UNCLASSIFIED

AD NUMBER

AD869155

NEW LIMITATION CHANGE

TO

Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies and their contractors; Critical
Technology; APR 1970. Other requests shall
be referred to U.S. Army Electronics
Command, Attn: AMSEL-KL-PB, Fort Monmouth,
NJ 07703-5601.

AUTHORITY

Army Electronics Command ltr dtd 27 Jul
1971

THIS PAGE IS UNCLASSIFIED




[ao_— ]

Research and Development Technical Report
ECOM- o143-3

ELECTRODE-ELECTROLYTE INTERACTIONS

MAGHESIUM ANODES : : meta-DINITROBENZENE CATHODES

THIRD SEMI-ANNUAL REPORT

By
A. ADUBIFA
G. SMALDONE
G. STERN

L. VWIKSTROM

APRIL, 1970

DISTRIBUTION STATEMENT

This document is subject 1o special expert contvele
ond soch tronsmittel 1o foreign govemments er
00000000000000000000000000000¢0 foreign netionsls may be mede only with peter ap-

praval of CG, U.S. Army Electronics Command,
Fort Monmeuth, N. J.
Amn: AMSEL- KL-PB

UNITED STATES ARMY ELECTRONICS COMMAND - FORT MONMOUTH, N.J.

CONTRACT DAABOT-68-C-0143

¥EW YORK UNIVERSITY

CEEMICAL ENGINEERING DEPARTMENT
Bronx, K. Y.

Reproduced by the
CLEARINGHOUSE
tor Federal Scientific ¢ Technical
Information Seringfinld Va 22151

b

9~




r

r‘—~—-—-———-_ ——

Electrode - Electrolyte Ihteractions

Magnesium Anodes: meta~Dinitrobenzene Cathodes

1 January 1969 to 30 June 1969
Report No. 3

Contract No. DAABO7 - 68-C-0143

Prepared by

A. Adubifa
G. Smaldone
G. Stern

L. Wikstrom

NEW YORK UNIVERSITY
DEPARTMENT OF CHEMICAL ENGINEERING
U. S. ARMY ELECTRONICS COMMAND

FORT MONMOUTH, MNEW JERSEY

e . e il




N N R S Tyr——

l Table of Cortents

! i Page No.

- List of Figures i

E Abstract 1
i Purpose 2
Introduction 3

Experimental Procedure 3

Results and Discussion 6

Conclusions 4

‘ Recommendation for Future Research 15
| Identification of Key Personnel 16
Bibliography 17

Distribution List




L REFE T

Figure 1

Figure 2

Figure 3

Figure &4

Figure 5

Figure 6

List of Figures

Page No.

m-DNB Cathode Assembly 5

Polarization
Effect of

~1,80v vs

Polarization
Effect of

-I;7°V vs

Polarization

Effect of

Data 7
Mg++/Na~ Ratio on Mg Dissolution

SCE Starting Potential

Data 9
Mg++/Na+ Ratio on Mg Dissolution

SCE Starting Potential

Data 10

Starting Potential on Mg Dissolution

2.8M NaC10, - 0,6M Mg(C10y),

Polarization

Effect of

Polarization

Reduction

Datd t

Sr(CiOl‘)2 Concentration

Data 13

of mDNB in NaC10g and Mg(C10y),




-l T

Abstract

The electrochemical dissoluticn of magnesium (AZ-21)
and hydrogen evolution reaction on magresium in Hg(Cle)z,

Sr(ClCh)z, ¥aClC;, and NaCl(), - #£(Ci%),)p electrolyte mix have been

"investizated. The electrochemical reduction of meta-dinitrobenzene

in ¥aClC), and #g(C1C) ), has also been studied, Polarization data
indicate te corrosion current density of the magnesium electrode is
much smaller in the NaClCy than in the other electrolytes studied.

In the NallGy - Hg(ClCh)z eiectrolyte mix the corrosion current
density of the magnesium electrode increases as the properticn of
Hg(ClCh)z is increased. In the mixed electrolyte system the magnesium
electrode can exhibit two distinctly different corrosion current
densities. These corrosicn current dznsities are dependent upon the

history of the electrode.

