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NOTICE

UNITED STATES PATENT OFFICE SECRECY ORDER

A patent apptication hax been filed in the U, & Pafent Office by North
American Aviation, Inc based upan subject matter inctuded herein o
related hereto, and the Secrecy Order appended horetohas heenissued
thereon pursuant to Title 35, United Sfates Code (1952) Sections 181-188.
Further dissemination of said subject matter is prohibied except in
strict compliance with said order. The recipient of this document g
rrquested to notify all persons who will have accessto this material of
the Secrocy Order. Penalties for vialation of a Serrecy Order jrclude

otl:o(h.

& fine of up to $10, 000 or imprisunn.em for oot more thau two years,

DEPARTMENT OF COMMERCE
United Rates Patert Office
Washington

SECRECY ORDER

NOTICE: To the applicart abnve named, his heirs, and any and alt
his assignees, attorneys andagerts, hereinafter designated principals:

You are hereby notified that your applicationas above identified has
been tound Lo conta’s subject matter, the unauthorized disclosure of
which might be detrirnental tothe public nlet) or delense, and yuu are
ordered in nowise to publish or s iy matertal
infarmation with respect thereto, lm ludinghkhvto unpumial‘ed details
of the subject matter of said application, in any way to any person not
cognizant of the invention prior to the date of the order, including any
employee of the principals, but to keep the same secret except by
written permission first obtained of the Commissioner of Patents, un-
der the penalties of 35 U, S, C. (1952) 182, 166,

Any other application which contains any significant pan of the sub-
ject matter of the above identified application falls within the scope of
this order, H such other application does not stand under a secrecy
order, it and the common subject matter should be brought tothe atten-
tion of the Patent Security Division, Patent Ofiice.

I prior tothe issuance of the secrecy order any significant part of
the subject matter has been revealed to any person, the principals shall
promptly inform such person of the secrecy order and the penalties for
{rgproper disclosure.

* This order should not be construed in any way to mean that the
Government has adoptedor contemplates adoption of the alleged inven~
tion disclosed inthis application; nor is it any indicationof the value of
Nclg invention,

DEPARTMENT OF COMMERCE
United States Patert Office
Washington

PERMIT FOR PATENT APPLICATION
CLASSIFIED BY GOVERNMENT CONTRACT

This permit authorizes the principals. as designated in the
secrecy order, to take any action with regard to the subject matter of
the application, to the « xte:t authorized by the security requirements
of the Government contract which imposes the hizhest security classi-
fication on the subject matter of thig application, excapt that this per-
mit does not authorize expoct of this application or the subiect matter
thereof, whether for the foreigr: filing of corresponding applicatfons or
otherwise, Permission for such export must be speciiically obtained
from the Patent Q*fice.

When U,S. Government drawings, specifications, or other data cre used
for any purpose other than a definitely related Government procurement
operation, the Government thereby incurs no responsibility nor any
obligation whatsoever, and the fact that the Government may have formu~-
lated, furnished, or in any way supplied the said drawings, specifica-
tions, or other data, is not to be regarded by implication eor otherwise,
or in any manner licensing the holder or any other person or corpora-
tion, or conveying any rights or permission to manufacture, use, or
sell any patented invention that may in any way be related chereto.
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This report is an uddendum to the final report (Ref, 1) -
issued under Contract AFOR(611)~9563 and is subnitted

under Rocketdyne G.0, 8553 in compliance with the first |

and second modifications reflected in Supplemental Agree-

went No. 5 to the contract. The research répbrtnénhetcinf:iSL &;" o

represents additional effort conducted over a period of
15 November 1964 through 15 November 1965 under a contract

extension, This rescarch was sponsored by the Air Force

Rocket Propulsien laboratory, Rescarch and Technology

Division, Air Force Systems Command, Edwards, Califernia,
with Mr. G. Allen Beale acting as Air Force Project
Enginecr,

The effort was conducted in the Chemical Rescarch‘Section
of the Rocketdyne Research Department, with Dr. J. Silverman
serving as Program Managemgnd Mr. M. T. Constantine serving

as Responsible Project Scientist,

This report has been assigned the Rocketdyne identification
number R-6445.

This technical report has been reviewed and is approved.
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CONFIDINTIAL ANSTRACT

The resalts of long-term, ambient- tcmporature matorials -

compatibility and storability studies with chlor1nc prﬂta« '

fleorids (LLF } are reported as an extension of efforts

- - conducted nndvr Contract AFO&(611)~9563. Dupllontv sets s

of 3% different materials of cnanructxon, exposed to the

liquid and vnpor phases of CIF for a perxod of 19 months,

exhibited oolr)41or rates 51m11ar to those demonquxatcd

previously in 30-day materials compatibility studies under

both ambieni~temperature and 160 F conditions. Periodic

analyses of CIFS somples stored at ambient tempcrdtures

in 321 stainless steel, 6061 aluminum, Monel %00, and
oxygen-free copper for a period of 13 months indicatcd'

- an absence of propellant dccomposition and/or reaction.
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CONFILENTIAL

INTRODUCTION AND SUMMARY

Under Contract AFU%(U]])»DﬁGS, Rocketdyne initiated an 0tplnratnqy
development program on the engineering characterization of CIP for the
purpose of advancing the state-of-the-art of this storable hxgh—vnvrgv
oxidizer, During the first year of the contract, 15 Lnchbcr 1963 teo

1% November 196%, the program consisted of two phases. Phase I was
designed to produce at least 80 pounds of ClF while Phaqo Il comprised
the exporxmnntnl and and;"tlcal 1nve~t1gut10n of tho phy31ca] and 0""1"0»:
ering properties of ClF,., mcludmg dcnszt), vapor pressure, ritica! |
properties, surface ton<1on, compressibility, specific heat, heat of
vaporization, viscosity, thermal conductivity, dielectric constant, clec-
trical ronductivity, thermal stability, detonation sorﬁitivity, materials
compatibility, and storaﬁility. This initial 12-month eoffort was com—

pleted and a final report (Ref. 1) was issued in Aplll l“()‘

A 12-month extension of the contract was granted to permit continuation
of experimental characterization of selected physical and engincering
properties of CLF Primarily, this effort was directed at long—term
materials compat1b111ty and storability studies; ho. ever, additional
viscosity and electrical conductivity studies were planncd These arecas
of study, as well as other efforts conducted within the scope of this
program since 15 November 1964, arc described in terms of experimental

techniques and results.

