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Abstract 

The processing, properties and use of the static 
insensitive pyrotechnic, titanium subhydride/potassium 
perchlorate are discussed. Development of this 
pyrotechnic occurred because of the need for a static 
insensitive material to meet personnel safety 
requirements and related system safety issues in 
nuclear weapon energetic material component designs. 
Titanium subhydride materials are made by the 
thermal dehydriding of commercial titanium hydride 
powder to the desired equivalent hydrogen composition 
in the titanium lattice. These titanium subhydrides, 
when blended with potassium perchlorate, meet the 
static insensitivity requirement of not being initiated 
from an equivalent human body discharge. Individual 
material and blend qualification requirements provide 
a reproducible material from lot to lot. These 
pyrotechnic formulations meet the high reliability 
requirements (0.9995) for initiation and performance 
parameters and have the necessary stability and 
compatibility to meet long lived requirements of more 
than 25 years. Various esperiences and problems will 
also be discussed that have led to a mature technology 
for titanium subhydride/ potassium perchlorate during 
its use in energetic material component designs. 

. 

Tntroduction 

In the early 1970s, a policy decision was made at 
Sandia National Labs that primary eqlosives, mainly 
lead azide and lead styphnate, would not be used in 
future energetic material weapon designs because of 
the safety issues associated with such materials. These 
included personnel safety in regards to the 
handlinglprocessing of primaries in the bulk and 
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within components, plus safety issues during the use of 
such materials in loaded desices for nuclear weapon 
component designs. The main concern was the 
accidental initiation of these materials by electrostatic 
discharge (ESD) from a human body. 

This decision vas followed by an increased use of 

perchlorate (TilKClO.& Pyrotechnics such as 
titaniumlpotassium perchlorate are static sensitive, 
especially in the bulk powder form, but show reduced 
static sensitivity when pressed into a component. This 
is especially true when component static breakdown 
protection measures are also used such as header 
bleeder resistors and esternal spark gaps. 
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In 1974, it was found that titanium hydride/potassium 
perchlorate (TiH2/KC1O4) was insensitive to initiation 
from a human body electrostatic discharge.' This 
included the bulk and pressed forms of TiH2/KC104. 
Human body electrostatic sensitility was defined as 
initiation from by an electrostatic pulse from a 600 
picofarad capacitor charged to 20 kilovolts and 
discharged through a 500 ohm series resistance. It is 
called the standard man ESD test. Subsequent ESD 
tests with TiH2/KCI04 using discharge voltages in 
escess of 40 kilovolts have never initiated this 
pyrotechnic. The upper voltage or energy for ESD 
sensitivity is not known. 

Initial component actuator and igniter designs with 
TiH2/KC104 found this material to function well, but a 
number of lowtemperature (less than 219°K) ignition 
failures occurred.2 In addition, stability and 
compatibility tests with TiH?/KC104 measured an 
instability of this misture at higher temperatures that 
might limit its use for long lived applications in excess 
of 25 years.3 Compatibility tests, to be discussed later, 
in component hardware also indicated that the reaction 
products from this instability, chloride ions and water, 
were cause for the potential problems with the header 
pins and bridge~vires.~ 

An eyerimental program was started to determine if 
removing hydrogen from the titanium lattice in 
titanium hydride would still provide ESD insensitivity 
while providing ignition reliability. Additional 
stability work with TiH2/KCI04 found that pretreating 
the titanium hydride at temperatures of 4 w K  (177OC) 
prior to blending improved the stability of the mixture 
to that approaching Ti/KCI04.3 Based upon these 
data, titanium subhydride/potassium perchlorate 
mistures were predicted to be stable and compatible. 
An active development program was started between 
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Sandia and Monsanto Research Corporation, Mound 
Labs, Miamisburg, Ohio, to produce titanium 
subhydrides, TiH,. This work produced titanium 
subhydrides with equivalent hydrogen concentrations 
from 0.45 to 1.70 (or Tib.45 to TiH1.70). ESD studies 
with these materials blended with KC104 measured 
human body static insensitivity until the equivalent 
hydrogen concentration dropped to a nominal value of 
Tifi.60.' At this nominal TiH, value, ESD sensitivity 
dropped rapidly, approaching that of TilKC104. A 
typical ESD sensitivity curve verses titanium lattice 
hydrogen concentration is shown in Figure 1. Note the 
sharp break in the curve from being ESD sensitive to 
ESD insensitive around the Ti&.&C104 
composition. 

this new requirement, especially if the TiHz particle 
size decreased slightly (see later discussions regarding 
this influence on ESD sensitivity). To meet this 
requirement, the equivalent titanium hydrogen 
concentration was increased to TiH1.65. This produced 
a titanium subhydride with the proper phase 
composition (see later discussions OR material 
characteristics that lead to ESD insensitivity ), plus 
maintained the necessary ignition reliability, output 
and long term stability necessary for Sandia 
components. TiH1.65/KC104 is presently used in all 
actuator designs at Sandia. 

