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Task  I investigated the behavior of four  nuclear  containment ma te r i a l s  

(Type 316 s ta in less  s tee l ,  Hastelloy C, Haynes alloy 25, and tantalum) i n  
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SUMMARY 

This  r epor t  i s  the Summary Technical Report describing the work pe r -  

formed by TRW Systems, for .  the Sandia Corporation under Task  I of Phase  I11 

of Contract Number 48-4912. 

The program objective is to  investigate the chemical integrity of radioiso- 

tope containment mater ia l s  when subjected to a booster vehicle abort  environ- 

ment. 

Thc Tack I invcatigation w a s  caii~-.el-1iec1 wit11 the ljeliaviul. u i  f u u r  ~~uclearn* 

containment mater ia l s  (Type 3 16 s tainless  s teel ,  Hastelloy C, Haynes alloy 25, 

and tantalum) in simulated abor t  f i r e s  containing la rge  concentrations of fluorine 

and hydrogen fluoride. 

Samples of each of the four mater ia l s  were exposed to  hydrogen-fluoride 

f lames  of two mixture ra t ios  (F / H  = 1.166 and 0.689) over 'a  wide range of 
2 2 

s teady s ta te  sample tempera tures .  Selected samples  were then subjected to  

metallographic analysis  to  determine the degree of internal  interaction fo r  both 

fluorine and hydrogen r ich  flame environments. Electron microprobe and x-ray 

diffraction techniques were used to  identify reaction products in the micro-  

s t ruc tu re  of cer tain samples .  

Based on the experimental  investigation, the following conclusions were 

drawn: 

1. R.eaction r a t e s  f o r  Type 316 stain1es.s s tee l  in the H -F flame environ- 
2 2 

ment a t  both low and moderate  fluorine concentrations a r e  fair ly  low and a r e  not 

considered to be of major  concern f rom launch abort  radioisotope containment $ .  
r ' ff/ 

safety considerations up to  tempera tures  o f  2 0 0 0 ' ~ .  Above 2 0 0 0 ' ~  and up to  the 

melting range reaction r a t e s  a r e  rapid and the possibility exis ts  for  catastrophic 

: fai lure  through self heating o r  ignition of the s tainless  s t ee l  in the H -F environ- 
2 2 

, ment. 



2. Hastelloy C does not react rapidly in an H -F environment rich in 
2 2 

fluorine a t  temperatures below 1800" F. However, in a flame environment con- 

taining large concentrations of fluorine, hydrogen-fluoride and atmospheric a i r ,  

Hastelloy C is subject in a period of a few minutes to severe interior. grain 

boundary attack to a considerable depth in the temperature range above 1800"~. 

The modifications to the microstructure of Hastelloy C due to the combined 

influences of the hydrogen-fluorine flame and atmospheric a i r  can be expected 

to produce significant changes in the mechanical properties of this alloy. 

3. In the fluorine and hydrogen fluoride r ich flame environment, Haynes 

25 does not undergo catastrophic interaction a t  sample temperatures below 

2200." F. Radioisotope containment safety considerations should not be 'cornpro-. 

mised by chemical reactions with F or  HI? below 2200" F for periods of many 
2 

minutes. Above'the 2200°F temperature range and up to the alloy's melting 

range, flame interaction could be catastrophic. 

4. Tantalum reaction ra tes  in flame environments containing fluorine and 

hydrogen fluoride a r e  slow relative to a period of minutes time scale below about 

2000" F. At temperatures ,above 2000" F. the tantalum tends to react rapidly and 

exothermically with the H - F environment. 
2 2 
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1. INTRODUCTION 

This is the summary technical report describing the work perf0rmed.b~ 

TRW Systems for the Sandia Corporation under Task l.of Phase I11 of contract 

number 48-4912. The primary objective of this program is to investigate the 

chemical integrity. of radioisotope containment materials when subjected to a 

booster vehicle abort environment. 

Task 1 concerns itself with the investigation of the behavior of selec- 

ted nuclear containment materials in simulated launch abort fires containing 

fluorine and hydrogen fluoride. Since rocket systems are under development 

which will utilize fluorine propellants and since it certainly will be 

desirable from a mission standpoint to "fly" radioisotope heat sources on 

these rocket systems, the behavior of radioisotope containment materials 

in launch pad abort fires containing fluorine and hydrogen fluoride becomes 

a key aerospace nuclear safety question. The Task 1 effort was aimed, 

therefore, at determining as a function of temperature and time the extent 

of chemical interaction between typical radioisotope containment materials 

and thermochemically defined hydrogen-fluorine flame environments. 

Samples of four radioisotope containment materials (Type 316 stainless 

steel, Hastelloy C, Haynes alloy 25 and tantalum) were exposed to hydrogen- 

fluorine flame environments over a range of flame compositions, exposure 

times and sample temperatures. Selected containment material samples were 

then subjected to metallographic and chemical analyses to determine the type 

and extent o f  fl.ame interaction, 

The experimental facility, procedures, and results are discussed and 

presented in the following sections and conclusions are drawn. 

2. EXPERIMENTAL EQUIPMENT AND PROCEDURES 

2.1 HYUKOGEN-FLUORINE FLAME FACILITY 

Hydrogen-fluorine flame interaction studies are conducted in a facility 

designed for this type of hazardous interaction work. The toxic and corro- 

sive.nature of gaseous fluorine and fluorine-oxygen (FLOX) oxidizers requires . 

special precautions and handling procedures which are not suited to the 

flame facilities used in other phases of the (launch abort) program. 



The Hz-F2 interaction f a c i l i t y  is housed i n  a concrete block t e s t  c e l l  

a t  the TRW Systems Inglewood Test S i t e .  The c e l l  is provided with an 

exhaust system to  remove the toxic fluorine combustion species during and . . 

a f t e r  tes t ing .  