During this 12-month extension of the contract, Rocketdyme supplied

1 pound of 99.2+ weight pereent purity Cl¥5 to the Battelle Memorial
Institute as a continuation of Phase T of the original effort.

During Phase II, duplicate sets of 34 different materials of system econ-
struction were exposed to the liquid and vapor phases of ClF5 for a

period of 19 months at temperatures of 30 to 100 F. The effects of this
closed-system exposure, evaluated on the basis of visual inspection and
weight gain/loss analysis, indicated that all the materials were compatible

under the test conditions.




Samf!vs of CIFy were stoved in 301 stainless steel, 6061 @ iuminum,

Monel h00, nnd‘u\yavn~frcv copper containers (initial ullages of ~20 to

30 pereent) for 13 months at awbient temperatures. In addition to weckly
monitoring of container pressures and amhient temporahufvs, small liquid
and vapor samples were removed from ecach container and chemically analyzed
monthly., No significant changes were noted in pressure orv composition

during the entire sterage period,

The viscosity of liquid CiF, from -38 C (-36.% F) to 20 € (68 F) was

completed in time for inclusion in Ref. 1. Coentemplated extension of

~electrical conductivity mcasurements was deleted from the plunned‘efforts.>

All C1F,. engincering property data gencrated during the active period of
this p .gram as well as pertinent data derived from other programs, have
been collected and will be assembled fo publication in a Chlorine Penta-

fluoride Unginecering Properties landbook under Contract F04-611-67-(-0006.

2

~ CONFIDENTIAL

i
1
§




CONFIDENTIAL

TECHNTCAL PROGRAM

PHASE I: CHLORINE PYNTAFLUORIDE MDLCTIO\

OBJECTIVE

The objective under Phase I of the original .l‘”'v-m&n'tﬁ program was the
production of a minimum quantity of 80 pounds of %4- porcont: CIP5 and
‘utilization of this material to satisfy Phase IL yrapellant requirements
as well as provide limited quantities for shipment ‘to other uscrs as
directed by the Air Force. ‘

RESULTS

The original Phase I objectives were satist'ied_m‘d“the details were
reported in Ref, 1. However, during the 12-—monthf extension of the con-
tract, an additional shipment of 1 pound of (:11}‘5 was made on 19 March 1965
to the Battelle Memorial Institute at the request of the Air Force. The
purity of the C1F5’ as determined by chemical analysis prior te shipment,
was 99.2+ weight percent. This shipment was the sixth such shipment and
brought the total quantity of ClF5 shipped undgr this contract te approx-
imately 14.5 pounds. :
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PUASE T1:  ENGINEERING PROPERTY CHAUMCTERTZATION oF ClF;

ORTECTIVE

The primary objective of the 12«month extension to the program wos to ,
continue the Phase IT chlorine pentafluoride engincering property deter-

minations, The latter included the following:

1.  long-term ambient temperature matérials_compatibility' 3-‘
c 2, Long—torh’umbiont teﬁpérnture storability
3. Completion of viscosity measurcments

. Extension of electrical conductivity measurements

LONG-TERM MATERL'LS COMPATIBILITY

Experimental Technique

As reported previously (Ref.vl), 54 different materials were selected for.
static compatibility screening studies with both liquid and vapor ClFs.
Selection was based on materianls normally utilized in the aerospace

industry. An attempt was made to select at least one representative from
cach class of materials which would be of interest. Simulation of actual

propellant storage conditions was considered foremost in the investigation.

All sample materials (Table 1) were machined into test disks (approximately
11/16-inch diamcter and 1/32-inch thick with a center hole measuring

0.11 inch). An identification stamp was imprinted, and cach sample was
degrcased with trichloroethylene and acetone. The metal samples were then
gsubjected to héﬁt treatments compatihle with typical end-use conditions
(Table 2). The final heat treatment or condition of all materials tested

prior to immersion in ClF5 is given in Table 1. After heat treatment,

CONFIDENTIAL
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TARE 1

MATERTALS (v‘()‘\il'f\:l'lIHHT'{ SANPEER

Haterial

ileat Treatment
o
Condition

Group 1

1100 A1
C2024 Al
C 0024 A)

2219 At

6OOY AL

0060 Al

U7 M

7079 Al

5’!37 \l

X700 Al

50006 Al

Group 2
Inconel-X
504 Stainless Steel
310 Stainless Stecel
7T Stainless Steel
Rene ' %1

lastelloy-C
Nickel 200
Nickel 211
hel-¥F 21

Group 7
h10 Stainless Steel
Pl 15-7 Mo
350
A 355
FEP Teflon
TI'E Teflon

Group 4
Monel 400
Monel 402

0

551
1331

TOH1

O

fO

TOSE
G
0
0

Tensile, 150,000 psi

- Full hard

full hard
Full oard
1950 ¥, 1 Lour, air

cooled; 1W00 F,

10 Lours, air cecled
Sotution lLicat treated
Annecled
Anncaled

Tensile, 130,000 psi
RL1O%50 ’ .
SCT 850
SCT 1000

Annealed
Annealed

Mone! K-300 Aged
Monel 3501 Aged
VMonnel R-40% Annealed
Honel 505 Annealed
“Monel 507 Aunealed
TP Copper llard