It was also found with these titanium subhydrides that 
the thermal stability of the pyrotechnic increased as the 
of hydrogen concentration in the titanium lattice was 
lo~vered.~ These data are shown in Figure 2. Ignition 
reIiabiIity at Iow temperatures also improved to meet 
requirements, while maintaining the same output 
performance. 

Based on this development work with titanium 
subhydrides, various component designs using 
Ti&.&C104 have been produced until the present. 
In the early 1980s, ESD requirements to meet a 0.9995 
reliability were imposed on Sandia actuator designs. 
Ti&.&clO~ was near the break point of the ESD 
curve. It was decided that Ti&.,&ClOd may not meet 

Materials 

Titanium Hvdride 

Titanium hydride used for the dehydriding process was 
commercially procured powder from the Ventron 
Corporation, Beverly, Massachusetts. Of the titanium 
hydride manufacturers, Ventron was the only producer 
found that met the particle size/surface area 
requirements necessary for TiHx production. 

In 1993 Ventron sold their titanium hydride process to 
Clieni Metal, Hanau, Germany. Recent use of Chem 
Metal's titanium hydride as a pyrotechnic fuel with 
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Figure 2: Stability of TiHJKCIOa 
(Chloride Formation at 100°C) 

potassium perchlorate in non-DOE applications has 
resulted in less than satisfactory r e s~ l t s .~  The particle 
size distribution of Chem Metals product is somewhat . 

larger, and the surface area lower, than Ventron’s 
2 micron TiHz. This larger material is questionable for 
reliable performance as a pyrotechnic fuel (see 
discussions below). 

Titanium hydride was procured from Ventron as their 
standard 2 micron average particle size powder. 
Subsequent particle size distribution analyses using the 
Coulter Counter technique confirmed this material to be 
2 micron titanium hydride. It was found that the most 
important size parameter was not the particle size 
distribution but the BET surface area of the powder. 
Similar particle size distributions of various 2 micron 
TiHz powder lots would measure significant differences 
in BET surface area. Sandia’s titanium hydride 
specification addresses the surface area requirements to 
produce TiH, for reliable performance as TiH,/KCIOa . 4 

Titanium hydride surface areas that are too low, less 
than 2 meters squared per gram (m’/gm), will produce 
TiH, pyrotechnic blends that have low temperature 
ignition reliability problems. Powders with surface 
areas too high, in escess of 6 m2/gm, are potentially 
pyrophoric when dry and ehiosed to air. In addition, 
they off gas hydrogen in small amounts which can 
present an additional safety hazard. The ideal TiHz 
powder was found to have BET surface areas from 
2.5 to 4 m2/gm. 

Supplier manufacturing techniques to produce fine 
particle TiH2, grind titanium hydride sponge in an 
inert liquid to the desired particle size. The resulting 
morphology is a spherical shaped particle with few if 

any reentrant voids that would increase the surface 
area. 

All DOE titanium subhydride powders are produced by 
the thermal decomposition of titanium hydride powder 
to the desired hydrogen composition. The direct 
hydriding of titanium powder to the desired Ti€€, 
composition was attempted, but resulted in variable 
hydrogen compositions throughout the T a x  powder 
bed. It appears that the ohygen coating on the titanium 
powders inhibits the uniform diffusion of hydrogen 
into the titanium lattice of a powder bed in reasonable 
lengths of time. 

The dehydriding process of TiHz to the desired 
titanium subhydride composition was able to be 
controlled to +/-0.06 of the ‘Y’ composition of T a x  
within a single powder bed!.’ Samples are taken 
“side-to-side” and “top-to-bottom” within a powder 
tray for each lot produced for hydrogen analyses and 
are specified to meet the +/-0.06 “s” composition.6.’ 
An acceptable bulk Tax composition for pyrotechnic 
production must be within +/-0.03 of the desired 
hydrogen composition when the powder lot is made 
uniform by tumbling methods and sampled. 

Tifi.6~ and TiH1.65 are produced by different 
dehydriding processes. Ti6.65 is produced by the 
thermal decomposition of TiHz under vacuum for 24 
hours at a nominal temperature of 43OoC ? The 
temperature is then allowed to drop to room 
temperature for a few additional hours to make 
uniform the hydrogen composition. The vacuum 
process is necessary to produce TS.65. If traditional 
closed volume PVT procedures are used that measure 
the amount of hydrogen being evolved to achieve the 
desired hydrogen composition, the temperature is too 
high, greater than 4j0°C, and significant sintering 
occurs. This increases the particle size, reduces the 
surface area and renders the subsequent powder useless 
for pyrotechnic use. 