The fluorine gas supply cylinder i s  housed within a barricade i n  the . .. 

t e s t  c e l l .  A l l  f luorine valves and plumbing are confined t o  t h i s  structure.. . 

Flow metering and control functions f o r  t h i s  f a c i l i t y  are  accomplished by 

"reach rods" operated from outside the confines of the c e l l  or,  where pos- 

s ib l e ,  by remotely operated solenoid valves. Two observation windows, 

located a t  the center ok adjacent walls,  are  provided for  visual rest 
monitoring. The torch system is  controlled from one observation willdow. 

The second window, located within an adjacent s t ructure,  is used fo r  opt i -  

ca l  pyrometry, photography and instrument recording functions. 

The hydrogen- fluorine flame system i s  represented schematically i n  ' ' . . ' 

Figure 1. The system consists of an external mixing co-axial torch supplied 

by metered flows of hydrogen and fluorine.  The mixing of the hypergolic 

gases r e su l t s  in  an inherently s table  flame over a wide range of flow and 

mixture r a t i ~  conditions. Provisions are made to  purge a l l  l ines  with 

nitrogen a t  the conclusion of each t e s t  se r ies .  The solenoid valves 

(Figure I ) ,  just  upstream from the torch assembly, are closed to  maintain 

a posi t ive nitrogen pressure i n  a l l  l i nes ,  during the time the system i s  

inoperative. 

Thc torch assembly and containment material sample handling device 

used i n  t h i s  investigation are represented in  Figure 2 .  The t e s t  appara- 
tus is positioned i n  the center of the t e s t  c e l l  in  l i ne  with both obser- 

vation windows. Observer t o  sample distance is less  than f ive f ee t .  

Test specimens are  supported on the rotary table  (Figure 2) and exposed 
i n  sequence t o  the s tabi l ized hydrogen-fluorine flame environment. By th i s  

method, a l l  samples of a s e t  a re  subjected t o  the same flame temperature and 

composition within narrow limits.. The t e s t  program is expedited,. since 

safe ty  considerations require. a 20-30 minute delay before personnel a re  

permitted t o  enter the t e s t  c e l l  to  change samples. 
. . 
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Figure 2. HZ-F2 Torch and Multiple Sample Eolder 



The transite sample holders used in the hydrogen-qgen flame hter- 
action studies could not be adapted to the hydrogen-fluorine interaction 
system. Transite, an asbestos composite, was found to react violently 
with the hydrogen-fluorine flame environment. Sample holders were, there- 
fore, fabricated from a high density graphite. The 3/16" diameter x 1/2" 
long samples were embedded in the graphite block which was then attached 
to a transite disc (Figure 2). This configuration was adopted in an 
attempt to minimize the heat capacity of the sample holding system. 

Safety considerations limit the test facility fluorine capacity to 
approximately 150 standard liters. For the test series reported herein, 
fluorine flowrates varied f m  a minimwn of 1.0 to approximately 2.0 
liters per minute. Only 75% of the capacity of the fluorine cylinder is 
usable and a portion of this is expended in establishing the correct 
flame conditions for each test series. Total sample exposure time for 
any one test sequence is limited, therefore, to approximately sixty min- 

utes. 

The hydrogen-fluorine flame facility is capable of exposing inter- 
action samples up to approximately 1/4" diameter in a totally engulfing 
hydrogen- fluorine flame. Other sample geanetries are possible, however, 
where total exposure of the sample to the flame is not essential. The 
3/16'' diameter x l/Z1' long domed sample geometry used in the Task 1 inves- 
tigation proved to be an ideal configuration. 

2.2 INSTRWENI'ATION AND TEST PROCEDURE 

Each 3/16'' diameter x 1/2" long contaiment material sampl? tested 
was equipped with a No. 28 A.W .G . chromel-alwnel thennocouple embedded 
in a longitudinal hole drilled to a depth 1/10" beluw the top surface of 
the sample. The thennocouple leads were insulated from the containment 
material and the graphite support by a 1/16" diameter alwnina sheath. 
The surface temperatures of exposed samples were measured by means of a 

recording two-color pyrometer or micro-optical brightness pyrometer 
sighting on portions of the sample, through the test cell observation 
window. Continuous records of thennocouple and two-color pyrometer out- 
puts were made on two single-channel millivolt chart recorders (Figure 3). 



Figure Z . Test Instrumentatim 



A fixed sample to  torch spacing was maintained for a l l  experiments. 

Flame to sample heat transfer rates were raised by increasing the volu- 

metric flows of fluorine and hydrogen to the torch a t  a constant mixture 

ratio. Samples of each of the four containment materials (Type 316 stain- 

less steel, Hastelloy C ,  Haynes alloy 25, and tantalum) were exposed in 
sequence to a carefully controlled, stable hydrogen- f lusrine flame, In 

general, each experiment w a s  limited to a duration of from two t o  three 

minutes. The timing of the experiment was determined by either the time 

required for the sample to reach a pseudo thermal- equilibriwn (thermocouple 

reco~ding) or by the severity of the reaction between the containment mater- 

i a l  sample and the flame. The graphite sample support represents a signi- 

ficant heat sink due to its relatively large mass in comparison to that of 

the containment material sample. The resulting thermal response of this 

system i s  relatively slow, and thermal equilibrium was not attained in  the 

2-3 minute duration of the experiment. Actual temperature versus time 

records were obtained for a l l  experiments, however, f~om individual thenno- 

couple traces. 

A copper "calorimeter" having the same shape, size, and physical con- 

figuration as the tes t  specimens was exposed to  each new flame condition 

as a calibration experiment to determine an in i t ia l  heat flux value. 