CONFIDENTIAL

i
3
§
3
i

e e At D BN e s

i



CONFIDENTIAL

acs 108 | | eLo rremdoy B TTOWPOY | G6lGoLH | 0<E W

0001 10S %) T1amd0y 0LV TTPM490Y | 6=CaCyGINl € W

R R , ova aaoys | 18 4-19Y

pavy HOUT 119820y aaddo) dIl
pojesayl 3eay S : :

uotjnjoy CRO TToM R0y 18 01 J-AatraIseyy

€oq 2a0tg uo(sol A1l

) Coq arous . wo[3ol dal

pateauuy | . €90 Tromooy | osy 11220y THOSI 20¢ 12uoK

podv | €CO Tramyoy CN1 i CXUEL X#C9L | 06 x-rouodug

pavauuy L6 Trompoy | o Tiamyaoy 6LHES €oC 1ouo)

pa [rauuy’ 00l Tromppoy | ald Tioadoy A6LLLN 116 191X

pajeauuy O TTomYRON | 0GR Tiowpoy YLOVIN 005 19YPIN

pa franuy , GG TTepPOoy | G611 T1omdoy HSOELN Coy—y [2UOK

._ poBv | ootg Tromwpoy | 6L TIOMYI0Y | IDISCEBK 105 10Uk

pov | oota TTomyd0y a0l T1ssj00y NL0CBI 00E=Y TaUoK

‘patvauwy | guI Tromyaoy | ced Tiowpey | KIG60SK SOy T9UOK

paquaumy | _ VO TToAP0) | T TTosNpo) | JSUSRR0K 00% TOUO)K
U013 1pUe) SAuIBy asyw TTRan [rouny Furutuovey *oy 1udj] 1n1a01u)

1301 -30a] : - REXN ot REL DAY Jopuoy

jrutrj

i

ssouav]] oyjdunes

CINGRIVAUT IV UIIRVS

2 THNY

CONFIDENTIAL




CONFIDENTIAL
cach 6f the metal samples was pickled and/or resurfaced with ﬁn. 240

emery paper according to Table 3 (Ref. 2). Finally, the weight and

dimensions of ecach sample were recorded,

The specimens were divided into four groups as indicated in Table I,

Each group was loaded intu a separate bomb with specimens of each

material in both the liquid and vapor phascs. This scparation of materials
into groups was intended to eliminate erronecous results caused hy

possible interaction of dissolved components between samplé groups. A

set of four bombs, each containing an individual gidup'dt‘specimvhé;‘hﬁf773v”°

comprised one system for study.

Each container bomb assembly was constructed from a 10—inéh—long,‘l—inch-
diometer, stainless-steel tube with a stainless-steel bellows-tybc valve
at the top and an AN plug in the bottom. 'The tube was lined with Kel-F

sheet to prevent galvanic corrosion between the samples and the wall
of the bomb,

The groups of specimens were suspended on a Tefloa-coated wire with
alternate Teflon spacers. In addition to the spacers, each specimen
was isolated from other specimens, below and above, by alternating Kel-F
disks, After assembly, the specimens nad a spacing of 0.625 inch. The
configuration of specimen, spacer, and Kel-F disk is shown in Fig. 1.
This method of suspending specimens prevented scale and ether corraosion
products from dropping on the sample directly beneath., When loaded, |
sample bombs were suspended vertically, which ensured a herizontal
orientation for the specimens and Kel-F disks.

Four complete and identical systems were loaded with high-purity unmcon-
taminated (closed-system loading) CIF5 and prepared for materials com-

patibility screening under the following conditions:

1. One system in a 30-day ambient-tewmperature test
2, One system in a 30-day high-temperature test (160 F)

3. Two systems in a long-term ambient-temperature test

CONFIDENTIAL
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1 1030H

Materiatl

Monel 400
Monel 402
Monel K-500
Maonel 501
Monel R-405 -
Nickel 200
Nickel 211
Monel 505
laconel-X 750
Monel 507

Appearance After lleat Treatment

leavy scale, some coppering
lleavy scale, rusty appearance
No appreciable scale R

No appreciable scale

‘Heavy scale, some coppering

“No npprec’iablye scale

Heavy scale, no coppcrmg

Heavy scale, no coppen ing, less dxscoloratmn than 'Shckel 211

Not badly scaled, dark blue color

lleavy scale, no coppermg

" Rinse in Lot water prior to next Formula immersion

 Water, cc

bFormula 6

1000
Sulfuric Acid (36 degrees Be'), cc 100
Sedium Dichirouate, grams ; 132
Temperature, F 70 to 100
Time, minutes 5 to 16

Rinse in cold water and neutralize in 1 teo 2 v/o ammonia

Ad 355 Heavy scale, rusty appearance %

Al 350 lleavy scale, rusty appearance

ETP Copper No heat treatment - ‘

llastelloy C No heat treatment

Kel-F 81 No heat treatment

Teflon No heat treatment

: . aForniult_l__S . " ®Formula 7

Water, cc 1cee Jauc;, ec

Hydrochloric Acid ("‘0 degrees le’), cc 500 Sodium I{ydroxldc, grams -

Cupric Chlorile, grams » 30 Potassium Yermanguuate, g
. Temperature, F 180 *Temperature, F !

Time, minutes 20 to 40 Time, hours :

Rinse and pxchel in Fom

o perm:
Water, cc - s
Nitric Acid (42 degrces 1
lHydrofluoric Acid 3¢ deg:
Temperature, F, maximw
Time, minutes

Add 7 to 10 grams al: unm1
solutlou.

