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FOREWORD

This interim propellsnt handbook is submitted as a special technical report
under Rocketdyne G.0. 7170 in compliance with Contract F04611-67-C-00064,
Part I, Subline Item 1AA, The effort under this contract is being spon-~
gsored hy the Air Force Rocket Propulsion Laboratory, Research and Tech—
nology Division, Air Force Systems Command, USAF, Edwards, California,

with 1/0t, Ralph Fargnoli acting as the Air Force Project Officer.

The compiletion, analysis, and publication of the data and information con-
tained herein is part of a 9-month progran to provide a comprehensive and
systemized compilation of the properties, handling procedures, and design
criteria for chlorine trifluoride and chlorine pentafluoride. This interim
manual on chlorine pentafluoride is designed to meet immediate industry and
government requirements until the publication of the final handbook. The
final handkook, which is scheduled for distribution by 31 August 1967, will
expand the ClF5 data and information contained in this handbook to include
detailed design criteria.

This program is being conducted in the Chemical Research Section of the
Rocketdyne Research Division, with Dr, J. Silverman serving as Program
Manager and Mr. M. T. Constantine serving as Responsible Project Scientist,

The following technical personnel contributce to compilation and analysis
of the data and information contained in this handbook: M. M. Williams,
K. J. Youel, D. Pilipovich, C, J. Rozas, end B, J. Walter.

This handbook has been assigned the Rocketdyne identification number R-6803.

Publication of this report does not corstitute Air Force approval of the
report's findings or couclusions. It ig published only for the exchange
and stimulation of idcas.

fhletnt s

W. Il. EDELKE, Colonei, USAF
Chicf, Propellant Division
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This interim handbook includes data and information generated through ex-
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Although every effort has been made to reference these studies, n great
numher of individuals responsible "o these data have been neglected,
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ABSTRACT

This interim handbook ig a compilation of the engineering
properties and handling characteristics of chlorine pen-
tefluoride. The handbook includes data and intormation
ou chlorine pentafluoride physico-chemical Properties,
mixtures, materials compatibility, materials preparation,
toxicity, fire and explosgion hazards, hazard prevention
and control, safety equipment, decontamination, produc~
tion, propellant analysis, transportation, storage, and
hendling,

(Confidentisl Abstract)
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r STCTION 1:  INTRODUCTION
3
4

1.1 GENERAL g

During the ccurse of an Office of Naval Research contract on basic
fluorine chemistry studies (Ref. 1) in 196G, a new fluorine—
containing compound was synthesized by investigators at the

X Rocketdyne Division of North American Avintion, Inc. Sufficient
quantities of the compound were not readily available at that

: time to identify and characterize the material unambiguously.

The uaknown material was, therefose, designated as Compound A,

In 1962, under Air Force Rockev Prcpulsion Laboratory sponscrship
(Ret. 2), Compound A was definitely identified as chlorine renta.-
fluoride (CIF5) by the same investigators.

l P 1liminary characterization of chlorine pentatluoride, which
E hore a str.ug chemical ard paysical resemblance to its lower inter-

halogen hov. opue, ~' Hrime trifluoride, indicated thui a signifi-

cant n- aldition . . .een made to the awall family of dense,
high-pcrformance, s..nlc iiouid rocket oxidizers. Because of the
potential useful iess and unear-term application of this comp. '

to rocket propulsiou syste.s, the Department of Tefense accordingly
supported contimw ug inve.:cioations wauk chlorine pentafiworide to
complete the chewm cu! ane physical characterization of the mat—

eri 1 and estobli<h jts vr'T iy in suca systenms,

This hand* ok 1< a current swmiary of the engineering properties

of chlorine piazailuoride. The material presented is that which

e A e e e e

has evolved from .arious engineering characterization studies,

L

applicab’ - randliig experience, and the chemical similarity of

the compcanu to chlorine trifluoride. The handbook is intended

Y™ N A I 118NN ROV ) NI 100 250 S0, . st

asg a g ‘de [or those involved in tl.e handling and apnlication

RNTHIY 7TV T W

- A

. of thir oxidizer.
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HANDBOOK FORMAT

The material contained in this handbook has heen organized into

seven sections., These are:

Section 1: Introduction

Section 2: Physico=Chemical Properties
Section %: Materials of Construction
Section 4: llazards

Section 5: Safety Criteria

Section 6 Logistica

Section 7: [Refercnces

Each soction 1s subdivided further, to permit the user of the
handbool to obtain specific information expeditiously, The mat-
erial is arranged in such a ménner as to permit convenient updating
of various sections as data are generated frow additional studies

in chesc areas,

The interest of each individual user may be limited to speciflic
aspecta of the subject material; however, it is recommended that
personnel invelved in ClF5 handling be thoroughly familiar with
ail of the material contained in this report. Although every
effort hae bheon made to provide presently available information
on CIFS in sufficient detail for most of the potential uners of
the handbool, size limitations of the handbook obviously preclude
inclusion of every conceivable detail. ‘Thus, for those users who
desire additional detnils on specific items, consultaetion of the

referenced publications is rocommended,
Wherover possible, the data and informwation referenced are frow

final rvoports. This was done to eliminate confusion in cfforts

whove progress reports included incomplote experimentation and/or

CONFIDENTIAL
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analysis of the data. In those efforts where a final report has

not been issued, the date were taken from the latest progress
report containing pertinent results,

Hecauee the major portion of this handbook is related to areas
of engineoring interests, all of the data are presented in engi-
neering terminology (i,¢,, English unite). However, as a con-
venience to all of the users, data in certain sections (notably,

the physical properties section) of the handbook are presented

in both metric and English units, Where data are presented in

hoth units, the attendant discussion indicates the units of the
referenced wvork,

As & further convenience to the usex, physical constants and
conversion factors are presented in Tables 1 through 3 to enable
the user to convert the values to his particular needs. Also,
because tliese constants nre pregented to the lknown degree of

significance, they can be rounded o f£it particular needs.

F gy ‘} _A‘L~A4‘-——~——‘~*b—_‘—’
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1 atm
1 mm Hg

1 cal

1 cal (I. 7.)

1 Btu

1 in.
11t
11b
1 gal
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VHYSICAL CONSTANTS

Remarks
Standard gravitational
acceleration
Standard atmosphere
Standard millimeter Hg

Thermochemical calorie

International Stream
Tables calorie

Ice Point

Pressure~Volume product
for ideal gas at 0 C

Molar gas constant

United States unit
United States unit
Avoirdupois

United States unit

Value

32. 1740 ft/sec;
980,665 cm/see

1,013,250 dynes/sq cm
1333,2237 dynes/sq clit
h,1840 abs joules

41,2929 £0.0020 cu
cm-atm

1,000654 thermochem-
ical calories

491.6880 10,018 R
273.160 %0,010 K

22,4514,6 £0.4 cu cm-
ntm/g mole

2271.16 £0.04 abs
joules/g mole

8.31439 20,00034 abs

82,0567 *0,0034 cu cm-

252,161 thermochemical

251,996 I, T. calories

joules/K-g mole
1.98719 £0,00013 col/
K-g mole

atm/K-g mole

5.47 cu ft-atm/R-ib
mole

10.73 cu ft-psia/R-1b
mole

1055,040 abs joules

coalorics

2,.54000508 cm
30,4800610 cm
45%,5924277 ¢

0,13%680555 cu ft
3785.%3449 cu em

Note: Complled by Bossini, F, D. et al, Americon Petroleum Institute
Research Project 44, U.S. Departwent of Commerce, Natl, Bur,

Standards, Circular 461, U.S. Government Printing Office,
Washington, D, C. 1947,
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TABLE 2

CONVERSION FACTORS

Tempera ' mre

€+ 273.16 = K
F+ 459,58 a R
(cx1.8) +32=F
(F - 32)/1.8=¢
K(1.8) = R

Pressure

atm x 14,69618 = psi

wn Hg x 0.00131579 = atw
mm Hg x 0.019337 = psi
g/aq e x 0.00096784 = atm
2/3q cm x 0.0142234 = poi
bars x 0,98692 = atm

bars x 14,504 = pei
megabaryes x 1 = bars

Mags

(wese) x 0,002204622 = pounds (wass)

Length

centimecers x 0,393700 = inches
centimetors x 0,032808 = feet

Area

centimeters x 0.15500 = square inches
centimeters x 0,0010764 = square feet
feet x Vi = square inches

 GONFIDENTIAL
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TABLE 2
(Continued)

Yolume

subic centimeters x 0,061023 = cubic inches
cubic centimeters x 3.531445 x 10”0 = cubic feet
cubic inches (U.S.) x 5.78704 x 10™* w cubic feet

Pime

seconds/60 = minutes
seconds/3600 = houre
seconds/86,400 = days

Force

dynes x 0.00101972 = grams (force)
grems (force) x 0.00220462 = pounds (force)

Density and Specific Volume

(g/cu 2m) x 62,43 = 1b/cu £t
(cu cm/g) x 0.016018 = cu £t/1b

Surface Tension

(dynes/cm) x 6.8523 x 10~ = Ibt/ft

Thermodynamic Properties
(cal/g mole) x 1.8 = Btu/1b mole
(cal/g wole- Ky x 1 = Btu/1b mole ~ R
(Btu/1b mole)/mol, wt = Btu/1h
(Btu/1b mole~ R)/mol, wt = Btu/lb - B

CONFIDENTIAL
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TABLE 2
(Concluded)

Viecosity
centipoises x 0.672 x 1070 = 1bf/ft-sec
centistokes x 1,076 «x 1077 - sq fi/sec
(kinematic viscosity) x (density) = (absolute) viscosity

Therial Conductivity

(cal/cm-sec~C) x 241,8588 = Btu/ft-hr-F

Velocity of Sound
(m/sec) x 3.28083 = ft/sec

CONFIDENTIAL
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SECTION 2: PHYSICO-CHEMICAL FROPERTIES

2
2.1 GENERAL DESCRIPTION '

Chlorine pentafluoride (CFF, Compound A, Fluoridyne) is a halogen
fluoride having the empirical formula ClF5. The coler of the N
propellant is white in the solid state, water-white in the liquid }

state, and colorless in the gaseous state. The odor has bheen

.o

described as both sweet and pungent, similar to fluorine, chlurine %
trifluoride, chlorine, or mustard, It is insensitive to mechan-

-

ical shock, nonflammable in air, and exhibita excellent thermal
stability over its entire liquid range.

Chlorine pentafluoride can be a hazardous propellant because of
its toxicity and reactivity. The greatest hazard of the propel-
lant lies in its reactivity; it reacts with the vast majority

of organic and inorganic compounds and, under proper conditiens,
with most common metals,

- Voo e ) e b b
B e - .

Chlorine pentafluoride boils at approximately 7 F and has a vapor
pressure of approximately 49 psia at 68 F. As a result, refrigera-

tion is not required to keep the propellant in the liquid state

I SO

in conventional moderate-pressure vessels, When stored and/or
transferred in clean, dry, compatible systews, by properly trained
personnel, chlorine pentafluoride does not present a gerious

storage or handling problem.

»
Qv e
i .._:) _—

oy

2,2 PHYSICAL PROPERTIES

Selected physical properties of chlorine pentafluoride have been
defined in a number of experimental and analytical investigations,
Nominal values for various phase, thermodynemic, transport, and
¢lectromagnetic properties, that have been recommended as the
most representative of the existing data, are summarized in

R s i S it
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Table 4. The recommended data were sclected from those studics

in which the sample composition was 298 w/o CIF5. All of the '
presented data are direct experimental determinations or are

derived from curve-fits of the experimental data, except for

those data referenced with an asterisk; the starred data are cal- !
culations made during the refere ~ed work based on stamdard ana- ) i
lytical correlations and physical relationships, The absence of }
data on a particuler property is denoted by blank spaces.

Properties, for which property-temperature relationships lhave been ?
established, are noted in Table 4 with a figure number. The

values listed at a nominal temperature were established from their

respective property-temperature plots, These graphical illustra-~

tions (Fig., 1 through 10) represent either curve-fits of the best |
available experimental data or analytical estimations of the prop-
erty; curve-fits of experimental data are noted with a solid line,
while a dashed line designates calculated data. Equations repre-

Jenting the curve-fits over the noted temperature ranges are
included.

s el a .

The origin of the selected data is referenced in Table 4 and in

.

each individual figure. A brief discussion of the available data

for each property is presented in the following paragraphs.

General Identification

The physical classifications under general identification are those
properties that are used to identify a particular substance and
ites physical state,

e “_LMXA mm—— &

Molecular Weight. The molecular weight of chlorine pentafluoride 1
was experimentally determined by vapor density measurements as a L
means of preliminary identification of CIF5 (Ref. 3 ). The result- 5

ing experimental value of 128 comparel favorably to that value
(130.5) calculated from the International Atomic Weights in
conjunction with the wmolecular formula,
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2,2.1.3

2.2,1.%

2,2.2

2,2.2.1
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Freezing Point. Experimental measurements on a CIF5
>99 w/o purity (Ref.3 ) established a freezing point of -103 4 C,
A freezing point of -96 C was measured on a ClF5 gample of ~96 w/o
purity (Ref, 4 ).

sample of

Normal Boiling Point, The normal beiling point (equilibrium
vapor pressure of 760 mm Hg) of an "ultrapure" (>99.9 w/o ClFS)
sawple of CIF, vas experimentally weasured as -13,7 C (Ref. 5).
Boiling poinis of -13.1 ¢ (Ref. 6 ), -13.6 (Ref. 3), =nd -18,1
(Ref, & ), were calculated from equations representing experi~

mental vapor pressure measurements or less pure ClF5 samples,

Critical Properties, The ClF5 critical point was experimertally
deternined as 143 10.5 C, 771 psia, and 0.565 gm/sc (Ref. 6).

Phage Properties

Those propertiea of ClFS, which are associated with one particular
phase (either solid, liquid, or gas), have been grouped as phase
properties,

Deneity. The saturated liquid density of CIF5 has been established
from -80 C to the critical point as a result of two experimental
efforts (Ref, 3 and 6). These data, which are shown in Fig. 1
and 1A, were curve-fitted from -80 € (-112 F) to 99 ¢ (210 ¥) with
the following equations:

p( 3.55% ~ 1,396 x 10'2T( +

/o) )

%.565 x 10’5T(K)2 - 6.3111 x 10'8T(K)3

11
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and

-

p(lb/ftB) a 221.8 - 48.42 x 10 "T(R) +

.l

87.96 x 10”5T(R)2 - 67.56 x 10‘8T(R)3

- _.g-n(..‘ -

Liquid density measuremsnts were also conducted from 9 to 70.5 C
on & CH"5 sample of unreported purity (Ref. 7 ), and from -77 to

27.5 C on a CIF; sample of ~96 w/o purity (Ref. 4},
equations representing these data are:

a . il

Density

-‘3
= 1,832 - 3.71 0
P(g/cc) 32 - 3.7 x 10 Ty
and

4

p(m/cc) = 1.776 - 31 x 10 T(C)

I S DI

No density data have been rzporied for the solid and gas phases
of ClFS,.

Vapor pressure measurements on CIF5 ‘have been

conducted by a number of investigatars (Ref. 3, 4 and 6 through
8). The recommended data, which are shown in Fig,

2.2.2,2 YVapor Pressure.

SRS S

2 and 2A
are a correlation (Ref, 6) of the remults from two (Ref. 3 and 6)

of these astudies, Equations representing thesc dats from -80 ¢

(<112 F) to the critical point are

P SP U e

log P(&tm) = ’4.6029 - 1197/T(K)

and

St

log P(paia> = 5,7701 - 2155‘6/T(R).