3. DISCUSSION OF RESULTS 

Each sample of the four containment materials (Type 316 stainless 

steel ,  Hastelloy C ,  Haynes 25 and tantalum) exposed to the hydrogen- 

fluorine flame was photographed for the record. These macro-photographs 

together with the temperature history of each exposed sample are included 

in order of accomplishment in Appendix A. 

Selected containment material samples were mounted and sectioned in  

preparation for metallographic analysis. After polishing and etching, 

macro and micro-photographs of the sample cross-sections were prepared. 

These photographic data s m a r i e s  are presented i n  the bady of t h i s  

report. 



A concise data sumnary of all hydrogen-fluorine interaction experi- 

ments is included as Table 1. Initial heat flux data for each experiment 

are included in the summary. Steady state temperatures calculated from 

initial heat flux data were compared with the temperature versus time 

(thermocouple) traces (Table 1). The comparison in most cases tends to 

substantiate the thesis that true thermal equilibrium was not attained 

in the majority of the hydrogen-fluorine interaction experiments because 

of the relatively large mass of the graphite sample holder configuration. 

A comparison of two-color pyrometer surface temperature data and calcula- 
ted steady state sample temperatures (Table 1) indicates the occurrence 

of severe sample-flame exothermic interactions in some experiments. 

The results of the initial hydrogen- fluorine interaction experiments 

(experiment Nos. 1 through 8) are also presented in Table 1. These samples 

were 3/16" diameter x 1/2" long cylinders. No metallographic analyses 

were conducted on these specimens which were characterized by severe tap 

erosion. In order to present a better profile to the hydrogen-fluorine 

flame, the remaining 3/16" diameter x I/Z" long cylindrical samples were 

prepared with hemispherical (domed) tops. The domed sample configuration, 

with no sharply defined edges, resulted in more uniform heat distribution. 

The results of these domed sample experiments are felt to be 'more signifi- 

cant than those of the earlier cylindrical configuration. 

3.1 METALLOGRAPHIC ANALYSIS 

The results of metallographic analyses of the four radioisotope con- 

tainment material samples (Type 316 stainless steel, Hastelloy C, Haynes 

25, and tantalum) are presented by material types below: 

3.1.1 Type 316 Stainless Steel 

Four type 316 stainless steel samples, previously exposed to a fluorine 

rich flame environment (F2/H2 = 1.166) for 2- 3 minutes, were subjected to 

metallographic analysis. A very thin surface-reaction coating is apparent 
from a study of the SOX photomicrographs of sample Nos. 13 and 40 (Figures 

4 and 5) after exposures at maximum temperatures of 1400°F and 1700°F, 

respectively. Sample No. 21 (Figure 6) exposed to the same fluorine rich 

flame environment at a maximum bulk sample temperature of 1830°F underwent 

a slight interaction along its upper surface to a depth of approximately 



EXP. 
No. Material 

316 S.S. 

Tantalun 

ilastelloy C 

Haynes 25 

316 S.S. 

Tantalun 

Hnstclloy C 

H a p e s  25 

316 S.S. 

Tantalun 

Hqitelloy C 

Haynes 25 

316 S.S. 

Tantalrn 

Hastellay C 

Haynes 2s 

Haynes 25 

Tantalue 

Tantalun 

Tantalun 

316 S.S. 

Haynes 25 

316 S.S. 

Gmfigurat ion 

Cylindrical 

Cylindrical 

Cylindrical 

Cylindrical 

Cylindrical 

Cylindrical 

Cylindrical 

cylindrical 

Daned 

Donred 

Dcned 

Dosed 

Daned 

Domed 

Dasled 

Daned 

Darned 

Daned 

Daned 

Dsaed 

Daned 

Daned 

Daaed 

TABLE 1 

HYDROEN-FUKIRIhiE INERMTION DATA SlEMARY 

Inr t ia l  
F2 Flaw Hz Flow * Heat Plwc 
~ P R  lpn F2/H, BTU/F~~-S~C 

Calculated 
Steady State 
Temp. -OF 

Peak 
Surface 
Tenp. -OF 

3630 

3050 

2910 

2100 

34 50 

3810 

3360 

3180 

2800 

2520 

2420 

c 2300 

< 2300 

c 2300 

< 2300 

<2300 

2890 

3240 

3540 

3470 

c 2300 

c 2300 

2300 

Total 
Exposure 
Time-Sec 

75 

150 

165 

185 

78 

60 

234 

138 

112 

119 

123 

128 

195 

147 

14 7 

131 

200 

303 

120 

174 

328 

153 

172 



TABLE 1 (CWTIbW)  
tMDRXW - FWFJNE INTERACTION DATA ,%MARY 

Initial CalcuLatd Cr-.U Peak Total 
Fsp. FZ Flow H2 Flow ** beat 1- Steady State menocouple Surface Exposure 
No. Material Configuration 1Pn lp3 F2/H2 BTUift 5 -set Temp.-'FP ~Jenp. -OF Temp.-OF Time-Sec 

.' f?? ?,l i 

Tantalun 

Hastelloy C 

lfaynes 25 

316 S.S. 

Tantalun 

Hastelloy C 

316 S.S. 

Tantalun 

tbstelloy C 

Ilaynes 25 

316 S.S. 

Hastelloy C 

Haynes 25 

Hastelloy C 

Hastelloy C 

k d  

Domd 

Domed 

Daned 

h e d  

Dand 

Daned 

Daned 

Dcmed 

Domed 

Doned 

Daaed 

Dmed 

Dmed 

DCBIed 

Haynes 25 

316 S.S. 

316 S.S. 

Hastelloy C 

Tantalun 

Haynes 25 

Hastelloy C 

Tmtafun 

Domed 1.21 

Darned 3.21 

hedi;*;aiQ' 1.21 
r)q:-:'> 

--- -- 
Daned 1.21 

Lkaned 1.21 

Daned 1.10 

DBned 1.32 

* 
EqoiLibriun Flam Cmposltion and Temperature 

** 
Wo data available. *** 
Micro-optical pyrometer data. **** 
Sample accidentally destroyed. 

Cqxition-hie Fraf tion Mole katio Flame 
Fz/H2 Tenp.-OF F F2 H H2 HF 



MATERIAL: 316 S. 

