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NOTICE

UNITEDI STATE.( PATENT OrFICIE SF,( ItCY ()RNWP

A patent applicat Ion has fwrn fil In the V,. S_ Pkdfrf Office by North
Ar ertran Aviation, lic based up,)n subiert nimfprr inclutded herein or
related hereto, and the Wecrecy Order npended hi-retnh~ks been Issued
thiereon pursuarit toTltte 5, Uited Slates Code (1952t ectionm l 1088.
Fu.rther dissemination of said subject matter Is prohibited excet toi
strict compliance with said order. The recipient (if this document is
roquested to notify all persons who wilt have acceselto this material Oft
the Secrecy Order. Penalties for vicilaticin of a Secrecy Order include
a fine of up to $10, O'Ior imprisonment for not inore thai. two year*,
or' buth.

DEPARTMENT OF COMMERCE DEPAR1TMENMT Or, COMMERCE
United Rates Patent Office United Sies Pat eFt Office

Washington Washington

SECRECY ORDER
PEftarr fOR PATENWT APPLICATION

NOTICE: To the applicant above namred, his heirs, and any and all CLASSIFIED BY GOVERNMENT CONT'RACT
his assignees, attorneys ar'dagents, hereinafter designated principals:

You are hereby notified that your applicationas above identified has This pernmit authorize# the principals. as designated In the
been found to Conta .4 subject m~atter, the unauthorized disclosure of secrecy order, to take any action with regarifto the aubject matter of
which might tiedetrirntal tothe public safety or defense, and you are the application. to the o sct authorized by the security requirements
ordered in nowise to publish of ""I-material of the Government contract wtichtipoaeathe highest security classi-
infirmation with respect thereto, iivtudinghithe:tounpubiisl'ed details fication on the subject matter of this application. eac-pt that this per-
of the subject matter ot said application, in any way to any person not mit does not authorize export of this application or the sub'ject matter

coltnizant of the invention prior to the date of the order, Including any thereof, whether for the foreign filing otcorrespomting applications or
emnployee of the principals, but to keep the same secret except by otherwise. Permission for Ouclh export must be specilically obtainedI
written permission first obtained of the Commnissioner of Patents, un- from the Patent 01fice.
der the penalties of 35 U. S.C. (1952) 182, 196.

Any other application which contains any significant part of the sub-
* ject matter of the above identified application fails within the scope of
* this order. It such other application does 'not stand under a secrecy

order, it anid thecommon subject matter should bebs'ought tothe atten-
tion of the Patent Security Division, Patent Otlce.

If prior to the Issuance of the secrecy order any significeant part of
the subject matter has been revealed Waaty person, the principals shall
promptly inform such person of the secrecy arder and the penalties for
improper disclosure.

.This order should not be construed in any way to mean that the
Governm.n" has adopted or contemplates adoption of the alleged Inven-
tion disclosed inthis application-, nor is it any Indicationot the value of
Such inventilon.

When U.S. Government drawings, specifications, or other data e~re 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 formux-
lated, furnished, or in any way supplied the said drawings, specifica-
tions, or other data, is not to be regarded by implication or otherwise,
or in any maniner licensing the holder or any other person or corpora-
tion, or conveying any rights or permission to -afacture, use, or

sell any patented invention that may in any way be related ibereto.
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This report is an addendum to the final report (Ref. 1)

issued under Contract AFOP.(611)-9563 and is subnitted

under loeketdynte 6.O. 8553 in compliance with the first

and second modifications reflected in Supplemental Agree-

went No. 5 to the contract. The research reported hereinx

represents additional of fort conducted over a period of

15 November 1l964, througih 11 November 19)65 under a contract,

extension. This research was sponsored by the Air Force

Rocket Propulsion Laboratory, Research and Technology

Diviston, Air Force Sygtems Command, Fdwards, California,

with Mr. G. Allen Beale acting as Air Force Project

Engineer.

The effort was conducted in the Chem-icLal Research Section

of the Rocketdyne Research Department, with Dr. J. Silverrman

serving as Program Managre*nd Mr. M. T. Constantine serving

as Responsible Project Scientist.

This report has been assigned the Rocketdyne identification

nunber 11-6445.

This technical report has been reviewed and is appzoved.