CONFIDENTIAL |
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With the exception of measurements conducted on CIF5 of . 96 w/o
purity (Ref. %), all of the results from the other studies were ;
in good agreemeat with the selected data,.

2,2.2,3 Surface Tension. The surface tension of GlFs, which was experi- RN
menatally determined over a temperature range of -50 to 25 C : i

(Ref. 6), is shown in Pig, 3 and 3A. The equations representing :
these data are :

y(dynes/cm) 57.949 - 0.1&463T(K) é
;
and E 1
Yoy = 39708 x 107 - 055058 x 107n . |
|
2.2.2,4 Coefficient of Theyrmal Expansion. No datm ire available on th: % !
. coefficient of thermal expansion of CL¥ : 1

5

—

2.2.2,5 Coefficient of Compressibility. The adiabatic compressibility of

L b

liquid ClF5 was calculated from experimenta) sounic velociiy and

PLY

density cata on the saturated liquid (Ref. 5 ). Graphical rep~
rvesenlationa of these data, shown in Fig. 4 and 4A , can be
3 descriled by the folloving eguations:

B (atm—l) = 1.1565 x 0. 1.3942 x IO'GT(C} +

1.2708 x 10'8T(C)2 + 1.4680 x 10'1GT(C)3 N

9.6855 x 10‘13T(c)"
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-6

_ -8
B (psi_l) = 6,4065 x 107 + 4,0065 x 10 T(Ff +

-10

14103 x 107%5)% + 90015 x 207p )3 4

6,2782 x 10'15T(F)4

An empirical relationship based on a common molecular parameter
was used to caloulate the isothermal compressibility (Ref, 6).
These data were corrected (Ref. 9 ) and expanded, and the results
are presented in Fig, 5 and 5A,

Ipert (Gus Solubility. Current experimental measurements on
gasoous N solubility in ClF5 have resulted in an averagoe dif-
torential solubility value of ~3.0 x 107 1b N,/1b CL¥ s-pei ot
120 F (Ref. 10). These measurements are boing extended to other
temperatures and to the determination of helium solubility in
ClFs.

Thermodynamic Propertiecs

The properties of ClF5 which define energy chaages in the physical
transitions through the variome solid, liquid, and gas states,

as well as in chemical changes, are clessified under thermodynamic
properties,

Heat of Formution. The heat of formation of liquid ClI"S bas heen
established by the Joint Army-Navy-Air Force (JANAF) Thermochomical
Panel as ~60.5 6.0 keal/mole ot 298 K (Ref. 11). This valuo rep-

regents an average of AsHF values resulting from experimental

(}(JNHDENIIAL
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measurements of the heats of veaction (Ref, 3 ) of CIF, with
gaseous H2 and gaeooﬁa NII,_5 and the heat of hydrolysis in the
presence of hydrazine hydrochloride (Ref. 12),

[TRRT EA SR

gy

2.2,3.2 Heat of Fusion. There are no available data on the heat of fusion

I P,
: 4 of C 5

"

2.2.3,3 Heat of Vaporization. A ClF5 heat of vaporization value of %5.31%
keal/mole was calculuted from the Clapeyron cquatien using the
selected vapor pressure data (Ref. 6 ).

PR T aatt hans L e

0 s

2,2.3.4 Beat Capacity. The heat capacity of satureted liquid CIFS has

been experimentally determined during two different studies over
temperature ranges of ~50 to 50 ¢ (Ref. 6 ) and =72.9 to ~31,0 ¢ %
(Ref. 13). 'The data from the first study (Ref. 6 ) was analyt- !
ically re-evaluated and corrected during a subsequent study i
(Ref, 14), Although thero are unexplainable diserepancies hotween j
the two different sets of data, the data over the larger tempera-

ture range were arbitrarily selected ns the recommended values,

These data, which are shown in Fig. 6 and 6A, are defined with
the following oquations (Ref, 14):

o

}{
i
|
!
|
j
!

c,(col/gu-K) = 1,0847 - £,9522 x 10'2T/K) .

0.3595 x 10“"T(K)2 - 0.4509 x 10'7T(K)3

and
¢ (Btu/1b-R) = 1.0847 - 0.5290 x 10™°T, .\ +
8 (r)
-l -
0.1110 x 10 'T(n)z - 0.7389 x 10 BT(R)3

No date have boon generatod on the heat capacity of solid or
gosaous ClF5.
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2.2.h Transport Properties ’
All properties of CIF5 that invelve the transfer of mass or energy
at the molecular level are presented in the following paragraphs.
2.2.4.1

Viscosity. The recommended viscosity data for saturated liquid

CIP, ‘are a correlation (ReE. 14) of experimental data resulting

from two different studies (Ret. 6 and 13) with overlapping tem-
perature rangea, The equations, which deacribe the data shown
in Fig, 7 end 7A, are:

log n(°p> = ~),62875 + 33‘5.636/T(K)

108 M1y, fpgmpec) = 4080138 + 604 IU5/T by

Although no viscosity data are available on gaseous ClFs, addi-
tional efforts are in progress (Ref. 10) to expand the liguid

data to higher temperatures under both saturated and pressurized
conditions,

2.2,4,2 Thermal Conductivity.

Although no experimental data are available,

the thermal conductivity of lignid ClFR has been ecatimated using
a technique

ue described by Weber {(Ref. 15. This technique relates

thermal conductivity to density and heut capacity through the
following equation:

1/3
K = 359 x107¢,0 &)

M
vhere

K = thermal conductivity

Cp = heat capacity

p = density

M =

molecular weight

CONFIDENTIAL
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Using experimental deasity data (Ref. 6 ) and heat capacity data
(Ref. 14), the thermal conductivity of CIF_ was calculated from
-50 (~58 F) to 50 ¢ {122 F) and is graphically illustrated in
Fig., 8 and 84 .

2.2.4.3 Velocity of Sonnd. Experimental sonic velocity measurements have
been conducted in saturated ligquid ClF5 from -77.1 to 68,7 C
(Ref. 10). A curve-fit of the data, shown in Fig. 9 end 9 ,
resulted in the following equations:

= 2
®(w/oec) " 1755 - u.o7hw(x) + 5.9% x 10 T(x)

and

[ CRETRUTINE ST T LTI PRt TR T " Ve et I T I
r R~ el - .

o
m

~4 2
c(ft/sec) s 5758 - 7'1*26'1‘(3) + 6.011 x 10 T(R)

Sonic velocity measurements were also conducted in liquid ClF5
under total pressurizations (with gaseous nitrogen) of 500 and
1000 psia (Ref. 10) over temperature ranges of ~73.5 to 69.2 C
and -27,0 to 16,8 C, respectively. These data, in which certain
anomalies were apparent (Ref. 10), were curve fitted with the
tollowing equations:

At 500-psia pressurization {199.7 to 342.4 K)

3 2
c(m/sec) = 1967 - 5.869T(K) + 4,128 x 10 T(K)

while at 1000-psia pressurization (246.2 to 290,0 K)
“(w/ses) = 120 = 31330

No sonic velocity data are available for Ghe geseous CIF_ state,

5
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2.2.5.1

2.2,5.2

2.2,5.3

2.2.5.4
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Electromagnetic Properties

The electrical, magnetic, and electromagnetic (opticai) properties
have been grouped as "Electromagnetic Properties.” These proper-
ties generally are related to the electronic structure of the
atows ir contrast to the transport properties which invelve only

molecular movement,

Index of Refraction. No data are available on the index of re-

fraction of solid, liquid,or gaseous C1F5.

Dipole Moment. No data are available on the dipele moment of ClFs.

Dielectric Constant. The dielectric constant of liquid ClF5 wan
measured from -80 to -17 € (Ref. 6 ). A curve-fit of the experi-

mental data, shown in Fig., 10, can be expressed by the following
equation:

€ = ~0.015 Tygy + 3.08
N

The dielectric constant of geseous ClFs, experimentally measured

at ~10 megacycles, 23.9 C, and 746.5 wm Hg, was 1.00279 0,000607
(Ret. 6 ).

Electrical Conductivity. The specific conductivity of liquid
CIF5 was found to be <1,3 x 10-9 ohm"lcm'.1 over a ismperature
range of -80 to =17 C (Ref. 6 ). The value at =17 ¢ (1.4 F) vas
0.45 x 1077 ohm_lcm_l (mho/cm) . ’

2.2.5.5 Magnetic Susceptibility. No dats are available on the magnetic

susceptibility of CIFS.
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Figure 3, Surface Tension of Chlorine Pentafluoride (Ref, 6)
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Figure 7. Viscosity of Chlorine Pentafluoride (Ref. 14)
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2,3.2
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CHEMICAL PROFERTIFS

The chemical characterization of CIF5 has been conducted by a

number of inveatigatore with various objectives. A primary
effort (Ref, 8) was directed toward definition of the chemistry
of CIF5 in relation to its use as a propellant to provide a asound
basis for future operational propellant handling procedures. Other
investigators (Ref. 6 and 13) have contributed toward the defi-
nition of chemical properties through propellant characterization
and engineering studies. A less extensive study (Ref, 16) has
provided additional solubility and chemical reactivity data, while
various other investigators (Ref, 17 through 32) have contributed
to the chemistry of ClF5 through attempted synthesis of hew com-
pounds using ClF5 ag a starting or immediate compound. The re-
sults of thesc studies are sumparized by various classes of cle-
ments and compounds in Tabie %, Although the more interesting
features regarding CIF5 chemical reactivity are presented in the
following paragraphs, more detniled data from these studies can

be locoted in the appropriate references,

Reaction with Nontronsition Metals

Results of reaction studies bhetween ClFﬁ and the nontransition
metals (Groups IA, IIA, ond IIIA of the Periodic Table) indicate

the appurent nonreaction of Al powder, Mg powder, and Be chunks
at 150 C ovoer a 16-hour period.

Reaction with Transition Metals

Roaction studies of ClF5 with the transition metals indicate that
aome correlations con be established betwoen the cowpleteness or
degrec of reactivity of the transition metunls and the volatility
or melting point of the resulting fluoride, Transition metals
that form volatile or low melting fluorides react completely at
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150 C (and wany react at ambient temperature). For example,
vanadium, niobium, mol )denwu, tantalum, and tungeten, all of
vhich form fluorides melting below 220 C, react completely at
ambiont temperature., Titsnium reacts more slowly under similar
conditiune, Traneition metals (Cr, Man, Co, Ni, Pd, Pt, Cu, Zn,
and Cd), which are least reactive with C1Fy in studies to 150 C,
all form fluorides with melting points above 850 C,

Reactions with Nonmetals and Metalloids

The reactions between nonmetals or metalloide and ClF5 appear

to be typical for the action of interhalogen fluorides ip general
toward these reagents, All physical states of graphite react at
ambient temperainre. The extreme réactivity of activated charcoal

is attributed to the high concentration of organic material nor-
mally found in charcoala,

Reaction with Metal Oxides

For the wmoet part, the reactivity of metal oxides with CIF_ is
similar to the reactivity of the psrent metal. For example, the

nontrangition wetal oxides (BeO, Mgo, Al 0., PO, and Bi,0,) ere

273 7T
unreactive to 150 €. Thie relationship is aleo generally observed

with trensition metal oxidesn with twe notable exceptions: Hy0
and 0r05. Both Gr203 and cro3 react completely at 150 ¢ although
chromium metol is unreactive under tho sauwe conditions, These
data guggest that the formation of a stable, fluoride coating

iz not tho only oriterion for nourveactivity of a material with
CIFB.

)
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2.3.5 Reaction with Water

Under carefully controlied conditions (and exeluding metal), the

reaction of CIF5 with 320 occurs according to the following

equation: !

1
CIF + 2H,0——a FC10, + UWHF ) }

|
L
E
k

Vith a local excess of water (in the presence of metal which pro-
vides a surface to catalyze the decomposition of F0102) the
reection epparently occurs as follovs:

3CIF + 71120—-—-» 2(}102 + FC10, + 9HF

5 3

It is apparent from the second equation (which represents normal
' reaction conditions) that 0102, an unstable and :.tremely gensi-
i tive species, is normally produced during the hydrolysias of ClFs.

B el e . a

Water in the form of metal fluoride hydrates reveals no difference

in reactivity with respect to the products formed.

Cdma . ot

{ 2,3,.6  Reaction with Hydroxides

The reactivity of basic, neutral, and acidic hydroxides toward
GlF5 is similar in thet HF and 02 are formed in all cosce., The
formation of 012 and/or 0102 from these reactions is a result of
| the degradation of CIFS, except in the casos of Na,B, 0 -10“20

27477
and Nazsi03'9H20. The initial reaction of hydroxidee appears to

be the formation of HF, Chlorine, generated from the decomposi-

} | tion of 0102, accounts for the formation of Ca(OC])2 in the
; i reaction of ClFy and 0a(0H)2 as follows:
| | 2€10,, ————#C1, + 20,
'
;' f 201, + Gafin), - a(001), + 2MC1

f CONFIDENTIAL
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Similay chlorination reactions also probably occur in other

OlFs—hydroxide reactions,

2,3.7 Reaction with Solvents !

Chlorine pentafluoride compatibility and solubility studies RN
(Ref. 8 ) with hydrogen fluoride and halocarbon-base solvents i }
indicate Frecon 11, Freon 113 and Hooker Fluoride 0il are compat-
ible and wiscible with 01?5 at ambient temperature. At -30 C,
however, Freon 113 is not miscible. The tertiary amine, (chpk)SN’
and the oyolic perfluoroethers, FC=75 and FC-77, are miscible
with Cl!5 in 50 m/o mixtures at ambient tempsrature., At -3¢ C,

no solubility ia apparent with the tertiary amine, Neo F19 ex-
change is arparent .. the halooarbon solutions at 27 C, Anhydrous
HF will diz.olve 6 /0 1:95 at =38 C end greater than 13 m/o at
0C, No qu axohange 18 ohwerved in the HF-01F5 system which
precludos a:i, appriciable solvent-solvent interaction and par-
tioularly exoludes t10 equilibrium:

; -
~ OIP, + WP S I + CIFg

Chloroform and carbon tetrachloride both react slowly with C].F5
at ambient temperature to form 1, and CFCIJ. In addition to
these products, the reaction with chloroform also forus GHGIQF,
Cr12F2, and CF&. Beacuse of this reaction, no ClF5 solubility
data arc available with 001& and CH013.

A_u‘;_n)#_.“l;‘ [ . P U

vy

2.3.8 Miscellaneous Reactions

PN

—_

The chemical reactivity of ClF5 with & number of reagents encom- _
pessing additional categories of compounds are also presented 1
in Table 5 . These include metalloid oxides, nonmetal oxides,

salts of oxyacids, halides, borides, carbides, nitrides, sulfides,
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Lewis acids and bages, etc. Because the chemistry of these sys-

tems are of special interest to a small minority (for example,

- the interaction of ClF5 with Lewis acide is only of academic ‘
interest), investigators interested in the descriptive aspects

of these reactions, such as characterization and properties, should
refer to the cited original sources.