CONFIGURATION: D 

F2/H2 MIXTURE RATIO: 1 .I66 
PEAK TEMPERATURE (THERMOCOUPLE) : 1400 
-0TAL EXPOSURE TIME: 195 SEC. ' 

Figure 4. Hydrogen-Fluorine Experiment No. 11 3 



MATERIAL: 316 S.S. 

CONFIGURBTION: DOMED 
MIXTURE RATIO: 1.166 

PEAK TEMPERATURE (THERMOCOUPLE ) : 1 700 OF 
TOTAL EXPDSURE TIME: 120 SEC. 

Figure 9. IIy?rLr)g~-F%sodne ~ G r i m e n t  No. 40 



1 M I L  REACTION PRODUCT ON TOP OF SAMPLE 
(NOT V I S I B L E  I N  PHOTOGRAPH) 

MATERIAL: 316 S.S. 

CONFIGURATION: DOMED 

F2/H2 ,MIXTURE RATIO: 1 .I66 
PEAK TEMPERATURE (THERMOCOUPLE) : 1830 -F 

TOTAL EXPOSURE TIME: 328 SEC. 

Figure 6 .  Hydrogen-Fluorine Experiment No. 21 



.005 inches. A moderate interaction with the hydrogen- fluorine flame'; 

environment is apparent from a study of sample No. 9 (Figure 7) metallo- 
._I...._ _. 

graphic data. The top of th is  sample appears to have ignited; a surface 

temperature of 2800°F was measured. Thermocouple data indicates a maxi- 

mum bulk sample temperature of 2130°F. The SOX photomicrographs (Figure 

7) are of special interest ,  since a study of th i s  sample's microstructure 

reveals a molten region a t  the hemispherical top. The bulk sample temp- 

eroture was some 300°F below the Type 316 stainless s tee l  melting range 

as  determined by thermocouple measurement. Sample No. 9 (Figure 7) 

remained vir tually intact  except for  the very top which was melted and 

eroded by the hydr~gen-SIu~she  flame. In the n~n-melted region, only 
a very thin (a few m i l s )  corrosion layer was formed; the non-melted region 

reached a temperature of approximately 2100°F. 

A f i f teen minute duration exposure t o  the fluorine r ich flame (F2/H2 = 

1.166) a t  a bulk temperature of 2010°F (Figure 8) reveals no significant 

surface reaction. Only a thin corrosion layer is evident i n  the SOX 

photomicrographs (Figure 8). 

Sample No. 23 (Figure 9) was  exposed to a themochemically defined 

hydrogen rich flame environment (FZ/HZ = 0.689). This sample appears t o  

have suffered no appreciable interaction by exposure a t  21206F for  172 

seconds. The presence of a i r  i n  the vicinity of the flame and sample 

preclude the existence of free hydrogen i n  the flame. The F2/H2 = 0.689 

flame is considered, i n  general, to be the less severe of the two environ- 

ments used i n  th is  Task 1 investigation. 

The Hastelloy C metallographic data is characterized, i n  general, by 

severe chemical interaction within the material's microstructure. Reaction 

i n  the grain boundaries to considerable depths is evident from a study of 

the SOX photomicrographs of sample Nos. 38 and 25 (Figures 10 and 11). 

These samples were exposed to the hydrogen rich flame environment (F2/H2 
= 0.689) a t  temperatures .of 2100°F and 2120°F, respectively. 

Sample KO. 37 (Figure 12)  appears to have experienced only s l ight  

grain boundary interaction near the surface a f te r  exposure to the 

fluorine rich flame a t  a peak temperature of 1750°F for  approximately 



SAMPLE MELTED - 

REACTION PRODUCT 

MATERIAL: 3 1 6  S.S. 

CONFIGURATION : DOMED 
F2/H2 MIXTURE RATIO: 1 . 1 6 6  
PEAK TEMPERATURE (THERMOCOUPLE) : 21 3 9  9 
TOTAL EXPOSURE TIME: 1 1 2  SEC. 

Ffgirre 7. Hydrogen-Fluorine E:cperiment No. 9 



MAERFAL: 316 S.S. 
COW1 GURAT 1 ON : DOMED 

F2/i2 MIXTURE RATIO: 1.166 
PEAK 'EMPEWTURE (TI~ERMOCOUPLE) : 
TOT4L EXPOSURE TIME: 9 0 0  SEC. 

6X 

Figure 8. Hydrogen-Fluorine Experiment Nc. 41 
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MRTERIAL: HASTELLOY C 
CONFIGURATION: DOMED 

F$H2 MIXTURE RATIO: 0 .689  

PEAK TEMPERATURE (THERMOCOUPLE) : 2100  OF 
TDTAL EXPOSURE TIME: 185  SEC. 

Figure 10. Hydrogen- Fluorine Experiment No. 3 8 



MATERIAL: ~&T€LLOY C 
CDNFIGURATIDN :* DOMED 
F2/t12 MIXTURE W I O :  0.689 

PEAK ~ E M P . E M ~ ~ ! ~ E  (THERMDCOURLE) : 21 20°F 
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I'-' Figure 11. Hydroged;Fluorine Experiment No. 25 



MATERIAL: HASTELLOY C 

CONFIGURATION: DOMED 

F2/H2 MIXTURE RATIO: 1 .I66 
PERK TEMPERATURE (THERMOCOUPLE) : 1 7 5 0  "F 
TOTAL EXPOSURE TIME: 2 0 2  SEC. 