CURTIS E. UNDBLAD
Deputy Chief, Propellant Division

pi 1



C OTIT)I .II A MSTILICT

The resnzlt- of loig-term, ambier, t-termperature materials

conpatibility and storability studies with chlorine perta-

fluorid, (CLFr) are rported as an extension of efforts

conducted under Contract AVFO (611)-9563,. Duplicate sets

of 34 different, materials of construction, exposed to the

liquid and vapor phases of C1Fr for a period of 19 months,

exhibited cocrosion rates similar to those demonstrated

previously ii 30-day materials compatibility studies under

both ambieri-temperature and 160 F conditions. Periodic

analyses of CIF somples stored at ambient temperatures.5
in 321 stainless steel, 6061 aluminum, Monel 400, and

ox-ygen-free copper for a period of 13 months indicated

an absr nce of propellant decomposition and; 'or reaction.
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IVf Ii (11D TT I ON AND S15BtXUY

Under Conitraet A]"1i (611 )-r)56, l10cle tdyne init iated an explorator-
deve' lopment program Oil tile engilvering characterization of CI'r for tie
purpose of advancing the state-of-the-art of this storable high-energy
oxidizer. During the first year of the contract, 15 November 1963 to
11t November 1964i, the program consistpd of two phases. Phase I was
designed to produce at least 80 pounds of CIF 5 while Phase II comprised

5the experimental and analytical investigation of the physical and engine-
ering properties of Clr, including density, vapor pressure, critical

properties, surface tension, compressib ility, specific hcat, heat ofvaporization, viscosity, thermal conductivity, dielectric constant, elec-
trical ronductivity, thermal stability, detonation sersitivity, materials
compatibility, and storability. This initial 12-month effort was com-
pleted and a final report (Ref. 1) was issued in April 1965.

A 12-month extension of the contract was granted to permit continuation
of experimental characterization of selected physical and engineering
properties of C-'.' Primarily, this effort was directed at long-term
materials compatibility and storability studies; ho,,ever, additional
viscosity and electrical conductivity studies were planned. These areas
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, Rocketdyne supplied
1 pound of 99.2+ weight percent purity CIF,' to the Battelle Memorial
Institute as a continuation of Phase I of the original effort.

During Phase II, duplicate sets of 34 different materials of system con-
struction were exposed to the liquid and vapor phases of CIF5 for a
period of 19 months at temperatures of 30 to 100 F. The effects of this
closed-system exposure, evaluated or, the basis of visual inspection and
weight gain/loss analysis, indicated that all the materials were compatible
twider the test conditions.

1
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Saniplv~ o (if CIF weve sfiioed in 2 stairtilegs steel, 6061 it ininumn,

Mtmtw' 400Ot, and \ly~wn.- I ie c'opper containeors (initial ul lagres (if -'20 to

50 percent l) for 11~ mimi Its at. ambient, templercttres. Ir additIioni to Weekly)

molitorin ag of C onta iner pres sures and ambieent tempera hires, sta 11iquid

and vapor sannp]es were remioved front each container and chemicatlly ana lyzed

monthlyv. No s i ni iicant chang-es were notedo in pressui'e or' contpo.s ition

during( lw( ent ire storage' peiod.

The viscosity of liquid OW.. front -3-8 C (-36.1, F) to 20 C (68 F.) was

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

electrical conductivity measurements was deleted from the planned efforts.

All I CU.. etxrinvering, property data, generated during the active period of

this p .rgram as well as pertinent data derived from other programs, have

been collected and wi 11 be assembled fo publication in it Chlorine Penta-

flUoIi(Ie Lrtgineri!.4 Properties Handbook uider Contr-act F0-l-7--coi

2
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PhAS I:CII$OlITITM101111WI 11 F1ROO DUCTIO

O11.flCTrN[E

The objective under Phase I of the original 12.-month program was; the

production of a minimum quantity of 8J pounds of 98* percent CIF and

utilization of this material to satisfy Phase It propellant requirements

as veil as provide limited quantities for shipment to other users as

directed by the Air Forc-'.

RESULTS

The original Phase I objectives were satisfied and the details were

reported in Ref. 1. However, during the 12-month extension of the con-

tract, an additional shipment of 1 pound of CIF 5 1" made on 19 March 1965

to the Battelle Memorial Institute at the request of the Air Force. The

purity of the OF 5 , as determined by chemical analysis prior to shipment,

was 99.2+ weight percent. This shipment was the sixth such shipment and

brought the total quantity of CI'5 shipped under this contract to approx-

imately 14.5 pounds.

3
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1L\SE .I R I (lN1,flP. 1; I 'IMILTV CILXLCTCI/ArTlVON 01' C I'.

On WECT 11"V

The primay objective of the 12-month extension to the prowram vas to

continue the Phase II chlorine pent.afluoride engineering property deter-

minations. The latter included the following.

1. long-term ambient temperature materials compatibility

2. Long-term ambient temperature storability

3. Completion of viscosity measurements

4. Extension of electrical conductivity measurements

LONG-TEAM MIATIIL L1S COMPATIBILITY

Experimental Technique

As reported previously (Ref. 1), 34 different materials were selected for

static compatibility screening studies with both liquid and vapor ClF 5.