Caution: Samples are subj

attack in t..is solution,
a mirimum,

o i s s i i e 1 17




TABLE 5

JALING TREATMINT

Descaling Treatinent

Formula 5 (30 minutes), followed by Formula o (10 minutes)
Formula 5 (30 minutes), followed by Formula 6 (10 minutes)
Formula 5 (30 minutes), followed Ly Formula 6 (10 minutes)
Formula 5 (1 nour),‘fbllowed hy Formula 6 (20 minutes)
“Formula 5 (1 bow), followed by Formula 6 (20 minutes)
bemﬁlé 5 (l‘honr), followcd‘by Formula 6 (10 minutes)
Formula 5 (1 hour), followed by Vormula 6 (10 minutes)
Fortula 5 (1 iiour), followed by Formula 6 (20 minutes)

Formulas 7c, IOd, and 39, respectively; no results; finally sanded with emery

Formula 5 (1 hour), folloved by Formula & (20 minutes)
yﬂh.7 M/OVHKijat ambient temperature -

24,7 w'o IE“;B at ambient temperature

®Formnla 3

1000 ‘ Water, cc , 1000
266 : Sulfuric Acid (60 degrees Be’), ce 1500
grams 67 E . Nitric Acid (42 degrees Be’), cc 2250
‘ 212 .
1 to 2 Allow to cool and add:
N Sodium Chloride, grams 30
vla No. 10 Temperature, F ‘ 70 te 100
Time, seconds 5 to 20
via 10 1060 Rinse in water and neutralize in dilute ammonia
3e’), cc - 296G
grees Be'), cc 50
125
5 to 00

vm or iron per 1000 cc of

bject to intergranular : é
Keep immersion time to . 2
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In the closed-system loading of ClFs, cach bomh was first passivated
with CIF5 vapors at 25 psig and loaded with liquid se that half of the
samples were exposed to the liquid and an identical half to the vapors.
The clbscd—system transfer of CII-'5 into the bombs, from a calibrated

supply system, was used to prevent air and moisture eontamination of CIFG.

In addition to these tests, a selected group of samples was studiecd in
a prellm1nary 30~day compaiibility test with moisture and axr contam-

inated CIF5 at a control]ld temperature of 86 12 F. Samplr Combs for

' cach material spoc1mon were fabricated from Teflon’ nnd Ioaded with 61F5

in a direct open-air transfer. T.iis test was uch to evaluntc the effect
of handling ClF5 under contaminated system conditions. The Clbshwas
obviously contaminated with air and moisture that had condensed on the

prechilled bombs.

~ This test program, with the exception of the long-term nﬁbient;tempcraturc
tests, was conéluded during the initial 12 nmonths of the contract and

‘ reported in Ref, 1. Long-term ambieni-temperature tests were initiated

on two complete and duplicate systems during this peried (April I196%)

and continued through the 12-month extension of the contract.

Results and Discussion

Long-term materials compatibility screening tests with ¢1F5 were concluded
in November 1965 after 19 months (580 days) of closed-system storage at
.prcvailing ambient temperatures ranging from 30 to 100 F. The compat-—
ibility bombs were opened in a controlled atmosphere box under a dry
gaseous'nitrogen atmosphere. After removal from the CIFS.quuid and
vapor, the material specimens were dried by dry nitrogen gas over a
“ period of ~24 hours. The specimens were transferred under a dfy inert
atmosphere to a weighing dish., Weights and surface conditions of the

materials were noted and recorded,

CONFIDENTIAL
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Results of the long—-term materials compatibility tegts are summarized
in Table A, Thee group number assigned to ecuch material identifies the

container in which it vas tested and reloates materials tested together,

Weight changes in the materials are given in three different units,
milligrams per square decimeter, milligrams per square decimeter per

day (mdd), and mils per year, representing various moans of comparing
corrosion rate data, In the nomenclaturce used in ﬁatoriul welght gain/
loss analysis, a positive sign represents a welight 1055':0th0rwise a
weight gain i< indicated, The visual appvaranco nt thv mntvrxalq is the
‘condition of the surface before pvbondod etpoqure of the spoc1mons to‘: '

air (and moisture).

These data are compared to results from pxov1ou9 )0~day, amhlont—
temperature and 160 F tests (Ref. 1) in Table 5. The comparison is
based on weight change per exposed surface area (mg/kq dm) withéut a
time factor. This method was selected Bécause it was appéront'that c§r¥
rosion (weight ldss) and passivation (weightigain) rates based on the :
long-term tests were very small in comparison with those based on short-
term tests. The significance of this is discussed in the following ‘

paragraphs.

No metallographic studies were conducted oﬁ the long~term specimens,
to compare with those conducted previously (Ref. 1) because of cost
limitations. However, all specimens have been retained and can be

tested if future funding is available.