0 20 40 60 80 1 0 0  
MILS 

Figure 12. Hydrogen-Fluorine Experiment No. 3 7 



* 
three minutes. M t e r  a f i f teen minute exposure to a similar flame 

(F2/H2 = 1.166) , sample No. 45 (Figure 13) exhibited severe grain 

boundary attack to a considerable depth. A thin corrosion layer a 

few m i l s  thick is also evident in  the SOX photomicrographs (Figure 13). 

Two-color pyrmeter surface temperature data (Table 1) for  sample No. 11 

(Figure 14) indicates a surface temperature of 2420°F which is close t o  

the Hastelloy C melting range. The sample did indeed melt, but with no 

evidence of any severe exothermic reaction with the flame environment. 

Electron microprobe analysis of Sample No. 45 (Figure 13) was also 

conducted in  an attempt t o  identify the Hastelloy C grain boundary reac- 

tion products. The results of th is  analysis are discussed i n  section 3.2. 

3.1.3 Haynes 25 

Figure 15 is the metallographic data summary of hydrogen-fluorine 

interaction sample No. 39. This sample attained a temperature of 1950°F 

during a 277 second exposure to the fluorine rich flame (F2/M2 = 1.166). 

Sample geometry remained intact  and only a thin surface reaction layer i s  
evident from a study of the SOX photomicrographs (Figure 15). The appa- 

rent f l a t  dme of th i s  sample was caused by machining, not by any flame 

interaction process. 

The eroded sample depicted i n  Figure 16  (sample No. 12) was subjected 

to a heat flux severe enough to  cause melting. The thermocouple data for 
th is  experiment, however, indicates a maximum sample temperature of 'anly 

2280°F. A large themal gradient existed down the axis of the sample. 
The low tcmperaf~re reading w a s  caused by a mislocation of the themocouple 

in the dri l led passage. This is an isolated occurrence, since great care 

was taken to insure contact of the thermocouple with the sample throughout 

th is  study. The SOX photomicrographs of Figure 16 clearly show the Haynes 

25 melting mechanism but f a i l  to yield any evidence of surface flame inter- 

action. 

Sample No. 1 7  (Figure 17) was subjected to a much lower i n i t i a l  heat 

flux (Table 1) than the previous sample (Figure 16). The sample's micro- 

structure (Figure 17) differs  from that of the previous sample (Figure 16) 

due to the different thermal environments to which they were each subjected. 

P 
Although the flame conditions were the same i n  experiments 37 and 45, 

the peak sample temperature ultimately reached 2280°F in  the f if teen 
minute experiment 45. 



Figure I f .  

MATERIAL: HASFELLOY C 
CONFIGURATION: N E D  
F2/H2 MIXTURE RATIO: 1.166 
PEAK TEMPERATURE (THERMOCOUPLE) : 
TOTAL EXPOSURE TIME: 895 SEC. 

6X 
-- 

Hydrogien- Fluorine Experime 



I REMNANT THERMOCOUPLE 

MTERIAL: HASTELLOY C 
CfJWFIGUWION: DOMED 
f#H;! MIXTURE RATIO; 1,166 
FEBk TEMPERATURE (THERWCOUPLE) : 2356T 
TOTAL EXP(KURE TIRE; 123 SEC. 

Figure 14. ~ ~ d r o ~ e n -  ~luorine Experiment No. 11 
.,_ . , .  - ' .  
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TbTAL EXPOSURE TIME: 277 SEC. 
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Figure 15. Hydrogen-Fluorine Experiment Nc. 3 9 



F igure 16. Hydrogen- Fluorine Experiment No. 12 



MA-ERIAL: HAYNES 2 5  
COflFIGURATION : DOMED 
f2;H2 MIXTURE RATIO: 1.166 
PEAK TEMPERATURE (THERMOCOUPLE) : 2 4 6 0  O F  

TOTAL EXPOSURE TIME: 2 0 0  SEC. 

sox 

Figure 17. Hydrogen-Fluorine Experiment No. 17 



Sample No. 44- (Figure 18) was exposed t o  the fluorine r ich flame 

(F2/H2 = 1.166) environment for  f i f teen minutes up t o  a maximm measured 

bulk temperature of 2280°F. The top of the sample was just  beginning t o  

melt as the t e s t  was concluded. This portion of the sample can, therefore, 

be assumed to  have reached a temperature of about 2500°F. The sample geo- 

metry remained intact and no appreciable interaction, other than a thin 

surface coating, is apparent from the photomicrographs (Figure 18) a t  temp- 

ersltures approaching the Haynes 25 melting range. Limited grain boundary 

attack is i n  evidence a t  the very top of the sample, the hottest  spot. 

This sample was subjected t o  electron microprobe analysis. The results  

of th is  analysis are discussed in  section 3.2 of th is  report. 

Figure 19 is the photographic data sumnary fo r  Sample No. 36, a sam- 
ple exposed t o  the hydrogen r ich (F2/H2 = 0.689) flame a t  a maximum temp- 

erature of 2270°F. There is no evidence of gross reaction w i t h  t h i s  par- 

t icular  flame environment, other than the thin surface reaction coating 

and a very limited grain boundary attack a t  the hottest  portion of the 

sample. 