Selection was based on materials normally utilized in the aerospace

industry. An attempt was made to select at least one representative from

each 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 diameter and 1/32-inch thick with a center hole measuring

0.11 inch). An identification stamp was imprinted, and each sample was

degrcased with trichloroethylene and acetone. The metal samples were then

subjected to heat treatments compatible with typical end-use conditions

(Table 2). The final heat treatment or condition of all materials tested

prior to immersion in C1F 5 is given in Table 1. After heat treatment,

C
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,MATEPI AL. 11,lll IT , ;. iLFS

-- ~ idi t rI'(.af gtI(.Ut0 1.
Se il ncond i t i on

0I 100 Al0
202' i Al T3
2 202h AI T3l1
2219 Al 1531

(0060 Al T 6
7 73 . TO
7079 Al (.3

54,37 Al 0
X7002 Al 0
3096 Al 0

lntconel- Tei i le, 150,00O psi
I0 Stainless Steel FuIl ard
j16 Stainless Steel Fiul I Iard

'17 Stninless Steel Full ,adz'd
IN'~e, Ill1 1955(1 F, 1 khour. aiir

cooled; IPO F,
1 0 iours, air cooled

llastellov-C Soltition Jteal treated
Ni c !.e 1 200 iuinea I ed
Nickel 211 .Umealed
hlel-F SI

(roup 3

4110 Stainless Steel Tensile, 180,000 psi
PI1 15-7 Mo Pdl I 0
AM 350 S.T S50
X4 333 SCT 1000
FEP To f I on
TFE Teflon

(rouip 4

Monel n 0 ) .,nneal ed
Monel 402 Annealed
Monel K-300 4ed
Mone 1 501 Aged
.ionel 1-405 ineal ed
'-ionel 303 Annealed
1one 507 a ineal ed
l711 Coppe ' Ilard

6
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CONFIDENTIAL
each of the metal samples was pickled and/or resurfaced with No. 240

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

dimensions of each sample were recorded.

The specimens were divided into four groups as indicated in Table 1.

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

material in both the liquid and vapor phases. This separation of materials

into groups was intended to eliminate erroneous results caused hy

possible interaction of dissolved components between sample groups. A

set of four bombs, each containing an individual group of specimens,

comprised one system for study.

Each container bomb assembly was constructed from a 10-inch-long, 1-inch-

diameter, stainless-steel tube with a stainless-steel bellows-type valve

at the top and an AN plug in the bottom. The tube was lined with Kel-]P

sheet to prevent galvanic corrosion between the samples and the wall

of the bomb.

The groups of specimens were suspended on a Teflo.i-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 other corrosion

products from dropping on the sample directly beneath. Men loaded,

sample bombs were suspended vertically, which ensured a horizontal

orientation for the specimens and Kel-F disks.

Four complete and identical systems were loaded with high-purity uncon-

taminated (closed-system loading) CF and prepared for materials com-

patibility screening under the following conditions:

1. One system in a 30-day ambient-temperature test

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

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

8
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Material Appearance After Heat Treatment

Minel 400 hecavy scale, some coppering

Monel 402 fleav-y scale, rusty appearance

,[nel K-500 No appreciable scale

Manel 501 No appreciable scale

Mbnel R11403 Heavy scale, some coppering

Nickel 200 No appreciable scale

Nickel 211 Hfeavy scale, no coppering

M,)nel 505 Heavy scale, no coppering, less discoloration than Nickel 211

laconel-X 750 Not badly scaled, dark blue color

NMrne1 507 hleavy scale, no coppering

A4 355 Heavy scale, rusty appearance

A-.4 350 Heavy scale, rusty appearance

ETP Copper No heat treatment

lastelloy C No heat treatment

Kel-F 81 No heat treatment

Teflon No heat treatment

a,
Formula 5 Formula 7

Water, cc 1000 Jater, ce
hydrochloric Acid (20 degrees :;e'), cc 500 Sod itun W~droxide, -rams
Cupric Chloriae, grams 30 Potassixm 1'ermang~aiate, g
Temperature, F 180 'Temperature, F
Tfie, minutes 20 to 40 Time, htours

Rinse in hot water prior to next Formula immersion Rinse and pickel i aFo rm&..

bFmla 6 d
Water, cc 1000 Water, cc
Saldfuric Acid (L6 degrees Be'), cc 100 Nitric Acid (4i2 degrees Dt#
Sodium Dichiromate, grams 132 Ilydrofluoric Acid '5 deg:
Temperature, F 70 to 100 Temperature, F, maximowri
Time, minutes 5 to 16 Time, minutes

Rinse in cold water mid neutralize in I to 2 Weo ammonia Add 7 to 10 grams aL~iin-.i
solution.