Aluminum Alloys. All aluminum alloys tested demonstrated weight losses

in both the liquid—exposed and vapor-exposed specimens. The magnitude
of the weight losses, which was similar for each alloy tested, was well »
within the corrosion resistance rating level ( <2.0 mils/&car) established
as excellent. It was noted that materials tested in container 1B
generally exhibited slightly greater weight changes then those tested

in container 1A.
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TABLE 5

COMPARTSON OF MATERIALS COMPATIBILITY RESULTS* FOR
EXPOSURE TO CIF,) UNDER VARIOUS CONDITIONS

Material Veight Chenge, ag'sq du
- Ligaid-Fxposed Samples Vapar-Fxpesed Sasples
Material 30-Day, asbienti 30-Day, 160 ¥ 500-Day**, sshient] W-Dur, sabient| W-Doy, 160 F| W:‘ﬂ(ﬁi
\ominue Atloys . ) } o e R .
1100 A1 : fow 18 5.6 Ty Aot oo CF e 0
: - i R ) L 16, %
2024 AY 1Y) N 9.81 a9 -} e TR RN (S N
. : 215.% 17,21
2004 A1 (T351) “9.52 7.8% +7.63 B X 49,66 [ ' .
+19.16 ) +17.27 )
2219 A1 (T381) <855 7.8% +7.%0 C A 11.7% SN ’
+16.64 ) +18, %9
S0R6 AL ] 11,76 -5, 9 L] %91 +7.82
) 116.%7 R +16.7%
47 Al +3.80 9.81 +9.49 1.6 1391 949
1328 R . 19,21 !
6061 A1 {1651) +9,24 1n.% 7.9 - LM 5.7t 2.9
+16.64 . e : 18,70 i
6066 AL (16) +7.46 15.69 +1.87 4. 1573 1,18
: : +18.66 D 18,87
X7002 A1 3.80 7.8% +9.49 p 5% ] 9.8t +7.9
+9.4Y o ; +1%.18
7075 A1 (16) 3.7 7.8y +9,51 . 3.62 7.08 “11.09
+15.21 +11.21
20,9 A1 (1651) 1.87 11.76 +7.%8 % mn -7
«16.7% +16.69
Aurtenitic Stainlese Stecls ‘ .
04 S 22,43 7.83 0 1.0t 7..3 1,00
) 5.66 ; L5
316 88 24,57 9.81 5.66 LY 7 AU 3.0 5.66
1,90 - +89.02("}
Y ose w77 11,76 [} 2%.4 3.7 +1,89
5.71 1.49
Nonaustenitic Stainlese Stecls .
P 15-7 Mo 39,47 15.69 1.9 1ty 1.6 °
5.62 . °
AM 50 7.71 11.76 5.77 .66 17.70 |
0 ] s1.9%
AM 355 17.61 2%.%5 25.69 ne - 7.0 .
3.7 ) 15.81
A0 §§ 20.64 60.90 62.7% LX) 1298 0 70.08
%.82 62.%0
i!(eknl ond Nickel-Base Alloyse .
Nickel 200 22,47 +9.81 [ n57 +7.8% +1.87
1.87 ° :
Nickel 211 32,26 1.9% 1.9 20.7% ] [ «1.90 :
3.79 . : +1.98 H
Inconel X-730 37.00 0 1,9 2] °o +1.08
. 3.9 3.9
Resme AL 30,42 n.7% 3.7 2y.81 13.7¢ 5.66
3.7 3.7%
Bastelloy-C ) 2.5 1.9% [ n.y [ +3,83
3.89 +91,62(*)

*A ponitive stgn indicates weight loma; othervise weight gain vas obaerved .
“sDgplicate samples were tested under same tert comditions resulting in twe dats peiwte
(*)Indicates & probable weight msesurement orror
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*A pomitive nigm Indiéntes weight lone: otherwise welght giin was abrerved
**Duplicate samplss were teated under same test rondluonn remltina in two data pointe.
{(?)indicates o probable weight measurement error

(Concluded)
_ Materirl Weight (bange, wg =g dw
figquid-Fapaned “amplen hpor-umaad mmpiu
Nateriat ey, awbient | 10-Day, 160 F]W0 Nayss, awbient]0-Dar, swbient] W tmy, 160 F]5a0-Nay asbient]
Copper_and Monel Alloye I ‘, . :

Monel 400 0,62 1.0 N 51010 9,80 11.6%
5. : 1.91

Moarl 402 0,0 +3.93 1169 R ALY 199 i.91
: : 771 7.59

Monel R-405 45,00 49,81 ¥.66 w23 X .66
S , 7.65 o .66

Monei K300 . I %.93 +1.9% b ALY 3.9% 7.72
< 1.9% - 21,93

Morel 501 61.% 21,55 EaR ¥l 57.%¢ %84 27.03
19,21 i 17,07

Monel %03 29,94 A8, 9.8 39.79 a 14,06
v ;o201 i 2,01

Monel W17 %] 57.00 .12 V217 7. 10 13,00
: . 2,02 . - .10
TP Copper ¥3.20 3150 13,81 270 15.76 210
. . },FG ' h..]

Nonmetallies ) .

FIP Tellon - 1.9 164 1035, 9 7.5
TFE Teflon - 5.0 1923 8. 9% 0.2
Kel-F 81 - - 728,17 91,19
. 7h5.02 71190

i
i
B}
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Visual examination of the aiv inum specimens indicated very Fittle or no
change in tie :wface of iy apocimen, No corresion pitfing was obvious
and the surta(us’gnqsvsgod the same bright appearvance of the pretest
condition, Sor: dulling of this shiny condition vas noted after the

specimens had heen exposed to air for several dayvs,

The results exbibited by the sluminusg alloys during the lbng»tvrm te ts
were slightly different from trjsb m£hibitod previously during 30-day,
ambient-temperature and 160 F tsstsyﬁm shown in Table 5. During the
shorter term tests, four of thc‘dmbicﬁﬁ‘testlsampfes and all of the 160 F
test samples showed ﬁeighfvgnins“(ind}cdtivé:6fﬁpdééitation) instead of
vvight lossos, Comparison of those thnt'eihibitc& ﬁoight losses shows

that the magnitude of the weight change was gencrally similar.

Austenitic Stainless Steels, The 300-sorio§ stainless stccls‘demonstratcd

(Table 4) very small weight gains in the quuid-cxpnéod samples and some
eonfliicting results for the vapor-exposed samples. (The vatue shown for
the 310 stainless steel specimen expoused to ClFs vapofs in container 2B
appears to be a discrepancy and probably represents an ervor in pretest
weight measurement.) This small change in weight is further supported by

visual observations in which no change was noted in surface appearance.