A l l  tantalun samples subjected t o  metallographic analyses and reported 

herein showed considerable interaction and corrosion with both the fluorine 

and hydrogen r ich flame environments (F2/H2 = 1.166 and 0.689) for  tempera- 

tures above 2350°F. Two-color pyrometer surface temperature data of the 

order of 1000°F higher than calculated steady s t a t e  values (Table 1) indi- 

cate rapid exothermic interaction a t  the flame-sample interface. Figures 

20, 21, 22, and 23 are the metallographic data summaries for  those tantalum 

samples which were exposed to  these flame environments a t  temperatures of 

2350°F and above. The typical SOX photomicrographs (Figures 20, 21, 22, 23) 

indicate reaction zones of .010 t o  .020 inch thick with oxidation figures, 

a t  the tantalum reaction zone interface, .002 to  .005 inch i n  depth. Severe 

erosion of the upper sample surface is evident from the appearance of the 

6X photomicrographs of Figures 20 and 22. 

Sample No. 43 (Figure 24) was exposed t o  the fluorine r ich (F2/H2 = 

1.166) flame environment for  f i f teen minutes attaining a maximm tempera- 

ture of 2000°F during th is  exposure. 'Phe only evidence of interaction was 



REACTION PRODUCT 

WTERIAL: MYNES 25 
CO)lf TOt9RATION : IPOMED 
F@H2 I ~~ IXTURE RATIQ: 1.166 
PEW TEMPERATURE (THERMOCOUPLE) c 

TOTIYL EXPOSURE TIME: 900 SEC. 

Figure 18. H~drogen-Fluorine Experiment Nee. 44 
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Figure 20. Hydrogan- Fluorine Experiment No. 18 
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REACTION PRODUCT 

MATERIAL: TWTALUM 

COWIGURATIO4: DOMED 

F2Jt12 MIXTURI  RATIO: 1 .I66 

? E M  TEMPERATURE (THERMOCOUPLE) : 2 3 5 0  'F 
TOT4L EXPOSURE TIME: 9 0 0  SEC. 

Figure 22. Hydrogen- Fluorine Experiment No. 46 
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Figure 23, Hydrogen- Fluorine Experiment No. 3 1 
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MATERIAL: TANTALUM 

CONFIGURATION: DOMED 
F$H2 MIXTURE RATIO: 1.166 

PEAK TEMPERATURE (THERMOCOUPLE) : 
TOTAL EXPOSURE TIME: 900 SEC. 

0 20 40 50 80 100 6X 
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Figure 24. Hydrogen- Fluorine Experiment No. 43 



a thin surface corrosion layer with no visible interaction i n  the sample 

microstructure immediately below this surface. 

The white crystalline reaction product, present on a l l  tantalum sam- 

ples exposed to the hydrogen- f luorine flame environments, has been ident i - 
fied by x-ray diffraction techniques as tantalum oxide. All hydrogen- 

fluorine interaction studies were performed i n  a surrounding ambient a i r  

atmosphere. This tends to simulate true launch abort conditions. Tanta- 

lum fluoride (TaF5) most probably was formed but, because of its low boil- 

ing point (229. S°C), its presence in  the exposed sample was not detected. 

Sample No. 43 (Figure 24) was subjected t o  electron microprobe ana- 

lysis  in a further attempt t o  determine the reaction products in  the exposed 

sample. The results of th is  analysis are presented i n  the following section. 

3.2 ELECTRON MICROPROBE ANALYSES 

Electron microprobe analyses (EMA) were conducted on three radioisotope 

containment materials for the purpose of determining the nature of the inter- 

actions that took place in  the Hz-F2 flame environment. The materials ana- 

lyzed i,rere Hastelloy C (experiment 45), Haynes 25 (experiment 44), and tan- 
- i 

talun (experiment 43). Photomicrographs of the flame-exposed samples prior 

to BlA are shown in  Figures 13, 18, and 24. A s  can be seen i n  the figures, 

the top portions of each sample had appeared to int2ract w i t h  the H2-F2 flame. 

Accordingly, the interacted portions were subjected t o  the following analy- 

ses : 

1. Beam scanning for  detection of metallic constituents. , 
The arbas scanned by th is  technique are shown as squares 
in Figures 25, 26, and 27. 

2.  Step scanning elemental profiles. These analyses were 
conducted to  determine what elements were present i n  
the corrosion products ,md grain boundaries of the 
exposed samples. These analyses show up as lines in  
Figures 25, 26, and 27. 

R 
The squares and lines in the figures arc contamination traces due to  

electron impingement and arc always present in  DlA tested specimens. 



C HASTELLOY C ALLOY 

Figure 25. Hastelloy C from Experiment 45 Showing 
Area Examined by EMA. 



TRACES FROM 
EMA ANALYSES 

Figure 26. Haynes 25 Sample from Experiment 44 Showing 
Area Examined by EM4 
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3. Peak t o  background rati'os. These analyses employed a 
stationary electron beam and were used t o  determine a 
limit for the detection of oxygen, ' fIuorine, and ni tro-  
gen i n  the containment materials. 

A l l  of the EMA analyses were conducted on unetched metallurgically 

mounted samples polished through 0.05 micron diamond, An Applied Research 

Laboratories Model M was operated a t  ei ther  15 o r  20 kilovolts with a 

0.1 microampere beam current (on brass standard) fo r  the peak t o  background 

determinations and 0.02 microamperes fo r  the beam-scanning mode of opera- 

tion. 

3.2.2 Results of the Analysis 

In the following paragraphs are presented the EUA resul ts  f o r  W t e l l o y  

C ,  Haynes 25, and tantalum. 

3.2.2.1 Hastelloy C 

The flame-exposed sample of Hastelloy C was characterized by the pre- * 
sence of extensive grain-boundary attack. Three photographs of a single 

grain boundary are shown i n  Figure 28 fo r  back-scattered electrons (BSE) , 
chromium-Ka x-radiation and oxygen-Ka x-radiation. The BSE photograph 

clearly differentiates between the metal1 i c  (white) portion and the non- 

metallic (dark) portion. The second picture which w a s  taken using chro- 

m i u m  Ka radiation shows that  the grain boundary does contain some chromiwn 

but certainly a t  a lower cbncentration than the parznt material. The ** 
third photograph shows that  oxygen is concentrated within the grain 

boundary. 

