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PREFACE

This annotated bibliography on the subject of secondary aerospace battery materials
and related physical and electrochemical processes was compiled from refer-nces to journal
articles published between 1923 and 1968. Citations are arranged in chronological order
under journal titles. Indices by system, component processes, and author are included.
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INTRODUCTION

A bibliography has been completed on the subject of secondary aerospace battery
materials and related physical and electrochemical processes. The majority of space power
applications today employ nickel-cadmium, silver-cadmium, and silver-zinc systems. The
scope of this bibliography encompasses subjects ranging from metallurgical processes and
inorganic preparations to electrochemical and analytical measurements as applied to these
systems.

The survey includes technical journal articles published from 1923 through 1968.
More than 370 articles and accompanying abstracts were compiled from 40 foreign and do-
mestic journals. Patents and government reports are not included in this publication. The
patent literature will be the subject of a future bibliography on this same subject. The NASA
and other government reports have been covered recently in a NASA Special Publication
(SP-172), “Batteries for Space Power Systems,” by P. Bauer.

This publication consists of five parts:

Part I - Index by system and component. Includes both electrochemical system and
system components, e.g., nickel-cadmium systems, nickel electrodes, and separators.

Part I1 - Index by techniques and processes used in the investigations, e.g., analytical,
thermal, metallurgical, and kinetic.

Part III - Publication listing. A listing of the forty journals in the order of appearance
in this bibliography.

Part IV - Citations and abstracts. Journal titles are arranged in alphabetical order,
with the citations and abstracts for the articles in each journal arranged under the journal
title, in chronological sequence. The main entry for each citation is the name of the author,
which is followed by the volume number of the journal and the page number on which the
cited article begins.

Part V - Index by author.
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INDEX BY SYSTEM AND COMPONENT

Secondary Systems
Nickel-Cadmium

1000, 1001, 1500, 1600, 1800, 1801, 1806, 1827, 1832, 1839, 1840, 2003, 2009, 2101,
2205, 2207, 2208, 2210, 2215, 2217, 2218, 2219, 2222, 2228, 2229, 2300, 2407, 2431,
2800, 3201, 3401, 3404, 3405, 3408, 3411, 3412, 3424, 3425, 3426, 3427, 3429, 3430,
4000, 4002, 4003, 4004, 4008, 4009, 4010, 4011, 4014, 4015, 4016, 4017, 4020, 4021,
4029, 4030, 4031, 4200, 4205, 4206

Nickel-Zinc

4034, 4035, 4036

Silver-Cadmium

2203, 2221, 3410, 3411, 3428, 4005, 4012, 4017, 4028
Silver-Zinc

1820, 1830, 1833, 1836, 2230, 2231, 3402, 3412, 3414, 4006, 4013, 4017, 4022, 4023,
4024, 4026, 4039

Component

Cadmium

201, 500, 702, 901, 908, 1100, 1400, 1700, 1803, 1808, 1814, 1818, 1822, 1826, 1845,
1855, 1862, 1872, 2000, 2001, 2002, 2003, 2004, 2006, 2010, 2012, 2013, 2014, 2015,
2101, 2207, 2219, 2220, 2227, 2300, 2401, 2402, 2411, 2416, 2418, 2423, 2425, 2430,
2431, 2505, 2506, 2706, 2708, 3405, 3406, 3407, 3420, 3424, 3600, 3701, 3703, 3705,

4102, 4103, 4104, 4105, 4200

Carbonate

101, 102, 305, 310, 700, 800, 900, 901, 1800, 1803, 1808, 1822, 1824, 2222, 3200,
3425 :

Cobalt
100, 304, 1001, 1100, 2016, 2217, 2406, 2408, 2501, 3000, 3301
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INDEX BY SYSTEM AND COMPONENT

Electrolyte
300, 305, 306, 307,900, 1813, 1846, 1856, 1873, 1874, 1878, 1881, 2212, 2415, 4106
Lithium

300, 306, 309, 1301, 1800, 1852, 1855, 1877, 2005, 2011, 2421, 3000, 3422, 3705,
4002, 4100, 4107

Nickel Hydroxide Electrode

101, 102, 103, 308, 310, 501, 600, 601, 701, 902, 903, 904, 905, 1000, 1001, 1301,
1500, 1801, 1852, 1855, 1858, 1859, 1860, 1861, 1868, 1869, 2005, 2007, 2008, 2011,
2016, 2216, 2219, 2222, 2224, 2300, 2404, 2405, 2408, 2412, 2424, 2425, 2501, 2504,
2700, 2701, 2702, 2703, 3000, 3200, 3202, 3204, 3400, 3405, 3409 3418, 3419, 3422,
3431, 3500, 4032, 4033, 4200, 4201, 4203

Nickel Oxide and Nickel Film

100, 301, 302, 303, 309, 400, 500, 700, 1100, 1200, 1300, 1500, 1702, 1705, 1842,
1844, 1849, 1861, 1864, 1865, 1877, 2403, 2421, 2428, 2500, 2502, 2503, 2600, 2700,
2701, 2704, 2705, 3700, 3704, 3800, 4100, 4101, 4107, 4108, 4204