The rate of meia-dinitrobenzene reduction in KaCl{), and
Mg(C10y,), was found to be about equal. 3Iven though the reduction
rate in the two electrolytes was equal, different reaction products

apparently were formed.
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Purpose

The purpose of this study is to investigate the
electrochemical characteristics of thre raznesics anode and the
meta-dinitrobenzene cathode in like electrolytes. *uch emphasis

was paid to the reproducibility of the polarization data,




Introduction

Previcrsly, the irdzizl rezulis of tne imvesiiratien of
the electrochemical discolution and corrosier of rasmesium and tha
reducticn of meta-dinitroberzerz irn zzuco s slectrolyts were
reported{l’z). A revisw of tte pertirent literaturs was also
presented(l). The raterial presantes within this report rervresents

1)

a certinuation of the work described earlier .

Zxperirental Procedure

The electrocherriczl cell, three electrode system

erployed, and the exr:zrimentzl procedurs follcwed for the investiga-
(1)

tion of tne mapgnesium elzctrodes (AZ-21) were described previously'"’’.
Starting potentials of -1,55v, -1,77v, -1.75v, ~1,80v, and -1.85v
vwitn potential increments of 25 mv were used in this investigation.

The electrolytes used are listed in Tzble I.

TAZLE 1
ELZCTRCLYTES DIIWESTICATED
2.0 mg(C1e)),
L.0o¥  YaCly,
3.964 1hallCy - 0.02% Mg(Cth)z
3.601 XaClgy, - 0.2i ¥g(C1C) ),
2.80K XaCl(y - 0.5¥ #(C1)),
0.54  5r(C1g)),
1.0 s:-(crlch)2
.04 sr(C1g),




Mot

Lpgain, the test electrcdes investigated were standard "i"
macnesiax (AZ-21) cans, A constant surface area was obtained oy
immersing the open end of each vattery can into rwlten prepurified
paraffin wax. As masked, the =x frez erd cf the magnesium can

provide a surface area of 1 cr?.

The unmasked end cf the ragnesium can was immersed into the
solution being irwvestigated., The electrode remained at cpen circuit
antil a stable rest potential was recorded. The can was then iritiated
by .2tting the potential of the magnesium test electrode at the initial
valze for a duraticn of 10 minutes. Peotential ircrements of 25 mw

were used. At the end of G minutes the current was recorded.

The electrochemiczl reducticn of meta-dinitrobenzenpe in
the agueous perchlorate electrolyte has also been initiated., The

test electrode arrangement iz shown in Figure 1.

The meta-dinitrobenzenc was placed in the 10 mm fritted
glass bubbler. A standard "A" size carbon rod, machined to 0,110 inch
for the bottom!1.0 inch was used as the cathode, This cathode wes
attached to a Cu lead with a Li-40 machine screw threaded ir the tor
of the carbon rod. This carbor rod assembly was inserted intc the
inside cf the fritted glass bubbler, in swhich the meta-dinitrobenzene
had been placed, with a plunger. This whole assembly was now imersed
in the electrolyte. Sufficient time was allowed for diffusion of
electroly‘bé into the bubbler. The rest potential was allowed to
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stahilize and was them recorded The takimng of ‘he polarizatior data

was then imitizted. The fellovims regime was followed:

1. The chosem potemtial ws amrlied. The cxrrermt wes momd tored
or the tyoe 5L Hemssoope. #ham a sieady-state corremt was
reacred, probzbly mot a troe steady-state, the corremt wzs

recerded, Time doraticon was approxirmtely 3 minotes.

2. Tke potertial was switched bhack to the rest potemtiad, The

carrent wms momitored wntil mo measorable currert passed,

Te potential was switched to the rext chosem valoe - amd

\ad
.

