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Abstract

This report describes work which has been devoted to the
development of a suitable working electrode for use in electro-
chemical fluorination studies in anhydrous HF (AHF).

Investigations of possible working electrodes have involved
antimony, bismuth, silver, aluminum, titanium, cobalt, iron, and
monel. Antimony, bismuth, and silver show a high anodic dissolu-
tion rate in AHF, while the other metals studied show passive
behavior. Of the latter metals only monel formed a protective
coating which permitted appreciable fluorine evolution to occur.

iv
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ELECTROCHEMICAL STUDIES IN THE SYNTHESIS OF N-F COMPOUNDS

I. INTRODUCTION

During the past quarter work has continued on the develop-
ment of a corrosion resistant working electrode for use in the
study of the electrochemical fluorination of NH3 and NZ“& in AHF.
A desirable working anode would exhibit a low anodic dissolution
rate and have a low interfacial impedance.

It appears that of the metals studied thus far, monel
comes closest to fulfilling the requirements for a working anode
ard will thus be used to study the electrochemical fluorination
of NH3 and NZH4 in future work. Additional electrodes (pyrolytic
carbon, zirconium boride and molybdenum) will also be investigated
in an effort to find a still better working electrode.
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II.  EXPERIMENTAL APPARATUS

Some improvements in the handling of AHF were made this
quarter, mainly to increase the purity of HF in the conductance
and electrolytic cells. (See Figure 1 for a general schematic
diagram of the entire system now being used.)

The refrigerated HF pot was replaced by a monel pot
(Figure 2) that does not require refrigeration but is instead
operated by differential pressures as follows: The pot is first
evacuated and then the HF is admitted from the tank into the pot
where the desired volume is measured. Then 10 psi of nitrogen
pressure is apyplied, and the valve leading to the HF trap is
opened (slightly at first) allowing the HF to enter the first
NaF trap. If necessary a small flow of nitrogen is used to aid
this transfer.

Two HF traps were constructed, one from mild steel and
the other from monel (Figure 3). Each has a capacity of approxi-
mately 400 ml of (liquid) HF. The traps are filled with NaF
pellets (formed by heating NaHF2 pellets). The distillation
procedure from the #1 trap to the #2 trap to the conductance cell
is the same as reported in Quarterly Status F-port No. 4.

It has been found that the conductance of a certain volume
of HF would change considerably with time in the Teflon TFE
conductance cell, presumably due to water diffusing through the
Teflon. Therefor:, the ccnductance and storage cells were re-
placed by a single Kel-F cell (Figure 4). The latter was sealed
using a Teflon gasket between lid and body of the cell and apply-
ing pressure to it by tightening the bolts connecting the two
brass rings (Figure 5). This gave a tight seal up to 20 psi. The
cell is cooled with crushed dry ice.

The nickel conductance electrodes and the nickel screen
cathodes formed N1F2 when in contact with HF for several days.
They were replaced by platinum electrodes. Platinum conductance
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electrodes were also placed in each electrolytic cell. So far
no platinum fluoride has been noted to form.

W e e

The electrolytic cell condenser was replaced by a simpler
and more efficient one. it consisted of one revolution of 3/8" i
coiled Teflon tubing surrounded with crushed dry ice (Figure 6).
Thus each cell has its own condenser. A check on their efficiency
showed that no measurable loss of HI occurred over a period of
one week as compared to a loss of several milliliters per day
with the old condenser.

A new type of low pressure valve made of Kel-F was designed
and manufactured by TRACOR (Figure 7). These valves were in-
stalled between the #2 trap and the conductance and electrolytic
cells. The valves are leak free at the pressures employed and do
not introduce any contaminants into the system.

A fluorination system was added to the HF system during
this quarter in order to passivate that part of the equipment
which comes in contact with the HF. This passivation process
proved to be very effective as indicated by *the increase in the
resistance of the HF obtained upon distillatio.' after passivation.
The procedure for passivation is as follows: (1, Dry nitrogen
is run through the system for one hour. (2) Fluorine is then
allowed to displace the nitrogen slowly until the fluorine causes
the ignition of a piece of tissu: paper being held at the opened
tube on the NZ/FZ bubbler (Figure 8). (3) The valve before the
bubbler is then closed and a pressure of 7 psig of fluorine is
used to passivate the system for 10 minutes. (4) The valve leading
to the F, disposal system is then opened slightly, and the system
is allowed to come to atmospheric pressure before purging it with
dry nitrogen for one hour. (5) All valves are then closed until
the system is needed.
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IITI. WORKING ELECTRODES

