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FOREWORD

This is the first quarterly progress report prepared under Contract

AF 04(611)-10932'.

The principal scientists working on the project are: Dr. W. D. English,

Principal Investigator; Mr. S. M. Toy; and Mr. W. A. Cannon. They are

assisted by Mr. D. E. Nelson, Research Assistant. This report was prepared

by Dr. W. D. English, Mr. S. M. Toy, and Mr. W. A. Cannon and approved

by Dr. N. A. Tiner, Head of Materials Research Department.
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ABS tRACT

This report on halogen passivation studies covers the period from

I November 1965 to 31 January 1966. During this time, the various alloy

powders and sheet stock have been obtained for experimental purposes.

Surface area measurements of most of the powdered metals to be used for the

kinetic studies have been completed. The constant volume and gravimetric

systems to be used for the kinetic studies have been completed. Electro-

chemical investigations of the polarization behavior of pure nickel in bromine

trifluoride have been started to characterize the passivation of sheet material.
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1.0 INTRODUCTION

Propellant systems which are to handle fluorine or fluorine-containing

oxidizers must be passivated before introducing the bulk oxidizers. It is

generally conceded that metals which are rendered passive by fluorine or

f1u ,tic. e-containing oxidizers form a thin surface film which is resistant to

further chemical attack, although the reaction may continue slowly over a long

period of time. The passivation procedures which are specified for propellant

systems are generally arbitrary. The, involve lengthy exposeres of metal

surfaces to fluorine or chlorine trifluoride vapor at gradually increasing partial

pressure or concentration. It is assumed that the passivation is not permanent

and each time a passivated system is exposed to the atmosphere, or is mechan-

ically shocked or flexed, or undergoes a cleaning process, it must be repas-
s ivated.

The broad aspects of propellant system paisivation must take into

account the reaction of the fluorine or fluorine-containing gases with traces of

organic matter in the form of solvent residues or lint particles which may

inadvertently be left in the system. This is outside the scope of this investi-

gation, however, and here attention is focused only on the reactions with

organic-free metal surfaces. However, the possible reactions of passivation

films with water or cleaning solvents is an appropriate area of study. This

study will involve the investigation of environmental effects on fluoride films

which comes under the scope of the contract.

The major objectives of the contract are to obtain new and detailed

information on the nature of passivation films on metal surfaces formed by

fluorine and certain interhalogens, and to utilize this information to specify

improved passivation procedures. The means of obtaining 'his information

will involve detailed investigations of the rates and mechanisms of film for-

mation, of the composition and structure of passive films, and of the environ-

mental conditions leading to the destruction or alteration of passive flms.

The initial experimental efforts are aimed at determining the kinetics

of passive film formation, including tie rates of film growth or. various metals

in the pres-.-nce of fluorine and certain interhalogen vapors. From the experi-

mental standpoint, this task is difficult because the passive films, at least

SM-45470-Ql



during the initial phase of growth, are extremely thin. It is impossible to

determine, employing conventional analytical techniques, the uptake of gas or

ir.crease of weight of a bulk metal specimen. Powder metal specimens,

having relatively large surface to volume ratio, will be used instead. By

employing an area of metal amounting to several square meters, theoretical

weight changes can be determined which can be related to film thickness if

assumptions are made concerning composition and density of the film. Certain

reservations must be held concerning powder metals, in that, due to the

method of preparation, the surfaces may not be representative of bulk metals.

This factor will be ccnsidered, of course, in future interpretatiorn of results.

Recently Astropower Laboratory has become aware that General

Chemical Co., in their recommended practices to users of fluorine, no longer

suggests that chlorine trifluoride be used for passivating systems. Elemental

fluorine is the material of choice. (1) This change was reportedly due to

failure to attain complete passivation using CTF in some instances. Perhaps

this was due in some measure to the condition reported by J. F. Ellis of the

U. K. Atomic Energy Authority. He claims that metal chlorides have been

identified in passive films formed with CTF on copper and nickel. Identifi-

cation was by x-ray crystallography. (Z)

SM-48470-Ql



2.0 RESULTS .AND DISCUSSION

2. 1 Materials

The fluorine gas and Interhalogens required for the project are at

ha,,d and stored at the Gypsum Canyor Fluorine Test Facility.