SO=C,

Hesilis ard Discussiom

Ficure Z shows the polszrizalion dsta for magmesizm (4Z-21)
ir aguecus perchlorate electreolyue. These data wers takem witi a
startirg votsmtial of -1.80v wvs 3C3I. -2 clesed symbols rerresent
datz takem with anodic petemtial steps ard the oper symbols represent
data takern with cathcdic potemtial sters. TFrom Ficare 2 i% is seem
tkat as the progperticn of ¥g{Clly )y ir the electrelyte is increased,
the Lysieresis betwern the polarization data ilaken im the ancdic amd
cathodic directicn increased. The corrosion current demsity also
increased sharply. #ith increasing #g{(ClCy)7 concentration in the
electrelyte the magzaesiun electrode established two, wery different,

corrosion currert demsities. These corrosion current demsities are,
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as Figure 2 shows, a function of the polarization history of the
individual electrode and i1g(Cl1Cj), concentration, Figure 3 shows
similar polarization data for magnesium in aqueous perchlorate
electrolyte with a starting potential -1,70v vs SCE. These data
exhibit the same rharacteristic as the data with a starting poten-
tial of -1,80v vs SCE. From these figures, it is seen that there is

a need for polarization data taken in a solution with the composition

1.60M NaClCy,

1.20M 1ig(C1Cy ),
and/or

0.80M MaClC)

1.604 ¥g(C1C)),

or pessibly a greater proportion of Mg(ClCh)g.

Figure L shows the effect of starting potential with the
electrolyte 2.84 NaClC) - 0,6M 1ig(CLC))p. These data are remarkably
r‘%roducible for a magnesium electrode, This figure also shows that
these data are well behaved and predictable, The starting potential

does not aspear to influence these data.

Figure 5 shows the polarization data for a magnesium (AZ-21)
electrode in Sr(ClCy),. Concentrations of L.OM, 2,0M, 1,04 and 0.5M
were investigated. The L,Oi Sr(ClC),) solution was exceedingly viscous.
The polarization data indicate that the rest potential and corrosion
current densities are a strong function of concentration. In a given

Sr(ClGh)Q electrolyte the magnesium electrode exhibited two apparently
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stable corrosion current densities. This phenomena was also
observed with Mg(Cle)z electrolytes, Ffrom Figure 5 it is seen
that the Sr(ClC)), electrolyte would be a relatively poor choice for
a magnesium anode battery. The corrosion current density of the

magnesium is relatively large and the polarization at reasonable

current densities is excessive.

Figure 6 shows the polarization data for the electrochemical
reduction of meta-dinitrobenzene in UM NaClCj, and 2M Mg(C1Cy)p. The
polarization curves appear quite similar, but the teaction products
appeared to be quite different, In the MNaCl(y electrolyte the re-
acticn product was blue in color whereas the reaction product in the

1g(C1G), ), was orange in color. At present an analysis of the product

is not available.
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Conclusion

1‘

ﬂaClGh appears to be a better electrolyte than

Hg(C1C),)p for the Mg-mDiB cell.

5r(C1C),), is an unsatisfactory electrolyte for the

vg~mDNB cell,

The rate of reduction of mDMB in NaCl(), and Mg(CICh)2

is about equal.

The reducticn of mDNR appears te yield different

reaction products in MaClC), ard Hg(€1g ).

——— e ———— g
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Recommendations fer Future Research

- o 4 b ID Mey D i, S

1. Further investigation of the dissolution of magnesium
and hydrogen evolution reactiorn on magnesium in the Na01Ch -

Mg(CIOh)Q electrolyte system.

2. Further investiczation of the electrochemical

reduction of meta~dinitrobenzene in NaClQ, - Mg(Cl(y,), electrolyte

system,

3, Fabrication of "A" size magnesium - meta-dinitrobenzene

cells with LN NaCl0), electrolyte.

k. Investigation of the dissolution of magnesium,
hydrogen evolution reaction on magnesium, and reduction of meta-
dinitrobenzene in LiClCh - ﬁg(ClCu)z and KC1¢}, - Hg(ClCh)z

electrolyte systems.