Porous Electrodes-Powders

1000, 1001, 1400, 1801, 1810, 1832, 1851, 1859, 1869, 1870, 1888, 2005, 2006, 2007,
2008, 2009, 2010, 2011, 2012, 2013, 2014, 2100, 2202, 2204, 2209, 2216, 2220, 2222,
2224, 2226, 2232, 2409, 2410, 2413, 2420, 2424, 2425, 3300, 3301, 3302, 3303, 3406,
3407, 3421, 3422, 3423, 3706, 3900, 3901, 3902, 3903

Separators

2225, 2230, 3402, 3415, 4007, 4028, 4038

Silver

200, 906, 907, 909, 910, 1100, 1807, 1811, 1814, 1815, 1816, 1817, 1819, 1821, 1822
1826, 1828, 1829, 1831, 1834, 1835, 1836, 1838, 1847, 1848, 1853, 1863, 1866, 1367

1871, 1875, 1879, 1881, 1882, 1883, 1886, 1888, 1889, 2017, 2214, 2225, 2226, 2414
2422, 2426, 2427, 2709, 2710, 3100, 3101, 3203, 3403, 3410, 3416, 3702, 4025, 4202
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INDEX BY SYSTEM AND COMPONENT

Zinc

500, 1101, 1102, 1203, 1704, 1803, 1804, 1805, 1809, 1813, 1824, 1830, 1837, 1843,
1845, 1873, 1876, 1878, 1880, 1884, 1887, 2206, 2212, 2213, 2231, 2417, 2418, 2419,
2425, 2429, 2431, 2505, 2707, 2900, 3406, 3415, 3417, 4027,4037

General

401, 402, 1200, 1701, 1802, 1825, 1840, 1841, 1850, 1854, 1857, 1885, 2018, 2019,
2020, 2021, 2200, 2201, 2204, 2211, 2215, 2223, 2229, 2400, 2407, 3001, 3410.
3426, 4001, 4008, 4009, 4016, 4017, 4018, 4019, 4020, 4021
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INDEX BY TECHNIQUES AND PROCESSES

Analytical Measurements (e.g., Diffusion Constants, Solubility,
Density, etc.)

300, 302, 304, 305, 306, 307, 308. 210, 400, 501, 600, 702, 800, 900, 901, 908, 1400,
1705, 1813, 1815, 1824, 1834, 1837, 1846, 1848, 1852, 1856, 1869, 1871, 1873, 1878,
1881, 1882,.1883, 1884, 2010, 2212, 2225, 2408, 2415, 2428, 2431, 2500, 2600, 2702,
2704, 3101, 3202, 3415, 3416, 3701, 3800, 4106, 4107, 4108, 4200

Devices (e.g., Special Cells, Instruments, etc.)

401, 402, 1701, 1806, 1825, 1828, 1829, 1839, 1847, 1848, 1850, 1854, 1885, 2101,
2201, 2204, 2205, 2211, 2223, 2228, 2229, 2400, 2407, 3426, 4007, 4009, 4014, 4015,
4016, 4020, 4021

Electroanalytical Techniques (e.g., Coulometry, Potentiometry, etc.)

100, 101, 401, 501, 901, 902, 903, 904, 905, 906, 909, 910, 1000, 1001, 1002, 1003,
1004, 1005, 1006, 1008, 1300, 1400, 1500, 1700, 1702, 1703, 1704, 1705, 1803, 1804,
1805, 1808, 1809, 1812, 1814, 1818, 1819, 1821, 1822, 1823, 1824, 1826, 1827, 1828,
1829, 1830, 1831, 1832, 1834, 1836, 1837, 1838, 1840, 1842, 1843, 1844, 1845, 1847,
1855, 1859, 1862, 1863, 1867, 1874, 1875, 1876, 1879, 1883, 1884, 1885, 1888, 1889,
2022, 2001, 2002, 2004, 2006, 2007, 2009, 2011, 2014, 2016, 2017, 2101, 2203, 2205,
2206, 2207, 2210, 2213, 2214, 2218, 2220, 2221, 2222, 2227, 2220, 2300, 2401, 2402,
2403, 2405, 2406, 2410, 2411, 2412, 2413, 2414, 2416, 2417, 2418, 2420, 2421, 2422,
2423, 2424, 2426, 2427, 2428, 2429, 2501, 2503, 2506, 2701, 2702, 2703, 2704, 2705,
2706, 2708, 2710, 2800, 2900, 3200, 3201, 3202, 3203, 3400, 3402, 3407, 3408, 3411,
3412, 3414, 3415, 3418, 3420, 3421, 3423, 3424, 3425, 3426, 3427, 3428, 3429, 3430,
3431, 3702, 3703, 4000, 4002, 4003, 4004, 4005, 4006, 4008, 4009, 4010, 4011, 4012,
4013, 4014, 4015, 4016, 4017, 4018, 4019, 4020, 4021, 4022, 4023, 4024, 4025, 4026,
4027, 4028, 4029, 4030, 4031, 4032, 4033, 4034, 4035, 4036, 4039, 4100, 4101, 4102,
4103, 4104, 4105, 4107, 4200, 4201, 4202, 4203, 4204, 4205

