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ELECTRODES WITH FIBER STRUCTURE

G. Benczur-Ormossy, G. Barger and F. Haschka
Deutsche Automobilgesellschaft mbH

moo*
For over ten years, broad-based work has been under way on

developing secondary batteries for use in electrotraction. Such

research and development activities, however, concentrate not

only on new systems but ci existing alkaline storage batteries.

They revealed a number of promising potential developments for

these systems, especially in electrode design. Particularly, an

electrode framework with fiber structure universally usable in

alkaline systems was developed and readied for production.

Accumulators with these electrodes present higher energy and

power densities, and are economical to produce. The design is

applicable in all rechargeable storage batteries and could

possibly replace the previous variety of designs.

Significance of Electrode_a

The electrodes, as the actual power source, are in the focus

of battery development. In addition to the composition of the

active masses, the electrode structure has particular signifi-

cance, for it must fulfill a number of tasks which with optimum

solutions make maximum demands on material, construction and

durability. This is only incompletely possible with currently

common electrodes.

Considerations on improving this situation led to an

electrode structure which also takes account of recent scientific

discoveries in the field.

*Numbers in the margin indicate pagination in the foreign 	 I
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Pocket plates, as the oldest and still most common electrode

form for alkaline batteries, enclose the active mass between

strips of punched plating. Graphite must be added as a conductor

to the poorly conductive active masses. The graphite oxidizes

relatively rapidly in the positive nickel oxide electrode to form

carbonate, consequently reducing the conductivity of the electro-

lyte and the loadability and lifespan of the electrodes. A low

free pore volume of the active masses and the impeded current

access due to the small open area of less than 25%, result

generally in lower loadability, which sharply decreases further

as electrode thickness increases. Because of their construction,

the plates are quite heavy and unsuitable for use in traction

batteries (e.g. electric streetcars). The cycle stability is

especially liinited in thick electrodes because of swelling.

Tube electrodes have a similar construction. The main lead

in the form of a punched plate is likewise applied on the

outside. It is coiled into a spiral tube ca. 6 mm in diameter,

and the mass and nickel tinsel are punched in in layers from

above. Finished tube electrodes do not swell as a rule, but are

very expensive to manufacture and are only available as thick

electrodes.

Sintered electrodes are the only ones to present a three-

dimensional conductor framework of sintered nickel powder. The

hollow spaces are filled with active mass in an expensive

process. Special kinds of powder allow framework porosities of

ca. 80% and relatively high energy density. The electrodes have

high loadability and cycle stability, and are free of harmful

graphite. As thickness increases, however, cycle lifespan

decreases sharply, so that only the ca. 1 T.A, -thick sintered

electrodes can be used in cells. Experiments have been under-

taken to achieve a high lifespan for thicker electrodes as well
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[1]. But no usable solutions are known yet.

The current state of the art knows no electrode structure

that simultaneously satisfies the requirements of high loadabil-

ity, cycle lifespan and energy density for a wide range of

electrode thickness with a uniform technology.

Ideas on an Im2rr9v2d Elegtrode &trugture

In storage electrodes, the essential processes occur at the

contact surface between active mass and electrolyte. Here the

electrochemical reaction occurs in which chemical energy is
"reversibly" converted to electrical energy. As a rule, active
masses are expensive and require correspondingly good utiliza-

tion. Their non-conductive character in the discharged state

poses problems. For low-loss conduction of the electrons, it is
therefore desirable to surround the smallest possible areas of
active mass with a metal conductor, e.g. nickel, in the form of a
three-dimensional network. At the same time this gives the

electrode the necessary mechanical strength. Losses during

conversion to electrical energy develop mainly in transporting

the current to the poles and in the electrolyte. The electrical

conductivity of metals exceeds that of electrolytes by several

powers of ten. To minimize losses, for the electrodes one

selects small conductor cross-sections and longer paths to the

poles, while on the other hand large cross-sections and short

paths for the ions must be observed. The electrolyte resistance

inside the electrode can be reduced by high porosity and suitable

pore structure.