From a practical point of view, emgineers (or chemists) will not }
encounter the problem of "treating" these miscellanecus reagents

with CIP5. Should a epecial situation develop, again the original {
literature should be consulted,
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TABLE 5
REACTIVITY OF ELEMERTS ARD COMPOUNDS WITH ClF,).
Test Reference
Material Temperature Resuiis and Products Number
Metals and
Metalloids
Li (chunk) Ambient Reaction: LiF, Cl, 8
Be (chbunk) Ambient No reaction 8
150 ¢ Mo reaction 8
Mg (powder) Ambient No reaction 8
150 C No reaction 8
Ca (chunk) Anbient No reaction 8
150 ¢ Partial reaction: flaking 8
of CaF,
&
B (granular) Ambient Reaction: BFB’ c1, 8
Al (powder) Ambient No reaction 8
150 ¢ No reaction 8
In (Powder) Ambient No reaction 8
150 ¢ Extensive surface attack 8
and film
Ge (wafer) Ambient Beaction: GeF, 8
Sa (powder) Ambient No reaciion 8
150 C Reaction: SnFl&, 012 8
P Ambient No reaction 8
150 ¢ Surface attack 8
As (chuck) Ambient Reaction: A5F5, c1, 8
sb (churk) Ambient Reaction: 8HF, cm,’*swg 8 :
Bi (powder) Ambient No reaction 8 ;i
150 ¢ Surface attack 8 g
4
]
E
87
CONFIBENTIAL :
3
1
- L 1
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TABLE 5

(Continued) .
!
Tent Reference ‘
Material Temperature Results and Products Number 1
Transition {
Metals 3d z
Series ‘
Cu (wire) Ambient No reaction 8 f
150 € No reaction 8 'y
Zn (granular) Ambient No reaction 8 '

150 ¢ No reaction 8
3 Ti (chunks) Ambient Slow reaction; complete 8 1
! reaction in 1 week: .
' TiF4, 012, coating i
150 C One-half reaction in 8 1
' 1 day :
‘ 1
' V (granular) Ambient Reaction: Cl, 8 i
v I
r Cr (chunks) Ambient No reaction 8 *
i 150 ¢ No reaction 8 ;
" Mn (chips) Anmbient No reaction 8 <o
150 € No reaction 8 33
;’ Fe (povder) 105 C No reaction 8 b
! 150 C Reaction: FeF,, Cl 8 "
! 32 1
| Co (rod) Ambient No reaction 8 |
' kpowder) 150 C No reaction 8 )]
L Ni (sheet) Ambient No reaction 8 ’4]
150 € No reaction 8 :
i
Trangition iJ
Metals 4d, il
. d_Series “J
;, Ag (reagent- Ambient No reaction 8
3
' grade shot) J
b (electrolytic 150 ¢ Severe surface atiack: 8

! ! plate) AgP, €1,
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TABLE 5
(Continued)

Teat

Reference

Material Temperature Results and Producta Number i
Transition f
Vetals id, ?
24 Serics \

Cd (rod) Ambient No reaction 8
Zr {chunks) Ambient No reaction 8 1

150 C Surface darkened 8
Nb (powder) Ambient Reaction: Cl, 8 )
Mo (strips) Ambient Reaction: MoFg, Cl, 8 .
|
Pd (sheet) Ambient No reaction 8 B
150 C Slight tarnish 8 1
Au (sheet) Ambient No reaction 8 !
150 ¢ Surface teraished 8 :
Hg Ambient Reaction: HeF,, HeCl, 8 4
Ta (strips) Ambient Slow reaction: ClFy, Tk 8 i
150 € Reaction: purple coating 8 %
I
W (powder) Ambient Reaction: WF¢, Cl, 8 i
Pt (wire) Anbient No reaction 8 ;}
150 ¢ No reaction 8 )H
Nonmetalg ;j
¢ (Lampblack Ambient No reaction 8 3
Raven-30 o
1-Percent . . |
. 150 ¢ Partial reaction: (1 8 .
Volatiles) oF. . CF,C1 0! :

3
Si (chunks) Ambient Beach’,{on: SiF,, Cl, 8 g
t
Graphite Ambient. Partial Reaction: abaorp.- 8 3
(powder) tion inte lattics: no {F, g
c1L, ' J
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TABLE 5
(Continued)

Tesat Reference
Material Temperature Results and Products Number
Nonmetals
Graphite Ambient 10-percent uptake: inter- g
(pressed rod) calation compound fermed;
wo CF,, Cl
4 2
Charcoal -150 ¢ Extremely vigorous reac- 8
(activated) tiontCF,, C,Fg, SF¢
Lamblack (Weo-| Ambient Reaction: CF, CF3CI, 8
Supra II; 15- 0102, CQF6
percent vola-
tiles)
P, violet < 80 C Reaction: PF5, Cl2 8
powder
Sa (roll Ambient Reaction: SF,., Cl, 8
excess
Seg (powder Ambient Reaction: SeF, Cl, 8
excese)
N, 4196 € Solubility of solid
ClF5 < 0,1 percent
25 C No reaction 8
0, {dry) -183 C Solubility of solid 16
Cm5<0dlmmmw
Ambient No reaction 8
150 C No reaction 8
230 C No reaction 8
375 to No reaction 26
430 ¢
03 -133 to No reaction; some decom- 16
78 C position of 03
|
F, -1% ¢ Solukility of solid 16
ClF5 < 0.1 percent
310 C No reaction 8
300 to No reaction 26
375 C
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TABLE 5
(Continued)

Test
Material Teuperature
Nonmetals
012 Ambient
150 C
>180 ¢
Br, (1) 100 C
12 (s) Ambient
C1F -88 C
-83% C
CIF3 3
ClO2F 230 to
430 ¢
0103F 300 C
] 0
NI‘3 200 ¢
Nth Ambient
KrFk =03 to
=53 C
NOF -78 €
N02F -78 C
-183 ¢
0F2 =78 C
Ambient
300 C
02F2 =93 C

No reaction
No reaction

ClF, + F2

3

BrF3 + 012

No reaction:
mixture

No reaction

No reac.ion
No reaction
No reaction

No reaction

Reuction:
No reaction

5

No reaction
No reaction
No reaction

No reaction:

Reaction: IF

position of @

Results and Products

Partial reaction:

Partinl reaction:

5 CIF, ClFy

homogeneous

Homogeneous mixture

polid (complex)

Solubility of solid
CIF. < 0.1 percent

some decom~
2F2

Reference
Number

® o

16

16
26

28
31
18

17, 30

28
16

17
31
16
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TABLE 5
(Continved)
Test - Refereace
Mnterial Temperature Results and Products Humber
Nonmetals
H,0, (90 -78 ¢ Violent ieaction: 17
percent) 0103F, 0102, 02
{98 percent) -78 C Violent reaction: 17
0103F. 0102, 02
Metal and
Metalloid
Oxides
Na 0, (powder) | Ambient No reaction 8
100 € Reaction: CIF,, ¥€10,, O 8
_ 3 2 "2
Ko, (powder) Ambient Reaction: glF3, FC10,,€10,, 8
BeO (powder) Ambient Slight reaction 8
150 ¢ Slight reaction: FClO3 8
Mg0 (powder) Ambient No reaction 8
150 ¢ No reaction 8
Ce0 (powder) Ambient Complete reaction: 0,, Cl, 8
Ceo, {powder) Ambient Complete reaction: 0,, ClFy 8
Ba0 (powder) Ambient Reaction: FCl0,, 0, C1., 8
2
BaG, (povder) Ambient No reaction 8
100 C Reaction: 02, 012, ClO2 8
B0, {powder) Ambient Reaction: Br,, 0., Cl1,, 8
23 -3 "2 2
Fclo,, BF
3 b
Aly04 (sctivated)| Ambient Reaction: FCl04, CI, 8
A1203 (vncuum Ambient No reaction 8
baked) 150 ¢ No reaction 8
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TABLE %
(Continued) ,

-
Test Reference
Material Temperature Results and Products Nuwusber
Metal and
Metalloid
Oxides
111203 (fused; Ambient No reaction 8
] v Lucalux) 150 C No reaction 8
s Sn0 (powder) Ambiént N> reaction 8
i 150 ¢ Reaction 8
. Sno,, (powder) Ambient No reaction 8
: 150 C Slight reaction 8
Pb0 (powder) Ambient No reaction 8
i 150 ¢ Slight reactiion 8
PO (powder) Ambient Ne reaction 8
150 C Complete reaction 8
- Pb_0 Ambient Complete reaction: 8
: E Cl,, ©
2! "2
: AsQO3 (powder) | Ambient Complete reaciion: 8
AsOF., Cl1,, O,
: 3 2 "2
H As_0. (powder) | Ambient Complete raaction: Cl,, 8
£ 275 s .
., 02, nonoxidized solids
Sb_0. (powder) Ambient Complete reaction: 0, 8
273 : 2
selids
Sb,0. (powder) | Ambient Complete reaction: O, 8
N 2°5 : 2
5 solids
; Bi203 (powder) Ambient No reaction 8
: 150 C Slight reactioa 8
: Transition
Metal Oxides
CuQO Ambient No reaction 3
150 ¢ No reaction 8 |
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TA%%E 5
(Continued)

Test l Reference
Material Temperature liesults and Productes Number
Trapsition
Metal Oxides
Cul Ambient No reaction 8
150 ¢ No reaction 8
Ag 0 Amb:rent Reaction: FClQ,, C10,, 8
2 0 2 2
o 012, AgF
Zn() Ambient No reaction 8
150 ¢ Slight reaction 8
Cdo Ambient No reaction 8
150 ¢ Siight reaction 8
HgO “Ambient No resction 8
Ambient Reaction: Cl0,, CiOF, 18
2 2
0105F
150 ¢C Incomplete reaction; FClOz, 8
ClF3, ClO2
’I'iO2 Ambient No reection 8
150 ¢ Slight reaction: 02, 012, 8
FC10,, TiF,
\'s 05 Ambient No reaction 8
) 150 ¢ Complete reaction: 02, 8
1
C~2, CIO2
0r203 Ambient No reaction 8
150 ¢ Extensive reaction: 0102, 8
FCl0
2
Cro Ambient Comnlete reaction: Cr0F,_, 8
3 FC16,, Cl,, 0 22
32 YR T2
M003 Aubient Cemplete reaction: FCIOB, 8
012, 02, FClO2, 0102
Mno,, {po=der) Ambient No reaction 8
150 ¢ No reaction 8
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TABLE 5
(Continued)

@1

Test Referenc::
Material Temperature Results and Prodncts Number
Transition
Metal Oxides
FeOl Ambient No reaction 8
150 C Reaction: <1, FC10,_, 8
0 2 3
2
Fe203 Ambient No reactron 8
150 C Reaction: C!,, O0,, FCI19Q 8
2 72 3
Co203 Awmbient No reaction 8
150 C No reaction 8
Ni0 Ambieut No reaction 8
150 C No reaction 8
Ni203 Ambient No reaction 8
150 C No reaction 8
Nonmetal
Oxides
co Ambient Complete reactiun: COFQ, 8
COC1F
002 Ambient No reaction 8, 18
5102 ;ﬁgignind ClF3, Cl2, Sle, S102, 02, 16
c10,, €10, CI1OF
2 2
?quartz) Ambient No reaction 8
325-mesh) Ambient No reaction 8
Ambient Recaction i8
140 C No reaction 31
250 C Reaction: SiF&, CIFB’ 31
02, CIOQF
NO Ambient Complete reaction: 8
FNO.+ 012
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, TABLE 5
‘ (Continued)
Test Reference
Material Temperature Results snd Products Number
Nonmetal
Oxides
NO2 Ambient Ccmplete reaction: FCIOQ, 8
¢10,,, FNO_, FNG
2 2
Ambfent Reaction: FNO, FN02, 18
0., Cl
. 05, CIF,
PO Auwbient Complete reaction: POF_, 8
2’5 0, C1 3
2 T2
SO2 Ambient Vigorous reaction: SF6, 18
SOFQ, SOFQ, SOQF2, 0102,
CIO3F
80 Ambient Complete reaction: €1, 8
3 SO_F., 0 2
272" "2
Ambient Explosive reaction 18
SOFA Ambient Slight reaction: SOFQ, 18
SO, F
2°2
S2O6F2 <130 C No reaction 18
130 C Slight reaction i8
0162 Amhient No reaction 8
100 to No reaction 32
110 ¢ '
1.0 -100 to Reaction: IF_., IF.0 17
2 5 _ . 5)_ 7 2’ i
78 C CIO3F, ClO2
Water and
Metal Fluoride
Hydrates
H20 (vapor in N2 0¢C 012, Cc10,, FCIO3 8
with wetal/Kel-F
system)
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TABIE 5
{Contvinued)

Teat Reference

Material Temperature Results &nd Producte Number
Water and

Metal Fluoride

Hydrates
KF~2H20 Ambient 0102, FCIO2, FClO3 8
MgF_-xH 0 Ambient C10,, FCiC,, B

272 (partial 2 2 3
reaction)
' 0 (50-percent| -30 ¢ FC10, 8
solution in HF
with all Kel-F
sys bem) i
CrF3-3 1/2 H20 Ambient | 0102, FC103, 8
CuF2-2H20 Ambient 0102, FC102, FClO3 8
H,0 (1iquid) Ambient Vigorous reaction 13
0 (vapor) Ambient Vigorous reaction: C10.F, 13
CIOBF, HF
HQO Ambient Violent reaction 18
H20 0C HF, Cl2, HC10 o 16
Hydroxides
Ca(OH)2 - Ambient 0y, Cly, FC10,, CaF,, 8
01F5(1) Ca(cm)2
Ca(OH)2 - Ambient 0y, Cly, FC10,, 50103, 8
01F3(g) CaF,
B(OH)3 Awbi nt 0,, Ci,, BF3 8
NaB,.0,.- 10H,0 Ambj.ent 0y, REF,0H, NaBF,, 8
HC1(hydrated)
57

B
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Test

Material i Temperature
Hydroxides ’

Al(on)3 | Ambien®
Na"c0,(08)” ) Ambient
(cms)2 c(on)2 Ambient
UF.Sco( o) w23 €

25 C

Na28103-9ﬂ20 Ambient
wo,_ (ox) (70 Ambient
pegcent)
x"poz(oa)a Ambient
P02(0H) Ambient
Hpo(oxx)2 Ambient
Ce+hESOB(Gﬁ)]; Ambient
302(011)2 Awbient
c10,.(of) (72 Ambient
peréent
Salta of

Oxygen Acide
Na,CO Ambient

273 100 ¢

TABIE 5
{Continued)

CFC1, NeF

2‘!