Fluorine and nitrogen determinations which were made of the Hastelloy 

C sample are summarized i n  Table 2, The data i n  the table indicate that  

fluorine is vi r tua l ly  non-existent i n  the reacted sample and tha t  nitro- 
gen, i f  present a t  a l l ,  is certainly no more than 1% in  the grain boundary. 

These data, when viewed i n  the l ight  of the oxygen picture shown in  Figure 

28 imply that  the primary corrosion product i n  th i s  Hastelloy C sample was 

X: 
I t  should be mentioned tha t  the photographs from EM4 are mirror images 

of those taken on a metallurgical metallograph. Thus, the photographs 
i n  Figure 28 show the mirror image of the photomicrograph i n  Figure 13. * * 

The third photograph required a 1-hour exposure time i n  order t o  obtain 
a usable film. 



Back-Scattered Electron 
Scanni ng Image ~t 
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i s  White 
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Figure 28. Hastelloy C Sample from Experiment 45 



TABLE 2 
EJJMlARY OF FLUORINE AND NITROGEN DETERMINATICNS IN Hz-F2 
FLAME EXPOSED HASTELLOY C AND VARICUS !?'I'm SAMPLES 

Element 

Fluorine 

Fluorine 

Fluorine 

Fluorine 

Fluorine 

Nitrogen 

Ni tragen 

Nitrogen 

Nitrogen 

Nitrogen 
! 

Location 

Hastelloy C: Standard Sample 

Hastelloy C: Exposed Sample- 
metallic portion 

Hastelloy C: Exposed Sample- 
non-metallic portion 

Hastelloy C: Edge of Exposed 
Sample 

Sodiwn Fluoride: Standard 

Hastelloy C: Standard Sample 

Hastelloy C: Exposed Sample- 
metallic portion 

Hastelloy C: Exposed Sample- 
non-metallic portion 

Hastelloy C: Edge of Exposed 
Sample 

Boron Nitride : Standard 

Counts 
Peak 

1.4 

1.5 

1.1 

0.8 

631.1 

43.1 

43.1 

35.7 

25.6 

357.5 

per Second 
Background 

nil 

nil 

1.1 

0.8 

2.6 

42.6 

42.6 

31.6 

17.0 

13.4 



oxygen. This result would indicate that the Hz-F2 flame did not react 

extensively with the bulk Hastelloy C sample per - se under the conditions 

of this experiment (2280°F peak temp.) but that the corrosion product 

was due to the exposure to high temperature in an abnosphere that included 

air. 

3.2.2.2 Hayncs 25 Alloy 

The flame-exposed specimen of Haynes 25 was characterized by the pre- 

sence of grain-boundary attack at the surface of the sample in closest 

proximity to the HZ-F2 flame. Three photographs were taken of a single 
interaction area using back-scattered electrons, tungsten La x-radiation, * 
and oxygen Ka x-radiation. The photographs are shown in Figure 29 . In 

the top photograph the surface corrosion area is clearly seen as the dark 

area in the upper right hand corner. In addition, the localized darker 

areas within the'picture correspond to the general shape of the grain 

boundary shown in Figure 26. In the second picture, it is seen that the 
tungsten concentration is noticeably lower in the corrosion product than 

in the parent material. In the third picture, oxygen is indicated to be 

concentrated only in the corrosion product area and even there, at a low 

concentration (4 %) . 
The results of fluorine and nitrogen determinations are presented in 

Table 3. The data in the table indicate that the fluorine concentration 

in the exposed Haynes 25 sample is virtually zero. The data for nitrogen 

are open to some variety of interpretation due to the presence of the 

cobalt radiation line which overlapped the nitrogen line. However, the 

most reasonable approach is to assume that the unexposed sample of Haynes 

25 was free of nitrogen. It then follows that the nitrogen concentration 

in the exposed sample is no more than the following value (based on 56% N 
in BN) : 

Thus, it appears as if the principle nonvolatile corrosion product formed 

in experiment 44 was priniarily' a complex oxide-nitride rather than a 

fluorine-containing solid product. 

X 

The area shown in the photographs is a mirror image of that shown in 
Figure 26. 
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Figure 29. Haynes 25 Sample f r o m  Experiment 44 



TABLE 3 

S M Y  OF FLUORINE AND NITROGEN DETERMINATIONS 
IN HAYNES 25 ALLOY ON VARIOUS STANDARD MATERIALS 

* 
Nitrogen values include contributions from overlapping cobalt radiation. 
Since only one nitrogen x-ray line (the KO) falls within the usable range 
of EM, the overlap could not be avoided, 

,' 

L 

Element 

Fluorine 

Fluorine 

Fluorine 

* 
Nitrogen 

* 
Nitrogen 

* 
Nitrogen 

* 
Nitrogen 

Nitrogen 

Locat ion 

Haynes 25: Standard Sample 

Waynes 25 : Exposed Sample ; 
metallic portion 

Sodiun Fluoride: Standard 
Sample 

Haynes 25: Standard Sample 

Haynes 25: Exposed Sample; 
metallic portion 

Haynes 25: Exposed Sample; 
in grain boundary 

Haynes 25: Exposed Sample; 
corrosion zone 

Boron Nitride: Standard 
, 

i Counts 
Peak 

1.0 

1.4 

631.1 

123.9 

129.4 

97.0 

8.9 

357.5 

per Second 
Background 

nil 

1.1 

2.6 

47.7 

46.8 

41.3 

9.2 

13.4 



3.2.2.3 Tantalum 

The flame-exposed specimen of tantalum was characterized by the pre- 

sence of a thick white corrosion product on the surface of the sample. 

