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7 . SUi~1MARY OF RESPI TS : In a d d i t i o n  to  t h e  r e s u l t s  on t h ~ 1A~c l an r h ~
’

ce l l  ~~~ -Qttsc~~ ent,~~ si g n i f i c a n t  progress has been made on t h e

experimental studies of the influence of magnetic fields on the

electrodeposition of copp er and of chromium.

In the case of copper deposition, experiments have been performed

with a long , glass cell , which was designed so that either the anode

or the cathode could be placed in a magnetic field , the strength

of which could he varied from zero to 13.4 kG. In this way It Is

possible to determine the effect of the magnetic field on each

electrode process and to compare these results with results obtained

when the entire cell was located in the field. The results of these

experiments clearly show that it is not necessary to have the e n ti r e

cell in a magnetic field in order to obtain the desirable results
I,~which we have reported previously. When the anode is in a magnetic

field , the uniformity of dissolution Is enhanced . When the cathode

is in a magnetic field , the uniformity of deposition is enhanced . The

reduction in cell resistance appears to be caused solely by inter—

action of the magnetic field with the processes at the cathode.

The significance of these results is that the benefits of magnetic

interaction with electrolysis can be obtained by incorporating Into

the electrolytic cell a means of applying a magnetic field at each

electrode
\ 

If this were done, it may be unnecessary to circulate

the electrolyte by mechanical means. This suggests that the idea
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Is because it is likely to be beneficial and economical  f o r

many electrolytic processes. It should be emphasized that elec t rolytic

processes consume the largest fraction of the nation ’s electrical energy .

The magnetic method should reduce energy requirements by 10% or more.

In the case of chromium deposition , nine—hour deposition experiments

have been performed with two identical cells in series, one inside a

magnetic field and the other outside. At a field strength of two kG,

the cell in the magnetic field deposits 10% more chromium than the cell

outside the magnetic field.

There are several possible mechanisms by which a magnetic field

may enhance chromium deposition . One of these is by suppression of

hydrogen evolution at the cathode. Our measurements have shown that

a magnetic field of two kG suppresses hydrogen evolution by 10%. It

Is likely that significant differences in inicrostructures and mechanical

properties result from this suppression, but this has not yet been

pr ~ven.

Prom these investigations of three different electrolytic cells,

it may be concluded that a magnetic field of moderate strength has

significant beneficial effects on electrolytic processes in general.

Much remains to be done to complete the characterization of these

effects and to develop theory to explain them .

8. REPORTS PURLISHED UNDER ARO SPONSORSHIP DURING THIS PERIOD :

a. W. Socha and 3. Dash, “Influence of Magnetic Fields on the

Energy Output of Leclanch~ Cells,” 3. Electrochea. Soc. 122, No. 8,
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~iqc (1975) (abstract). An expanded abstract of this paper will be

published In the volume of expanded abstracts of the Dallas , Texas

meeting of the Electrochemical Society , October 5—10 , 1975. A copy

of the expanded abstract Is attached.

Q . PARTICIPATING SCIENTIFIC PERSONNEL :

a. W. Socha conducted the studies on the Leclanch~ cell , and

he has used this research for his M.S. thesis, which is now in draf t

form.

b. H. Sepehri studied the influence of magnetic fields on the

hydrogen — oxygen fuel cell. He resigned from our Ph.D. program

before firm conclusions were possible on his research.

c. K. Housen , an undergraduate physics student , participated in

the studies of chromium and copper deposition, in cooperation wit h

other students who did not receive compensation from this grant .
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I N F L U F ~~CE OF ~A( L T I C  F r E I : S  UN TIl E
EN ERGY OUTPUT OF 1 IT C !A N C ITh H1 S~

W. Socha and I . Dash
Ph ys ics  Pep~i r tm ent

P o r t l a n d  S t a t e  L’n i v e rs It v
P. 0. Box 7 5 1

Por t l and , Oregon 972 0 7

Previ ous research has shown that the application of magnetic
field s during electrol ysis significantl y improves the uniform i ty of
anode and cathode processes , and , in some cases, reduces the electri-
cal resistance of electrolytic cells (1). In order to explain these
results , i t  is necessary to determine the effects of magnetic fields
on ( t )  the bulk electrolyte and on (b) the charge transfer process at
the electrodes. The Leclanch~ cell seemed attractive for these stu-
dies because the electrolyte is contained In a porous separator. Thus,
the stirring of the electrolyte , which is observed in other cells
during electrolysis in magnetic fields , should be minimal in the
Leclanch~ cell.

Both Mallory type M91OF and Union Carbide type 950 cells were
used in these experiments. Cells were selected at random from commer-
cial lots. Groups of six were connected in series and drained at
constant temperature (0°C) in ice baths. One group of six cells in an
ice bath was placed between the polepieces of a Varian V—4007 d cc—
tron.ignet , with the magnetic field direc tion parallel to the axes
of the cylindr ical cells. A similar group of six cells in an ice
ba th was placed outside the magnetic field. Each group of cells was
connected in series with a constan t resistance and in parallel with
one channel of a Houston Instruments Model 2—3000 two—pen voltage—
time recorder. In other experiments a Variflux Model 2 permanent mag-
ne t was used to app ly a magnetic field normal to the axes of Union
Carbide type 904 cells. These experiments were performed at room
temperature , with a set of three cells in the magnetic field connected
in series across a constant resistance and a similar set outside the
field.

The energy outpu t of the cells as a function of time was com-
puted by manual integration according to ,

t
(1) E = 

~~
- f V2 dt t V~ ~ t

10 j

where E = energy In joules ,
R = constant resistance in ohms ,

V~ average voltage (in volts) across the constant resistance
during the interval t~t

and tt time in seconds. The time intervals in the summation were
each 6~I seconds.

$ This research was supported in part by U.S. Army Research—Durham
under Grant No. 10960-MS.
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~~~ le 1 . Effect - f  M~i~ n~ tic F’ie .~ on Le:lanche Cell Ou tp u t

~ r ic ’ .et i c  F i e l d  Source 
_____

Elect on et 
- ~~~~~manent Magnet  

-~~~~~

n et i i e l d ~~~ ) ~~~~etic Field_ (kG)
0 4.5 C 3.3 0 2.5

~9IflF ,~~~ M91OF , 950 9 f l4  904
~~~~~ of Cells I . . . .

size . . Siz e  s’. ’ ’~ D size D size ~ size ~

No , of E~.— 1 5 6
p e r i r n e n t s

NO . Cells per 6 1 € 3 3
r i t n en t

lenp. , °C 0 0 C 0 -2 2  -22

Load p er  10 10 ‘ 0. Av. O.~ Av. 15 Av. 15 Av.
C e l l , 0.

f Exper~~ 600 ~00 l00~ .\v . 1008 Av. 1057 Av .  1057 Av.
In e r t , m m .

Av. Energy
Output per 432 483 3530 466’ 864 893
C c l i , -~

~.n.~rc’v In—
r ’ . i ’ ~~- d i e  to  1i. HZ 2 5 . ~~ 1.6’.
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Av. Volt ige
.1 0.41 0.45

per Cell
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