The sheet stock mretals and alloys with the exception of 304 stain-

less steel and nickel 211, were available from Contract AF33(657)-9162. A

supply of 304 stainless steel has been ordered and received. Nickel 211 has

been ordered from Wilbur B. Drier Co. A surnmary of sources and descrip-

tion of sheet materials is given in Table I.

Sources of forgings, castings and welded sheet are being investi-

gated for use later in the program, but no piocurement has yet been made.

All the metal and alloy powders have been obtained except AM

350, AM 355, Inconel X and Nickel Z11. Commercial sources for these could

not be found. A sample of AM 350 is being manufactured to order by the

Hoeganaes Sponge Iron Company. Because of the fairly high cost per sample,

only the AM 350 %a,3 ordered. Previous observations have shown that AM 350

and AM 355 behave similarly in fluorine. The powdered materials currently

on hand are described in Taole II.

2. 2 Ajparatus fr Kinetic Studies

2.2. 1 'onstant"Volume A2 2 aratus

The 'o~lstant volume apparatus will be used for deter-

maining the rates of fluoride film forrlation on metal powder exposed to fluorine

gas,. 7 kc schematic diagram of the apparatus is shown in Figure 1.

The construction of this apparatus is complete and

rzquires only installation of the sensitive pressure gage before being put into

use. We are awaiting shipment of this gage from the Seegers Instrument

Company, Barrington, Illinois. Shipment has been scheduled for February

IZ, 1966.

SM-48470-Q 1 3
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Sensitive Gage
0-1500 torr

Standard Gage
S/0-30 psia

VAC

Union

<I

Ballast Sample

Volume Chamber

Constant Temperature Bath Hg Manometer

Figure I. Constant Volume Apparatus for %leasuring
Reaction Rates of Fluorine with \fetal
Powders
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The volumes of the ballast chamber and sample chamber

are approximately equal - 150 ml each - therefore if the ballast chamber is

initially pressurized with gas to about two atmospheres, the final pressure

after opening the valves to the evacuated sample chamber will be approximately

one atmosphere. The principal of operation is the determination of the change

in pressure of fluorine in a constant, known volume as a function of time, as

the fluorine re•,cts with a metal powder contained in the sample chamber. The

uptake of fluorine can be related to fluorine film thickness if the total surface

area of the reacting metal surface is known.

The procedure is outlined as follows:

1. The apparatv~s is first passivated without a sample being present.

2. The entire system is purged and evacuated.

3. A metal powder sample is weighed into the sample chamber after
which the system is again evacuated.

4. Helium gas is introduced into the system, except the sample
chamber, at about two atmospheres pressure. The valves to the
sample chamber are opened and the gas expanded into the entire
system. If the initial and final pressure is measured accurately
with the sensitive pressure gage, this step serves to calibrate the
volume of the sample chamber, assuming that the ballast volumeI
and connecting tWbing volume are known from prior calibration.

5. The system is again evacuated. j
6. Fluorine gas is admitted and step 4 repeated.

7. Fressure in !he system is measured as a function of time using
the iensiti- e preseire gage. (This gage is sensitive to ± I torr.)

The weight of fluorine, WF, removed from the gas phase

Sby virtue o! reaction with the metal- powder, can be computed at any specific
%I

reaction time by

APVT
W =MW N = 38

F F Z F 2R

where &P is the total change in pressure at the given time and VT is the total

system volume, exclusive of the volume of the powder.

SM-48470-Ql



The mean film thickness can be related to WF as
follows:

x - WF 108

where

d = film thickness in Angstrom units

x = ratio of molecular weights of metal fluoride and fluorine

A = total area of powder specimen in square centimeters

p = density of metal fluoride in g!ml.

2.2.2 Flow System for Gravimetric Determination of
Reaction Between Halogen Fluoride and Metal
Powders

The volumetric method for determining rate of reaction

of fluorine with metal powders cannot be used with halogen fluorides because

the reaction does not necessarily lead to a net change of pressure in the gas

phase. Therefore, we have proposed a gravimetric method for these oxidizers.