Work continued on the investigation of possible working
electrode materials, including aluminum, titanium, antimony,
bismuth, silver, copper, cobalt, iron, and monel. Of these
metals Sb, Bi, and Ag had high anodic dissolution rates in HF
and have been dropped from further consideration,

All the electrodes used for this report were in the form
of 1/8" diameter rods. The upper end of each metal rod was inserted
into 1/4" Teflon tubing and a banana plug soldered to the top
of a small exposed portion of the rod. A good seal was obtained
between electrode and cell,

For all polarization curves recorded in this report, approxi-
mately 3 cm2 of the working electrode was exposed to the AHF
in the electrolytic cell. 1In the graphs, a dotted line represents
a rapid polarization curve (current recorded about 0 sec after
the potential is changed), unless specified otherwise. Also,
polarization did not start until the electrode had been in the
cell for at least two hours and a Hg/HgZF2 electrode was used
as a reference unless stated otherwise.

In Table I several types of data are recorded:

1. The solubility of the fluorides of metals studied in
this quarter.

2. Weight changes obtained at, open circuit, and/or
constant current or potential.

3. The cleaning reagent used for the working electrode.

After using the cleaning reagent listed in Table I, the electrode
was washed with distilled water and then with acetone. Before
weighing an electrode it was dried under an IR lamp. On some
metals fine sandpaper was used due to the lack of a desirable
chemical cleaning reagent.

12
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A. Antimon

Ripid anodic polarization curves were obtained on a
clean antimony electrode (Figure 9). Platinum was used as a
reference electrode. Antimcny exhibited good reproducibility
but corroded heavily at anodic potentials. At +2.0 v vs Pt,
antimony lost 23.26 mg/cm2 over a two-hour period. If all the
steady-state current, about 6.7 ma/cm2 at this potential, went
to metal dissolution, the weight loss would be 20.3 mg/cm2
assuming SbF3 is formed. Thus it is evident that the anodic
dissolution of antimony in AHF is too high for it to be used as
a working electrode for the present purpose.

B. Bismuth

Rapid anodic polarization (Figure 10) of a clean
bismuth electrode showd good reversibility; however, the corrosion
rate was high. Over a period of 3 hrs (40 min during which a
polarization curve was run and 2:20 hrs at open circuit) the weight
loss was 24.6 mg/hr/cm2 in AHF. Due to this high corrosion
rate, bismuth cannot be used as a working electrode in AHF.

cC. Silver

The weight loss on a silver electrode in AHF was
6.66 mg/hr/cm2 at open circuit. Rapid anodic polarization (Figure 11)
showed good reproducibility and stability. However, itis not
sutiable for use as a working electrode because of its high rate
of corrosion, due to the formation of AgF, which is quite soluble
in AHF (see Table I).

D. Aluminum

Polarization curves for aluminum in pure AHF were not
reporducible and showed unstable behavior (2). The addition of
NaHF, to the AHF made it possible to obtain stable and reproducible
polarization curves (Figure 12). Addition of NH3 to make a
0.01 molar solution did not result in any significant changes in

13
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the polarization characteristics.

Various treatments caused the growth of crystals on
the aluminum electrode. For instance, distilled water was added
to the AHF to make an 8% by volume solution of azo in HF.

In this solution an Al electrode was cathodically biased at -3.0 v
for 20 min and then removed from the cell. Upon contact with the

air, crystals started growing in a planar configuration perpendi-

cular to the electrode. These crystals grew to a length of about

1.5" during the first hour and reached a final length of about

6" after approximately 24 hours (Figure 13). It was observed

that the crystal growth took place at the base rather than at the

tip of the crystals.

E. Titanium

Anodic polarization of a clean titanium electrode
showed a high degree of polarization and poor reversibility up
to +10.0 v vs Pt (Figure 14). The titanium electrode showed a
weight gain (Table I) after being in the cell for six hours, four
hours of which was during polarization. The weight gain and the
high polarization of titanium indicate a high resistance fluoride
film which renders it unsuitable for use as a working electrode.

F. Cobalt

Rapid anodic polarization (Figure 15) of the cobalt
electrode shows it to be quite irreversible. This may be
accounted for by the presence of a high resistance fluoride film.
The peak at +0.2 v is possibly due to formation of the film
on the electrode. A weight gain (Table I) also indicates film
growth on the cobalt electrode. Due to the formation of this
film, cobalt is unstitable for use as working electrode.