Referance

Results and rrolucias ] umber
0y, L10,, PO, ALF, 3
NaF, 0,, CF), €€, Cl, 8
02, CFZO, CF&, CF361, ClO2 8
02, F0102, CF3CF0
02, FCIOQ, CchFO,
(0F3co)2o
02, Na,8iF¢, HCI (hydrated ) 8
02, 012, 0102, FClO2, N02 8
02, 012‘ 0102, FClOs, KPF6 8
0y, €10,, FC10,, PPy, POF, 8
02, 012, P0F3 8
02, 0102, 802F2, 8F6, 8
solids
02, 0102, SO2F2, SOFh 8
02, 612, 0102, FClO3 8
No reaction 8
Roaction: 02, 012, CF 8
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TABLE 5
(Continued)
‘ Test Reference
Material Temperature Results and Prodacts Number
Salts of
Oxygen Acids
NaN02 Ambient Reaction: N02, FNO, 8
FNOQ, FClO2, 012, NaF
NaNO3 Ambient Reaction: FNOQ, FClO2 8
Ca3t"po,‘)2 Ambient Reaction: 0,, Cl,, C€10,, 8
Na28203 Ambient No reaction 8
150 C Reaction: 02, 012, 0102, 8
SOzF,, SF6, NaF
Nu2803 Ambient No reaction 8
150 C Reaction: 02, 012, 0102, 8
SO2F2, SFG’ tiaF
KNO3 =78 C No reaction 17
KQSO“ Ambient No reaction 8
C ion:
130 Reaction 02, 0102, 802F2, 8
SFG’ KF, KClFu
KClO3 ~78 to =27 C Limited reactiona: FClO2 17
Ambient Reaction: 02, 0102, FClOQ, 8
FCIO3, KClkh
KCth -78 to =27 C Limited reaction: FCIO2 17
Ambient; 150 C{ No reaction
KQCrO“ Ambient S8light reaction B
150 ¢ Reaction: 0,, C10,, FC10,, 8
FCIOZ, Cr02F2, KClFH
1(201'20.7 Ambieant Reaction: 02, FCIOB, 8
Cr02F2, KClF&
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TABLE 5
(Continued)
Test Reference
Material Temperature Results and Products Number
Salt. of
Oxygen Acids
B0, Awbient Reaction: 0, , FC10,, 8
FMnOz, KF, KCth
CsNO -78 to Slow reaction 17
3 ~25 C
25 ¢ Reaction completed after 17
% days: NOQF, 0102F
LiCth -8 C Reaction: LiF 23, 24
Lewip Acids
and Bases
KF Ambient No reaction 8
150 € No reaction 8
CaF =78 € %o No reaction 28, 8
ambient
150 ¢ No veaction 8
Tin Ambient No reaction 8
BF, =112 ¢ No reaction 8
7 Awbient Reartion 18
Ambient No reaction 27
P’F5 0cC No reaction 8
AsF,s 0 Roaction: CIF, *AaF” 8
Ambient Reaction: ClF;Aan'" 18 - 24
SHF, 0¢ Reaction: 01F4+SbF6".nSbF5 8
375 C Reaction: CIF, 'S~ 27
SF“ Ambient No reaction 18, 27
SF% Anbient No reactien 27
60
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TABIE 5
{Continued)
Test Reference
Material Temperature Results and Products Number
Halides and
Pgeudohalides
HC1 Ambient Reaction: HF, Cl, 8
NaCl Ambient Reaction: 012, ClF, NaF 8
KX Ambient Reaclion: 012, KICIIA, KIF6
150 C Reaction: C1,, IF_, KICl, ,
KTF 2775 g
6
. ECN Ambient Vigorous reaction: 012, 8
CF,, N,, C. KF
Hg(CN)2 Ambient Vigorous reaction: Cl,, 8
C1F, CFI‘, NQ, N2F2, HgF2
KOCN Anbient Reaction: 02, 012, N2, 8
CF),’ KF, KC]F,‘
Nu.N3 =150 C Violent reaction: 012, 8
NHaF, N2
Borides,
Carbides,
Nitrides,
Sulfides
and Azides
CaB, {techni- Ambient Reaction: Cly, ¥7., 0y, 8
cal grade) CaF, ’
Ca02 Ambient Slight reaction: CF, 8
150 ¢ Reaction: Cl,, CF,," 8
CFSC.I, c, CnF2
B,*C Ambient No reoction 8
150 C Slight recaction: trace 8
CFI‘
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TABLE 5
(Continued)
Test Reference W
Material Temperature Results and Products Number
Borides,
Carbides,
Nitridea,
Sulfides
and Azides
Al C, Ambient Partial reaction: 0102, 8
(impure sample) Fclo,, CF&,
(appearance unchanged)
8i¢ Anbjient No reaction 8
150 C S1ight reaction: tracz CF, 8
L[V Amhient No reaction
150 C Reaction: 012, CF, , CF:,)CJ.,
WF6 ‘
Mg31€2 Ambient No reaction 8
100 C Reaction: ClNOQ, 012, 8
N2, MgF2, I"NO2
Ca3N2 Ambient Reaction: ClN02, 012, N2 8
CaF2
ZrN Aubient No reaction
100 C ClN02, 012, N2, ZrF,*
CrN Anmbient No reacticn 8
150 C Partial reactiom: FN02, 8
012, N2, GrF:,,
BN Ambient Reaction: 012 . N2, BFB 8
Na,8 (techni- Ambient Beaction: Cl,, SF, 8
cal grede) sor2, NoF
62
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TABLE 5

(Continued)

Test Reference
Material Temperature Results and Products Number
nS Ambient Reaction: 012, SF6, 8
SOF,, Zn¥F
2 2
cos Ambient RBeaction: Cl,, COF2, 8
COFC1, SF,, SOF,
Azides(general)[ -78 C to Vigorous reaction 17
Ambient
Solvents
(GF3)2CO -80 ¢ No reaction 8
0ocC Violent reaction: 02, 8
Cly, COF2, CF&
(CF300)20 =60 to 30 C | Slight solubility 8
CHGI3 Ambient Slow reaction: CHCle,
0012F2, CFCIB, CFk, Cl2 8
CClh Ambjent Slow reaction: CFCIB, 012 8
CFCIB(Freon 11) Ambient No reaction: no Flgexchange 8
CF2012 -93 ¢ Forms homogencous mixture 16
(Freon 12) Anmbient Progressive fluorination 32
of CC1_F, after 10 days
272
CClF3 -93 C Forms homogeneous mixture 16
CF, (Freon 14) -128 ¢ Solubility of solid 16
. ClF5 <0.5 percent
(,F'2010FCI2
(Freon 113) -30 ¢ Immiscible 8
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TABLE 5

(Concluded)

: Test Reference
; Material Temperature ttesults and Products Number
[ Fluorolube 0il Ambient No reaction: no F19exchange 8
)

b (C,*F9)3N (43} -30C Immiscible 8
3 Ambicut No reaction: no Flgexchange, 8

| Miscible at 50 m/o

Kel F 0il Ambient Readily soluble 16
(Xo. 3)
¢
FC-75 Auvbient No reaction; no Fl)exchangq; 8
| miscible at 50 m/o
: FCc-77 Ambient No reaction: no F19exchange; 8
L miscible at 50 m/o
i HF -38 C No reaction: 6 m/o 8
; golubility; no Flgexchange:
. solvent shift = 2.6 ppm
downfield

\ oc¢C No reaction: >13 m/o 8
; solubility
}
! 28 C No regction: no F19exchange 8

. |
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2.4 CHLORINE PENTAFLUORIDE MIXTURES

A number of propellant mixtures and new propellant concepts

\d
I . b
' . involving ClF5 have baen investigated undér programs designed §
to formulate new and ugefnl high—energy, earth-storable oxidizer l

wixtures. Organizations that have conducted experimental

investigotions of various homogeneous mixtures with CIFS,
include Aerojet-General Corporation {(Ref. 33 through 39),
Allied Chemical Corporation (Ref. 18), Monsanto Research
Corporation (Ref. 17), Reaction Motors « i}{.inion of Thiokol
Chemical Corporation (Ref. 7 and 40 through 43), and Rocketdyne X
(Ref. 8 and 45), 1In addition, Recction Motors (Ref. 43 and 44)
has also investigated heteregeneous mixtures with Cl¥F.. For
the most part, tinese investigations consisted of studies of
formuletion comwpatibilities, miscibilities, homogeneity, and/or j
engineering properties. DBecause these studies are related to

potential application of CIFS, brie{ summati.ns of the various

[ formulations are presented in the following paragraphs.

A ORI

2.4.1 CIF--C1F.. Mixtures ‘
e

A CIFS-CIF3 mixture (64 w/o 01F5) was found to be miscible, with
vapor pressure data demonstrating a slight positive deviastion
from ideality at ambient temperature (Ref. V7).

A e

P RREIRET ARTINT X SRR R

[t

A, =Bx7 A
\ i 2.4.2 ClF5 rP5 Mixtures

A study /Ref. 17) of two C1Fg-Brl'; mixtures (42 and 62 w/o 01F5) ]
indicated miscibility and positive vapor pressure deviations

from ideality. The deviations were more positive with increased -
CIF5 contert,
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2.4.4

2.4.5

2.4.6
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ClF_-FC10., Mixtures
J P

Mixtures of ClFS—FCIO3 were found to be completely miscible,
compatible, and insensitive to shock (Ref. 7 ). The vapor
pressures of various mixtures were reported (Ref. 8) to have
slight positive deviations from ideality over a temperature
range of -46 to 20 C; very little vapor pressure deviation was
noted (Ref. 7) in an 80 w/o CIF
-23 to 25 C.

520 v/o FClO3 mixture from

ClF.-XeF  Mixtures
Y &

The solubility of XeF2 in CIF5' determined over a temperature
range of 0.1 to 41.2 C, ranged from 4.68 to 13.3 gm/100 gm C1F
This low solubility limited future use uf this theoretically

potential high-density impulse formulation (Ref, 45).

5

C1F _-XeF, Mixtures
w4 @z

Experimental determinations of XeFA solubility in ClF5 indicated
that low solubilities (2,92 to 7.92 gzw/100 gm CiFy
ture range of %.5 to 45.5 C) would prevent effective application
of this oxidizer mixture (Ref. 45).

over a vempera-

glgﬁ-OFz Mixtures

Mixtures of OF2 and ClF5 were found to be miscible at -78 C,

but demonstrated large positive deviations from jsdeality (Ref.17 ).

i
1
4
3
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2.4.7

2.4.8

2.4.9
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CIFS;_HNFn Mixtures

A 3 to 1 mixture of ClFs-—HNF2 detonated within 1 minute after
mixing at-120 C (Ref. 7 ). However, it was also noted (Ref, 46)

that very pure ClF5 and HNF2 reacted smoctiuily at -80 C to form
ClNF2 in good yields.

CIE -NF, Mixtures

Equal weights of ClF5 and NTF3 were found tu be miscible at -78 €
in glass capillaries (Ref. 17).

g;gﬁzﬁégﬂ Mixtures

ClFs—N2F4 mixtures have been extensively studied by Aerojet

(Ref. 33 through 39), Reaction Motors (Ne! 7 and 41 through 43) and
Rocketdyne (Ref. 8 and 45) as a primary candidate high-energy
storable nxidizer formulation. Eurly stvdies (Ref. 7, 8 and 34)
indicated reaction between the two compounds above ambient
temperatures. Additional laboratory invesiigations {Ref. 35
through 45) confirmed decomposition of the compounds in various
materials over a wide temperature range and suggested that

decomposition was both homogeneous snd heterogeneous in nature
(Ref. 45).

Vapor pressure studies (Ref. 7, 8, 33, and 41) indicated slight
positive deviations from ideality for various mixtures at

temperatures from —46 to 71 C. Density determinations (Ref. 7

and 33) resulted in experimental values slightly higher than
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2.4.10

2.4.11
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theoretical values based on additivity of molar volumes. Various
laboratory sensitivity studies demonstrated the insensitive
characteristics of various mixtures in relation to shock (Ref. 7),
rapid compression (Ref. 34), and gaseous pitrogen pressurization
(Ret. 42).

C1F_.-NF_0 Mixtures
=7

The ClF5-NF30 mixture was found to be compatible and miscible in
all proportions (Ref. 8); however, results from vapor pressure
measurements by various investigators were in conflict. Measure-
lents on ClFs—NFBO mixtures at -82 and -97 C {Ref. 8 ) indicated
large positive deviations from ideality; moderate positive devia-
tions were reported at -78 ¢ (Ref. 17} and room temperature

(Ref. 7). In complete disagreement with these data, strong
negative deviations were also reported (Ref. 18) for mixtures at
temperatures up to 24 C, The discrepancies in these data have

not been resolved.

Gmyﬁgthhwu

NQO“ was found to be incompatible with CIF5' Pressures ia excess

of 350 psia were recorded after 18 hours when a ClF5-N204 mixture

was sealed in a Kel-F tube at ambieni, temperatures. Mass spectro-
meter analysis of the vapor phase revealed 25 percent 012,

10 percent SiF,, 5 percent 0102, 60 percent ND2, No, N20, and

N02+ species and complete decomposition of ClF5 in this phase

(Ret. 7).
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2.4.12 g;gs:g1§92)4 Mixtures

A preliminary experimental characterization of the ClFs-C(NOQ}4
system demonstrated compatibility between two compounds. Vapor
pressure measurements at 0 and 20 C resulted in data very near
ideality; however, mixturer containing more than 85 percent
C(N02)u were solid at 0 C {Ref. 8).

2.4.,13 ClegFC(NO213 Mixtures

The compatibility and miscibility of ClF%-—FC(NOQ)3 was verified
over a C1F; composition range of 40 to 90 w/o. Vapor pressure
measurements indicate high concentrations of OlF5 form essen-
tially ideal mixtures; however, mixtures with low concentrations
of ClF5 exhibit positive deviations from ideality indicating
limited solubility of ClF5 in.FC(NOQ)B. Mixtures containing
equivalent amounts of ClF5 and FC(NO2)3 vere found to be wmore

sensitive than the individual components (Ref. 7).
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Binary mixtures of C1Fy and FC(NF2)3 were found compatible at
various temperatures to 71 C (Ref. 7, 8, and 17). Although one
investigator (Ref. 7) reported the apparent immiscibility of a
50-50 mixture at 0 C with solubility increasing as temperature
increas>s, other investigators (Ref. 8 and 17) found miscible
mixtures (including 50 percent mixtures) from -78 to 20 C and

slight positive deviations in vapor pressure,
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2.4.18

2,%.15 ngﬁzngFQZ& Mixtures
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Mixture screening studies from room temperature (Ref. 40) to 4
71 © (Ref. 8 amd 45) indicate that ClFg is computible and mis- ‘(
cible with C(NF,),. Yapor pressure measurements (Ref. 4%)

indicate slight positive deviations frowm 6 to 71 C. Trauzl
block sensitivity tests (Ref. 40) gave positive reevlts. {

Mixtures of ClF5w01F3-0F2 coutaining OF2 concentrations of 2
and 7 w/o ic the liquid phase at -78 C showed large poeitiva

deviations from ideality during vapor pressure measurementa
(Ret. 17).

CLE —0F —Br¥, Miztureg

Vapox pressure measurements on two CIFS-OFW-DrFs wixtures at
~78 C domoustratod large positive deviations from ideality

(Roz. 17).

g_gﬁ-OFQ:_Jgp Mixtureg

- .
% A-_}AA..JAA;A;M:‘Q—__‘ ———— e

e

A ternory wixture of 37 w/o C1Pg~14 w/o OF -39 w/o NF30 oxhibitoed
2 large positive deviation ir vapor pressure moasuroments at
~78 ¢ (Rof. 17).
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g;gﬁzggg-CF(NFglj Mixtures

Ternary mixtures of CIFS-OF2-CF(NF2)3 exhibited large positive
deviations in vapor pressure measurements at -78 C {Ref. 17).

CIE, -0F,-N,F, Mixtures

A ClF5-0F2~N2F4 nixture of approximately equal ports was found
to be miscible at =78 C in sealed Pyrex glass capillaries
(Ret. 17). K

ClF5-F0103-N:F! Mixtures

A study of the CIFS-FCIO3-N2Fh tornary system demonstrated the -
compatibility, misecibility, and insensitivily of the system,

Vapor pressurc moasurements on five different mixtures over a

range of <45 C to ambient temperature showed very slight devia~
tions from ldeality (Ref. 7).

cre -Fc10, -BrF,. Mixtures
peiils SLALUTED

The homogonoiuy, vapor prosaure, aud sborability studics were
oonducted on scveral mixtures of C1Fg, K105, and BxFg (Rer. 47).
A 52 w/o 01F5-11 w/o F0103~37 w/a BrF5 wixture was bomogeneous

at =76 C und demonstrated nearly ideal behavior with rospect to
vapor pressures to 165 P, Positive doviations were found in
vapor pressurcs of a 69 w/o C1F,;-11 w/o T¢10,-20 w/o DrP. mixbure
during high tempoerature storage tests at 217 F; howoever, posttest
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2.4.24

2.4.25
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analysia indi¢cated this was caused bty the original presence of
a noncondensable gas. This particular mixture war completely
stable in type 347 CRES over a period of 22 weeks at this
temperature,

CLF N, F, =C(N0,), Mixtures ;:

Reactions, moted in ClFﬁ-Nsz-C(NOQ)k teruary mixtures, have been
attributed to reaction between N2F4 and ClFS. Homogeneity data
indicate positive deviations in vapor pressures over almost all
compositions and temperatures (0, 45, and 71 C); the deviation
inereases with increasing C(Noz)k content and decreases with

inereasing temperature (Ref, B).