Caution: S~unples are sub4
attack in th'is solution.

aa minimum.



'TAIILE .

:AIJN(; TI'l 'MI'r

-J D,,sei inI.' Treatmnent

Formula 5 a (30 minutes), followed by Formula ,1) (10 minutes)

Fortula 5 (30 minutes), followed by Formula 0 (10 minutes)

Formula 3 (30 mintutes), followed by Formula (10 minutes)

Formula 5 (I our)), followed b , Formula 6 (20 minutes)

Formula 5 (1 hour), followed by Formula 6 (20 minutes)

Formula 5 (1 hour), followed by Formula 6 (10 minutes)

Formula 5 (1 hour), followed by Formula 6 (10 minutes)

Formula 5 (1 ihour), followed by Formula 6 (20 minutes)

Formulas 7e , 10 d , and 3e , respectively; no results; finally sanded with emery

Formula 5 (1 7iour), follov;ed by Formula 6 (20 minutes)

24.7 wjo IC:0o at ambient temperature

24.7 wjo MM- at ambient temperature

eFormula 
3

1000 W'ater, cc 1000
266 Sulfuric Acid (60 degrees Be'), cc 1500

gi-ams 67 Nitric Acid (42 degrees Be'), cc 2250

212 Allow to cool and add:1 to 2
-.Ja No. 10 Sodium Chloride, grams 30

Temperature, F 70 to 100

Time, seconds 5 to 20
vrla 10 Rinse in water and neutralize in dilute ammonia

1000
e cc 296
grees Be'), cc 50

125
5 to 60

,-m or iron per 1000 c, of

bject to intergranular
Keep immersion time to

9C I T
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In the closed-,ystem loading of CIF,, each bomb was first pa.sivated

with CF 5 vapors at 25 psig and loaded with liquid so that half of tLh

samples were exposed to the liquid and an identical half to the vapors.

The closed-system transfer of C1F 5 into the bombs, from a calibrated

supply system, was used to prevent air and moisture centaminatir.,n of CIF .

In addition to these tests, a selectd group of samples was studied in

a prelimina.ry 30-day compaiibilit3 test with moisture and air contam-

inated CIF at a controllt.- temperature of 86 ±2 F. Sampl u nimhs for

each material specimen were fabricated from Teflon and'loaded wit h CIF5

in a direct open-air transfer. Tiiz test was used to evaluate the effect

of handling CIFr under contaminated system conditions. The CI, wis

obviously contaminated with air and moisture that had condensed on the

prechilled bombs.

This test program, with the exception of fhe long-term ambient-temperature

tests, was concluded during the initial 12 months of the contract and

reported in Ref. 1. Long-term ambient-temperature tests were initiated

on two complete and duplicate systems during this period (April 11)611)

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

Results and Discussion

Long-term materials compatibility screening tests with CIF were concluded
5

in November 1965 after 19 months (580 days) of closed-system storage at

prevailing 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 CIF5 liquid and

vapor, the material specimens were dried by dry nitrogen gas over a

period of --24 hours. The specimens were transferred under a dry inert

atmosphere to a weighing dish. Weights and surface conditions of the

materials were noted and recorded.

CONFIDENTIAL



isi I f t, IVe It I I -teI, Imna f r i a Is cortpa t lb iI ik tytest4 fire suimma rized

inl Tafile 4. Thre. grolip iitiitilop a,4s i ivied to, each ma tr'ria I ideio ries the,

c onto inter in Wic i t, 0 toes t ed and( re lotes 1110 termis tes ted loge the,

VWeigh I. changes inl Mhe matferialIs are given in thlree. t1if ferVn t uli ts

ini gr a m; Per VSq a1reC def-C imel, e r, ml I lg ro m,4PCr s qua re d e ei melt e r pe r

day (nidd) , arid milis per year, repi'esenting, various means of comparing"

corrosion rate doatoa. Ini the nomenicla ture used in material weight g .a in,"

loss anialys is, a positive sign represents a weight loss; otherwise a

weight, gain is indicated. The visual appearance oIf *thIe materials is the

condition of tire surface before extended exposure of the specimens to

air (anid moisture).

These data are compared to P(.suits from Previous 30-day, ambient-

temperature and 160 F tests (Ref. 1) in Table 5. The comparison is

hased onl weighlt change per exposed surface area (mg/sIq din) without a

time factor. This method was selected because it wa s apparent tha t cor-

rosion (weight loss) and passivation (weight gain) 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 on 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/year) established
as excellent. It was noted that materials tested in container Ill

gener-ally exhibited slightly greater weight changes then those tested

in container IA.

12

CONFIDENTIAL



.. . . . . . . . .