TiHl.65 is produced by thermal decomposition 
procedures using the traditional closed volume PVT 
method. The dehyriding temperature is low enough to 
minimize sintering. The dehydriding temperature is 
similar to that for making a nominal 430°C. 
The pressure is monitored in a calibrated volume until 
the predetermined evolved hydrogen pressure is 
measured indicating the desired TiH, composition. 
There are similar stoichiometry requirements for the 
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powder trays within the reactor and the bulk TiH1.65 as 
there are for Ti€€,.6s .’ 
Both Tib.65 and TiH1.65, following dehydriding, 
require controlled passivation (oxidation) of the 
subhydride surfaces. If this is not done, removal of the 
subhydrides from the reactors and esposing them to 
atmospheric oxygen will result in thermal ignition of 
the powders due to the rapid reaction of the esposed 
titanium surfaces with air. They are pyrophoric if not 
passivated. 

Air is added to the reactor in controlled amounts and 
the pressure monitored. The pressure will decrease due 
to the reaction of titanium with oxygen during 
passivation. Additional controlled volumes are made 
until there is no further pressure drop. The powders 
can then be safely removed from the reactor without 
the hazard of a pyrophoric reaction. 

The oxygen content for titanium subhydrides powders 
is trpically 2.5 to 3.0 weight percent. Analysis for 
total oxygen on the titanium subhydride powders is 
made for control of the production process, theoretical 
caIorific output calculations of the pyrotechnic 
compositions and sometimes for performance 
calculations. All titanium, titanium subhydride and 
titanium hydride powders are analyzed for total 
oxygen. Nuclear activation analysis for total oxygen 
was the most available method but there were other 
techniques and provided similar results. 

Figure 3 is the titaniumhydrogen phase diagram? 
The subhydride material produced is a misture of the 
alphdgamma phases over the temperature ranges of 
typical use and interest. After production, the 
following bulk powder properties are measured for 
control of the process (Table 1). 

Table 1 
TiHs Bulk Property Measurements 

Hydrogen Content 
Oxygen Content 
Titanium Assay 
Impurity Content 
Particle Size Distribution 
BET Surface Area 
Moisture Content 

For both Tib.65 and T ~ H I . ~ ~ ,  the combined hydrogen, 
oxygen and titanium contents must esceed 99%. The 
impurity content must not be greater than that found in 
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Figure 3 
Equilibrium Titanium-Hydrogen Phase Diagram 

the titanium hydride lot used for the dehydriding 
process. 

During dehydriding, slight sintering of the subhydrides 
occurs. There is a small increase in the particle size 
distribution and decrease in surface area. For the 
current lot of titanium hydride used, the initial surface 
area is a nominal 2.64 m2/gm while the resulting 
surface areas are reduced to 1.63 m2/gm and 
2.00 m’lgm for Ti0.6~ and TiH1.65 respectively. 

The produced subhydride powders, are sieved through 
a 400 mesh (36 micron opening) sieve prior to 
pyrotechnic use and stored desiccated. Because of 
their uniform exterior surfaces. less than 0.1% 
moisture pickup is observed at 90 % relative humidity. 
Compare this to 2 micron pyrotechnic grade titanium 
powder that can pickup over 0.6% moisture at 90% 
relative humidity. 

The storage life of the subhydride materials prior to 
blending with potassium perchlorate is indefinite. 

These subhydride powder blends are made in 150 gram 
lot sizes for DOE applications because there is no need 
for larger lot sizes. The lot production size of these 
materials could be scaled up to many kilograms if 
needed. 
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Original production of the subhydride materials was 
made at the Mound Facility in Miamisburg, Ohio, a 
DOE production facility. They have been available for 
sale to the DOD and private sector. Mound has 
subsequently closed all production due to DOE 
downsizing. A privatization effort in the Miamisburg 
area has resulted in the following company being 
formed for the commercial production of titanium 
subhydrides. 

Wheatville Technology, Inc. 
Dr. Richard S. Carlson 
5265 State Route 122 South 
West Alesandria, Ohio 45381 

This is the only company known that now produces 
titanium subhydride materials for pyrotechnic use. 
Dr. Carlson was the inventor of the TiH, processes. 