The flow system shown schematically in Figure 2 has been built.

The halogen fluoride vapor is passed slowly through a

glass U-tube which contains a quantity of the metal powder under investigation.

The weight change of the tube is determined for various periods of time of

exposure from which a plot of mean film thickness as a function of time can

be made.

in the system described, four reaction tubes are mani-

folded in parallel to cover a range of exposure times. Each tube is detachable

from the system, and the flow of halogen fluoride through a given tube can be

interrupted at any time and the tube purged with nitrogen to arrest further

reaction. The detail of the glass reaction tubes is given in Figure 3. The

weight gain of the tube is related by the film thickness by the same equation

given in Section 2. 2. 1.

Preliminary experiments were made with fluorine and

chlorine trifluoride passed over 304 st.inless steel powder (213-F). In these

expt:ments, a si.•aU weight loss was obtained rather than the anticipated

weight gain. The data for the chlorine trifluoride are giv--n in Table IlI.

SM-48470-Q l 9
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TABLE Il

FLOW EXPERIMENT

Powder - 40.Og 304-SS (Z13-F) in each tube
Total Surface area of powder in each tube - 4. 04 x I14 cm

Vapor - chlorine trifluoride
Flow Rate - Approximately 20 ml/min

Time of Initial Weight Final Weight Weight
Exposure Tube Tube Change

15 mir, 6 2 . 96 9 6 g 62. 9 68 7 g -0. 0009g

30 rni.n 6 3 . 1964g 6 3 .19 3 1g -0. 00 3 3g

68 min 6 2. 93 2 6 g 6 Z. 92 16 g -0. Ol lOg

150 min 6 2 . 3 0 0 4g 6 Z. Z7 75 g -0. OZZ9 g

SM-484 70- 1 :2
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It was noted that there had been some attack of the

glass causing weight losses which more than offset weight gain of the powder.

This etching of the glass may come from traces of HF left in the chlorine

trifluoride, even though the vapors are passed through a bed of sodium fluoride.

It is more likely, however, that the attack is brought about by diffusion of the

chlorine trifluoride through the Teflon Swagelok ferrule where the side arms

of the U-tube are connected to the stainless steel manifold. The hydrolysis of

the chlorine trifluoride outside the ferrule leads to HF attack of the glass side

arm. Indeed, visible evidence of etching at this point was noted for those tubes

which lost the most weight.

The experimental procedure will be changed to compensate

for weight losses of the glass due to HF attack. The metal powder will be

weighed into the tube by difference before exposure, and the final weight of

powder will be obtained by difference after exposure. Four precise weighings,

rather than two, will be required in this method.

2. 3 SLrface Area Measurements

Knowledge of the specific surface area of the metal powders is

basic to the projected kinetic studies where an effort is being made to relate

weight gain to thickness of the fluoride film. The B. E. T. method using krypton

gas adsorption at 770K is a most satisfactory means of determining the specific

areas of powder ot the type being used in this investigation.

The krypton-gas B. E. T. method -makes use of the following

adsorption isotherm equation:

P I (C - 0
V (P - P) Z + P/Poam rn-

where V is the volume of gas adsorbed by a surface at the equilibrium pressure

P, P is the saturation pressure: of the adsorbate, V is the volume of adsorbte

required to form a monolayer on the surface, and C is a constant for a given

adsorbate-adsorbent system.

On typical 'heterogeneous adsorbents, this v"'>-con.tant equation

can be used with considerable confidence over a limited range of pressures

SM-48470-QlI



preceding and following the building up of a monomolecular layer. For any

isotherm, or portion of an isotherm: which obeys this relationship, a plot of

P/V (Po - P) against PiP will yield a straight line with intercept equal to

1/V mC and slope (C - 1)/V C. This is the so-called B. E. T. plot. From them rn

slope and intercept, Vm can be calculated; it is equal to the reciprocal of the

sum of the slope and intercept.

The total area accessible to adsorption is the product of the total

number of gas molecules in Vm and the effective cross-sectional area of each

molecule, a'. Theiefore:

V N
39- . a

where S is the total surface area of the absorbent, N is Avogadro's number,

and M is the molar volume of the adsorbate. The foregoing equations are the

basis of the determination of surface areas by ,t6 adsorption.