+ -+

. ;

e 1. .1 1 r I
1 T I? AI AT Io I0 c . ,; 06

. 6.. .4- 0....-~4 .. = 0.. . c.. 1. ,-, a

le3
lu

G .C .N E N . &, . _;, G'

- - - - -

CO ~ r 7 t- rro 4 00 AC 0 04 0 4013

~~~ONI NTIM,4+0r~ ,



A. S~

A!
4 .. -
& &. z.
* *' ~

- .

~44~j 4444,g4~
12 A .± ~ ~ 7, C S. a *Ii *..... - PP

'.5. ~ 5. Z -- 0~

~ 0 0 0 0 0 0 0 0. 0. 6. A

3'
Al

II ~ P ii
- ~ ~-

4 4 4 4 4 4 -. p~j

~ 4
* a 0 0 0 P 2 a a

_______ 0. 0. 0 0 0 ~ g 0~

.1 ~ ~ air ro. .~:j
0 ~0 ~ P

6 * 0 .0 - e 0 r-e, .4 t'.C- .0

A V

a'.' a' .1.
0000000 0000000000000000 0000 V

* V r P. r.. P.r. .,I'- I. 00 ~rrrrr0p.,..rr-,,. ~- 0 rOt P

~w 000 00=000 0=0000 00000000 0
.11 *

0--r-a~rr0r r.r-s- .. t..~~r0eae~psrr C

V r - i.e. p p

P -C0.~= ~ ~ ~ ~o PIP, P
C ___________ ~p.

* IA

-A .1
* I 10

- P.. ~f

_______ _______________
0~

1-li

CONFIDENTIAL



CONFIDENTIAL

TABLE 5

COMPARISON OF MTETIALS COMPATIBILITY RESULTSW FOR

LAPOSURE TO CIF, UNDR VARtIOUS CO!WDITIOMS

Mateil l Wt Man.5e ma'q AM,

material 5041..y, amblent 10-4.y , W6 F *tesv...1.t 1O-0w.~ 00btt W0.41., 160 P .vibI8

%lainum, All.o.

100 At 1.5.

202% Al Pl) +574 9.81 41.90 01.76 .7.6
.15.10 *17.21

2024 A] (7553) '9.52 7.11 -7.61 .1.51 49.66 0
.19.16 .17.21

2219) At (I'lit) *5 4 7.81 .7.5 In.5 31.76 .24.10
.16.64 .18.90

1 0 11.76 .0.8 9 3.91 .7.42
.16.57 .16.71

W17 Al .1.81 9.81 +9.49 .149 11.7 .9.%40
.11.28 # 11.21

6061 Al (1653) +9.24 11.76 +7.9 41.06 11.7t .7.1
+16.6. -10.70

6066 AI (r6) .7.46 15.641 .. 7 '1.06 13.71 *1.t5
.1,66 .34.87

1002 Al 3.8m 7.81 +9.%9 L"7 9.81 +7.T1
.9.43 +.IS1

7075 At (Y6) 3.79 7.81 +.,51 5.67 5.8 ,31.09
+1.21 .11.21

70,; Al (1*1) 1.87 11.76 .7.8 .51% 13.71. -1.71
-16.73 16.69

Au-~t~ni~i, Stoinl.,. Steel.

104 S 22.41 7.83 0 15.01 7',P1 -. l94
5.66 1.77

316 RS 24.57 9.83 5.66 %7.17 5.8 5.66
1.90 .,9.02(")

047 ' 22.77 11.76 0 26.0A 13.71 .3.SQ
5.71 1.89

Snau.'t,.nitfr StainlI.- Steel

I' 15-7 M4 39.%7 15.69 1.98 11.11 11.76 0
5.62 0

A4107.71 11.7 6 5.77 7.617.74 1.91
0 .11.43

.M 355 17.61 23.55 25.69 11.7 17.20 27.72
21.72 1.83

410 S 20.64 60.90 62.74 9.5F H1.1o 70.00

16.82 62.30

IWickel ad Mekol-Ise Alloy.

Nickel 200 22.47 +9.81 0 2%.17 .7.91 .187
1.87 0

Nickel 211 12.26 1.95 1.90 21.75 0 .0
3.79 +1.95

lategot X-750 37.40 0 .1.96 37.6f 0 *l.9j

1.96 1.94

lne %1 10.42 11.76 3.74 21.51 11.71 1.66
3.78 3.75

lk.telloy-c 21.53 1. 0 0 -5.83
3.89 .91.62(')

-A positive alup idicatot wight 1.P.. t1hwise wight plin we oberv d

4oplitctt sempics were tested uder sam tert conditions "sulting in tie date P.ft
()ludieste a prolble weight masuremnt error
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TABLE I

(Concluded)

4or 400 %0162 1~I ~ - '11.11 P-0 11.61
5. 7"119

7.71 7. 1,

761; 7.66

1.91 'r

10.21 1 27

'6.no 1 901 294'. "11 9.116 1.701.0
2.01 .0

4"unl 17 V571 5.00 .16, 12 %2.17 %7.101 10.00
12. Q2 It'. to

M11 Teflo ea- 11.9 3h6.% 11. 4 V7,5
TFY Tefon. -8 W11 171'.1 1740.2
%*l4F 11- 72l0.17 !q019

7%5.02 711.9D

~Nplirate weapi. were tested under e. test c-anditlon resuling In to.. data poin.t-
)Itndlcates a probabl~e Weight wesouresiont error
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Visual exarinatiou of til a k,, inume specimens indicated very little or no

changv in ti , <,rface of fty 3p,,c.'mnn. .No corrosion pitting was obvious

and the sur!"afl( ,Insesied the same bright appearance of the pretefst

condition. Sot:. dulling of this shiny condition was noited after the

specimiens had beiei exposed t, air for several days.

The results exlhbit,,d 1)y the :.luminum alloys during the long-term t t.;

were slightly different from ti 's. hibited previously during 30-day,

ambient-temperature and 160 F t .-sts an, shown in Table 5 During the

shorter term tests, four of the imhi,,+, test samples and all of the 160 F

test samples showed weight gains (indicative of passivation) instead of

weight lo.ses. Comparison of those that exhibited weight logses shows

that tile magnitude of the weight change was generally similar.

Aumtenitic Stainloss 'Steels. The 300-series stainless steels demonstrated

(Table 4) ver small weight gains in the liquid-exposed samples and some

en!flicting results for the vapor-exposed samples. (The value shown for

the 316 stainless steel specimen exposed to CIF5 vapors in container 211

appears to be a discrepancy and probably represents an error 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. Of 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 Ml 355 and 410 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-

steel specimen.

17
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The material weight gains per unit area were similar for each of these

specimens over the various test conditions (Table 5), except for the PIt

15-7 Mo slpecimen which exhibited less change during the long-term tests

than in the shorter tests.