G. Iron

The polarization curves obtained were stable and
reproducible with the iron shcwing very little corrosion on

18
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Fig. 1I3-CRYSTALLINE GROWTH ON
ALUMINUM ELECTRODE

19

TRACOR, ¢

LWL A 79

e T K o o &

PRp——;

AUSTIN, TEXAS

T 9 4

iGS LA



%
!
= T ;
o | |
103 ' [L f
- | /r"’k /1
" ’ _a* / |
" 4 ! / ‘
- /
T T : p A& !
3!02:—— : — A’,A”
> - -
(] = K’l / '\
e W
I &« A e
£ 4 -
//T -
3 I *,’x
T — Ny S P
- x=
[~ x’" )
C ’I o~ A Ti N OS5 HRS BEFORE RAPID
N / POLARIZATION
i | x Ti IN O.75 HRS BEFORE SLOW
F°N POLARIZATION
M
.2 ) 2 a 6 8 10

POTENTIAL (VOLTS VS. PT)

Fig. 14~ POLARIZATION CURVES OF TITANIUM IN AHF

20
TRACOR, inc OWG A729-106
AUSTIN, TEXAS 7-13—68 LODF-BJ




CURRENT DENSITY ( pe/cmt)

1 IR BRI

T TTTTT

I

o
T T TTTTT
EE—

I

A Co. IN HF 25 HRS BEFORE
POL ARIZATION

| BLIRALRA

1

O
N

4

6 8

POTENTIAL (VOLTS VS. Hg/ HggFy)

10

Fig. I5- POLARIZATION CURVES OF COBALT IN AHF + NaHFg

TRACOR, inc

OwG A729-107

AUSTIN, TEXAS

7-13-64 LOF -0

e v . S



Ayetn i, Tegnos

INC 170 Guodoiupe St

TRACOR,

(11 @21qe] 998)

q€ET"0 -

p781°0 +
q601°0 +

Q710 +
599°9 -

Q9 7=
#£9°11-

(gmoxu/3a)
0 IHOIIM

Connt 110
Conn ‘110
T0H 110
108 110
10H *11a

TOH 11

aadedpues

auTJ
aadedpues

autj
aadedpues

aut4
tonn “11a
10H °uo)

INIOV
ONINVIIO

1°€C-
AR Y A
¢ 2t-
[AR YA
8°tZ-

AR A
0°s¢-
1°¢€c-
8°¢tZ-

(3p) dawal

I J'18VL

IS

juazand payidde en ccnv

Ajuo 3mMOaFd ﬂoaou
uotyeztaeryod puew IINIaATD couoa
1etT3Iudjod payrdde 14 sA a 0°Zg

---- --- Tauol
%00°0 F 010°0 tamo no
100°0 s FCF a3
200°0 ¥ S00°0 303 a4
€00°0 ¥ 0%0°0 €307 0o &
910°0 ¥ ZL2°0 ¢300 0
---- --- L
100°0 + %20°0 Casy sv
L0+ L2 a8y 8v
700°0 F 010°0 Care 19
€00°0 + T61°0 €aas qs
oy Saoeiba N

(1) TV1iaW JO ALITI9NI0S



TRACOR, incC. 1701 Guogo'upe St Augt.n I, Texas

anodic polarization (Figure 16). Addition of NaHF, had no
significant effect on the curve. In order to determine if the
current at high potentials was due mainly to fluorine evolution

or to iron dissolution, the current was set at 300 ua for 18 hours.
The weight loss observed (Table I) was approximately equal to the
calculated weight loss (i.e., 3.8 mg calculated based on the
formation of FeF3; 4.1 mg observed). Therefore the current den-
sity observed past the potential for fluorine evolution (approxi-
mately 2.4 v) is probably due to iron dissolution and not fluorine
evolution. Therefore, iron has been dropped from further considera-
tion.

H. Copper

Stable and reproducible polarization curves were
obtained (Figure 17). Copper evidently forms a high resistance
film; only a small increase in current density is observed
past 2.4 v where fluorine evolution should begin. Also, copper
showed a weight gain of 1.39 mg after 12 hours at an applied
potential of 6.0 v, indicating film formation. The addition of
NaHF2 to the HF had no significant effect on the anodic polari-
zation curve. Thus, copper passivates readily in AHF, but forms
a film of very low conductivity. The peaks in the polarization
curve may be due to an initial film formation and to a possible
reorientation of the film.