References

1, L. Wikstrom, "Electrode-Electrolyte Interactions:
Hagnesium Anode - meta-Dinitrobenzene Cathode”, first

Semi-Amnnual Report, ECC}M-01k:3-1, Cctober, 1968.

2, L, Wikstrom, et al., "Electrode-Electrolyte Interactions: i
“facnesiun Anode - meta-Dinitrobenzene Cathode™, Second

Semi-Annual Report, ECCM-Olk3-2, August, 1969.

- -

S

e e e it et




A m - . . pmae

Identification of Key Personnel

Leonard Lee Wikstrom, Assistant Professor - 1/h time

Akim Adubifa, Graduate Research Assistant - 1/2 time

Gerald Smaldone, Research Technician - 1k time




Unclassifiea
Stc‘u= Classification

DOCUMENT CONTROL®ATA -R&D

(Secwm !ty classification of titie, bedy of and ind amat be o when @ overall repest ia classified)
1. OR'GINATING ACTIVITY (C-h *) 120, REPFORT SECUMTY CLASSIFICATON
New York University, School of Engineering & Science | Unclassified
University Heights
53

3 REPOAT TITLE

ELECTRODE-ELECTROLYTE INTEACTIORS MAGNESIUM ANODES: :meta-DINITROBENZENE CATHODES

4. DESCRIPTIVE NOTE > (Type of repert snd inciusive dates)

| Semi-Anmual 1 Jan 69 to 30 June 69

3. AUTHOR(S) (Fivat aame, middie in'tial, Jost name)

Wikstrom, J.; A. Adubifa; G. Smaldone; G. Stern

i
8. REPORT DATE 7a TOTAL NO. OF PAGES 7H. NO. OF REFS

April 1970 ]
.
8. COMTRACT OR GlaNT NO. 8. ORIGINATOR'S REFORT NUMBE R(S)

DAABOT-68-C-0143
8 PrRosECT NO. JTO 61102 A 3“!A

c Yask No. -C2 % cTHER RfPoI'r NOS) (Any other anmbe-s Shat may be scoigned
4 Subtask No. -32 BOOM - O0l43-3

10. OISTRIBUTION STATEMENT

This document is subject to special export controls and eech transmittal to foreign
Governments or foreign nationals may bte made only with prior approval of CG, US Armmy
Electronics Command, Fort Mommouth, N.J. ATTH: AMSEL-KL-PF

1. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ALTIVITY

Cunsanding General

US Army Electronics Commend

Fort Mopmouth, N.J. ATTN: AMSEL~-KL-PF

e
13. ABSTRACY

The electrochemical dissolution of magnesium (AZ-21) and hydrogen evolution reaction
on magnesium in Mg(Cl0y)s, Sr{Cl0y),, NaCl0;, and RaCth-Mg(Cth)e electrolyte mix
have been invectigated. The electrochemical reduction of meta-dinitrobenzene in
NaCl0), and Mg(cm#)2 has also been studied. Polarization data indicate the corrosion
current density of the magnesium electrode is much smeller in the nacmh thsn in the
other electrolytes studied. In the NaClOj - Mg(Cl0,)> electrolyte mix the corrosion
current density of the magnesium electrode increases as the proportion of Mg(Cl0y),
is increased. In the mixed electrolyte system the magnesium electrode can exhibit
two distinctly different corrosion current deusities. These corrosion current
densities are dependent upon the history of the electrode.

The rate of meta-dinitrobenzene reduction ir NaCl0, and Hg(Cl.Oh) was found to be
about equal. Even though the reduction rste in the two electrol%f.es was equal,
different reaction products apparently were formed.

I

DD "% 1473 Sl S0y a1 * Unclassified
—_— e e




KEY WORDS

LiINK A

LINK B

LINK € ﬂ

ROLE LAJ

ROLE wT

ROLE

wy

High~Energy Battery Systems
Organic Cathode Materials
Dinitrobenzene
Electroreduction

Magnesium Anodes
Electrolyte

Magnesium Dissolution

B R