Nickel and Nickel Base Alloys. Long-term exposure of the nickel and

nickel base alloys to liquid CIFr resulted in small weight gains; however,
5

ginerally, the vapor-exposed samples experienced small weight losses (a

probable weight measurement error exists in the high value for liastelloy-C

specimen). The nickel 211 and Inconel X-750 specimens were discolored

and dull with some evidence of surface reaction. Surfaces of the Rene 4 1

and nickel 200 specimens had only very slight evidence of film formation

(i.e., slight dulling and discoloration of the surface finish), while

all lastelloy-C specimens showed no evidence of surface reaction.

In general, comparison of results of the various test conditions for

the nickel and nickel base alloys indicated some similarities between the

160 F and long-term ambient tests, but very little agreement with the

30-day ambient tests. It should be noted that very similar conclusions

were in evidence in the Table 5 comparison of the austenitic stainless

steels. These two types of materials shared the came test container

during each of the test periods.

Copper and Monel Alloys. The copper and Monel alloys, subjected to long-

term exposure to C1F,, experienced weight gains 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 showed no evidence of

local attack, while the 400, R-405, and 501 specimens had small areas 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 secimens with only a dul-

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

expos ure to air.

Similar results (Table 5) were experienced with previous exposure of the

copper and Monel alloys to CIFr during 30-day, ambient-temperature and

160 F tests., but the magnitude of the weight gains were generally larger

during the 30-day ambient tests. In addition, some weight losses had

been measured during the 160 F testing of this group.

Nonmetallics. Long-term testing of the nonmetallics, FEP 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 ClF with magnitudes between materials running in the order5
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 ClF under the
5

conditions tested. Although there was a wide range of variation in the

magnitude of weight changes and visual appearances between the various

samples, the resistance of all materials tested (to attack by CIF ) would

be placed in the excellent category. The magnitude of weight changes

for all materials under all conditions was very small based on accepted

corrosion standards (i.e., excellent ratings are given to materials *ith

< 2 mils/year change).

Of 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

19
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of a passivation film formation, were noted and ohst-ed on most of thO

other materials. However, visual observation- indicated that the passi-

vation film was not "fluffy" and did adhere to the metal. In addition,

very little evidence of additional reaction appeared following lengthy

exposure of the posttest specimens to air (and moisture). The Group 2

materials, particularly the austenitic stainless steels, nickel 200,

Rene 41, and hlastelloy-C, showed very little evidence of any surface

reaction.

Some discrepancies were noted in comparison of results between the

various test conditions; but, for the most part, there was agreement.

In one particular case (30-day ambient tests of Group 2 materials); the

discrepancies may have been caused by very slight moisture contamination

or slight change in the CIF5 composition loaded into a particular con-

tainer. This conclusion was reached because of the uniform discrepancy

created with all specimens in that container.

Because of the agreement in the magnitude of weight changes per unit

area (and large differences based on rate) between results from various

conditions, it is concluded that most of the reaction of the CIF5

(either passivation or corrosion) with the metallic samples occurs on

initial contact. After that point, provided there are no additional

changes created by external conditions (such as propellant composition

change, dynamic movement or jarring loose of the passive film), very

little 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.
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LONG-TIM STOPABILITY

Experimental Technique

Long-term ambient-temperature CIFr storability tests were cnoducted

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 Teflon 0-rings. Stainless-

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

vapor pressure 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 valveF. ihe positioning of the three-valve

arrangement on each bomb allows for easy sampling of both liquid and

vapor.

ac om wag -leaned, dried, and passivated prior to closed-system

transfer of approximately 300 grams (167 cc) of high-purity ClF 5 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