The interface between the corrosion product and the parent metal was exa- 
mined by means of back-scattered electrons, tantalum La x-rays and oxygen 

Kcr x-rays and the data are presented in Figure 30. The top photograph 
clearly shows that the corrosion product is non-metallic (due to absence 

of back-scattered electrons) and the second photograph shows that the 
product contains tantalum. The third photograph indicates that the cor- 

rosion product contains oxygen. 

The results from fluorine and nitrogen determinations (by step-scanning 
and stationary beam techniques) are given in Table 4. 

TABLE 4 
S W Y  OF FLUORINE AND NITROGEN DETERMINATIONS 

IN HZ-F2 FLAME EXPOSED TANTALUM 

Element Locat ion 
Counts per Second 

Peak Background 

Fluorine Tantalum: Exposed sample An a1 ternative approach 
in metallic portion and was used which employed 
in corrosion zone. spectral line analyses. 

No lines due to fluorine 
were found. 

Nitrogen Tantalum: Exposed sample 70.8 
in the metallic portion. 

Nitrogen Tantalm: Exposed sample 56.2 
in the corrosion zone. 

Tantalum Tantalum standard 

Tantalum Tantalum: Exposed sample 71 
in the corrosion zone 

The data in the table indicate that fluorine and nitrogen were absent from 
the exposed tantalum sample. The data also provide a basis for a quanti- 

tative determination of the tantalum content in the corrosion product if a 
linear relation is assumed between the net Ta-intensity and the weight 
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Figure 30. Tantalm Specimen from Experiment 43 



* 
percent tantalum . The result is 

In view of the fact that Ta205 contains 82% Ta, it seems safe to state that 
the nonvolatile corrosion product is primarily Ta205. 

The general conclusion that can be drawn from the EM studies is that ** 
fluorine was not found in the interior of any of the three samples that 
were investigated by EMA techniques. The absence of fluorine may be attri- 
buted to the high volatility of any fluorides that would have been found. 
However, due to the fact that the examined samples did not undergo catas- 

trophic physical change during exposure (with the possible exception of 
Hastelloy C) it seems unlikely that any great amount of fluoride formation 

took place. 

4. CONCLUSIONS 

The following conclusions are based on a careful study of all avail- 

able data and analyses : 

Reaction rates for Type 316 stainless steel in the H2-F2 
flame environment at both low and moderate fluorine con- 
centrations are fairly low and are not considered to be 
of major concern from launch abort radioisotope contain- 
ment safety considerations up to temperatures of 2000°F. 
Above 2000°F and up to the melting range, reaction rates 
are rapid and the possibility exists for catastrophic 
failure through self heating or ignition of the stainless 
steel in the HZ-FZ environment. 
hastelloy C does not react rapidly in an Hz-F2 environment 
rich in fluorine at temperatures below 1800°F. However, in 
a flame environment containing large concentrations of 
fluorine, hydrogen-fluoride and atmospheric air Hastelloy 
C is subject in a period of a few minutes to severe inter- 
ior grain boundary attack to a considerable depth in the 
temperature range above 1800°F. The modifications to the 
microstructure of Hastelloy C due to the combined influ- 
ences of the hydrogen- fluorine flame and atmospheric, air 
can be expected to produce significant changes in the 
mechanical properties of this alloy. - The assumption is g n d  to + 5 units of weight percent. ** 

Hydrogen cannot be detected by BIA techniques, 



3. In the fluorine and hydrogen fluoride rich flame environment, 
Haynes 25 does not undergo catastrophic interaction at sample 
temperatures below 2200°F. Radioisotope containment safety 
considerations should not be compromised by chemical reac- 
tions with F2 or HF below 2200°F for periods of many minutes. 
Above the 2200°F temperature range and up to the alloy's 
melting range, flame interaction could be catastrophic. 

4. Tantalum reaction rates in flame environments containing 
fluorine and hydrogen fluoride are slow relative to a 
period of minutes time scale below about 2000°F. At temp- 
eratures above 2000°F, the tantalum tends to react rapidly 
a d  exothenically with the Hz-Fz environment. 



APPENDIX A 

Macro-photographs for all exposed hydrogen- fluorine interaction samples 
are included in Appendix A. These photographs allow qualitative estimates 

to be made of the degree of interaction for each sample-material and flame 
condition investigated. The macro-photographs for the first eight experi - 
ments (cylindrical sample configuration) are included as Figures A- 1 and 
A- 2 .  

Temperature versus time plots for all reportable interaction experi- 

ments utilizing the "domed" sample configuration are presented together 
with the corresponding sample's macro-photograph. These experiments were 
nmbered 9 through 46 inclusive and are presented as Figures A-3 through 
A-39 (experiment No. 42 was a blank and is not included). 
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Figure A-7. Temperature vs. Time Data for Experiment No. 13 
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Figure A-20. Temperature vs. Time Data for Experiment No. 26 
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Figure A-25. Temperature V-s. Time Data for Experiment b. 31 



0 20 40 60 80 100 120 140 1 60 

TIME (SECONDS) 

EXP NO.  32 

HASTELLOY TYPE C 

F2/H2 MIXTURE RATIO: 0.689 

OTHERMOCOUPLE DATA 

DTWO COLOR PYROMETER DATA 
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Figure A-29. Temperature us. Time Data for Experiment No. 35 
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Figure A-31. Temperature vs. Time Data for Experiment No. 37 
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Figure A-32, Temperature vs. Time Data for Experiment No. 38 
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Figure A-35. Temperature vs. Time Data for Experiment No. 41 
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Figure A-38. Teinperature vs. Time Data for Experiment No. 45 
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