The B. E. T. plot also permits the calculation of the constant C

in the isotherm equation. From the E E. T. theory, C is given explicitly as

G = C 2 exp(E -E 2 )/RT

where C is a constant dependent upon the entropy of adsorption, E is the

average heat of adsorption of the monolayer, and E is the heat of liquefaction

of the adsorbate. The constant C2 is generally assigned a value of unity.

Because of the simplifying assumptions involved in deriving the

B. E. T. equation, the heat of adsorption obtained from the C value is usuall':

considerably lower than the values determined calorimetrically. Heats of

adsorption based on the C value can be likened to a sort of average value

associated with the less energetic, non-homogeneous part of the surface.

Because of the exponential nature of C, its determination from expy rimental

adsorption data iq not very accurate. In spite of these limitations, the C

value proves quite valuable for comparing different surfaces. A high C value

indicates a strong adsorbent-adsorbate interaction, while low C values indicate

weak adsorption forces.

SM-48470-Ql 4



Surface area measurements have been completed on most of the

powdered metal which will subsequently be used in the kinetic studies. Meas-

urements are made on the powders before and after passivation in fluorine gas.

The passivations were carried out by exposing the previously evacuated powder

samples to a fluorine pressure of 50 torr for five minutes, then pumping off

the residual gas, thereupon admitting increasingly higher pressures of fluorine.

The alternate 5,minute exposures and evacuations were repeated at increments

of 100, 200, and 400 torr fluorine pressure with a final exposure of one hour

at one atmosphere. The exposures were at a temperature of 25°C, Weighed

quantities of the metal powders were individually exposed in the tubes shown

in Figure 4. This allows passivationevacuation and subsequent introduction

of the powder specimen to the krypton adsorption apparatus without exposure

to air. This procedure serves to prevent alteration of the freshly-formed pas-

sive film by exposure to moisture in the air.

The results of measurements completed to the date of writing are

given in Table IV. Data are also given for samples of ZS ý1uminum powder

and commercial aluminum foil. Although these materials are not included in

the list of metals for the subject investigation, the results are presented as

pertinent to the study.

The results given in Table IV indicate that within the limits of

probable experimental error, there is no change in surface area of the nickel,

Monel, 347L stainless steel and copper powders attendant upon passivation

with fluorine gas under the conditions described. B. E. T. plots are given in

Figures 5 and 6. Inspection of the "C" values reveals that prior to passiva-

tion they are quite scattered, and following passivatior.. Ley tend toward a

more constant value. It should be pointed out, however, that "C" values

greater than about 100 are grossly inaccurate as calculated from adsorption
data. Above about 200 or 300 they assume only rough order-of-magnitude
significance. Therefore, with onl-y this limited tabulation available, too much

reliance should not be placed on the comparative "C" values for the first four

materials, A possible exception to this generalization is the 347L stainless

steel which has an unexpectedly low "C" value as received, and which seems

tc increase significantly upon passivation. It is believed that the difference of

SM-48470-Q1 15



Attachment to Krypton ...- Attachment to

Adsorption System Fluorine Manifold

Break Tip

Iron Rod

Sealoff Point

Pyrex Glass A

(Approximately to Scale)

CiiJ
I r \!P-wdered Meta<l Specimen

Figure 4. Appa'atus for Determining Surface Area

of Fluorine-Passivated Metal Powder
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TABLE IV

SURFACE AREAS OF METAL POWDERS

Specific Specific
Surface Area B.E.T. Surface Area B.E.T.