ClFE-—NQE,;_.N(M‘gl; Mixtures

Some homogeneity data have been generated for ClFs-NQFQ--i"C(NFZ)3

mixtures at low temperatures; however, potontinl incompatibility

and sensitivity problems have elimingted interest in these mix-

tures (ilef. 8).

QlEE:EQLHE211~C!NOQIa Mixtures

The ternary system, CIF5-FC(NF2)3-C(N02)3, was found to be com-
patible and stable at 71 €. Data obtained at 0, 45, and 71 C
demonstirated a poeitive deviation from ideality for all composi-
tions and temperaturcs exjept for u negative deviation in a
F(‘(NFQ)B-rich mixture at 71 C. The guwount of positive deviation
incroased with increasing C(NOQ)Q content and deorcased with
increasing tewperature (Rof, 8). Sensitivity problems have also

eliminated ivterest in these wumixtures,
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2.4,27

2.5
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CLE,-C(NF,), -C(NO,), Mixbures

The compavibility of the ternary system, C1F5-0(NF2)4_0(N02)4,
wae examined in type 304 stainless steel at 71 C, The composi-
tion of two mixtures, 68.5-5,7-25.8 and 68,9-7.5-23.6 w/o
CIFS-C(NFQ)h-C(NOQ)h. remained unchanged over a test period of 5
days (Ref. 45). Interest in these mixtures has been curtailed by
sensitivity problems,

Ql_gﬁ-_-gqg_iixtures

Heterogeneons mixtures of ClF5 and‘ch have been investigated in
an offort to develop high-energy heterogeneous monopropellant
systoms (Ref. 43 and 44). Preliuwinary thermal stability and

card gap sensitivity tests on ClFs-BAC mixtures indicated possible
stability and sensitivity preklems.

CHLORINE PENTAFLUORIDE GELS

agents Zor C1F, (Ref. 17, 35 through 37, 48 and 49). Actual CIF
gels have boon formed through use of 30 w/o calcium fluoride or
9.9 w/o precipitated lithium fluoride (Ref. 48), and 10 percent
Ba(sbrg)o (Ref. 37). In additaun, %lenads of C1Fy and C1Fy (S50
percont CIFS) were gelled with Ba(Sbe)z (Ref. 49)

5

73/74%
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SECTION 3: MATERIALZ OF CONSTRUCTION

3.1 MATERIALS COMPATIBILITY

The compatibility of CIF5 withk selected materin®s has been i
experimentally determined under various conditions associated }
with common utilization of materials in the fabrication and con-

struction of propellant handling equipment and facilities, The

primary data presented in this section are a result of studies ?
(Ref. 3, 6, 9, 13, 16, and 50 through 52), that were, at least
partially directed at the examination of materials compatibility
with CIFS. The results of these studies, which were designed to
provide basic inforwation for the fabrication of test systems

as well as to form a busis for more sophisticated efforta, are
presented in Table 6. As a supplement to these data, warious
results of the ClF5 chemistry studies (Table 5) and an experi- i
mental evaluation of selected Atlas Mismile System components J

in CIFy service (Ref. 52) provide additional technology on
materials compatibility.

The compatibilities of the various metals are rated in Table 6
from experimental data interpreted on the hasis of practical
experience, The test conditions are desecribed and pertinent

data are presonted. Each individval metal was placed in one

of four rating classifications corresponding to its compatibility
under the exposure conditions described. These four rating clas-
sifications, which are similar to those used by the Defenso
Metals Information Center (Ref. 53), are as follows:

1. Metale suitable for unlimited use (after proper
material preparation) under the specified exposure
conditions, Corrosion rates aro less than 1 mil por

year (MPY). Typical use involves constant contact

with 01F5.
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2. Metals suitable for transient and/or limited contact
under the specified exposure conditions. Corrosion
rates are less than 5 MPY. Typical uses are in hard-

ware which handles the propellant intermitten:r®;.

3., Metals suitable for momentary contact. Corrosion rates
are < 50 MPY. Prolonged or repeated exposures should

be avoided.

4k, Metals unguiteble for use under any condition. Cor-

rosion rates are > 50 MPY.

The compatibility ratings for the nonmetallics are based on dif-
ferent standards but correspond on a usage basis with the metals
claspifications. Definition of the nonmetallic ratings are as

follows:

1., Satisfactory for service under conditions indicated,
No signiticant change is noted in the material or

propellant.

2. Use with knowledge that the material will undergo
slight chonges in its physical properties, Slight

changes may also occur in the propellant.

3. May be used where moderate chemical and physicel
degradation can be tolerated for a short peried.
Potentinl results from usage must “e¢ fully comprohended.

k., Unsatisfactory for use under conditions indicated.
There is extonsive or complete physical and/or chemical

breakdown of the material or propellant.

A general summary of the results from ClF5 materials compati--

bility studies indioates the behavior of ClF5 with various

structural materials is generaily similar to that of 01F3'

i ~f the metallics are compoatible under co~ditions of normal
xposure to liquid and gaseous UlFs. Notahle exceptions in the

metule tested are molybdenum and columbium (niobiwm), which
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undergo complete reaction, Although tested, the compatibility
of gold and titanium with ClF5 is 8till in doubt because of
conflicting results in comparison with CIFB. In addition, the
presence of moisture may have a significant detrimental effect
{Ref. 6) on the rate of film formation or corrvusion of the
metal. Of the metals tested under conditions oif moisture con-
taination, only Hastelloy C and nickel 200 provided complete
resistance to attack,

The number and types of compatible nonmetallic materials are
limited with ClF5. Experimental efforts have shown that Kel-F
and Teflon plastics, various fluorocarbon oils, and some noted
specialty items are compatible under limited conditions (static
application over ambient temperature ranges), Because very
little useful data prescribing the actual limitaticns of non-
metallic use with 01F5 have been geneiated, proposed applica-
tions should be experimentally and thoroughly investigated,
However, it should be noted that, based on the chemical similar-
1ty between ClF5 amd Cle and the demonstrated compatibility of
materials with CIFS, the compatibility of any nonmetallic with
ClF5 under dynamic conditions is highly suspect.
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3.2 PREPARATION OF MATERIALS

All components of a chlorine pentafluoride handling and/or stor-
age system must be properly prepared prior to installation, 1In

addition, the assembled system must be carefully dried and pas-

sivated, These procedures render all surfaces to be exposed to

the propellant chemically inert,

Items such as valves, pumps, etc., cannot be cleaned in the
assembled state because it is very difficult to remove all con-
taminents that might be present. Consequently, the cleaning of
these items must be accomplished before the component parts are
aosembled.

The preparation of materialas generally consists of degreasing,
descaling, passivating, and drying. The cleaning solutions
utilized during these operations shall bhe applied by immersing,
fpraying, circulating, or any other maenner, as long as the sur-
faces to be cleaned are completely wetted in the solutions,

Any component which can trap or retain liquids shall be drained
or emptied between applications of differeni cleaning solutions,

All solutions shall be made with distilled, deionized, or c¢lean
tap woeter and all chemicels shall he of chemically pure grade
or better, The water shall he filtered through a 40-micron
nominal-size filter.

3.2.1 Degreasing

Components fabricated of stainless steel, copper, and aluwinum
alloys can be degreased by cold flushing or vapor degreasing
with trichloroethylene, or by flushing with a mild alkaeline
solution containing from 5 to 7 ounces of Turco #4090* (or

*Turco 74090 is furnished by Turco Pvoducts, Inc., 6135 So, Central Avenue,
Los Angeles, Califorunia,
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equivalent) per gallon of water at 140 to 160 F. The applica-

tion of the mild alkaline solution shall be followed by a thor- :
ough water rinse.

Nonmetallic components, such as valve-stem packings fabricated
of Teflon, can be degreased by immersion or scrubbing with the .}
mild alkaline solution previously dzscribed, foullowed by a

thorough water rinse,

Items such as nonmetallic components or simple components fab-
ricated of machine metal stock,which are not to be cleaned any
further, shall be dried by flushing with dry, hydrocarbon-free,
filtered nitrogen gas or by heating in an oven at 140 to 160 F,

3.2.2 Descal ing

Newly fabricated or reworked components which have scale result-
ing from welding ox heat treatment, or impurities resulting from
casting or forging, shall be descaled. Desecaling solutions

should not be used after precision machining unless the finished
surfaces are protected.

The descaling of stainless-steel components is accomplishad
as follows,

1. Etch at room temperature for a poriod of no longer

IOTU. W SEUUPEES

than 60 winutes with an aqueous solution couteining
from 3 to 5 weigat pexcent technical grade hydrofluoric
acid and from 15 to 20 weight percent technical grade
nitric¢ acid,

2. DRinse thoroughly with water vo remove all traces of
the doscalinrg solution.

NOIEt If the components exe to he passivated inmedi- }
ately after descaling, they need not he dried. Othor-

wise, the components may be dried by purging with dry,
bydrocarbon-free filtered nitrougen gas or by heating
in an oven at 140 to 160 F.

100
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Couponents fabricated of copper ¢can be descaled as follows:

1. Descale with an aqueous solntion containing approx-
mately 20 percent (by volume) technical grade hydro-
chloric acid, at room temparature, until the surfaces 1
are bright and free of oxidation.

2. Rinse with water to remove all traces of the descal-~ }
ing solution.

NOTE: After being descaled, the components {
require no further chemiccl treatment. They

should be dried by purging with dxy, bydrocarbon-
free filtered nitrogen gas or by heating in an ‘
oven &t 140 t¢ 160 F,

The descaling procedure fur components fabricated of alwninum
alloys is as follows!

1. Clean with Turco Smut-Go¥ solution (1 1b/gallon of

watexr), or an approved equivalent cleaner, uniil the
gurfaces are visibly clean and shiny.

2. Rinse with water to remove all traces of the acid
solution., IZ the compoaents are to be passivated
immediately after descaling, they need not be dried.
Otherwise, the compouents may be dried by purging
with dry, hydrocarbon-free¢, filtered nitrogen gas or
by heating in an oven at 140 to 160 ¥,

min o A— e

3.2.3 Pagpivating

The paseivation procedure for cowponents fabricate? of stain-
less steel is as follows:

1. Immorse for & minimum period of 30 minutes, at room

temporature, in an agueous solution containing from

45 to 55 percent (hy weight) technical grade nitric
acid.

vy e

¥Turco Bmut-Go is & chromic acid clesner furnished by the Turco Products, Inc.,
6135 So. Ceatral Avenuo, Los Angeles, California.
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2, Rinse with water to remove all traces of the pasai-

vating solution.

3. Dry by purging with dry, hydrocarbon-free, filtered
nitrogen gas oxr by heating in an oven at 140 to 160 F,
NOTE: Acid passivation of components having polished
or lapped surfaces may be ommitted if the finished

surfaces cannot be conveniently protected from the
acid soluticn.

Components fabricated of aluminum alloys can be passivated as
follows:

1. Immerse for a minimwn period of 1 hour, at room tem~
perature, in an aqueous solution containing approxi-

mately 43 percent (by weight) technicel grade mitric
acid,

2. Rinse thoroughly with water to remove all traces of
the passivating solution,

3. Dry by purging with dry, hydrocarbon-free, filtexed
nitrogen gas, or by heating in an oven at 140 to 160 F.

Haadling

toms that have been yrepared for chlorine pentafinoride ser-
vice shall be handled, stored, or packaged in a manuner to pre-
vent recontemination. Large components such as valves, piping
sections, tanks, etc.,, should have all openings copped with

clean, compatible materiale, Small items can be sealed in
c¢lean plastic bags,

System Passivation

Aftor the chlorine pentafluoride system has been assembled
and leal~checked, it is necessary to propellant-passivale
the system. This is accomplished by introducing o small

102

CONFIDENTIAL

o s AT

A\

U WP




-

CONFIPENTIAL

The

gaseous chlorine pentaflucride not only reacts with any residual

amount of chlorine pentafluoride vapor into the system.

contaminating material, but also slowly attacks the containing

metal surfaces forming an inert metal-fluoride film.

The passivation of chlorine pentafluoride systems can be accom-
plished as follows:

1.. Evacuate the system by neans of & high~capacity vacuum
pump for at least 2 hours to remove any volatile con-

taninant or water vapor that might be present,

2. Place a slight positive pressure in the system using
dry, hydrocarbon-fres nitrogen gas.

%. Disconnect the vacuux pump, and cap and seal the open

system connection.

4, Introduce gaseous chlorine pentafluoride slowly into
the system until a pressure of approximately 20 to 25
psig ia obtained,

5. After the gaseous chlorine pentafluoride has been in
the system for approximately 10 minutes, bleed the sys-—
tem slowly to ambient pressure.

6. Introduce gaseous chlorine pentafluoride into the system
until a pressure of approximately 20 to 25 psig ie agein
obtained,

7. After the gaseous chlorine pentafluoride har been in the
system for approximately 6 hours, bleed the system
slowly to a pressure slightly above ambient.

After compietion of the seven preceding steps, the system is con-
sidered paspivated and ready to accept liquid chlorine penta-

fluoride. Precoutions must be taken to prevent the entry of

103
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moisturc into the system, This can be accomplished by using dry
pressurizing gas and by maintaining a positive pressure in the
system at all times.

NOTE: Although it is preferable to use gaseous ClFx as the
passivating egent, it has been demonatrated that gadeous CIF

ds effective up &n alternative passivating material, if desived.
‘Fluorine gas has also been used as & passivating agent; however,

its effectiveness is apparently less than that of ClF5 or 01F3.
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SECTION A: HAZARDS

TOXICITY

Vapor Inhalation

Chlorise pentafluoride is a highly toxic compound and inhalation
of even dilute concentraticns must be avoided. Results of toxi-
cological range studies with animals at Rocketdyne (Ref. 54)

have shown a marked qualitative similarity of chlorine penta-
fluoride to chlorine trifluoride (Ref. 55 and 56) with respect

to mode of attack and symptomatology. It was noted during these
studies, however, than because of the apparent gresier reactivity
of chlorine pentafluoride with moisture in the air, the end amount
of chlorine pentafluoride reaching the animal was considerably
less than that of the chlorine trifluoride using the same initial

concentrations.

Until more syastematic and definitive studies have been conducted,
the toxicity level presently utilized is that previously eatab-
lished for chloxine trifluoride (Ref. 57). This level is
expressed as a threshold limit value (TLV) of 0.1 ppm. The TLV
value represents the average concentration over & normal work
day to which the average human con be safely exposed on a daily

hasis withont adverse effects.

The odor threshold for chlorine pentafluoride vapors is very

low, but hes ot berrs eslablished reliably. Howzver, personnel
have detected the presence of chlorine peantafluoride vapors for
short periods without suffering any apparent ill effects,
A)though the propellent odor has been used as a warning of poten-
tial donger with immediate persommel protective measures (evecu-
ation of the hazard area and/or the use of self-contained or
filtered breathing air) required, it is recommended that vapor
detection devices be utilized in conjunction with an alarm system.
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If an individual is exposed to strong vapor concentrations of
chlorine pentafluoride, he should hoid his breath, if possible,
until fresh air is reached or adequate breathing equipment is
put on. If the person must breathe the vapor, breathing should
be as shallow as possible, The exposed individual should be
placed'in the care of an authorized physician as soon as pos-
sible; in the meantime, first-aid treatment can be administered
as directed by the local medical authority. For this purpose,
it is recommended that personnel assigned to propellant handling
and storage'areas be properly tirained in first-aid techniques.
These techniques must be established only by the responsible
medical authority.