Table 5 shows that the magnitudes of weight gains during the long-term
tests were comparable to the 160 F tests and slightly less than those of
30-day ambient tests.

Nonaustenitic Stainless Steels., O0f the nonaustenitic stainless steels
tested, the PH 15-7 Mo and AM 350 samples showed slight weight gains, with

larger weight gains experienced with the AM 355 and %10 stainless-steel

samples. Surfaces of all specimens of this group were discolored and
dull, with slight surface attack noticeable at spots on the AM 350 and

AM 355 specimens, Although there appeared to be a thin film or coating on
all of the specimens, this film was quite obvious on the 410 stainless—

stecl specimen,

17
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Tho material wvight guinﬂ pcr nnit arca were quxlar fnr nnrh of these

-

spnc:mvns over the various test conditions (Table )), except for the PII
157 Mo specimen which exhibited less change during the 1ong~turm tests

than in the shorter tests,

Nickol and Nickel nuso Allnyq. Long~term cxposurc of the nickol and

nickel base alloys to liquid CIFr resulted in small weight gains; howcver,
g‘norally, the vapor-exposed samplos expvriencod small weight losses (a
. probable wexght measurement error exists in the hlgh value for Hhstelloy-c

- -specimen),  The nickol 211 and Inconel X-750 sp«cxmenq were discolored

and dull with some evidence of surface reaction. Sunfucgs_of.the Rene &1

and nickel 200 specimens had only véry slight evidence of film formation
(i.e., slight dulling and discoloration of the surfacc f1n1qh), whlle
© all Haqtelloy—c specimens showed no evxdencc of surface reactlnn.

In genera1,>comparison of results‘bf the various tést conditions for -

" the nickel and nickel base alloys indicatéd'somé similarities Betwccn the

160 F and long-term ambient teéis, but very little agreement with the
k30~day:ambient tests, It should be noted that very similar conclusions
_were in evidence in the Table 5 éomparison of the ahsteﬁitic stainless
~steels, These two types of materials shared the came test container’
during each of the test periods. ' '

’ Coppér énd Monel Alloys. The cdpper'and Monel alloYs, subjected to long-

term exposure to ClFS, experienced weight ga1ns of relatively slight-to-
moderate magnitudes. Although all of the Monel surfaces were discolored
and dull, evidence of attack on the two cast Monels, 505 and 507, was

. demonstrated in the form of surface pitting in the area of the identi-

~ fication indentation. The K-500 and 402 specimens showéd no evidence of
local attack, while the 400, R-405, and 501 specimens had small arcas of

dark grey spots indicative of some sort of localized attack. No attack

18
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was visible on the surfaces of the ETP copper s;ccimens with only a dul-

ling of the surface finish., This dullness was increased with continued

exposure to aiv,

Similar results (Table 5) were experienced with previcus exposure of the
copper and Monel alloys to CIF5 during 30-day, ambient-temperature and
160 F tests, but the magnitude of the weight gains were genmerally larger
during the 30-day ambient tests, In addition, some weight losses had

been measured during the 160 F testing of this group.

Nonmotdlliés.i Long-term testing of the nonmetallics;tﬁﬂP Teflon, TFE
Teflon, and Kel-F 81, resulted in the expected large weight gains
experienced in previous testing. All of the specimens absorbed small

. amounts of ClF5 with magnitudes between materials running in the erder
of Kel-F 81 > FEP Teflon > TFE Teflon. No visible attack was noticeable
" on the Kel-F 81 specimen; however, both Teflon specimens had black dis-

coloration around the perimeter surface.

General Summary., In summarizing the results of the long-term materials

compatibility tests as well as their comparison with previous short-term
tests, it was obvious that none of the materials tested showed evidence
of severe attack by either the liquid or vapor phases of ClF5 under the
conditions tested. Although there was a wide range of variation in the
magnitude of weight changes and visual appearances boetween the various
samples, the resistance of all materials tested (to attack by ClFs) would
be placed in the excellent category. The magnitude of weight changes

for all mnte}ials under all conditions was very small based on accepted
corrosion standards (i.e., excellent ratings are given to materials with

< 2 mils/year change).

0f the metallic materials, only the aluminum alloys showed definite weight

losses, indicative of corrosion. (However, there was visible evidence of

corrosion in other groups, i.e., Monels and nonaustenitic stainless steel,

although overall sample weight gains were noted.) Weight gains, indicative
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of a paeQ1vntion fllm formation, were nntod and obucrved on mu%t of the
. other materials, Howovor, visual observations indicated that the passi-
‘vation film was not "fluffy" end did adbere ta the motnl. In addition,
Very'little evidence of additional reaction appearcd following lengthy
exposure of the poettoét specimens to air (and moisfurc) The Group 2
mntcx1ale, particularly the austenitic stainless steels, nlckcl 200,
 kRenc 41, and Haqtelloy~C, showod very 1ittle evidonce of nny surfacc -

: reactxon.

. Some dxscrepancies were noted in comparxson of results between thc

‘127vurious test cond1t1ons, ‘but, for the most part there wns egreement

~In one paltlcular case (30-day ambient tests of Group 2 materlals), the

discrepancies may have been caused‘by very slight meisture contamination

or slight change in the ClF5 compositien’loaded into a particnlar eon~'
tainer. This conclusion was reached because of the nn1form d1screpancy :

,created ‘with all spec1mens in that contalner.