I. Monel

Monel electrodes have shown high resistance to
corrosion under conditions of open circuit and anodic polarization.
Weight loss measurements were made on a clean monel (#400 alloy)
electrode at open circuit, +8 v, and +12 v. The results are listed
in Table II.

23
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The polarization curves obtained for monel in AHF
are reporducible and stable. Anodic and cathodic polarization
curves are shown in Figure 18. It was noted in Quarterly Status
Report No. 4 that anodic polarization curves on aluminum had
a definite peak if the metal had not been in the HF for at least
several hours. The same observation was made on monel as can be
seen in Figure 19. On cathodic polarization the protective
film is apparently removed as indicated by the high currents
shown in Figure 18. : .

From the weight loss data on monel (Table II), it
seems that the corrosion current is relatively low and that
the current increase past ~2.8 v is due mainly to fluorine
evolution. A hysteresis is noted when the reverse polarization
is done quickly, but if the current is allowed to return to a
steady state at each point, the curve is rather reversible.
Polarization of monel beyond + 10 v showed a slight decrease in
current up to + 18 v (Figure 18). This may be due to either
thickening of the film or to development of '"secondary passivity."
Further studies are being made in this area.

Film resistance measurements were made on a monel
electrode using a Tektronix 431 oscilloscope to record the
instantaneous potential drop (IR drop) at the electrode interface
when the potentiostat was switched out by use of a Western
Electric relay. No film resistance was found up to 10 v. Measure-
ments at higher potentials are planned.

Potential decay measurements were also made on a
monel electrode using a Texas Instruments Recorder driven by a
Keithley 600-A Electrometer. From 3.6 v the potential quickly
decays to its open circuit value. From 3.6 v to 6.0 v the potential
decay time increases and the final potential (after 30 sec) is
positive to the open circuit value. From above 6 v the potential
decays repaidly to a platueau at about 2.6 v (from 10 v in 3 sec).
This indicates the buildup of a fluoride (conducting) film on

26
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TABLE 11
POTENTIAL WEIGHT LOSS, mg/cm?/hr
Measured Calculated From
Current Passed*
Open circuit - .15 0 ee-e--
8 volts + .054 + 15.4
12 volts +4 .4 + 8.2

* assuming formation of NiF2 and Cqu.
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the electrode, which also accounts for the hysteresis during
rapid reverse polarization (Figure 18).

Ammonium fluoride was added to HF and anodic polariza-
tion curves taken using monel as the working electrode (Figure 20).
Two definite peaks were noted at 0.0 v and 3.4 v. This curve
appears to be stable and reproducible. Work is now in progress
to determine the significance of these two peaks. It seems that
the area under the current vs time curve at 0.0 v is directly
proportional to the amount of NH,F added. If a polarization
curve is repeated after one for which NﬂaF had been added, neither
of the two peaks is present (Figure 21), and the current remains
around 1 ua from the open circuit potential up to at least +1.0 v.

30
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1v. DISCUSSION

Work is still continuing on the selection of a material for
a stable working electrode; however, monel will be used to study
the electrochemical synthegis of N-F compounds until a better
electrode is found. The polarization curves and the IR-drop
measurements and weight loss data taken on monel electrodes indi-
cate that the film formed up to +8v is a good electronic conductor
and protective. The significance of the peaks in the anodic polari-
zation curve for monel in AHF + NHuF is presently under study.

33




TRACOR, incC. 170! Guodaiupe St Austin I, Tesos

V. FUTURE WORK

Three specific electrode materials which will be investi-
gated in the next quarter will be molybdenum, pyrolytic carbon,
and zirconium diboride. A pyrolytic carbon electrode is being
constructed using a small disc of the material molded in Kel-F
such that only the surface of the lomella will be in contact with
the HF. This should make it resistant to exfoliation. The molyb-

denum and the zirconium diboride will be in the form of 1/8" rods.

It is hoped that by using Kel-F tubing, cells, and valves
the purity of the HF may be retained for longer periods of time.

Work now in progress consists of polarization studies in
AHF with NHy, NH,, NH,F, and NaHF, added using monel as the work-
ing electrode.

Some investigations will be carried out in the next quarter
to complete the studies on copper.
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