Electrochemical Thermodynamics

300, 307, 904, 1804, 1819, 1827, 1833, 1839, 1841, 1843, 2205, 2407, 2506, 4205,
4206

Electrode Mechanisms

308, 701, 903, 904, 905, 906, 907, 1002, 1003, 1004, 1005, 1500, 1600, 1703, 1800,
1804, 1805, 1808, 1809, 1818, 1822, 1824, 1827, 1828, 1829, 1842, 1843, 1852, 1868,
1876, 1903, 2300, 2403, 2405, 2406, 2411, 2418, 2429, 2430, 2431, 2504, 2506, 2702,

2704, 2705, 2706, 3204, 3406, 4200 4201, 4202



#
o

B INDEX BY TECHNIQUES AND PROCESSES

2 gikat i o,
;‘,Nno:f,f .3
S

5
A48

Impedance, Double Layer Capacitance

904, 1701, 1703, 1704, 1822, 1825, 1828, 1851, 1854, 1859, 1862, 1871, 1872, 1875,
1876, 1880, 1886, 1887, 2208, 2223, 2410, 2422, 2424, 2600, 2707, 3419, 3420, 4004,
4204

Impregnation

800, 1000, 1001, 1801, 1859, 2005, 2006, 2012, 2216, 2224, 2300, 3421, 3422, 4200
Infrared, Ultraviolet and Other Spectrographic Techniques

500, 702, 1101, 1102, 1858, 1868, 2423, 2708, 3101, 3419

Inorganic Preparations

301, 302, 308, 309, 310, 500, 501, 600, 700, 701, 702, 800, 900, 901, 902, 903, 904,
906, 908, 909, 1000, 1001, 1500, 1801, 1803, 1809, 1810, 1811, 1830, 1832, 1855,
1861, 1864, 1866, 1869, 1877, 2002, 2005, 2008, 2010, 2011, 2013, 2014, 2216, 2217,
2230, 2231, 2300, 2412, 2413, 2701, 2703, 2705, 3201, 3202, 3416, 3417, 3418, 3420,
3421, 3428, 3701, 3703, 3800, 3901, 3902, 4022, 4037, 4038, 4202

Kinetics

902, 903, 904, 905, 906, 907, 909, 910, 1100, 1842, 1845, 1849, 1865, 2300, 2408,

2411, 2414, 2418, 2421, 2426, 2427, 2704, 2706, 2710, 3101, 3200, 3204, 3401, 3409,
3410, 3600, 4107 '

Magnetic Properties
103, 501, 1102, 1837, 1862, 1877, 3700, 3704, 4203

Metallurgical Properties, Powders, and Sintering

1000, 1801, 1810, 1832, 1859, 1863, 1866, 1867, 1869, 1870, 1883, 888, 2005, 2016,
2100, 2202, 2209, 2222, 2226, 2409, 2420, 2423, 2425, 2600, 2707, 3300, 3301, 3302,
3303, 3404, 3407, 3416, 3417, 3420, 3421, 3422, 3423, 3900, 3901, 3902, 3903, 4001

Microscopy, Electron Microscopy

. - 600, 601, 701, 702, 800, 1000, 1801, 1803, 1844, 1845, 1852, 1860, 1883, 1888, 2001,
8 2002, 2005, 2006, 2008, 2017, 2100, 2201, 2206, 2209, 2219, 2222, 2224, 2227, 2231,
2402, 2404, 2419, 2423, 2501, 2505, 2701, 2706, 2708, 2709, 3301, 3302, 3303, 3402,

3404, 3405, 3415, 3420, 3421, 3423, 3425, 3900, 3901, 3902, 3903, 4001, 4022, 4024
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Reviews, Surveys

1200, 1600, 1800, 1802, 1818, 2020, 2215, 2217, 2300, 2430, 2504, 2700, 3401, 4001,
4034 -

Surface Properties

402, 1832, 1835, 1837, 1842, 1845, 1866, 1870, 1888, 2005, 2006, 2100, 2204, 2226,
2402, 2409, 2410, 2416, 2417, 2419, 2424, 2425, 2427, 2700, 2707, 2708, 3404, 3417,
3500, 3706, 3900, 3903, 4024, 4027, 4037

Thermal Properties

302, 307, 500, 501, 600, 700, 900, 909, 910, 1001, 1400, 1703, 1819, 1827, 1833, 1840,
1864, 1869, 1873, 1878, 1882, 2008, 2203, 2205, 2218, 2220, 2407, 2408, 2415, 2420,
2422, 2501, 2502, 2707, 3101, 3300, 3406, 3407, 3411, 3414, 3419, 3425, 3429, 3430,
3703, 3705, 3902, 4005, 4006, 4008, 4015, 4023, 4025, 4027, 4030, 4035, 4036, 4039,
4102, 4105, 4205, 4206

Theoretical

907, 1100, 1701, 1802, 1841, 1851, 1854, 1857, 1865, 2018, 2019, 2021, 2100, 2200,
2232, 2413, 2426, 2427, 2428, 3000, 3001, 3204, 3401, 3409, 3706, 4032, 4100, 4107,
4108