Potassium Perchlorilte 

All pyrotechnic titanium subhydride compositions have 
used potassium perchlorate (KCIOJ as the osidizing 
agent. For DOE applications, the KC104 used is a 
commercially procured powder at the required particle 
size distribution." The nominal 50th percentile ofthe 
number particle distribution using the Coulter Counter 
technique has been 6.0 microns masimum. This is 
approsimately 2-3 times coarser than titaniudtitanium 
subhydride particle size data. 

KC104 which is coarser than 6 microns degrades 
(lowers) pyrotechnic performance. Actuator output 
will be out of specification when the particle size 
esceeds the specified distribution." Finer KC104, 
(approaching an average 3 micron particle size), 
results in a material that has handling problems such 
as static charging and agglomeration. 

The KC104 purity esceeds 99% with a masimum 
allowable chloride ion impurity of 100 parts per 
million (PPM). Past and current lots of KC104 have 
had chloride contents of less than 40 PPM. Chloride 
contents have been a source of concern because of a 
past corrosion problem in an actuator that was 
attributed to chloride contamination. It was our desire 
to minimize the presence of chloride containing 
materials in pyrotechnics. 

Any KC104 can be used and ground to the desired 
particle size to meet performance requirements. Our 
quantity needs were minimal. Commercially 
purchasing the KCIO4 at the desired particle size 
distribution, eliminated another processing procedure. 

The only supplier to be able to meet our specification 
requirements has been Barium and Chemicals, Inc., 
Stubenville, Ohio.'' Numerous attempts over the years 
to find another supplier have proved to be 
unsuccessful. 

Titanium SubhrdrideRotnssium Perchlorate 
[TiHdKCIO-Q 

All titanium subhydridelpotassium perchlorate 
(TiHx/KCI04) pyrotechnic compositions have been 
blended to a 33/67 weight percent fueVosidizer ratio.'* 
These pyrotechnics are osidizer rich by design to 
insure that the fuels all osidize during function. This 
minimizes the chance for metallic fuel residues being 
deposited between the header pin posts after 
functioning. Such residues could lead to conductance- 
after-fire conditions that lead to unwanted power 
source drawdowns. Mid-1970 output performance 
measurement techniques also indicated optimization at 
,the 33/67 composition. The 33/67 composition has 
been used to the present. 

Sandia pyrotechnic compositions, including 
TiHxKCI04, have been blended dry and without a 
binder such as Viton. To masimize pyrotechnic output 
impulse, it was decided in the beginning not to use a 
binder. An inert binder, such as Viton, enters in the 
reaction, bums at a slower rate with potassium 
perchlorate and does not provide any early impulse 
advantage (as do the titanium subhydrides) during 
actuator applications. 

Dry blending procedures were used from the beginning 
though wet blend procedures could have been used. 
Our process, tumbles the titanium subhydride and 
potassium perchlorate materials in a ribbed conductive 
container that interrupts the tumbling action for a 
better blend. This misture is then sieved through a 
400 mesh sieve and then re-tumbled. 

The esisting process is totally remote and produces 
blend lots of 150 grams.I3 It can readily be scaled up 
if necessary with no upper limit. Over 250 blends have 
been made and qualified for DOE production use. 
There never has been a safety incident or accident with 
these pyrotechnic blends. 

Unpublished blend homogeneity studies using 
scanning electron microscopy (SEM) show the 
individual potassium perchlorate particles to be 
uniformly coated with the titanium subhydride 
particles to less than a bridgewire diameter 
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(50 microns or 2 mils). There has never been an 
ignition failure attributed to blend non-homogeneity 
like chromate containing pyrotechnic devices. 
Qualification of a blend consists of calorific output, 
blend ratio composition, chloride ion content, thermal 
analysis and moisture content.” 

The calorific output in an inert atmosphere is required 
to be no more than 100 calories below the theoretical 
calorific output calculation based upon the following 
reaction. Calorific output measurements have always 
been above theoretical calculations and is probably due 
the osygen present not totally as Ti02. 

2TiHx + (1+0.25s) KC104 ---> 
2Ti02 + (1+0.25s)KCI + .d&O 

Table 2 lists the necessary heat of formation data for 
the theoretical calorific output calculation. For the 
calculation, the measured okygen content of the fuel 
must also taken into consideration. It is assumed to be 
present as TiOl and reduces the available TiH, content 
accordingly. 

Table 2 
Heat of Formation Data for TiHs/KCIOj 

Formulations 

KClOj 
TiH2 
Tib.65 
TiH1.65 
TiO? 
KCI 
H?O 

-103.6 kcaVmol 
-30 kcaVmol 
-1 1 kcal/mol 
-27.9 kcaVmol 

-2 18 kcal/mol 
-101.2 kcaVmol 
-68.3 kcaVmol 

Table 3 lists the typical calorific output measurements 
obtained for four (4) production lots Of TiHlSs/KClO4 
qualified and used for production. This shows the 
blend reproducibility of DOE product. 