Because of thekagreemeht in the‘magnitude of weight‘changes per unit

- area (and large differences based on rate) between results from varlous
cond1t1ons, it is concluded that most of the reactlon of the CIF5
(either passivation or corrosion) with the metallic samples occurs on
initial contact. Aftervthat point, provided there are ne additionaf

: changes created by external conditions (such as propellant compoéition‘
change, dynam1c movement or Jarr1ng ‘loose of the pass1ve fxlm), very

llttle reaction is expected.

In static applications, the Teflon and Kel-F plastics appear to be

acceptable; however, these materials do absorb CIF. liquid and vapor.

5
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- LONG-TERM STORABILITY

Fxperimental Technique

Long-term ambient-temperature CIF5 storability tests were corducted

in four large-capacity bombs, 6.5 inches long, 1.5 inches in ID, and
having a 1/8-inch wall thickness. A typical bomb is shown in Fig. 2.
The four bombs and their top flanges were machined from 321 stainless
steel, 6061 aluminum, Monel 400 (cold), and oxygen~free copper stock,
respectively. The flanges were sealed with‘TefloﬁHO—rings. StainleSg;

steel, bourdon-tube iypé pressure gages were used on each bomb to monitor

vapor preséure fluctuations. Valves (300-series Hoke), used in con-
junction with a sampling tee (as shown in Fig. 2) and the pressure gage,
were constructed of the same material as the bomb except for the copper
bomb, which utilized Monel valves. lhe positioning of the three-valve
~ arrangement on each bomb allows for easy sampling of both liquid and

vapor.

" “Fach bomb was cleancd, dried, and passivated prior to closed-system
transfer of approximately 300 grams (167 cc) of high-—purity'ClF5 into
the bombs, The initial ullages were kept small to maintain exposure of
a large metal surface to the liquid and to readily show any significant
pressur? rises indicative of prepellant breakdown, After loading, the
bombs were transferred to an outdoor storage observation area and stored
at prevailing ambient temperatures. The initial chemical analyses of
the storability samples ire conducted from 9 to 13 November 1964;
thereafter, chemical anlesfs of liquid and vapor phase samples from the
bombs were conducted at approximately monthly intervals., In addition,
the ambient temperature and the internal pressures of the containers

were measured and recorded weekly.

The transfer of a representative liquid sample (~% cc) from a storability
bomb was accomplished by inverting the bomb and connecting it to a vacuum

line. After passivation of the transfer system and sampling tee with CIF

21
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6AD61-11/18/64-C1

Figure 2. Long-Term Storability Bomb
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and subsequent evacaation, the tee outlet valve was closed,. The bomh
outlet valve was opencd to fill the tee with liquid Cqu and then closed,
The tee outlet valve was opened and the liquid sample okpandnd on a
vacuum line into a 1.7~liter stainless—steel gas sampler., This sampler
wits connected to the inlet manifold of a pas chromatograph and infrared
cell for a simultancous analysis ol all constituents by a camhinatioen
of gas chromatography and infrared spectrophotometry. Vapor phase
samples were similarly transferred and analyzed with the homb:in a normal

upright position. ' ‘ SRR S o A

k Wééklybmonitoring of the container pressurcs>§né'éstahlisﬁo&‘ﬁs a crude flbv o
check of potential decomposition or reaction of the‘étorability samples,
rather than an accurate pressure~temperature measurement. This was
accomplished by opening the homb outlet valve and gagé inlet valve, and
recording the value from the gage;vthese two valves were then closed. ‘ j
This procedure of clesing the valves between meaéﬁreménts'was used to :
offer more protection against the accidental loss of tﬁo storability ]
samples, Temperatures were recorded from a laboratery thermometer,

which was placed in the immediate viecinity of the storability bombs,

Results and Discussion o : ‘ :

- The eleventh and final analyses of the storability samples under this 1
program were conducted from 7 to 13 December 1965 to complete storage ]
periods of approximately 13 months. During this time, prevailing

ambient temperatures at the storage site ranged from ~350 to 100 F.

e 0 et s e 3 e e 7

Results of periodic chemical analyses of samples from CIF5 stored in
321 stainless steel, 6001 aluminum, Monel 400, and copper are presented

in Tables 6 through 9, respectively. Each table shows the dates and

results of the liquid (given in weight percent) and vapor (given in

volume or mole percent) phase analyses, the accumlated storage periods,

23
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The following notes are applicable to Tables G'thrnngh 9.

11,

Initial container volumc of 2006.%5 cc; loaded with 301 grams €11
. k )
Storage period is elap-ed storage time since initial analysis

Représents liquid VOlumé caleulated hefore indicated sample

ia romnvcd

Also could 1n(ludo Ny» O iy Ar, vtv‘ lnfnnrod and1v~1« 1"d1(ﬂfﬂ*

-

\aluoe > 0. 3 v ‘0 #re CF

Roprosents ullago ca]culntvd at, 22 ¢ ( I, b F) hvfuto 1ndlcntvﬂ

sample is removed -
Not analyzed because of inoperative instrument

Values questionable; i -bably contamination of avalytical sample

during transfer of numplo frnm homb to analyticnl appﬂratusl

In1t1n1 contalnvr vnlnmo uf "11.5 ¢c: loaded with “06 grams C]F5

. In1t1al contnxnor v“lumo of “18 ce; loaded with 288 grdmv PII

A roactlrn occurred dnrlng initial proqqurp measurenents; all

subsoq"e -, ~vapor phaﬂo analvsls results affoctod

Initia® \ontainex volume of "15 cc; loaded with 302 grams CIP

28
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and the preanalysis liquid volumes or ullages, The liquid’?u!um«s and
ullapges at cach analysis were caleulated from the weight of Ciﬂs remaining
in the bombs from the previous analyses and baged on a propellant dencity
of 1.8 corresponding to the established density at a propetlant tem-
perature of ~22 ¢ (71.6 F).