X-Ray Diffraction

102, 200, 201, 301, 302, 303, 309, 310, 500, 501, 600, 601, 700, 701, 702, 1301, 1400,
1500, 1803, 1809, 1811, 1815, 1816, 1821, 1827, 1835, 1839, 1844, 1850, 1852, 1853,
1860, 1864, 1877, 1886, 2002, 2003, 2005, 2007, 2016, 2219, 2227, 2300, 2400, 2402,
2404, 2412, 2419, 2423, 2424, 2425, 2500, 2502, 2505, 2703, 2706, 2709, 3403, 3404,
3406, 3407, 3410, 3418, 3419, 3420, 3421, 3422, 3500, 3700, 4025, 4200, 4203

Radioactive Techniques

904, 1820, 1830, 1835, 1836, 1845, 2211, 2225, 3101, 3410, 3500, 4017
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Abstract Number Page
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100. Académie des Sciences, “Comptes-Rendus” (French) ...................
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ACADEMIE DES SCIENCES, “COMPTES-RENDUS”

100. Besson, J. 223,28, (1946)

Studies Comparing the Anodic Oxidation of Nickel, Cobalt and
Manganese in Alkaline Solution.

The anodic oxidation of nickel, cobalt, and manganese has been the object of much work,

but it is impossible to compare the very different experimental conditions. I have proposed to
make a study of this phenomena by one unique method with identical conditions for the three
B metals; a study which is qualitative in order to characterize the definite oxides that are formed.

101. Bagno, O.

236, 1275, (1953)
The Precipitation of Nickel Hydroxide from Mixtures of Soda and Sodium Carbonate.

In a preceding note, we have pointed out the retarding action of CO, on the aging of
Nickel Hydroxide Solutions. To elucidate on the role of CO,, and in particular the CO3 ion, I
have studied the precipitation of Nicl, in mixtures of NaOH and Na,CO;.

102. Longuet-Escard, J. and Mering, J. 246, 1231, (1958)

Abnormal Spacings in Piles of Nickel Hydrexide Molecules having adsorbed CO73 lons.

The detection and measurement of abnormal spacings created by the trapping of CO3 ions
are performed by way of using an approximate form of Fourier’s Set of Reflections.

103. Pacault, A. and Labat, J. 258, 5421, (1964)

Studies of the Magnetochemistry of Nickel Hydroxide.

The nickel Hydroxides have been prepared by chemical means, and magnetic studies have
been made, in order to be able to analyze the mechanism of the electrochemical oxidation of

Ni(OH), and, consequently, the process of charge and discharge of the positive electrode in alkaline
accumulators.

Ol o P



ACTA CRYSTALLOGRAPHICA

200. McMillan, J. A. 7, 640, (1954)
The Crystalline Structure of AgO.
The pattern was obtained with Cu Ka, in a universal camera. AgO was prepared by boiling
NO,; Ag, with water. Since it was impossible to obtain a single crystal of AgO, we had to in-
terpret the powder pattern.
201. DeWolff, P. M. 21,432, (1966)
The Crystal Structure of y Cd(OH), .

A new Cd (OH), phase entirely different from the Cg type was discovered by Glemser,
Hauschild, & Richert, who termed it ¥ cadmium hydroxide.

10
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AMERICAN CHEMICAL SOCIETY, JOURNAL OF

300. Knobel, . 45, 70, (1923)
The Activities of the lons of Potassium Hydroxide In Aqueous Solution.

This work is a revision of that of Chow on the measurement of the electromotive force of
concentration cells of potassium hydroxide for the purpose of determining the activities of the
ions. Chow’s results were based on single measurements for each pair of concentrations and were
made with a form of electrode which has since been found to be unreliable.

The principle involved is the same as that used by Maclnnes and Parker on potassium
chloride solutions, by Ellis, and Noyes and Ellis on hydrochloric acid and by MacInnes and
Beattie on lithium chloride. The cells were of the type, H, | KOH (c,) | KHg, | KHg, |
KOH (c,) | H,, in which the net effect of passing 1 faraday from left to right is the transfer of
one mole of potassium hydroxide from a concentration C, to a concentration C,. The electro-
motive force is given by the expression, E =2 RT/F In-a, C,/a, C, wherea, and a, are
the mean activity coefficients of the two ions in the two solutions of concentration C, and C,,
respectively; R, T, and F have the usual significance.

301. Cairns R. W_, and Ott, E. 55, 527, (1933)
X-Ray Studies of the System Nickel-Oxygen-Water 1. Nickelous Oxide and Hydroxide.

Numerous investigators have made x-ray studies of natural and artificia! nickelous oxide.
The crystal structure has been definitely established as face centered cubic, with a lattice spacing
approximately 4.17 A. The most accurate determinations are probably those of Brentano
(4.705 A.) and Ksanda (4.171 £ 0.003 A.). Since both determinations were made with the use
of sodium chloride diffraction as a primary standard, there is little doubt as to their accuracy.

302. Cairns, R. W,, and Ott, E. 55, 534, (1933)

X-Ray Studies of the System Nickel-Oxygen-Water.
I1. Compounds Containing Trivalent Nickel.

1. The existence of compounds having the compositions Ni, O5-H,0 and Ni,03-2H,0
has been shown. Characteristic x-ray diffraction patterns of these compounds have been obtained.