Although symptoms of chlorine pentafluoride exposure have not
been completely characterized, preliminary data indicate they
are similar to those observed from chlorine trifluoride exposure.
Thue, until additional toxicological siudies have been conducted
with ClFs, the data available on ClF3 should be utilized as a
guide, The symptoms of ClF3 inhalation will vary according to
vapor concentration, duration of exposure, and the individual,
Exposure to olfactory detectable concentratiorns for short periods
of time usually resulis in watering of the eyes, dry throat,
chest pain, and sometimes coughing, Exposure to lerger concen-
trations oxr prolonged exposure will result in gasping for breath,
swelling of the eyes and eyelids, cloudiness of the cornea,

lachrimation, severe salivation, coughing, breathing difficuity,

and possibly convulsions or vomrting. In practice, fatal con-~

centrations would bhe so irritating to the eyes and respiratory
tract as to make the area intolerable. However, exposure to
concentrations of 50 ppm or more of chlorine trifluoride for

15 to 30 minutes may result in subsequent death.
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4.1.2 Cutaneous ogure

Chlorine pentafluoride is extremely corrosive and any contact of
the propellant with living tissue will result in severe chemica)
birns, These deep, painful burns can cause serious tissue damage
~me—ggpectally in the eyes, If a peraoﬁ has suffered gkin or eye
exposure to liquid or vaporized chlorine pentafluoride, the
expesed areas should be washed immediately with large gquantities
of water for a period of at least 15 minutes. A continuous flow
of water should not exceed 5 minutes and should be followed by a
short rest interval, The affected individual should be placed

in the care of an authorized physician as soon as possibie,

107

CONFIDENTIAL

T™ WM. b fsatd, M RIINEEL

PRSI

Lo

_mn

A e e W

o atae s

L‘__)A_A_l




CONFIDENTIAL

4.2 FIRE AND EXPLOSIVE HAZARDS

Preliminary detonation semsitivity tests (Ref. 3) indicate that

CIF, is insensitive to initiation and will not propagate a deto- "y
nation, Impact sensitivity tests with a modified JANAF drop~
weight tester in dry nitrogen and dry air at liquid temperatures : ?
to O F showed no evidence of detonation up to 100 in.-1b, the

limit of the tester. A modified cap-in-pipe test in 1/2-inch ‘
CRES tubing at 0 F resulted in no evidence of propagation of a {

detonation i{nitiated by a 50-gram Compound C charge and blasting
i
cap,

Additional tests (Ref., 6) with the U-~tube apparatus demonetrated
the insensitive nature of ClF5 to adiabatic compression stimulus

over a variety of selected "worst conditions" (both air and water

contaminated). Two detonation propagation tests in l-inch-0D

CRES tubes provided further verification that liquid ClF5 will
not prepagate a detonation,

The insensitive nature of ClF. was also confirmed by a standard
Trauzl block teat (Ref. 7).

- . — .
il Wttt

-

The greates’ fire and explosion hazard relating to the utiliza-

i
§
-
'1
i

tion of this oxidizer is related to its extreme reactivity with

& variety of metexiale commonly found in propellant handling
areas and systems. Although r -

auwmable in air, its oxidizing
potential is sufficiently etrong %o ignite and support combustion !
with fuels, many conmon materials of construction, solvents, '

organic contaminants and residunes, ete. As jindicated in the sec¢- i

tion on chemical properties, chlorine pentafluoride even reacts
vigorously with water.

eyt

The energy reloase generated by these reactions is often large
enough to initiate burning of other normally compatible materi-
ols (euch us wotul) with the oxidizer. Dxplosions involving
shlerine pentafluoride are usuvally attributed to the rapid

epergy releae¢s and attondant pressure buildup in oconfined systems.
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SECTION 5: SAFETY CRITERIA

FAZARD PREVENTION

As described in the Hazards Section, spills and leakage of chlorine
pentafluoride can result in extreme hazards to both personnel and
facilities, The best possible maans of avoiding these hazards is
elimination or winimization of the potential canse factors, Effec-
tive reduction of leakage, spills, and other potentianlly hazardous
pituations canh be best accomplished by Lhe use of properly designed
equipment and thoroughly trained personnel.

System Integrity

The importance of the design iptegrity of the propellant's storage,
tronefer, aud handling syetom canuot be overemphasized, The sys-
tems should be reliable, operationally flexible, and casy to maln-
tain. Some of the suggested design criteria thal should be incor-
porated in the system axe as follows;

1. Only waterials of construction which are definitely kmown
to be compatible with the oxidier shall be employed.

2. The system shall be designed and operated in such a menner
as to prevent cortamination of the system with moiature
and any other known reactive materials,

3. The number of mochamnical joints shall be reduced to a

minimum, thus reducing the probability of propellant lsakage.
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4., The system rhall be designed to safely withetand the
maximum operating presdsure.

5. The transfer lines shall be free of liquid traps.

6. An inert-gas (meisture free) system must be provided to
purge the transfer limea without the necessity of dump-

ing the residual propellant or disconnecting any system
Joints.

7. The system components mmst be reliable, compatible with

the oxidizer, and properly serviced (cleaved and passi-
vated).

8. The chlorine pontafluoride vomts should be ducted together
and connested 6o a vapor acrubber or high vent stack,

9. SBufficient remotely actuated control cquipment must he
provided to isolate portione of the system during emer-
gencied or components replacemert.

The continual chsexrvation of anm operational systom for possible
malfunotions can prevent serious propellant spills. Tho leakage '
2f chlorine pentafluoride is mot always apperent becauae its vapors

are colorless, Howavor, a semsitive hnlogen detector can be used
effectively tu obeck the system joints becauss a small propellant

leak yields high local vepor concentrations, Thus, if a small leak

in detocted, corrective action must b taken as soon as poesible,
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Trained Pe>sonnel

Properly trained personnel are required to handle chlorine penta-

fluoride safely. Opeorating personnel should be thoroughly fomiliar

with the following:
1, Thoe wroperties of chlorine pentafluoride
. Operation of the transfer and storage systom
. Toxicity amd physiological effects of the propellant
» Oporetion and use of safety oquipment

» Fire and spill provemtion tocLniquos

. Disposnl and decontamination techniques

2

3

4

5

6. Fire and spill control moasurcs

9

8. Local oporating proocecdures and regulations
9

. First +id teohniques

No person should be allowed to handle chlorime pemtafluoride
unless thoroughly familiar with the previoualy listed itome and

ident that the propellant can Yo handled zafoly with the

equipmont ond facilitiee available., In addition, all opoerations
should be controlled by a proceduree checklist, whioh has boen
prepared and thoroughly cheoked by personncl most familiar with
the potential problem aroas.
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HAZABD CONTROL

Because the probability of experiencing a propellant leak or spill
at sowe period in its utilization ie alwuys present, personnel
should be thoroughly educated as to the potential effects and their
ooutrol. Although detailed hazard classification (oause and effect)
and control studies have not been performod with chlorine penta-
fluoride, the gemeral philesophy used thue far in ite handling is
identical to that suggested for chlorine trifluoride.

In the event of ohlorine pentafluoride spillage or fire, all per-
sounel should repoxrt to predesignated safe arcas or emergency
operating posts (uouelly poeitive pressure shelters and/or upwind
oreas). Inmediate evaluation of the hazoxrdoua situation is neces-
sory so that approprinte comtrol action can be initiated in the
shortest possible fiwe,

Tho time period hetween the inception of the hazardous situation
and initiation of control action shall be reduced to e minimum,
This can bo acoomplished through proper plannixg, training, and
organization., The following itveme shall be consilored im the
administration of the storage and handling aroas:

1. 8eafe aroas snd ovacuaki an routes shall he pro-estpblished
ihwwough cognizance of local metoorology conditions.

2. Only authorized personnel shall be allowed to onter storage
engd handling arcas.

%, A minimum of two oporating porsomnel shall woar protoective

clothing and equipmont during propellant haudling oporations.

4. Periodio drilis shell be parformed %o onsure personuel
proficiency during ewoxrgenocy operations,
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5.2.1 pill Control B
‘;-

A propellant spill can be most efficiently controlled by performing é

the following steps chionologically:

1. Stop the propellant handling operations,

2. Isolate the propellant tanks from the transfer lines by
closing the necessary valves (by remote control if possible).

3. Locate the source of apill. :

h. Isolate the affected corponente by ¢losing the necessary
valves,

5. Dispose of the epilled propellant,

The performance of the first four steps listed previously should
be automatic and can be performed in a very short time,

 Pm— e e e -

The dispozition of the spilled propellant should not be too diffi-
cult, especially when propellant handling is performed only during
satisfactory weather conditions and the first four steps listed
previously are quickly exeouted, The disposition methsd depouds
areatly on the quantity of propellant spilled, prevailing weather
conditions, location of storage and/or handling area, etc. There-
fore, the discussion presented herein will be limited to general

critberia which will be applicable to most situations.

110 LA 1 AM) L b i+ e oot 13 1o L
e

e b .‘} e d 2 —

Chlorine pontafluoride spills can b» best controlled by allowing
the propellant to vaporize. In this case, a large amount of pro-
pellaat would initially vaporize (£lash) resulting in the ccoling
of the residual propellant, Shortly thereaftor, steady-state
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vaporization is experiemced. It should be noted that a large
amount of toxic vapors are generated over a long period of time,
thus dictating the nzed of performing propellant handling opera-

tions during satisfactory weather conditions,

As an alternate method, the spilled propellant can be deluged with

large quentities of water. In this case, however, the water reacts
with the propellant forming hydrefluoric acid and gemnerating large

quantities of energy. This wmetkod is not recommendcd for the

following reasons:

1. A large quantity of hydrofluoric acid is formed which
might be difficult to diopose of subsequently because of
water pollution problems,

2, The wator might react explosively with the propellant.

3. The energy liberated by the reaction would cause rapid
vaporization of the residual propellant which can result

in prohibitive vapor concentrations.

After the spill is controlled, thoe entire arca must be thoroughly
decontamingted. Decombamingtion techniques are presented in

another section of this document,

Fire Control

Chlorine pentafluoride fires result in the generation of intense
heat for a short period of time. Because the propellunt fires
cannot be extinguished e¢fficiently, if at all, the fire control
technigues are based on preventing facility demage. This is
accomplished by ‘deluging the area wvith copious quantities of water,
Fog-type water injection nozzles arc particularly suitable for
this application.
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The reduction or prevention of facility damage resuiting frow
fires can be attained when the following items are considered

in the desigm, fabrication, and operation of the storage area:

1. The facility must be designed as fireproof as possible.

2. The arvea wust be waintained clean, uncluttered, and tree

from combustible materials.

3. The facility must be equipped with a properly designed
water-deluge system, preferably of the fog type.

4. The storage tanks must be diked to limit the potential
propellant burning zone.

It is emphusized again that the most important way of preventing
facility damage is by preventing chlorine pentafluoride leaks
and apills,

SAFETY EQUIPMENT

The toxic and eatremely reactive properties of chlorine pentafluo-
ride dictate the need for adequate safety equipment to protect
operating personnel and facilities, It should be recognized thet
the type of personal safety equipment recommended for a given
situation must be consistent with the potential hazard extgnt,
e.g. , liquid impingement, vapor imbalation, etc. The category

of safety clothing required for a given job must be specified at
the time it is assigned. Preferably, written job imstructions
should be given tu ensure adequate cormunication and agreement
between operating and responsible safoty persommel.
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Facility Safety Equipment

Equipment for facility protection shall consist of a water deluge
system (preferably of the fog type), portable fire extinguishers,
and fire hoses. This equipment shall be strategically located and
easily accessible, Other facility items to be provided for per-
sonnel protection include safety showers, eye wash fountains, and
appropriately located first-aid kits,

All operating persomnel shall be thoroughly familiar with the

location and operation of each piece of safety equipment. The
operating comdition of the equipment must be verified periodiecally.

Pergonal Protective Equipment

All persommel in the chlorine pentafluoride handling and storage
areas shall wear flame-retardent clothing at all times. In addition,
all personnel performing propellant transfer operations shall wear
fully protective personal equipment, If the operations sre per-
forved remotely, it is still recommended that at least two operating
pergonnel be fully protected to facilitate proper spiil and fire
conirol, A chlorine pentafluoride vapor detector should be usged

to deteraine vapor concentration presemt in the area prior to removal
of protective equipment .
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The following items of persoaal protective equipment, or their

equivalent, have been used with satisfactory results:

1. Flame retardant coveralle (worn as an inner garment)

2. Apron (epen back) or rocket fuel handler's coverail,
406F~116, DuPont Armalem (choice of outer covering
dependent on quantity of propellant involved)

3. Neoprene-type gloves

4, Hood, 406F-116 DuPont Armalon with 0.080-inch methyl
methacrylate window

5. Neoprenme-~type boots

6. Supplied Air Breething Apparatus (SABA) or airlime res-
pirator

This equipment must be maintained clean and in good operating
order, A contaminated suit, for example, can beccme a definite
safety hazard.

NOTE: The preceding equipment reccmmendatsions
are based only on their commercial availability
and previous history of use. Safety equipment

- specificaticons end limitations should be checked

v with the wmanufacturer before use. In general,

protective clothing impermeable to fluorimne com-
pounds 18 acceptable, although under cartain
conditions these materials may react.

CONFIDENTIAL

N

Lk

il

o) R ol

o wh o

) 55 AR .. N ST KM TE W00 G MR NN AL e S L o N i

.|'u:m§~
i

i

ke it

10 Pl
N

UL e A




PRy, -

CONFIDENTIAL

5.4 DECONTAMINATION ;
»~  ~ Decontamination involves the removal ¢f chlorine pentafluoride, i
hydrefluoric acid, and other fluorides following a propellant

spill or fire, and the deactivation of facility cquipment pre-
viously exposed ta chlorime pentafluoride. Decontamination
procedures are ewployed to protest both persommnel and equipment.
Personnel performing these operations shall wear the full pro-

tective equipment described in the Safety Equipment section,

5.4.1 Area Decontamination

The contaminants remaining from a chlorine pentafluoride spill

ligquid chlorine pentafluoride. Because these fluorine compounds

or fire are hydroiluorio ;cid, solid fluorides, and in some cases, gJ

are corrosive and toxic, they must be removed, This can be accom- i
plished by washing the area with copious quantities of water. %
The drained water in turn becomes contaminated and must be dis-

posed of as stipulated by local water pollution control regulations,

i
|
1
=1
L}
E‘

5.L.2 Equipment Decontemination

The removal of a component from a chlorine pentufluoride system

rmast be preceded by a thorough inert gas (dry) purge to remove

any residual propellant. If the remcved component is to be

i reused without service or modification, no further decontamination

operations are required; otherwise, the removed component is

Aty e
S

purged thoroughly with water and dried by purging it with inert gas.
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All components removed from a chlorine pentafluoride system must

be labeled clearly, describing the extert of decontamination and
operational status.