Table 3 
Calorific Output Data for T~H~.~S/KCIOJ 

Blend No. Measured Theoretical 

(cal/gm) (cal/gm) 
output output 

PC137 1614 1552 
PC146 1602 1547 
PC148 1617 1544 
PC149 1602 1544 

The blend composition is determined by actually 
analyzing for titanium and potassium perchlorate. 
Limits of the blend composition are 33+/-1% for the 
fuel and 67+/-1% for the osidizer. 

Sandia philosophy for blend performance has been to 
analyze for and control the properties of the individual 
materials prior to blending and analyze for the critical 
parameters after blending. This has led to reproducible 
pyrotechnic blends, with much less than one percent 
blend rejection rates; which meet critical performance 
requirements for the application required. 

Pvrotechnic Pronerties 

Over the years, numerous properties of the TiH,/KC1O4 
compositions have been measured to help our 
understanding these materials. Over 150 publications 
or presentations have been made regarding 
TiHJKCIO, since its inception in the middle 1970s. 

Outout 

The confhed bum temperature of TiHx/KC104 
compositions is around 40009K.“ At these 
temperatures the products of reaction are solid osides 
of titanium, gaseous potassium chloride and gaseous 
water. The primary contribution to gaseous output is 
the potassium chloride. In a closed, zero volume 
condition, pressures in escess of loOKpsi are generated 
from a 100 milligram charge in an actuator 

and boils around 1500°C. 
Potassium chloride melts at 776°C 

Functional output such as the ability to function a 
valve, stroke a piston, drive a knife blade or ignite a 
pyrotechnic train is not strongly influenced by “x” in 
the titanium subhydrides.’ Particle size or d a c e  
area is the property parameter for performance, both 
ignition reliability and output. 

Accurate bum rate measurements in an application 
have not been determined for all fuel compositions in 
the same design and conditions. Work by Hingorani- 
Norenburg, which has application to actuators, 
indicated that the bum rate of TiH1.&C104 was 
around 700 meters per second in a packed column tube 
at 70% theoretical density.” It is known that open 
burning of these pyrotechnics measured bum rates of 
Ti/KCIOj to be 4-5 times faster than Tib.6fiC104 
and about 7-8 times faster than TiH2/KCIOj.1*’6*17 
Function times for 100 milligram actuator designs are 
less than 500 microseconds from bridgewire pulse to 
peak pressure output in a limited free ~ o l u m e . ’ ~ ” ~  
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General postulations of burn rate studies indicate that 
the bum rates of TiH,/KC104 decrease with increasing 
hydrogen content with the function times for most 
applications less than 500 microseconds for a 100 
milligram actuator design. 

Electrostatic Discharge Sensitivitv 

Previous paragraphs, discussed introductory remarks 
regarding ESD sensitivity of TiHx/KC104 materials. 
ESD sensitivity is influenced by a number of material 
properties. The first is the microstructure of TiH, 
(Figure 3). Healy and Lieberman showed that near 
x=0.65, the Ti-H system eshibits a eutectoid structure 
where escess alpha titanium e~ i s t s . ' ~  Above 0.65, 
escess of the gamma titanium phase esists. It has been 
established that static sensitive materials are those that 
contain escess of the alpha titanium phase and the 
opposite for static insensitive materials. 

The second property that influences static sensitiviiy is . 
the particle size/surface area of the TiHs. The smaller 
the particle size or higher the surface area, the greater 
the ESD sensitivity.' This shift is quite significant. 
Ti&.,~s/KC104 with a TiH0.65 surface area of 2-3 m'/gm 
has an ESD sensitivity in escess of 30 kilovolts 
whereas the same material with a surface area of over 6 
m2/gm has an ESD sensitivity of around 8 kilovolts? 
The particle size of the KC104 does not influence the 
ESD sensitivity. 

Previous work by Collins, has shown that ESD 
sensitivity was primarily a function of the partial 
pressure of okygen around the titanium and titanium 
subhydride." The lower the partial pressure of 
oLygen, the more ESD insensitive the pyrotechnic. 
This was the main influence on static sensitivity. The 
presence of potassium perchlorate was found to inhibit 
the sensitivity of the TiH,materials. TiH, by itself was 
more ESD sensitive than the mistures with KC104. 
This work by Collins helps ezrplain the reduced static 
sensitivity of pressed of ESD sensitive materials such 
as Ti/KC104 and Zr/KCI04.. 