2. The modes of decomposition of these “hydrates” in water and air at temperatures of
100 to 150° have been established with the aid of x-ray analysis. The results indicated that the
compounds were not true hydrates, but contained the water bound as hydroxyl groups. Structural
formulas have been assigned.

3. Two compounds of nickel, oxygen and water, at lower stages of oxidation than the
above, have been isolated, and their diffraction patterns obtained. Chemical analyses indicated
that they were hydrates of the hypothetical oxides Ni; O, and NigO,, but their behavior on de-
composition showed them to be of a type analogous to the above compounds. Reasonable struc-
tural formulas have been proposed.

11
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AMERICAN CHEMICAL SOCIETY, JOURNAL OF (Cont.)

303. Cairns, R. W. and Ott, E. 56, 1094, (1934)

X-Ray Studies of the System Nickel-Oxygen—Water. IIl. The K-Absorption
Limits of Nickel in Various Oxide-Hydrates.

The x-ray absorption limits of various nickel compounds have been studied.

It is shown that a product claimed by us previously to be essentially Ni, O;°2H, O contains
nickel of a valence higher than two. It is most likely trivalent nickel. This gives further support to
our previous conclusions.

304. Tomicek, O., and Freiberger, F. 57, 801, (1935)

Volumetric Determinations in Strongly Alkaline Selutions. I. The Titration of
Cobalt with Ferricyanide.

A number of metals have been determined oxidimetrically with ferricyanide, and we wish
to present in this communication the direct oxidimetric titration of cobaltous salts by potassium
ferricyanide.

305. Akerlof, G., and Bender, P. 63, 1085, (1941)
The Density of Aqueous Solutions of Potassium Hydroxide.

The alkali hydroxides exhibit in many respects a very complex behavior of the greatest
interest. To get as clear a picture as possible of their thermodynamic properties in concentrated
solutions it is our intention to follow up a previous study of sodium hydroxide with a similar one
on potassium hydroxide. With this purpose in mind we will present in this paper some measure-
ments of the density of aqueous solutions of the latter. The “International Critical Tables” (1. C. T.)
lists a considerable number of references to such determinations but only one of these seems to
give data of higher accuracy at a single temperature. The data referred to are those of Pickering, taken
at 15 degrees.

306. Darken, L. S., and Meier, H. F. 64,621, (1942)

Conductances of Aqueous Solutions of the Hydroxides of Lithium, Sodium and
Potassium at 25°.

Previous work done in this Laboratory on the conductance of acids and salts led to the be-
lief that the application of this same conductance method to the hydroxides of lithium, sodium,
and potassium would give information as to whether these bases behaved as typical strong electro-
lytes or whether they exhibited evidence of incomplete ionization.

The conductances were measured using the same apparatus and technique described in
previous publications. The values of Jones and Bradshaw for the specific conductivities of
potassium chloride solutions were used to determine the cell constants.
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307. Akerlof, G. C., and Bender, P. 70, 2366, (1948)
Thermodynamics of Aqueous Solutions of Potassium Hydroxide.

The results presented in this paper represent a continuation of a program of studies of the
thermodynamic properties of concentrated aqueous electrolytic solutions in which measurements
on hydrochloric acid and sodium hydroxide solutions have already been reported. A detailed
description of the experimental procedure and the method of calculation employed here has been

given previously. In the following all symbols agree with common usage or with those in earlier
papers.

308. Gayer, K. H., and Garrett, A. B. 71, 2973, (1949)

The Equilibria of Nickel Hydroxide Ni (OH), in solutions of Hydrochloric Acid and Sodium
Hydroxide at 25 degrees.

The purpose of this investigation was to obtain data on the equilibria of nickel hydroxide
in dilute solutions of sodium hydroxide and hydrochloric acid. Such data make possible (1) the
determination of the character of the ions in dilute solutions, (2) the evaluation of the free energy
of formation of these ions, (3) the evaluation of the solubility and the solubility product of nickel
hydroxide, and (4) the amphoteric nature of the hydroxide.

Previous work on nickel hydroxide is at variance as to the magnitude of the water solubility
and the solubility product. Almkvist reported the solubility of nickel hydroxide to be 1 X 104
mole at 20 degrees. Britton calculated the solubility produce to be 2.07 X 1017 at 25 degrees;
while Wijs reported a value of 1.6 X 1014,

No work is reported which can be used to show the complete record of the behavior of
nickel hydroxide in acid and basic solutions; data for that record are presented in this paper.

309. Dyer, L. D., Borie, B. S., Smith, G. P. 76, 1499, (1954)
Alkali Metal—Nickel Oxides of the Type MNIO, .

This article describes the preparation and properties of two compounds of trivalent nickel
which have not previously been isolated. The compounds sodium nickelate (III), NaNiO,, and
lithium nickelate (II), LiNiO,, were prepared by bubbling oxygen through sodium hydroxide and
lithium hydroxide, respectively, contained in nickel tubes at about 800°. The crystals obtained
upon removing the top section of the cooled melt were washed with absolute ethyl alcohol to
remove the hydroxide. The sodium compound was also prepared by heating a one to three mixture
of sodium peroxide and sodium hydroxide in a nickel tube and treating as described above.
Lithium nickelate (IIT) is rhombohedral with the cesium dichloroiodide, CsCl, I, structure.
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310. Carriel, J. T., and Singley, W. J. 76, 3839, (1954)
Composition of Basic Nickel Carbonates.

