat paper.
4 	 ,After gnition tile Ma0 4 burned fast. Ti was found to burn

violently when added toSi:KC10 4 mixture. Chart 1 is a
synopsis of powder miNtures, blending methods, and oxidizenz.
Any oxidizers found too active for Ti will be tried with
Silicon.

2.7 Ti Oxidizer 3tudy

V '..5 
and 1n0 oxidizers were found inferior to CaCr0

b
Ti -1-V 05 heat

2paper had about one half the burning rate of
T

. 	
ii:CaC -04 paper. Also the V

2
0
5 
heat values were similar

to Ti:CaCr0
E
 . The Ti:Mn09 pap.,:r would not burn under

.Ppressure. i-Ilso, incomplete b..,cling was noted in the
calorimeter ash. See Chart TT.

The following stochiometric heat calculations Were made.

1. Ti + V205 	 TiO2 + 1203

A H - 63G.08 cal/gm.

UN CLASSIFIED
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2. 3Ti + 2V2
0
5 	

3 TiO2 
+ 4 VO

A H = 641.42 cal/gm

3. 5Ti + 2V2
0
5 	

5 TiO2 
+ 4V

A H = 626.36 cal/gm.

4. Ti + Mn02 	
TiO2 +

A H = 756.16 cal/gm.

5. Ti + 2Mn02 	
TiO

2 
+ 2 MnO

H = 724.86

6. Ti + 3 Mn02 
— TiO

2 
-1 Mn

3
0
4

H = 588.11 cal/gm.

7. Ti + 4 Yn02 	TiO, + 21I1120 3

A H = 465 cal/gm.

Fran the above calcultions, hent paper, was math'. The
fibers ware kept constant.

3.0 Future ';:ork

The electrical resistance, burning raLr2 and
will be continued.

UNCLASSIFIED
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•.T.%

SUPPLISR 	 ( Ti

r

Ti 0:etal 1
Hydries) 	 1

Si (arra:el) i

RESULTS

2 9 . 00

Burned well but had to be ignited with heat paper.

Did not burn.

Burned Violently) I.J-ited with electrical catch.( 

Did not burn.

t urned wall (East) but had to be ivaited with heat

paper.

Burned wall (fast) but had to be ignited with heat

paper.

Burned fair but had to be ignited with heat paper.

Burned 31_(:)w; had to be ignited with heat paper.

D5_:71 not burn.

Eurncd fair; had to be ignited with heat paper.

Burned .-.o, had to be ignited with heat paper.

UT.%
n4
J., OXIDIZER

CHART #1

(BLENDING
METHOD)

23.71 Kgn04
76.29 Slurry

12.52 71 Cr 02 7
87.48 Slurry

13. 1 4 KC LOIN 64.86 Slurry

10.00 1t;n04 N.00 Dry Blend B

2 0.00 KMn 04 30.00 Dry Blend B

25.00 75.00 Dry Blend B
i

50.00 j n01 50.00 Dry Blend B

75.00 KYn06 25.00 Dry Blend B

10.00 " Cr
-2 	 20 7

Dry Blend B

25.00 X2Cr,07 75.00 Dry Blend B

50.00 i 0
'2- 2 7

50.00 Dry Blend 13
I

and several ml. ofi Ti to oxidizer
Slurries were made by mixi ng the prescribed weight ratios cf '

.3,

water in a mortar and pestle. 	
C.7)

Dry blends method B were made by nixing :le prescribed 	 iwe7,ht rat i ,::s of Si to oxidizer ;n a mortar
	 L

:-.1>
and pcftle.
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2 35.52 12% 31.253 1.925 56.742 .17 P,I., .06.97 ---- Passed Did not bunt

under  pcs,_
54.43

V
2
0
5

20.84 12% 13.339 1.129 69.661 ---- None 507.57 2.37 Paced 1.C7.,79.16

7
2
0
5 28.32 12% 24.922 1.535 63.070 ---.- None 551.90 2.91 Pasced 11

f

i

71.60

O,
4 	''

39.7
7073

12% 34.936 2.144 53.064 ---- None 966.92
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