"a"C" Value cmr "C" Value

1) Nickel-112F
Lot M-12308 2,390 540 Z, 330 203

2) Monel 206F
Lot Q-10435 1,880 155 2,020 143

3) Stainless Stee'
347L Lot N-2355 1,570 79 1,490 106

4) Copper DM 301
Lot 3137 2,410 Z71 2,500 232

5) Aluminum Z5 (1) 102 171 700 33

6) Aluminum 25 (2) 1,070 144 710 57

7) Al Foil 1, 830* 19 3, 260* 73

8) Y11 6061
Reynolds 7,800 152 3,460 31

9) 304 Stainless Steel
213F 1,010 92 -

10) 316 Stainless
213F 1,040 75 -

11) 2014 Al Powder 10,400 251 -

12) 2024 Al Powe'r 4,380 192 -

i

*Total area per specime1i

SM-48470-Ql 17
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Figure 5. BET Plots. Krypton Adsorption on
Nickel and Monel. 77 0 K
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Figure 6. BET Plots. Krypton Adsorption on Copper

and 347L StainleYss Steel. 77'oK
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79 and 106 is greater than the normal limits of experimental error, but addli-

tional data will be sought.

For the aluminum samples, large and significant differences are

observed in both surface areas and "C" values. B. E. T. plots for he varioui

aluminum materials are shown in Figures 7, 8, and 9. At present these alter-

ations are only partly understood. The 2S aluminum powder sample was run

twice because the decrease in surface area was so large upon passivation

(ca. 30%) that the results were thought to be subject to a gross error. The

results of a second experiment with a new sample and all new apparatus con-

firmed the first result, however. One or more of seve-.al .iechaaismv may be

operative. Some of these are: (1) sintering may occur in the fluoride film

during outgassing due to greater mobility of fluoride ions compa red to oxide

ions in the normal oxide film; (2) a smoothing effect ma, take place due to

greater reactivity of asperities on the surface; (3) the adsorption of krypton

on the fluoride film may be anomalous, rendering the use of the B. E. T. equation

subject to great error. The fairly low "C" values obtained indicate that the

last is a distinct possibility. This can readily be .ested by carrying out the

adsorption isotherm measurements to higher pressures, and this will be done

on later measurements with aluminum alloy materials.

The results obtained with the commercial a-luminum foil

(Reynolds Wrap) confirm observations made previously in this Laboratory

during passivation of aluminum foils and wire with chlorine trifluoride vapor.

It is fairly well established that all materials of this type which have been

investigated have a chemisorbed fatty acid film on the surface. In addition

there is a considerable amount of organic material in excess of the chemi-

sorbed monolayer which seems to be mechanically entrapped in narrow-

mouthed pores or microfissures. The latter material is only partly removed

by solvent extraction. Ev-en after prolonged solvent extraction, much additional

material can be evaporated from the foil under high vacuum at elevated tem-

perature. However, none of the treatments has been s -ccessful in removing

the chemisorbed film; hence a low "C" value, viz. 19, ig obtairied which is

characteristic of a hydrocarbon surface. Presumably this chemisorbed

organic monolayer is chemically removed during treatment with fluorine;

hence the fi'-'! "C" value is much higher.

SM-48470-Ql
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The increase in apparent surface area following the passivation

treatment is probably due to one or more of the following factors: (I) removal

of organic material from pores and microfissures which opens the walls to

adsorption of krypton gas; (2) increase of surface roughness due to etching of

the aluminum surface; or (3) etching of the glass sample container from HF

produced by reaction of fluorine with organic material.

2. 4 Electrode Polarization Measurements

Studies on the anodic polarization of nickel in bromine trifluoride

have been previously carried out in this Laboratory. This method of investi-

gation has now been expanded and applied to this contract. The experin-mental

approach involves the study of the anodic polarization behavior of tesL electrodes

in bromine trifluoride. The electrodes under investigation will be subjected to

a variety of passivation treatments and environmental effects. The ultimate

aim is to define the relationship between the anodic behavior and the nature of

the passive films.

Aside from the reactivity of bromine trifluoride, the experimental

methods are handicapped by a lack of any suitable reference electrode compat-

ible with this material, and by the fact that it is a passivating medium. There-

fore, passivation by exposure to the bromine trifluoride may be superimposed

on the passivation produced by exposures to other passivating gases. If these

experimental difficulties can be overcome, or compensated for, the electro-

chemical approach may prove to be a very valuable indication of the quality

of passive films.