Basic nickel carbonates were formed at constant pH and room temperature by the addition
of stardard nickel chloride and potassium hydroxide solutions to a reaction medium containing a
10-fold excess of potassium carbonates. The composition of the precipitates may be expressed
Ni(OH), - 3 to 4 NiCO; in the pH range 8 to 10.5; above pH 10.5 the ratio of carbonate to hy-
droxide in the precipitate decreases rapidly. Essentially no chloride is absorbed by the precipitate.
A previously developed method of precipitation at constant pH was adapted to permit calculation
of the composition of the precipitate directly from buret readings.
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400. Brummet, B. D., and Hollweg, R. M. 28, 887, (1956)
Determination of Nickel in Oxidized Films on Nickel Metal.

A rapid spectrophotometric method for the determination of nickel in oxidized films on
nickel metal has been developed. The solvent used 0.5% potassium cyanide, dissolves the oxidized
film but not the nickel metai. The method is sensitive to microgram quantities of nickel.

401. Lauer, G., Abel, R., and Anson, F. C. 39, 765, (1967)
Electrochemical Data Acquisition and Analysis System Based on a Digital Computer.

A system is described in which a small digital computer is programmed to initiate an elec-
trical experiment, to acquire, digitize, and store electrochemical data, to test for completion of a
run, and to perform a functional analysis on the stored data. Experiments are described whereby
the apparatus was used to study adsorbed reactants by the chronocoulometric technique. Ex-
amples are given of other electrochemical experiments in which the computer-based system will
afford major improvements in the quality of data acquired and in the speed of data reduction.

402. Omr,C,, Jr. 39, 834, (1967)
Specific Surface Area by Low Pressure Permeametry.
The present work describes a flow apparatus and a technique of operation at progressively

lower pressures; the technique achieves specific surface area results that are in remarkably close
agreement with low temperature gas adsorption (BET) values for the same material.
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ANNALES DE CHEMIE

500. Cabannes—Ott, C. 5,905, (1960)

Concerning the Constitution of some Metal Oxide Hydrates (Thermogravimetry and
Infrared Spectroscopy).

When one treats a metallic salt with a basic material, one considers generally that the prod-
uct obtained is a hydrated oxide or a basic salt more or less well defined. The oxide can associate
itself with a given number of water molecules. It can form a gel of a poorly established hydration
or it can present itself in a form of a hydroxide in which the water is a part of the constitution of
the material in the form of oxydriles. Furthermore, it is well known that, besides the possible
formation of busic salts, the hydrated oxides retain the ions in whose presence they find themselves
during the preparation and thus find it quite difficult to separate themselves.

501. Labat, J. 9, 399, (1964)
Contribution to the Studies of Nickel Hydroxide.

We have demonstrated in a preceding article the extent of difference in opinion of various
authors on the nature and the very existence of oxides and hydroxides of nicke! with valences
greater than two; despite a considerable amount of research on their composition structure, no
systematic research has yet been conducted on their magnetic properties. We shall mention only
the work of Miss Veil on their evolution - when immersed in water - of the nickel hydroxide and
of the hydrate of nickel sesquioxide, the results obtained by Bhatangar and Bal which agree on the
existence of the definite NiO oxide and, finally, the recent short thermomagnetic study of
Ni, O3 H,O made by Richardson.

Without any doubt, this investigation method should be particularly interesting as the
oxidation degree directly related to the valence of the nickel in these compounds must evidently
affect their magnetic characteristics. For this reason we have undertaken a study of magnetism
in these oxides, their chemical analysis, the X-ray spectrum and their electrochemical properties
depending upon the method used in their preparation.
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600. Glemser, O., and Einerhand, J. 261, 26, (1950)
Higher Nickel Hydroxides

Through Calorimetric Titrations, higher Nickel hydroxides were found to be NiO,- X H, O,
Ni; O3 - XH,0 and Ni; O, X H,O. From the oxidation also arises the primary product
NiO,- X H,0 which forms with Ni(OH),, Ni,O; - X H,0; Ni, O5 - H,0 reacts with Ni(OH), to
Ni;O4 - XH,0. NiO, is x-rayed and decomposes slightly.
601. Glemser, O., and Einerhand, J. 261,43, (1950)

The Structure of Higher Nickel Hydroxides.
The structure of the new higher nickel hydroxides discovered in the preceding work is de-

termined by evaluation of roentgen photographs; electronoptical photographs are also employed
for supporting the finding.
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ANORGANISCHE UND ALLGEMEINE CHEMIE, ZEITSCHRIFT FUR

700.  Hiittig, G. F., and Peter, A. 189, 183, (1930)

Contribution to the Knowledge of Oxide Hydrates.
XXIV. The Nickel (II) Oxide/Water System.