Any component or System exposed to the atmosphere, water, cleaning
solvent, etc, must undergo cleaning and passivation (described
previcusly) before its reuse with chlorine pentafluoride. In
addition, as shown in the Ma+ <als,section, the prolonged con-
tacu of chlorine pentaflu: '~ .r fluoride films with even small
amounts of moisture will ~itsv.t .n excessive corrosivn of mormally
compatible metals and potentially hazardous situations,
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6.1.1

CONHIDENTIAI

SECTION 6: LOGISTIC3

PRODUCTION

Synthegie Techniques

The firgt synthesis of ClF5 was accomplished by reaction of a
fluorine, chlorine, and nitrogen mixture in glow-discharge
apparatus at -80 C (Ref. 1). It was soon found that only chlorine
and fluorine or fluorine and chlorine triflusride were necessary
and sufficient for this preparation; however, the glow-discharge
technique did not, provide adegquate amounts for characterization.
Rocketdynr~ investigators also found that ClF5 could be prepared
through a variety of techniques (Ref. 3). Three of these which
were used successi... - are described below.

Direct combination of chlorine and fluorine at temperatures up
to 285 C gives ClF; at moderate pressures (500 to 1500 psi)_‘..

“ This reaction probably proceeds in a stepwise process in the

sequence:

1/2 Cl, + 1/2 F, ~——CIF
CIF + F, ~——wClF;
CIF, + F, ——®CIF,

As is apparent from this reaction sequence, ClF. can also be

5

prepared from the reaction of ClF} with F2.

i ]
On the laboratory scale, a convenient method for preparing ClFS
is through the fluorination of an alkali-metal tetrafluorochlorate,
MCth. Cesium tetrafluorochlorate has been preferred because of
favorable equilibrium and handling properties when working on a

laboratory scale.

CsCth + Fé-—-——i»CsF + ClF5

1%1

CONFIDENTIAL

e

At _A) ———

Ch amrmdeaaed AU lmal e e Nk




il

e

1
:

T gy

el TN PR AL IR LT IR Al ]

6.1.2

CONFIDENTIAL

This reaction has several advantages. Only one condensable gas-

eous product is produced, making purification relatively simple.

The CsClF& can alac be regenerated with ClF3 by the reaction:

CsF + C1F, =———2CaClF

3 4

In nddition to these initial techniques, electrochemical ayn~

thesis of ClF, hus been demonstrated (Ref. 58 and 59).

these studies, both the HF—NaF-ClF3 system and the HIF-NaPF-Cl

(gas) system were used in the preparation of C1Fs .

During

2

*

Although detailed information on the present production techniques
of various facilities is restricted, the methods primarily uti-
lized are the direct combhination of chlorine or chlorine tri-

fluoride with flucrine (and modifications thereof). The develop-

ment and operation of an initial pilot plant, employing a 12 lb/day

continuous-flow process, has been described by Rocketdyne (Ref. 6).

Availability

B e S e

Thus far; three different production facilities, Aerojet-General

Corporation, Allied Chemical Corporation, and Rocketdyue, are

presently capable of supplying ClF. in quantities of several
A

thousand pounds. It{ is assumed that all three facilities will

continue to supply ClF5 in the future at rates equivalent to the

demands.

However, it is apparent that future requirements will

necessitate expansion of all present facilities.

6.1.3 Cost

Phe initial cost (~ $200 to $400 per pound) of high-purity CiF,

reflected the cost of procese research and development.

During

subsequent procurements of larger quantities, the cost was

reduced $20 to $30 per pound.

P

An appraisal of the production
rocess indicates ithat the eventually ohtainable cost of ClF5

12
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will be comparable to that of liquid fluorine at the same usage

rates. (Potential costiof liguid fluorine at high usage rates
has been quoted as ~ $1.00 per pound.} The reduction of the cur-
rent cost to that projected level will be a direct function of
the demand. Cost quotations for a particular quantity ovev a

defined period should be obtained from the suppliers,

6.1.4 Propellant Specification

Although there is no present government specification for C1F5,
a formal specification is being prepared by the Air Force Rocket
Propulsion Laboratory, Edwards, California. This specification

will designate a propellant grade purity of 99+ weight percent

C1F. for procurement pucrposes,

5

6.1.5 Chemical Analysis

The complete chemical analysis of ClF_ is presently conducted

at Rocketdyne with a combination of tzo techniques: vavpor

phase chromatography and infrared spectrophotometry. The combi-
nation of these techniques assays for Fé,HF, ClF, CF&’ SiFh,
SF6,F0103, 012,F6102, 0102,
cedure is described in the following paragraphs.

and CiF3 present in C1F The pro-

5

;
£
=
=
=
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B

e

6.1.5

S
.
[

Chromatographic Analysis. A 2- to S-gram liquid sample of CIF,

5

is completely vaporized into a large-volume cylinder attached
to the manifold of a custom~built chromatograph (R--f. 60) that
has been thoroughly passivated with CIF3' Sufficient vapor is
admitted into the chromatograph to develop 400 to 800 mm Hg

pres3ure in a 5- or 10-cc sawple loop.

ol gy

TR

The vapor is separated on a Halocarbon gel colwnn of 50 percent

4-11v Halocarbon 0il on 40-60 mesh 1ow-density Kel-F molding

powder paclced in 30 teet of 3/16-in i-diameter stainless-steel

23
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tubing. T':e components are eluted from the column in the fol-
lowing order: (02 + N, + B, + CF, + SiF,‘), SF, CIF, FCl0g,
Cl,, (ch2 + 0102), C1Fs, and ClF. From the chromatogram,
the mole percentage of the individual compenents, the sum of

F2 + CI"Ii + SiFA and the sum of I-‘ClO2 + ClO2 can be calculated.

Infrared Anslysis. Part of the originally vaporized somple is

introduced, usually at a pressure of 75 mm Hg, into & 5-centimeter
Monel gas cell fitted with silver chloride windows. Using the
infrared absorption curve, the mole percentages of CF&’ FCIOQ,

and SiF, can be calculated from the absorption bands at 7.75,

4
7.95, and 9.7 microns, respectively.

A third portion of the sample is introduced into a 7.5-centimeter
Monel cell fitted with caleiwn fluoride windows to a pressure of
500 to 750 mm Hg. The spectrum from 2700 to 2500 millimicrons

is scanned. The absorption neak of HF at 2575 millimicrons is
measured and the mole percentage of HF is calcuiated using a

Beers-Lambert calibration plot of anhydrous HF vapor,

ks

Typical Analysis., A typical chemical analysis of the material
produced in the Rockatdyne ClF5 production plant is presented
in Table 7.

124
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TABLE 7
TYPICAL ASSAY OF CHLORINE PENTAFLUORIDE

LOG # 6-5-300

CERTIFICATE OF ANALYSIS

FLUORIDYNE

CONSIGNEE

CYLINDER NO. W 1481 DATE 5/3/66

LOT NO,

42

WEIGHY PEKCENT

ASSAY (MINIMTM) 99, k+

AYDROGEN FLUORIDE 0.3

CHLORINE MONOFLUORIDE ' 0.03

CHLOBINE ) < 0,02

CHLORINE DIOXiDE 0.09

CHLOJ.INE THIFLUORIDE 0.06

PERCHLORYL FLUORIDE < 0,02

NON CONDENSABLES (as F2) 0.04

GF.08S

410 _LBS.

TARE 195 _LBS,

QUANTITY 215 LBS.

Q.C. NO,
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TRANSPORTATION

Shipment of chlorine pentafluoride by common carrier is author-
ized by the Interstate Commerce Commission (ICC) which classi~
ties ClF5 as a "Corrosive Liquid." It also has an "NOS" {(not
otherwise specified) designation. In transit, cylinders are
marked as Compound A, Corrosive Liquid, and Flammable Liquid
Only and must be affixed with an ICC-approved WIITE label.
Highwey vehicles carrying 2500 pounds or more of ClFE must be
identified with "Dangerous" placards in leiters at I;ast 3 inc’ es

high on a contrasting background.

Chlorine pentafluoride has been shipped under its own vaper
pressure in a variety of different sized cylinders in quantities
ranging from a few grams to 165 pounds (ICC 3AA 2400) per «lin-
der; these cylinders are equipped with one shutoff valve, Even-—
tuallv, it is antici :.ted that larger cylinders, equipped with
both vapor and liquid shutoff valves, will be approved and uti-
lized. At present, the ICC specifications applicable to the
shipping cylinders have been authorized under ICC special per-
mits obtained in accordance with Agent T. . George's Tariff

No. 15, "Interstate Commerce Commission Regulations for Trans-
portation of Explosives and Other Dangerous Articles by Land

and Water in Rail Freight Service and By Motor Vehicile (Highway)
and Water." These special permits are granted to the individual
‘uppliers by the ICC Bureau of Operations and Compliance, Wash-
ington, D, C., 20423, The applicable shipping cylinder specifi-
cavions relative to each shipment should be sbitained from the

supplier pr.or to delivery.
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6.3 STORAGE
6.3.1 Storability Test Analysis

There have been several studies conducted to establish the
storability of ClI"5 under various conditions. These lests and

itheir results are characterized in Table 8.

6.3.2 Thermal Stability and BEquilibrium Analysis

In addition to basic thermal stabilily data developed duripg

the high-temperature storability tests, materials compatibility

tests, and physical property measurements, Lhe thermal stability

o

characterization of ClI"5 was atlteapted through the use of the
standard JANAF thermal stability apparaius (Ref. 6). Each test,
vhich involved heating of the Gll",5 sample al a rate of 20 I/min-
ute, was terminated at approximately 680 ' by the rupture of a
5300-psi bursi diaphragm in the apparatus. Although there was

no detectable evidence of decomposition of £ ' (by AT asure-

meuits between the heating bath temperalure ~ample wera~
tur: , during three tests, it should be noted thai sma at
eife¢ts are not detected by this relatively crude ap 18,
The data obtained during the thermal equi? brium st 3 subse—

quently discussed, provide a more accurate knowledy .f

thermal stability.

PR MRS 2 SRR LS oy e B P Ay A

Barly in the synthesis of CIF5' s apparent that dissocia-
tion of C1lF,. occurs at elevated temperatures. Accordingly, a

study was undertaken (Ref. 8) to ascertain the nature of the

i ot o

dissociatizu and measure the temperature dependen@e ol the eyui-

librium cont. nt. Studies were conducted in the }ange 210 to i
279 ¢ (410 to 518 F). For the reaction

CIF, + T, g==¥CIF

3 5

O, AT,
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6.3.3

CONFIGENTIAL

the equilibrium constant, Kp, is best expressed over this range

by the equation

8!
T(K‘ - 9.25

log K (ahn_l) @
It was significant that no dissocialion of CIFS was ohserved
at 165 C (329 F), well above the critical cemperature of
143 *0.5 C (289.h 0.9 F). Bither the noted equilibrium con-
stant, determined over the higher temperature range, cannot be
extrapolated to lower temperatures or, moire probably, the

decomposition rate at 165 C (329 F) is extremely slow,

Genernl Storuse Requirements

From the available storability and thermal stability data it is
obvious that ClF5 may bhe stored safely under prevailing ambient
temperatures for long periods of time provided the storage sys-
tew is fabricated from compatible materials, properly cleaned

and passivated, ond kept free of moisture (ard/or other contaui-
nation) and excessive heat, Although sterage data have been
1imited to periods of « 2 years, it is anticipated (hused on

the apparent inheront stability of ClI"5 and extrapolated materiunls
compatibility data) that C1F5 iy he stored for periods of
several years without adverse effects on either Lhe propellant or
material. TIuture analyses of longer-term storage tests cur-
rently in progress will provide additional data relative to

potential time limitations,

The shipping conininers in whichk the propellant is received are
satigfactory for storage. MHowever, f{requent inspection of the
valves and fittings is mandatory bhecause of the corrosive nature
of the propellant, These oylinders must be located in a desig-
nated safe storage ares and positioned so that they are secured
against rolling or being inadvertently tipped ever. This can
be accomplished by placing them in cradles ox hy securing *hem

in a vertical position with chains ang individual cylinder supports.
130
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Storage of ClF5 in containers other than the shipping cylinders ’;}f
: can be effected in tanks fabricated of compatible materials % %
: (i.e., stainless steels, aluminum alloys, Monels, etc.), pro- % 4
g B
vided they are properly designed, fabricated, cleaned, and g
1 passivated prior to use. H
£ i
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6.4 HANDLING

Chlorinelpentafluoride handling operations, as described herein,
include generalized recommended handling techniques for the
unloading of the shipping cylinders, loading of storage tanks,
venting, and disposal operations. All other handling operations
are specific to particular systems and cannot be treated with
generalized criteria. Personnel performing handling operations
must weaxr fully protective equipment described in the SAFETY
EQUIPMENT ection. Another activity closely associated with
the above functions is the handling of the shipping cylinders,
The shipping cylinders can be handled safely without the need

of fully protective equipment.

6.4.1 Haadling of Shipping Cylinders

The shipping cylinders must be handled with extreme care, The
cylinder shutoff valve(s) can(s) must be installed at all times

during cylinder handling operations,

The cylinders may be transferred by means of any piece of

equipment capable of handling them safely. While in transfer,

N

132
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|

t the cylinders must be firmly secured,

: Storage of the shipping cylinders should be restricted to those

| areas specifically designated for this purpose. The condition

!

l of each cylinder (full, empty, contaminated, etc.) must be

i marked clearly,

E

g’ 6.4.2 Irensfer of Chlorine Pentafluoride from
Shipping CGylipders

3 Chlorine pentafluoride cas be discharged from its storage con-

tainer either by ite ¢w> vapor pressure, by pressurizing the
containexr with dry nitrogea ¢c helium, or by commecting &

|
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transfer pump in the container discharge line. Inert gas pres-

surization is uscd almost exclusively at the present time for
unloading large cylinders because this techknique is extremely
reliable. The transfer pump technique is practical when large

quantities of the propellant must be transferred in a relatively

o 2 oA e it oG

short period of time. Vapor pressure unloading is used pri-
marily in the transfer of small quantities and is impractical

in the handling of large propellant quantities.

The propellant transfer system must be chemically compatible
with the propellant, leakproof, and in excellent operating
order. The complete system must alsc be'passivated immediately

prior to the commencement of complete flow conditions.

In preparing for a transfer operantion, all personnel not

o i B ot ol B S G R oo HUD 2o

directly concerned with the operation shall evacuate the hazard

area. Appropriate warning lights and signs shall be displayed

ST

+0 keep out unauthorized personnel.

Pervonne” performik - the transfer operation shall wear the

full. p-otective - _.pment dercribed in the Safety kquipment

e el

sect vu. If the ‘rations are porformed remotely, at least

iwo operating versonnel should be fvlly dressed to facil: ‘ate

proper spill u. « fire cratrol. Sufficient safety equipmen.

bl i) . il

should be availa®ic for 421 persocanel alloved te remain in

the hazard t.-wa

Supervizory and emergency support personnel shall be notified

prior to exeruiing ny hazardoeus operation in the storage area,

The propellunt tranafer procedures are dependent upon numerous
factors such as transfer system design, type of piopellant

conw jner, training of operating perscnnel, prevailing weather

conuitins, ete. Establishing proper operating procedures for

each pecitic sjtuation in & single document i: not fensihle,

133

LOKFIBENTIAL




mos Aaminasnistel . sl i
? Nt e

4
7

CONFIDENTIAL

,_
_Aﬂmlg__AJ.LJmJ

Therefore, the procedures presented in the following para-
graphs are gereral in nature,

The transfer system schematics
presented (Fig, 11 through

13) are not finalized designs;

they are provided only to facilitate the explanation of typical
procev. 28,

IV P PURPERE

6.4.2.1

.. V-oun

Transfer From Single~Opening Containers. The currently avail-
able ClF

H
5 cylinders are single~opening containers in which

only one opening is available to perform the propellant trans- i
fer operation,

The opening is sealed by a compatible shutoff

i
valve, vwhich in turn is protected by a gns~tight cap. These ‘

cylinders are not equipped with dip tubes and as such should

be avoided hecause they present additional propellant transfer
complexity.