To improve access of the ion current to the inside of the

electrode, the metal conductive framework should provide as

little shielding as possible. A negative example in this sense

is the punched plates used in pocket plates, which cover at least

three-fourths of the geometric surface. High porosity also
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facilitates electrolyte access to the inside of the electrode and

increases utilization of the active mass by promoting compensa-

tion of differences in concentration developing because of

electrochemical reactions inside and outside the electrode. 11099

An "ideal" electrode structure accordingly exists when a maximum

active mass/conductor material contact area is combined with

maximum possible porosity.

Additional requirements for electrode construction are posed

by the considerable changes in volume of the active masses during

charging and discharging. These act in combination as pressure

on the metallic conductor framework, which causes swelling or

destruction of the electrode, especially in thick electrodes [2,

3].

To satisfy these extra requirements for thick electrodes as

well, a network of fibers seemed the most suitable. Compared to

a rigid sintered body, such a fiber structure framework offers

the advantage of the fibers' improved mobility and elasticity.

As in a composite material, the active mass is embedded in the

hollows of the network,, whose fibers are in electrical contact

with each other. They are not sintered, and can therefore better

handle the volume movements of the active masses.

Thick electrodes are preferably used in storage batteries,

since as the number of electrodes increases, production costs for

a cell increase considerably. The development of such high-

loadability and cyclically stable electrodes was also promoted by

electrotraction. The light and economical batteries sought there

can be achieved most readily with these electrodes.

The aforementioned ideas on the metallically conductive

fiber structure framework were first realized in positive nickel

oxide electrodes. The active mass is a non-conductor in the

discharged state, but a semiconductor in the charged state, with
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sharp changes in volume depending on the state of discharge; the

ent,ire crystallite expands and shrinks periodically.

In the first phase of development a dendritic nickel, no-

called nickel-fluff, was available. Figure 1 shows electron

micrographs of nickel fluff and nickel powder, as used for

sintered electrodes. The fibrous nickel allowed production of

fiber frameworks with ca. 90% porosity, 2 to 3 mm thick. For

production, the fluff grains were poured into a pressing mold,

slightly compressed and sintered. By an electrochemical method,

the active mass was precipitated in the pores. such electrodes,

ca. 2 mm thick, proved to have loadability practically as good as

the considerably thinner sintered film electrodes. The influence

of electrode thickness was reduced decisively by the fiber frame-

work.

Also significant was the relatively low proportion of

conductive framework in the total weight of the electrodes. The

capacity per unit weight of the fluff electrodes exceeded that of

sintered films and made them attractive for electrotraction

(Table 1).

Lifespan was tested in cyclical operation with complete

discharges. During the 2000 cycles tested there was no note-

worthy loss in storage capacity or loadability. The electrodes

presented no swelling and did not change externally. The results

essentially confirm the correctness of the fiber design.

For practical testing, nickel oxide fluff electrodes were

used in a nickel/zinc (Ni/Zn) traction battery with an energy

content of 15 kWh. With it, a VW Golf first drove distances of

over 120 km under realistic running conditions. The specific

energy content was 45 Wh/kg for the two-hour discharge [4]. /1100
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Table 1. Capacity per unit weight and area of nickel oxide
electrodes (2-hour discharge.
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Fluff
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3

0,063	 110	 1 ;
0.086	 100	 i 13^

Key: a. electrode 	 b. sintered film	 c. thickness
d. capacity per unit area	 e. capacity per unit weight
f. electrolyte-filled 	 g. dry

In fluff electrodes, the necessary sintering was a process

engineering drawback. To this was added limited availability of

fluff material. Carbon fiber frameworks offered a favorable

expansion of the fiber structure concept in the direction of

larger electrode thicknesses. They allowed the influence of

fiber thickness and density, and of the arrangement of the three-

dimensional structure, to be studied and optimized.