With these preparations, there is no action by the oxygen of the air, but the carbon dioxide
of the air could have some influence. For this reason, the various operations (precipitation, de-
canting, filtration, washing) were conducted in the same, although occasionally somewhat simpli-
fied arrangement as described by G. F. Hiittig and R. Kassler (oxide hydrates XXI; 1. c.). Instcad
of illuminating gas, air free of carbon dioxide was passed through the apparatus here. Filtration
was accomplished with a Zsigmondy membrane filter, and the precipitate was protected against
the action of atmospheric air in the same manner as described in the reference.

701.  Feitknecht, W., Christen, H. R., and Studer, H. 283, 88, (1956)
| Knowledge of the Higher Nickel Hydroxides; the Oxidation of Nickel Hydroxide.

The higher nickel hydroxide formulated by Glemser and Einerhand as Ni;O,(OH)4 has a
disordered layer structure with rhombically deformed layers and an average nickel ion interval
which lies between Ni(OH), and B-NiOOH. Its homogeneity range extends up to the composition
NiOOH.

The oxidation of nickel hydroxide takes place strictly topochemically. Under certain con-
ditions, the composition can also become NiOOH with retention of the lattice. In addition, con-
traction of the layers with formation of the lattices of Ni;O,(OH), and possibly B-NiOOH takes
place.

The oxidation products of nickel hydroxide are, with the same composition, different from
those obtained by oxidation of nickel ions in alkaline media.

702.  Glemser, O., Hauschild, U., Richert, H. 290, 58, (1957)
A New Polymorphic Modification of Cadmium Hydroxide.

The hydrolysis of cadmium alkylene is described. According to
Cd(CH,;), + 2HOH = Cd(OH), + CH,

for example, cadmium methyl hydrolyzes in 96% ethanol at -10 to 0°C to y-Cd(OH),, a new
crystalline modification of cadmium hydroxide. Density ds25 = 4.81 g/cm3; solubility

1.2 - 105 mol/l. When heated with water to 150° in a pressure vessel, y-Cd(OH), changes
within 4 days to coarsly crystalline B-Cd(OH), [C6 type]. In a vacuum, the new hydroxide de-
composes at pHyo = 10 torr at 115° to CdOoand H, 0. Ultraphotographs suggest hydrogen bridge
formations. A shortest O-O interval of 2.74 A and various Cd-O intervals, 1. Cd-O = 2.37 .X.;

2. Cd-O0 = 240 .&, are calculated from the absorption bands observed. In the case of ¥y-Cd(0O), it
is possible to detect bending vibrations (8 ) of the hydrogen of the OH group.
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800. Vasserman, I. M., Fomina, E. A. 34, 84, (1961)

Investigation of Chemical Aging and of the Anomalous Aging of Precipitates Induced by it,
in the Case of Basic Nickel Carbonate.

The communications cited dealt with studies of chemical and anomalous aging of pre-
cipitates in the Ni(NO; ), —Na, CO; —H, O system, mainly from the qualitative aspect. Chemical
precipitation in this system, is a particular case of the precipitation of sparingly soluble basic salts.
It follows that the results obtained in the study of the system are of general significance for all this
group of precipitates.

In the present investigation we continued the study of chemical and anomalous aging of
precipitates in the Ni(OH; ), —Na, CO; —H, O system, from the qualitative aspect. Of the five types
of secondary chemical reactions specified earlier, two take place in this system: 1) neutralization
of the basic precipitate (basic nickel carbonate) with an acid salt (sodium bicarbonate), present in
the mother liquor: 2) hydrolysis of the basic precipitate.

The purpose of the present work was to study these reactions and their kinetics. For
comparison, ordinary aging of basic nickel carbonate was studied together with its anomalous

aging.
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CANADIAN JOURNAL OF CHEMISTRY

900. Lang, A. A., and Sukava, A. J. 36, 1064, (1958)

The System KOH-K,CO, ~H,0 at Low Temperatures. I. Phase Equilibria.

Phase diagrams for the system KOH-K,CO; —H,0 were determined for 25°, 10°, 0°, —10°,
—20°, —40°, and —60°. The stable hydrates of potassium hydroxide were the di- and tetrahydrates;

those of potassium carbonate were the sesqui- and hexa-hydrates. No compound formation be-
tween KOH and K, CO; was detected.

901. Lake, P. E., and Goodings, J. M. 36, 1089, (1958)

The Nature of The Cadmium lons in Hydroxide and Carbonate Solutions.

The nature and concentration of the cadmium-containing ions in potassium hydroxide and
potassium carbonate solutions have been studied polarographically. The co-ordination number
for the hydroxide-cadmium complex is 4 and its dissociation constant 2 X 1010, The co-
ordination number for the carbonate-cadmium complex is 3 and its dissociation constant 6 X 107,

902. Conway, B. E., and Bourgault, P. L. 37, 292, (1959)

The Electrochemical Behavior of The Nickel-Nickel Oxide Electrode
Part 1. Kinetics of Self Discharge.