Results reflected in the liquid phasze analyses indicate there were no
significant changes in the composition of the sterability samples or any
apparent differences in effects between the four storage materials, The

fractional changes in quuntities of the different compenents are within

" the inherent experimental error of tho‘analyt{éul't¢¢ﬁniqucs‘and do not

represent any trend toward reduction or‘builduﬁ.‘flﬁ some instances,
there are questionable values noted; these hﬁvo been attributed to minute
contamination of the transfer system with moisture, etc. during vemoval
of an assay sample from the bomb. Tl hook-up and use of a system to
transfer a small amount of the storability sample to the analytical
apparatus, without contamination bf the assay sample;‘rcpresonted the

most diflic it part of the test.

Simi results are shown in the analyves of vapor phase compositions.
The va; - . - analysis was used primari - to observe any significant
increase of 1 lunrine in the systex: liowever such an increase was not

evident in any of fhe crntainers. Th ini- ial high analysis of F, + CF&

in the vapor phasc o b e e ooty v om was caused by a reaction
that occurred in the pr: nre o wrivg .t container-pressure
measurements, The effrcts 7 : reaction on the vaper compesition in

the Monel bomb is clearly demonstrated during subéequent analyses, The
intermittent appearance of unusual results, such as CI0, content, was

again caused by sampling problems.

Results of weekly measurements of container pressures alse indicated the

absence of propellant breakdown and/or reaction, Although the pressure

measurement results were erratic, significant gross pressure buildups

were not noted. Approximate differences between the recorded pressures

29
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und tho vnpnx ptoﬂ<uro of the FlFr at thv nb«nrxtd nmh:vnt tvmp«xatnr
ranged from =7 to 20 psi with no sxfnlflcani dlffvxﬂncﬂq ohserved

between containers during o particular set of measurements, The differ-
ence hotween the container proﬁgufo and the vaper prossure atitho recorded

temperature was attributed to the fnllbwing facrtarvs:

l. The temperature of the outside thermometer did not accurately

- reflect the temperature of the CIF5. .
oo 2, No attempt was made to achicve a liquid/vapor equilibrium.

3. After the first foew modqureméntﬂ ‘tho’indi¢ator needle on tue
- gagen hegnn to stlck it wnq necoqqary to Jar ‘the noedlo loose,

The accuracw of the gngos after that pnint was quvqtionublo.»

On the baqle of these reeulta thcrc was noe ev1dont decnmpoaxtlon, bnvah-
~ down, and/oz gross xvactlon of CIF whon stored under uncontam1nated »
conditions in 321 stainless steel, 6061 aluminum, Monel hOO, and otvgon—.
free copper containers over a 13-month poxlod at tvmpozatulcq of ~WO '
~to 100 F. ' These 1csu1ts‘vex1f) the original conclus1ons‘rcdched in’
Ref. 1.

Future Effort
The CIF5 storability tests will be continued over the next several yoafs'
under a Rocketdyne-sponsored effort, Chemical analyses of liquid and

vapor samples will be conducted at yearly intervals and the results

will be reported to the appropriate‘governmcnt.and industrial laberatories,

VISCOSITY
During the initial 12-month period of the contract, experimental liquid

CIF viscosity measuremcnts were conducted with a modified (Zhukev)
Ostwnld Viscometer over a temperature range of 5 C (il F) to 20¢ (68 F)

CONFIDENTIAL
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Continuation ¢f these measurements over a wider temperature range was

planned in the extension of the contract., The additional measarements,
which extended the temperature range to =38 € (-36.4 ¥) and improved
the accuracy of the - -iginal measurements, were completed during the
thirteenth month of the program. Because of this carly completion date,

it was possible to include all of the data in Ref. 1.

ELECTRICAL CONDUCTIVITY

The specific conductivity and diélectrié'éoﬁsténﬁ of the CIFéﬁiiQuidpand E

vapor phases were measured during the original 12-menth effort, Addi-
tional effort cn a chemical analysis technique fof'determining HF content
in ClF5 through use of electrical conductivity or dielectric constant
measurements was contemplated during the 12-month extension. However,

this work was dropped because of a lack of remaining funding.

ENGINEERING PROPERTIES NANDBOOK

All CIF5 engineering property data generated in this program, as well as
pertinent data derived from other programs, have been collected and will
be assembled in a Chlorine Pentafluoride Engineerihg Properties lHandbook
under Contract F04-611-67-C-0006.
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APPENDIX A

AFRPL-TR-65-51 FRRATA SHERT

1. On page 15, the vapor prescure at 20 € (08 F) should cead 3,51
atmospheres (48,7 psia).

2, On page 157, tho comprqulbxlxt\ (1qothotmal) at 20 ¢ (68 P) should
read 3,04 x 10~ ot m! (2.07 x 10 -3 psi l). '

| 3. On page 42, linc 10 should read. . . found to be 4.066 x 108 ¢ , ,

" and 8, is 2,07 x 107 psi~tat 20c. o il
.. On page 82, under Group 1, Table 12, 5096 Al sheuld read FU8G Al,

5. On page 88, Table 14, the liquid-exposed samplcs;'umhivnt-tﬁmporaturo

rate of Inconcl X750 should be 1,247 instead of L9,

The vapor-exposed samples, ambient temperature rat.tf for Monel K-500
should read 1.03 instead of 1.9%; for Inconel X750 it should read
'1.25, for 7075 aluminum it should read 0,189; and for 3516 stainless

steel it should read 1,572,

6. On page 101, the last line should read, . . initiated on 3 November 1964,

PREVIOUS PACE WAS BLANK, THEREFOFE WAS NOT FIIMED
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