In recent years, Sandia has adopted a second test 
model for ESD testing. This procedure, called the 
Sandia severe man test or Fisher test, simulates a 
bodyhand ESD discharge model. A much faster rise 
time of the ESD pulse occurs, followed by a slower 
pulse that closely matches the standard man test 
previously mentioned. Table 3 compares the 
parameters of each test. 

Table 4 
Comparison of the Sandia Standard Man 

and 
Fisher or Seyere Man ESD Models 

Standard Fisher 
Voltage 20 kv 25 h 
Resistance 500 ohms 360 ohms 
Capacitance 600 pf 410 pf 
Inductance NA 0.6 uhenries 

Production Ti&.&C104 and TiH1.,&C1o4 
pyrotechnic blends were found to be ESD insensitive 
when tested to the Fisher model as well as the standard 
man model. 

TiHs/KCI04 materials with s>0.60 are ESD insensitive 
and offer advantageous safety properties when used. 
Compare this to materials such as TflC10.1 and 
Zr/KCI04 where ESD voltages of much less than 5 
kilovolts will readily ignite and function these 
materials. Note, that zirconium hydride and its 
subhydrides are also static insensitive. 

Ignition Sensitiritv 

All TiHx/KCI04 materials have been found to have 
reliable ignition sensitivity if powder density and 
contact are maintained at the bridgesvirelpowvder 
interface. Current Sandia actuator designs have a 
functional reliability requirement of 0.9995. Typical 
all-fire current levels to meet this reliability are 3-3.5 
amps from a 28 volt source. 

As previously mentioned, early designs had low 
temperature ignition failures with TiH2/KC104. A later 
design also had low temperature ignition failures 
during mechanical testing to high "G" environments. 
Investigations showed that the powder pulled away 
from the bridgewire interface leaving no contact at this 
interface. It left a low density area that lowered 
ignition reliability. 

If the proper powder density cannot be maintained at 
this interface, low temperature failures will occur?' 
This is due to a major mismatch in coefficients of 
espansion (or contraction) between the powder and all 
the other materials of construction that can lower the 
density and/or cause gaps in the bridgewhelpin 
interfaces. See discussions below (mechanical 
properties) on this subject of coefficient of thermal 
espansion. 
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In a hot wire design, bridgewire/powder contact can be 
measured by the electrothermal response (ETR) test 
procedure." This technique measures the thermal 
decay of a low energy pulse (below all-fire 
requirements to the bridgewire). ETR is considered a 
nondestructive test. Comparison of this thermal decay 
characteristic of unloaded headers to known loaded 
units can be used as a guide for ponder contact at the 
bridgewire/powvder interfa~e?~ 

Mechanical Pronerties 

All TiHX/KC104 materials have a large coefficient of 
thermal expansion (CTE) compared to the usual 
materials of construction used in hot wire designs. 
Table 5 lists some of the CTE's for typical materials 
used in header designs as well as TiHs/KC104.''*'4 

Table 5 
Coefficient of Thermal E.\pansion (CTE) 

(CTE X 10dPC) 

Material CTE CO-SO'C) 
KClOj 65 
TiHs/KCIOj 42 
Ceramic 5 

Header Glasses <IO 
Stainless Steel 17 
Inconel 11 
Hastelloy C 11 

Epoxy Charge Holder 20 

TiHX/KC104 espands and contracts at much greater 
rates during thermal cycling than the usual hot wire 
device materials of construction. During the 
contraction phase, TiHSKClO4 has been shown to 
loose contact with the bridgewire and lead to ignition 
problems?' This can occur with all KClOj 
pyrotechnics especially at low temperatures. This 
problem has been so severe at times that the entire 
pressed powder bed has freed itself from the charge 
holder walls and moved away from the header to the 
esterior closure disk. 

To correct this problem, various measures have been 
employed to prevent this from occumng. A one-way 
washer design which contacts the charge holder walls 
and is imbedded in the powder, was the original 
correction to the powder decoupling problem. Current 
designs use a thin elastomeric disk between the end of 
the powder column and the closure disk. The disk is 
under compression by making the closure disk dimple 
or compress against the elastomeric disk during its 
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welding to esterior header case. This keeps the powder 
bed under compression at all times. 

KC104 pyrotechnics also have low physical contact and 
frictional characteristics with the usual charge holder 
materials which compounds the potential powder 
decoupling problems that can occur. 

Stabilitv. Aging and Comiiatibilitv 

Stability and aging were addressed in the introduction. 
Chemical stability of TiHXKCIOj compositions is 
usually determined by the rate of increase of the 
chloride ion from the reaction or decomposition of 
KC10, .3 Stability studies, aging programs and 
surveillance programs have shown that TiHx/KC104 
compositions are stable for long periods of time. This 
includes T/KC104 compositions. 