pressure rises indicative of propellant breakdown. After loading, the

bombs vere transferred to an outdoor storage observation area and stored

at prevailing ambient temperatures. The initial chemical analyses of

the storability samples -.re conducted from 9 to 13 November 1964;

thereafter, chemical ansLys!s 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 (-.4 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 Cl 5
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as
1 I 0

Figure 2. Long-Term Storability Bomb
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and subsequent evacation, the tee Mntiet valve was closed. The bomb

outlet valve was opened to fill the tee with liquid CIr. and then closed.

The tee outlet Valve was opened and the liquid sample expanded on a

vacuumn line into a 1.7-lit(er sLainl]ss-steel gas sampler. This sawpler

was connected to the inlet manifold of a gas chromatograph and infrared

rell for a simultaneous analysis of all constituents by a combination

oif gas chroma tography and infrared spectrophotometry. Vapor phase

samiples were similarly transferred and analyzed with the bomb in a normal

upright position.

Weekly monitoring of the container pressures was established as a crude

check of potential decomposition or reaction of the storability samples,

rather than an accurate pressure-temperature measurement. This was

accomplished by opening the bomb outlet valve and gage inlet valve, and

recording the value from the gage; these two valves were then closed.

This procedure of clo-ing the valves between measurements was used to

offer more protection against the accidental loss of the storability

samples. Temperatures were recorded from a laboratory thermometer,

which was placed in the immediate vicinity of the storability bombs.

Results and Discussion

The eleventh and final analyses of the storability samples under this

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 -30 to 100 F.

Results of periodic chemical analyses of samples from CIF stored in5
321 stainless steel, 6061 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 accumulated storage periods,
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CON F T It!
IX PIA\ATORY NO'JIlS

The fol 'wittt notes are applicable to Tabls. 6 throtih 9.

1. Initial container voliirc or 206.5 cc; loaded with 501 prams Ct '.

2. Storage period is e ip- d storage time s ince initial aria ly.is

R. lepresents liquid volume calculated bfore indicated sample

in rewoved

4. Also could include X,, 0,2 Ar, etc; infrared analysis indicates

values > 0.5 v a are CF

i. Represents ullage calculated at 22 C (716. F) hefore indicatce

.4ample is removed

6. Not analyzed because of inoperative instrusnent

7. Values questionable; i iably contamination of aalytica sampte

during transfer of sample from bomb to analytical apparatus

8. Initial container volume of 251.5 cc; loaded with 296 grams CF 0

9. Initial container volume of 218 cc; loaded with 288 grams CIF_

10. A reaction occurred during initial pressure measurementz;; all

subseq e".: vapor phase analysis results affected

11. Initial. Zontainer volume of 915 cc; loaded with 302 grams CFr
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and the preanalysis liquid volumes or ullages. The liquid volun. and

ullages at each analysis were calculnted from the weight of C11" re inaiing

in the bomhl from the previous analyses and based on a propellant den.:ity

of 1.8 corresponding to the established density at a propellant tem-

perature of "-22 C (71.6 F).

Results reflected in the liquid phase analyses indicate there were no

significant changes in the composition of the storability samples or any

apparent differences in effects between the four storage materials. The

fractional changes in quantities of the different components are within

the inherent experimental error of the analytical teemiques and do not

represent any trend toward reduction or buildup. In some instances,

there are questionable values noted; these have been attributed to minute

contamination of the transfer system with moisture, etc. during: removal

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

npparatu-, without contamination of the assay sample, represented the

mos 0i fi, I. part of the test.

Sim' ,sul t are shown in the analye ' of vapor phase compositions.

The viiai , analysis was u-,'d prinmri , to observe any significant

increase of lunrine in the syster , !owevev sucb an increase was not

evident in any of hle c,,,ainers. Ti ii i l high analysis of F2 + CFtI

in the vapor phase ty om was caused by a reaction

that occurred in the pr- ,re uri.,,.i container-pressure

measurements. The effcts reactimn on Oh vapor composition in

the Monel bomb is clearly demonstrated during subsequent analyses. The