The polariz._ion cell used in the control experiment with pure

nickel electrodes is shown mn Figure 10. The working electrode and platinum

counter electrode (10 x 10 mm in size) are disposed 5 mm apart. A platinum

wire reference electrode is spaced I mm away from the working electrode.

The cell is constructed of Pyrex glass and requires approximately 20 ml of

bromine trifluoride to fill it above the level of the tot of the electrodes. The

cell is filled by suction from the electrolyte reservoir which commun.cat-s

with the cell by way of the Teflon plug stopcock. The cell can also be drained

when desired by opening the stopcock and allowing the electrolyLt: 'o flow back

to the reservoir.
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The most notewortl-v observation has been the marked difference

between the anodic current for a fresh nickel electrode and one which has been

passivated in fluorine gas for 24 hours. For example, a freshly prepared,

pure nickel working electrode was rinied in concentrated hydrochloric acid,

then in distilled water, and dried. It was polarized in bromine trifluoride

+3. 00 volts with respect to the platinm reference electrode. The anodic

current between the r ickel working electrode aad the platinum count*r electrode

was measured as a function of time of immersion of the electrodes. The anodic

current was observed to fall, rapidly at first and then more slowly, from an

initial value in excess of 3 ma/cmr2 to reach a limiting current density of

about 0. 3 ma/cm in approximately one hour. The data are plotted in Figure

11, Curve 1.

The same nickel electrode was rewashed in acid and water, dried

and again returned to the cell, and the polarization repeated. The second set

of data gave Curve II, in general agreement with the first curve except that

final current density was somewhat smallar.

The working electrode was again subjected to the same preparatory

procedure as before, returned to the cell, and exposed to fluorine gps at one

atmosphere at room temperature for 24 hours. Upon repeating the current

density-time experiment, the maximum current density was only -1ig.,•'Iy over

0. 03 ma/cm 2, and it fell rapidly in only six to eight minute, to reach a limiting

current density of about 0. 007 ma/cm . Therefore, the fluorine-passivated

electrode yielded an anodic current of only a few percent of that of an unpassivated

electrode under the same polarizing voltage. The data are sh"Ai7. in Curve III.

To test the ,ffect of subsequent treatment or a passive surfase,

the working electrode was removed irom the cell, rinsed copiously with dis-

tilled water, vacuum dried, and returned to the cell. The current :.nsity-

time data followiag this treatment are shown on Curve IV. Although the rnag-

nitude of the current density is different from Curves I and I. the shape of

the curves are simila'.

The same electrode was then given a;- HCl rinse, foilowed by a

water rinse, in the expectation that "1-L electrode wouli return t:: a condition

near that revealed by Curves I or I1. However, the observed current density-
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time curve is shown at Curve V. Unfortunately due to time limitations, the

limiting current density was not reached. No simple interpretation of the

behavior of the HCJ-washed electrode can be advanced at this time.

Finally, the electrode was removed froxmn the cell, and the surface

cleaned and thoroughly abraded with emergy paper, followed by the usual acid

and water rinses. The 7urrent density or time was then as shown in Curve VI.

"It is evident from the data that the initial as well as the approxi-

mately limiting current densities vary considerably depending on the surface

treatment and history of the electrode. The results with the fluorine treated

nickel electrode seem to be unique, however, in that the decrease in current

density is much faster.

In addition to the experiment in which the anodic current was

measured as a function of time at a constant polarizing voltage, polarization

curves were run on the working electrodes at points marked A and B in Figure

11. 1he polarization curvts are given in Figure 12. Curve A was obtained on

the unpassivated nickel electrode following the two hours of constant polari-

zation along Curve Ii of Figure 11, while curve B was obtained following one

hour of polarization along curve III of Figure 11.

S0 ! I

N} I
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3.0 FUTURE WORK

During the next report period, the final checkouts of the constant volume

system and gravirnetric system forkinetic studies will be c:ompleted, and it is

expected that much of the projected reaction rate studies between the oxidizer

and arloy powder will be completed.

Exposure tests of various alloy coupons will be started, and the char-

acterization 3f passive films by electron diffraction methods will be initiated.

The electrochemical characterization of passive films will be extended

to other electrode materials such as stainless steels, Monel, and aluminum

alloys.
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