As previously mentioned, even TiH2/KC104 is stable if 
the starting TiHz is thermally ~retreated.~ This 
appears to drive off small amounts of easily evolved 
hydrogen. This hydrogen then reacts with KC104. In 
these studies, pure hydrogen, Ht, was shown not to 
react with KC104 or TiHz/KC104 mistures. An 
activated hydrogen species, when evolved, reacts with 
the KCIO,. Both chloride and water were measured at 
the same reaction rates. 

Active Sandia surveillance programs for over fifteen 
years'with production components have found the 
stability of all TiHs/KCIOj materials to be less than 
0.01% reaction per year.% Currently all Sandia 
production components using Ti/KC104 and 
TiHs/KCI04 have been certified for requirements 
related to stability, Compatibility and reliability for 25 
year lifetimes. Some designs with these materials are 
currently being certified for lifetimes in excess of 40 
years. 

No compatibility problems with typical hot wire 
materials of construction have been found with 
TiHs/KCI04 materials.'6 This includes amine cured 
e p o q  materials which are used as inert charge holder 
materials and adhesive compositions. Contrast the 
compatibility of amine cured epohy materials with 
organic esplosives where problems are found. 

Standard cleaning agents for headers and charge 
holders which include organic solvents such as 
chlorinated materials, CFC freons. alcohols, ketones, 
aliphatic hydrocarbons, aromatic hydrocarbons and 
water soluble detergents have all been found to be 
compatible with TiHX/KCI04 compositions?6 
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Modern-day cleaning agents used to replace many 
chlorinated, CFC and organic materials have also been 
found to be compatible. These include such solvents as 
d-limonene liquids and specially formulated alkaline 
cleaners. 

The only compatibility problem with TiHS/KC104 
materials has been when the powder has not been 
properly dried or when the ponder has been eqosed to 
moisture in non-hermetically sealed designs. Moisture 
in these powders can initiate corrosion reactions at the 
header pin/ bridgewirdpowder interfaces (Ref. 27,28). 
The combination of moisture, TiHX/KCIO4 and metallic 
header materials triggers corrosion and instability of 
these materials at these interfaces. The saying, "Keep 
your powder dry," applies to TiHx/KCI04 loaded 
devices as well all other KC104 containing 
pyrotechnics. 

Gcncral Material Prowrtics 

This section briefly discusses and lists some of the 
other materials properties for TiHJKC104 
compositions. Table 6 is a listing of the energetic 
material hazard properties for TiHJKC104.*6*2g 

Table G 
Energetic Material Properties 

for 
TiHX/KClO4 Compositions 

Atom Percent Hydrogen 
32.4 49.2 59.5 66.4 

1 I I 4.7 I 

3.5 I 1 1 
0 1 '  2 3 4 4.5 

Weight Percent Hydrogen 

Figure 4 
Density verses Hydrogen Content for TiH, 

Table 7 
Density of TiEIJTSC104 Materials 

KC104 2.524 g d c m 3  
Ti 4.45 g d c m 3  
TiH0.65 4.17 g d c m 3  
TiHl.6j 3.82 g d c m 3  
TiH2 3.78 g d c m 3  

The following equation can be used to calculate the 
density of a composite blend. 

le7 
MA MB 
P A  PB 

Density of Misture = 

-+- 

where M is the mass fraction of the constituent 
Material Ti/KC104 Ti&.6S/KC104 TiH1.6ficIO~ and P is the density of the individual constituent. 
Prouertv 
Friction 6.3 kg 7.2 kg 15.8 kg Table 8 summarizes the other properties of intere~t.'"~' 
Impact 225 kg-cm >250 kg-cm >250 kg-cm 
ESD <5 kv =-do kr >40 kv Table 8 
Autoignition 500°C 500°C 500°C General Properties if TiHS/KC104 

Friction sensitivity testing was conducted with a BAM 
friction tester, impact sensitivity with a 
Technoproducts drop weight tester, ESD by the 
standard man test, and autoignition by thermal analysis 
and component device thermal ignition procedures. 

Figure 4 is a plot of the density ofTiHJKC104 over the 
entire concentration range of hydrogen in t i t a n i ~ m . ~  
Table 7 lists the density for the various TiHX/KC1O4 
materials used at Sandia. Unpublished helium 
pycnometry measurements with these materials 
confirm these data. 