intermittent appearance of unusual results, such as CI0 content, was

again caused by sampling problems.

Results of weekly measurements of container pressures also 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
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a11d thte vaorb preil re o r tile' C IF a~t tle' of (ptved aml~ent temperatuire

ranged from~ -'I to 20 p.,4i with Ito significant di fferences observed

between containers during a particular set of measurenent~s . Thle differ-

ece between the container pressgure aunl the vapor pressitre at the recorded

temlperatulre wis attributed to Cte f'ollowing fartor.s4

1. Thle temperature of the outside thermometer did not accurately

reflect the temperature of the CIF ..

2. Vlo attempt was mde to achieve a liquid/vapor equilrihrii.

~.After the first few measurements, the indicator needle on tae

gages began to stick;p it ioag necessary to jar the needle loose.

The accuracy of the gages after that point wasg questionable.

On the basis of these results, there was no evident decomposition, br-eak-

down, andl 1or gross reaction of CIF when stored under uncontaminated
5

conditions in 321 stainless steel, 6061 aluminum, Monel 400, and oxygen-

free copper containers over a 13-month period at temperatures of --370

to 100 F. These results verify tile original conclusions; reached in

Ref. 1.

Future Effort

The CIF storability tests will be continued over the next several years

under a Rocketd)-ne-sponsurcd effort. Chemical analyses of liquid and

vapor samples will be conducted at yearly intervals and tile results

will be reported to the appropriate government and industrial laboratories.

VISCOSITY

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

CIFr viscosity measurements were conducted with. a modified (Zhakev)
5

Ostwald Viscometer over a temp~erature range of 5C (41 F) to 20 C (68 F).
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Continuation of t es(,e m( aqil'ements over a wider tempera tirs ranlge was

planned in the extension of 1',, cont.ract. The additiornal measurements,

which extended the temp'erature range to -, C (-36A7. F) and improved

the accuracy of the - -iginai measuremnts., were completed during, the

thirteenth month of the program. Becauste of this early completion date,

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

ELECTRICAL CONDUCT VITY

The specific conductivity and dielectric constant of the CF 5 liquid and

vapor phases were measured during the original 12-month effort. Addi-

tional effort on a chemical analysis technique for determining If content

in CF 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.

ENGIN IING PROPE1TIES IIANDBOOK

All ClF5 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 Pentaflioride Engineering Properties Handbook

under Contract F04-611-67-C-0006.
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AFIUL -1 -5! IJULITA StH1 11

1.On page 15), the vapor pres',Atre at 20) C (6,8 F) should readI -).-1

atmosphervs (08., puia).

2. On page 11, the compressibi lity (isotheprrnl) at 20 C (6S rF) should

read 1.04 x 10-' at m&l (2.07 x 107 psi I).

3. On page 4i2, line 10 should read . . . foid to be '4.066 1 lo cm,

and Bis 2.07 x 10' psi' at 20 C.

Ii. On page 82, under Group 1, Table 12, l'Oo6' Al should read r'f 86 Al.

5. n page 88, Table 1M, the liquid-exposed samples, ambient-temperaturp

rate of Inconel X710 shoulId be 1 .24i7 instead of 1.9..

The vapor-exposed samples, ambienlt temperature rate for Monel K-500

should read 1.015 instead of 1.9hi; for 1neoni'i X70 it should read

1.25; for 71075 aluminum it should read 0.189; and for 316, stainless

steel it should read 1.572.

6.On page 101, the last line shouldh rcad .. initiated (on 3 November 1901.

FIMVIWS- PAGE WAS BAi.N, THI.EFOPE WKS ZVOT FIMD
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The results of long-term, ambient-temperature materials compatibility and

storability studies with chlorine pentafluoride (CIF ) are reported as an
5

extension or efforts conducted under Contract AlF04(61l)-9363. Duplicate

sets of 34j different materials of construction, exposed to the liquid and

vapor phases of CIF. for a period of 19 months, exhibited corrosion rates

similar to those demonstrated previously in 30-day materials compatibility

studies under both ambient-temperature and 160 F conditions. Periodic

analyses of ClE.. samples storedI at ambient temperatures in 321 stainless

steel, 6061 aluminum, Mlonpl 400, and oxygen-free copper for a period of 13

months indicated an absence of propellant decomposition and/or reaction. Other

work pertinent to the scope of the program, including the preparation of a

Chlorine Pentarluoride Engineering Properties Handbook, is described. (C)
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