The propellant can be transferred from these cylinders by pre-— x
vressurizing the c¢ylinders with dry nitrogen prior to the

] transfer, or by allowing the propellant to flow under its own j
vapor pressure. 'The vapor transfer technique is inefficient,

4 and in some cases, impossible, unless the collecting tank is i
cooled. Therefore, the prepressurization technique is recom~

)

)

mended for most operations involving single~opening cylinders,

The prepressurizetion of the cylinder with dry nitrogen can
be accomplished as follows:

BENPUNIG S

1. Remove ‘the protective cap from the cylinder shutoff
\ | valve, .
1
: 2. Connect a clean, regulated, dry-nitrogen supply line !
E to the shutoff valve of tae cyliader. }

L dasade 4

b~
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3. Regulate the pressure supply to the desired value.
The regulated pressure level determines the rate of
propellant transfer. A value of approximately 100 psig
is usually adequete, The preassure should never exceed

10 psig less than the cylinder design pressure,

FESRENE R S

k. Open the pressure supply shutoff valve. i

5. Slowly open the cylinder shutoff valve.

6. When the cylinder pressure equalizes the regulated

. it

2N

TP TR L R SRR L P e

source pressure, clr.e the supply and cylinder shutoff
valves,

NOTE: Two basic techniques can be used to determine :
when pressure equalization is attained. First, the !
noise generated by the gas flow through the pressur-
izing line ceasez, Second, the regulated pressure

gage registers the regulated pressure velue prior to
gas flow,

P,

7. Bleed the trapped gas between the two shutoff valves i

by opeping the transfer-line bleed valve. {

1

8. Disconnect the presgsurizing line from the cylinder
shutoff valve.

9. Cap the cpened connections te prevent contamination,

The transfer of ClF5 from the pressurized cylinder to the stor-
age tank (Fig. 11 ) can be performed as follows:

- S Gl e T
PP —

L e At

1. Turn the cylinder upside down and place it in a trans-

fer cradle, The cylinder must be properlyv secured and

T E LR B STt

Vb
N i a

car. must be exercised to prevent damage to the oylin-
der shutoff valve.

2. Connect the cylinder shutoff valve to the propellant

transfer system as shown in Tig. 11,

3. Close all system valves except valve No. 6 which must

be maintained open. The purpose of valve No. 6 is to

prevent the continuous escape of ClF5 in case of
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Figure 11, Transfer of Chlorine Pentafluoride From
Pressurized Single-Opening Cylinders
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burst-diaphragm failure and to facilitate the removal
of the burst diaphragm whenever required.

4. Purge the propellant transfer line to remove any
residual trapped water vapor. This is accomplished
by opening valves No. 3 and 1. When the purge opera-
tion is completed (approximately 3 minutes), close

valves No. 3 and 1.

5. Oper valve No. 2 slowly and check for leaks. If a
leak develops, close the valve, open valve No. 1, and
take the action necessary to stop the leak. (Valve
No. 1 must be closed and valve No. 2 opened hefore

proceeding with Step 6.)

6. Open valve No. 4.

7. After valves No. 2 and 4 have been opened, the propel
lant flows from the cylinder into the storage tank
until the liquid in the cylinder is depleted or the
pressure in ‘the two containers equalizes, TIf the
pressure in the iwo containers equalizes, close valve
No. 4, and open valve No. 5 momentarily to depicisur-
ize the storage tunk., The flow can be resumed by

reopening valve No. &,

8., When the desired quantity or all of the available pro-

Jellant has been transferred, close valvea No. 2 and 4,

NOi... There are several devices that can be ndsed to
detect the completion of the propellant trrusfer oper-
ation. Combinations of two or more devi.es are "sually
required to provide the desired flexibhility of :ue
transfer system. Some of these devices are;
a, A flowmeter installed in th: transfer line
b. A scale or other weight-sensing device attached

to the container beins nnloaded
¢. A calibrated level indicatoxr mounted on the

etorage tank

9. Purge the transfer line thoroughly by opening valves
No. 1 and 3. When the purging operation is completed
(epproimately % to 5 minutes), close valves No. 3 and 1,
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10. Depressurize the storaye tank to a sale, positive

pressure level by opening valve No. 5 momentarily.

11. Disconnect the cvlinder shutoff valve from the trans—

fer system and cap the opened components.

12. Turn the cylinder to the upright position, mark it
adequately, and dispose of it according to operating

procedures.

13. Notify ail personnel concerned that the transfer oper~

ation is completed and the area is clear.

6.4.2.2 Transfer From Double-Opening Containers. At the present time,

there are no double-opening shipping cont&iners\in CIF5 service;
however, the eventuél use of cylinders similar to the l-ton CIFB
cylinders is assureﬁ. The operation of theae cylinders in ClF5

service will be idﬁntical. The l-ton Cle shipping cylinder is

a double-opening container and is equipped with two shutoff

| ’ valves. During tranefer operations, one opening can be used to

, Pressurize or veat the container apd the other opening to dis-

charge the propellﬁpt.

The propellant can be discharged from the shipping container

o e

either by pressarizing the container with dry nitrogen »r by
connecting a transfer pump in the product discharge line.
Although the presswrization unloading technique has been used
nearly exclueively in the past, procedures for both transfer
techniques are discussed in detail below,

6.4 .2, Pressurization Unloading. As mentioned previously, the
r transfer of liquid ClF5 from shipping containers can be performed
b reliably by pressurizing the containers with dry nitrogen. The
following procedure is basically applicable to the transfer of
the propellant from double-opening containers intc a storage
2 tank using gas pressurizution,
i
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Place the l-ton cylinder in the horizomtal pesition

with the shutoff valves aligned with the vertical
centerline axis,

Remove the protective cap from the cylinder and connect

the cylinder shutoff valves to the transfer system as

shown in Fig. 12. VWhen the cylinder is positioned

according to Step 1, above, the upper shutoff valve is
connected to the regulated pressure supply, and the

lover shutoff valve is connected to the transfer line.

Ensure that all system valves are closed except valve

No. 9 which must be maintained open. The purpose of

valve Yo, 9 is to preveet the continuous escepe of CIFB
in case of bhurst-diapbragm failure and to facilitate

the replacement of the burst diaphregm whenever required,

Set the dry nitrogen regulator to the desired pressure

level. This pressure level determines the propellant

discharge flow. A value of ~ 100 peig is usually

#sdequate. The pressure should never exceed 10 psig

less than the container design pressure.

Purge the propellant lines to remove residual trapped

water vapor. This can be accomplished as follows:

a. Upen valves Ne¢, 4 and 7, and purge for
approximately 3 minutes

b. Close valve No, 7 and &

Open valves No. 3 and 2, and purge for approxi-

mately 3 minutes

d. Close valves No, 2 and 3

Open valve No, 5 and check for leaks. If a leak
develops, close the valve, open valve No. 4, and take
the necessary action to stop the leak. (Valve 0. %

sust be closed and valve YNo. 5 opened before proceed-
ing with Step 7.)
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7. Open valve No. 6

8. Bsvablish the prepellast flow by pressurizing the ClF5

cylinder. This is accomplished by opening valves No, 1

ada

aad 2. A propellant flow is experienced until the

liquid in the shipping container is depleted or the

pressure in the two containers equalizes, If the pres-~

sure in the two conteiners equalizes, close valves No., 2

ety

and 6, and open valve No. 8 momentarily. The flow can be

resumed by reopening valves No. 6 and 2.

9. When the desired quontity or all of the available pro-

pellant hag been transferred, close valves No. 2 and 5,

NOLE: There are several devices which can be

used to deteoct the completion of the propellant .

transfer operation. Combineations of two or more

dovices are usually required to provide the desired

transfer system flexibility, Some of these devices

are!

a, A flowmeter inmtalled in the transfer line

b. A soales or other weight-sensing device attached
to the container being unloaded

¢. A calibrated level indicator mountsd en the
storage container

e L Al

10. Depressurize the shipping coutainer by opening valve

No. 3. Vhen the container is deprsssurized, close
valves No. 1 and 3.

-

11. Close valve Mo, 6 and purge the transfer line by open-
ing valves No. & and 7. When the transfer line is
properly purged (uswally 3 to 5 minutes at a pressure
level of approximately 50 psig), close wvalwves No, 7
and 4,

- SR T _.) —

12, Depressurize the storage container by opening valve i
No. 8 for a shori perioed of time.

13, Disconnect the shipping cylinder shutoff valves from

the transfer system and cap the opened componenta.
14, Mark and dispomse of the shinping contalner according

to operating procedures,
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15. Notify all personnel concerned that the transfer

operation is completed and the area clear,

Transfer Pump Unloading. As mentioned drevioualy, pump
unloading is a potential alternate method of transferring
CIFB from the shipping cylinders into storage tanks. This
technique is highly applicable when large quantities of the
propellant must be trausferred in a reletively short period
of time.

The following procedure is basically applicable to the
potential transfer of ClF5 from a "l-ton" type shipping
¢ylinder into a storage tank by means of a transfer pump:

1. Plaze the shipping cylinder in a hoxrizontal posi-
tion with the shutoff valves aligned with the
vertical centerline axis,

2. Remove the cylinder protective cap and connect
the cylinder shutnff valves to the transfer sys—
tem a8 shown in Fig, 13, With the cylinder posi-
tioned according to Step 1, above, the upper
shutoff valve is connected to the vapor~return
line and the lower shutoff valve ig connoctied
to the transfer line,

3. Ensure that all syﬁtcm valves are closed, except
vaives No, 11 and 7, which must be opened, The
ohjective of valve No, 11 is to prevent the con-
tinuous escape of 01F5 in case of burst-diaphragm
failure and to facilitate the removal of the hurat
diaphragm whenever required, Valve No., 7 preveats
pusp damage caused by overpressures resulting from
the possible vaporization &nd expansion of trapped
propellant im the pump,
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4, Set the dry nitroger i2gd¢. ©te
pressure level, A value r %

paig should be adequate

e degired

™ ~m 60 to 70

5. Purge the propellant line.
water vapor,

¢ remove trapped

This can he accouy ished as follows:

e -
e R4 A A

a. Close valve No. 7.

|
b. Open valves No. 3, 5, and 6, and purge for
approximately 3 minutes,

. wih

s, Close valves No, 6, 5, and 3,

d. Open valves No. 2, 8, and 6, and purge for
approximately 3 miwutes,

e. Cloae valves No. 6, 8, and 2.

£f. Open valve No. 7.

- .
e A

6. Presaurize the CIF5 cylinder to permit the proper

priming of the tranafer pump, if required, This j
is accomplished as follows:

PRy

a, Cloge valve No, 7.
b, Open valves No. 1, 8, and 6,

¢, When the gas flow stops, clome valves No, 6, : }
5, and 1,

e

d. Open valve No. 7.

7. Open valve No, 4 and check for leaks, I1f a

leak develops, close the valve, open valve No, 3, i
and take the neceassary action to stop the leak,
(Valve No. 3 muat be closed and valve No. 4 opened
before proceeding with Step 8.)

8, Open valve No. 5 and check for leaks, If a leak
develops, close valves No. 5 and 7, open valves

No. 8 and 2, and take the action necessary to

: ' 144
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stop the leak. (Valves No. 2 and 8 must be
closed and valves No. 5 and 7 opened hefore

proceeding with Step 9.)

RN

9. Open valve No. 1.

10. Start the transfer pump and open valve No. 9,

N\

A closed-loop pump transiexr operation is thus Q
established. :

11. When the desired quantity or all of #he avaiiable {
propellant have been tranaferred, stop the trans- .

fer pumr and close valve No, 7.

NOTE: There are several devices which can be

used to detect the completion oi the propel- )

lant tranafer operation, Combinations of two

or more devices are usually required {to pro--

vide the desired transfer system flexibility.

Some of these devices are:

a. A flowmeter installed i the transfer line

b. A scale or other weight-sensing device
attached to the container being unloaded

¢. A calibrated level indicator wounted on J

the storage tank

12, Close valve No. 9 and depressurize the shipping

cylinder by opening valve No. 2. When the con- i

tainer is depressurized, close valve No., 2,

13. Depressurize the storage tank by opening valve

No. 10 for a short period of time,
14, Purge the propellant transfer line as fcllows:

a. Open valve No, 6 for about 2 to 3 minutes
or until the gas flow stops,

ISR S

b, ¢lose valve No, 6,

¢, Close valve No. 4,

d. Open valves No. 3 and 6, and purge the line

for approximeiely 3 to 5 minutes,

e. Clese valves No. 6, 5. and 3.

e

S a4 s
PO S —
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15. Depressurize thz shipping cylinder by opening
valve No. 2. When the cylinder is depressuvized,
close valves No. 1 and 2,

16, Purge the vapor-return line as follows:

a. Open valves No. 2, 8, and 6, and purge for
approximately 3 to 5 minutes.
b, Close valves No. 6, 8, and 2.

17. Open valve No. 7.

18, Disconnect the shipping cylinder shutoff valvee
from the transfer system and cap the opened
components.

19. Mark and dispose of the shipping cylinder accord-
ing to operating procedures,

20. Notify all personnel concerned that the transfer
operation is completed and the area clear.

6.4.3 Venting

The frequent depressurization of ClF5 containers is neces-

sary during handling and test operatiuns., In this opera-

tion, & considerable amount of vapor is reieaped which

munst be handled safely. Two basic methods can be used

for handling the propellant vapor, These methods are:

1.

The transfer system vent lines are co-nected to
a gcrubber system which removes the propellant
vapor from the vented gases, Many types of
scrubbers and solutions for absorbing the »propel -
lant can be used.
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2. The transfer system vent lines are connected to
a vent stack which discharges the vented gases
at least 60 feet above the highest working point
in the area. A low-pressure nitrogen purge can
be installed in the stack to further dilute the
vented propellant. vapor before being discharged

into the atmosphere,

Chlorine pentafluoride containers should be vented only
under controlled conditions. These conditions are depen~

dent upon arca location, weather conditions, etc.

Disposal

Disposal involves the controlled release of ClF5 from a
shipping or storage container into a system capable of
disposing of the propellant safely. Military regulations,
at the present time limit the disposal of similar propel-
lants to a maximum of 1620 pounds for any ome disposal

operation.

The following items are essentiai for the proper selection

and safe operation cof the CIF_. disposal area:

5

1. The disposal area shall be adequetely isolated,

2. The disposal area shall be clear of trees, weeds,

brush, and other combustibles,

3, The area must be provided with adequate facility
safety equipment (refer to Safety Equipment

section),

Lk, One person shall never be allowed to work in the

disposal area alone,
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The following methods can be employed to dispose of CIF
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The personal safety equipment which was described
in the Safety Equipment section must be worn dur~

ing disposal opcrations.
All personnel not participating in the disposal

operation shall evacuate the area,

Disposal operations shall be performed only under
controlled conditions, These conditions are depelr-

dent upon area location, weather conditions, etc.

5:

The alow release of the propellant through a high
vent stack. The outlet should be at least 60

feet above the disposal area. A dry nitrogen

purge must be installed in the stack to dilute
the propellant vapor before being exhausted into

the atmosphere,

The controlled burning of CIF

5 by the use of a

fuel such as alcohol or kerosene, This is accom-

plished by placing a quantity of fuel approxi-
mately equal to the quantity of ClF5 to bhe dis-
posed of into a burn basin. The oxidizer is then
fed slowly into the burn basin and allowed to
react with the fuel, For this operation, the
ClF5 supply tank should he located at leaast 50
feet from the burn basin.
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