Heat Capacity: Cp=2.48 X lo4 + 0.163T (-50 to 
150°C) 
(TiH,=o to 2) 

Hygroscopicity: <0.05% at 50 percent RH 
(TiHx=0.G5 to 2) 

>0.5% at 50 percent RH 
(TilKClOj) 

Detonation: TiHx/KCI04 mizrtures do not detonate 
Deflagration-to Detonation Transition (DDT): 

TiHx/KCI04 mistures do not DDT 
Thermal Stability Weight Loss: >0.1 % to 150°C 

All TiHS/KC104 mistures are conductive due to the 
metallic fuel. Studies by White, et al, measured the 
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resistivity of TiHS/KC1O4 from -180°C to 500°C 
including varying numerous parameters such as 
density, stoichiometry and powder surface area and are 
reported as a series of curves?’ 

TosicitvlEnvironmental Issucs 

The published tosicity criteria for titanium and KC104 
are described and have been used to imply the tosicity 
of TiHX/KC104 materials.32 

Titanium Metal: Health hazard none, it is 
physiologically inert. 

KC104: It is moderately tosic and irritating to the 
skin, mucous membranes and respiratory 
track. It may effect the kidneys. Direct 
contact with KC104 should be avoided. The 
probable lethal dose for human beings is 
50-500 m a g .  

Titanium Dioside (TiO,): This is a reaction product 
from TiHX/KC104. Ti02 is inert and not a 
health hazard. Ti02 is a major constituent in 
consumer paint formulations. 

Potassium Chloride (KC1): This is also a reaction 
product from TiHs/KC104. KCI is an inert 
material and is not considered toxic. KCI is 
sometimes is used as a table salt substitute. 

As with all fine particulate matter, a health hazard 
esists if inhaled. 

TiHx/KCI04 compositions are as close to a “green”, 
environmentally benign energetic material as esists. 
In the ground, they \vi11 decompose to inert materials, 
Ti02, KCl and water. After functioning, the reaction 
products are the same. 

TiHJKCIOJ Uses 

The primary use of TiHs/KC104 pyrotechnic mistures 
has been in actuator designs to function valves and 
open gas bottles. Their reliability to function has been 
0.9995. In recent years: there has been imposed a 
0.9995 ESD reliability requirement to not function 
from a human body discharge. This was the primary 
reason in switching the fuel from Ti&.6s to TiH1.65 in 
actuator designs. As long as care is made to ensure no 
conductive path to case is made before esternal spark 
breakdown measures can take place, these designs can 
meet this ESD requirement. Personal safety is also 

enhanced in handling the bulk materials prior to 
loading. 

Ignition of TiHs/KCI04 has been achieved by a variety 
o€niethods and includes ignition by a hot wire, 
through bulkhead function from thermal and 
detonation sources, percussion primer ignition, and 
semiconductor bridgewire (SCB) initiation. 

Numerous igniter designs have been developed and, in 
many cases, put into production for DOE applications. 
These include hot particulate igniters for thermal 
batteries, igniters for ignition and high pressure output 
of reefing line cutters, nest assembly igniters for high 
temperature materials such as thermite and 
titaniumhoron mistures and percussion actuated 
igniters. 

There are currently commercial uses of TiHx/KC104 
and TiH*/KC104 as igniters for automobile air bag 
igniter designs. Note, the enhanced ESD safety of such 
designs over the traditionally used ZrKC104 materials. 

Other uses have been output mistures for reefing Iine 
cutter designs, special low energy ignition materials for 
DDT detonators and unusual designs for space 
applications. 

Conclusions 

Currently TiHs/KC104 materials and applications have 
been developed to the point where it can be considered 
a mature technology. TiHx/KC104 materials meet the 
needs of an ESD insensitive material that can meet 
high reliability design requirements but still be ESD 
safe from a human body discharge. Low temperature 
ignition problems have been understood and solved. 
Output characteristics are sufficient to meet specified 
design criteria. 

These materids are considered to be the most 
“environmentally friendly” of the energetic materials 
now in use. 

One problem outside of DOE use, would be the scale- 
up to many kilograms the dehydriding process. The 
technology has been developed, it just needs scaling 
up. Another troublesome problem that has developed 
in the last few years has been the commercial non- 
availability of a 2 micron TiH2 that has a surface area 
over 2 m’/gm. There is no source within the United 
States. The European vendor produces a slightly 
larger TiH2 that has led to ignition failures. 
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DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the 
United States Government. Neither the United States.Government nor any agency 
thereof, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness. or use- 
fulness of any information, apparatus, product, or process disclosed, or represents 
that its use would not infringe privately owned rights. Reference herein to any spe- 
cific commercial product, process, or service by trade name, trademark, manufac: 
turer, or otherwise does not necessarily constitute or imply its endorsement, recom- 
mendation, or favoring by the United States Government or any agency thereof. 
The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof. 
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