Coating the fiber framework with nickel required a special

galvanic process to precipitate nickel even inside thick frame-

works. Conductivity and weight of the framework could be adapted

to the respective application (electrotraction, starter batter-

ies). The finished frameworks had a high mechanical strength

despite a high porosity of up to 95%. The remaining volume was

filled by fibers with a length between 200 and 800 m/cm3,

enclosing correspondingly small hollows provided for the active

mass. Figure 2 gives an impression of the close-meshed nickel

fiber framework. The mass was deposited in the framework by

electrochemical precipitation. Other conventional methods can be

used just as well.
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Fig. 2. Nickel fiber structure
framework (magnification 1:100)

UMR.uYS SI ^. _. Yp .MI	 ...... ...	 ^- ..« .r+y!aw .w_w M!	 ^. _.,. _ _ a	
1

ORIGINAL
OF POOR QUALITY

Fig. 1. scanning electron micro-
graph of nickel fluff (a) and
nickel powder (b) (magnification
1:1000)
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Table 2. Capacity vilues of nickel oxide electrodes (2-hour
discharge)	 w electrode filled with electrolyte.
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Key: a. electrode	 b. fiber	 c. sintered
d. pocket	 e. thickness
f. capacity per unit area	 g. capacity per unit weight

Table 3. Properties of nickel oxide electrodes with various
technologies.	 1 • other properties being the same
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Key: a. electrode type 	 b. property
c. capacity per unit weight
d. utilization of mass under load
e. variation in thickness 	 f. graphite added
g. cycle stability 	 h. production costs
i. tubes	 J. pockets	 k. sintered
1. fiber structure m. low	 n. medium
o. high	 p. good	 r. no
s. limited	 t. yes
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Fig. 3. loading performance of nickel oxide fiber structure and
pocket plate electrodes (electrode thickness 2.5 to 4.5 mm).
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c. fiber electrodes	 d. pocket plates
e. current density

Loadability tests also confirmed good capacity performance

for thick electrodes. Figure 3 shows a comparison of loadability

performance for 2.5 mm and 4.5 mm fiber and pocket-plate elec-

trodes. Note that the new fiber structure electrodes supply

twice the capacity at the same thickness. At the same discharge

rate, they carry a correspondingly larger current, yet by

percentage lose less capacity than the pocket plates.

Table 2 summarizes the achieved specific data of fiber

structure electrodes and the nickel oxide electrodes previously

9
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used in alkaline cells.

The developed fiber structure electrodes exceed previous

electrodes in capacity per unit weight and area. Storage

batteries with such electrodes are not only lighter, but also
form the basis for more economical production. The absence of
harmful graphite in the active mass is the prerequisite for

acceptable durability. The electrodes were again tested with

100% depth of discharge for more than 2000 cycles, without

showing swelling or other changes. This applies for electrodes

1 mm as well as 4.5 mm thick. As already noted, the high elas-

ticity of the fiber structure framework may make this good cycle

stability possible.	 1101

Table 3 gives a summary evaluation of essential properties

of conventional and new electrodes.

The suitability of the new electrodes in practical operation
was verified in several alkaline systems. Nickel/zinc laboratory

cells with these electrodes were tested for 2000 cycles without

noteworthy losses in capacity, with a one-hour discharge current

and 100% depth of discharge [5]. This cycle lifespan is extreme-

ly high for the system, and previously unheard of from any other

development institution. Nickel/hydrogen cells presented

similarly reliable performance. In this system particularly,

lifespan depends almost exclusively on the quality of the nickel

oxide electrode [6].

Finally, fiber structure electrodes also proved themselves

in traction batteries with the nickel/iron system. These cells,

with a nominal capacity of 200 Ah, contain conventional iron

sintered electrodes as the negative pole. Such a battery, with a

content of ca. 25 kWh (two-hour) has driven an electric auto

(Mercedes T) for almost two years [7].

10
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Fig. 4. Energy-output graph of a nickel/iron and a lead traction.
battery.
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The loadability performance of these batteries is shown in

Fig. 4 together with the data of some lead traction batteries.

The optimum-weight nickel oxide electrodes helped the system,

previously known more for low energy densiti es , to reach 45 Wh/kg

for a two-hour discharge. Thus the vehicle runs about twice as

far as with a lead battery of equal weight.

The Authors

(All authors can be reached at DAUG, P.O. Box 85, 7300

Esslingen, W. Germany.)
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