The nickel-nickel oxide electrode forms the positive plate in the charged nickel-cadmium
battery. After “‘charing” the electrode to a chemical state represented by the non-structural
formula NiO, where x can vary from about 1.4 to 1.8 depending on the current density and
temperature, loss of oxygen and a fall of potential on open circuit occurs. In the present work
this “self-discharge” effect has been examined by study of (i) the rate of decay of e.m.f. on open
circuit, (ii) rate of oxygen evolution on open circuit, (iii) the electrochemical capacity of the
electrode, and (iv) the build-up or charging curves for the electrode. The decay behavior has been
studied in aqueous KOH solutions from 0.0015 to 15 M. Tafel slopes are obtained from the plots
of e.m.f. vs. log (time of decay), and abrupt changes occur at certain electrode potentials which
indicate changes of rate-determining mechanism in the self-discharge process. The slopes observed
are interpreted in terms of a new scheme of consecutive reactions for anodic oxygen evolution by
deducing, by means of the Christiansen method, the relevant Tafel slopes. It is shown that the
scheme proposed uniquely accounts for the experimental behavior and that the change of mecha-
nism observed in the self-discharge can only be expiained if two consecutive and not alternative
processes are invoked. The dependence of the rates of self-discharge upon OH—ion and water
activity is deduced and the significance of these results is discussed.
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903. Bourgault, P. L., and Conway, B. E. 38, 1557, (1960)

The Electrochemical Behavior of
The Nickel Oxide Electrode Part Il. Quasi-Equilibrium Behavior.

The electrode potential of the nickel oxide electrode has been determined as a function of
water and solute activity in aqueous solutions of potassium hydroxide. The electrode, which was
charged to a mean state of oxidation corresponding to 50% Ni Il and 50% Ni III, was examined
after long periods of time and by cathodic and anodic e.m.f. decay measurements after polariza-
tion in order to establish the quasi-reversible potentials by two methods. The results are discussed
in terms of the stoichiometry of the potential-determining reaction, and distinction between mixed
and true reversible potentials is made.

904. Conway, B. E., and Bourgault, P. L. : 40, 1690, (1962)

Electrochemistry of The Nickel Oxide Electrode Part III.
Anodic Polarization and Self Discharge Behavior.

Further evidence that the rate-controlling process in self discharge of the nickel oxide
electrode is the anodic partial reaction of oxygen evolution is reported and is based on:
(a) comparison of the heats of activation for open-circuit oxygen evolution and for d.c. anodic
polarization with oxygen evolution: (b) comparison of the current potential behavior for d-c
anodic polarization and for rates of oxygen evolution on open circuit as a function of potential:
and (c) comparison of H/D isotope effects for upen-circuit and d.c. polarization behavior. In the
latter cases, an unusval and characteristic inverse isotope effect is observed.

True Tafel slopes zre deduced and interpreted in terms of possible mechanisms of oxygen
evolution, taking accour:t of the dependence of activation energy upon surface coverage by ad-
sorbed intermediates.

905. Conway, B. E., and Gileadi, E. 40, 1933, (1962)

Electrochemistry of the Nickel Oxide Electrode.
Part IV. Electrochemical Kinetic Studies of Reversible Potentials
as a Function of Degree of Oxidation.

Electrochemical kinetic studies have been carried out at the nickel oxide electrode show-
ing that the reversible potential for the Ni!! —Nilll system is independent of the state of oxida-
tion of the bulk oxide in the electrode over a wide range of degrees of oxidation. The properties
of the electrode are shown to be determined by the state of a surface phase, which is completely
charged when the bulk oxide material in the electrode has been charged to 10% of its total charge
capacity. Experiments on sparingly charged electrodes have proved that charging of the bulk
oxide does not commence significantly until the electrode is charged to about 1.5%. Consecutive
electrochemical reactions possibly involved in the charging process are discussed.
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909. Casey, E. J., and Moore, W. J. 43,1199, (1965)
On The Formation of “Ag, 0, on Silver Electrodes.

“Ag, 0, " was examined electrochemically in cutectic KOH—H, O at —40 degrees C by
coulombic measurements of quantities formed, open circuit potential decays, variation of poten-
tial as a function of anodic current density, and temperature coefficients of decomposition rates.
It can be formed directly from Ag, O on Ag at current density (c.d.) > 15uA/cm?, with a maxi-
mum thickness during the first oxidation cycle (25 layers, assuming a surface roughness factor
of one) occurring at 65uA/cm?. Potential decay (— 39E/3 log t = b) curves have protracted
linear regions where 0.045 < b < 0.078, sometimes higher. One-tenth of a layer of adsorbed
species superimposed on the higher oxide exists on the surface during O, evolution. Reduction
curves show a minimum in the potential decay of the higher oxide preceding the formation of
Ag. O. The “Ag,0,” decomposes in approximately 1 h at —40 degrees C to either AgO or
Ag, O. The activation energy for its thermal decomposition is 12.0 + 2.0 kcal/mole. Under
most experimental conditions studied, the results indicated that the material is not true Ag, O,
but it is probably better described as Ag, O[O] where [O] is trapped oxygen.

The evidence does point to the probable existence of a thin layer, which may be true
Ag, O,, on the surface in a steady state which is maintained at high anodic current density
(> 100u A/cm? at —40 degrees).

910. Clarke, 7. G., Hampson, N. A., Lee, J. B. et. al. 46, 3437. (1968)

Oxidations Involving Silver. 1. Kinetics of the Anodic Oxidation of
Silver in Alkaline Electrolytes.

The kinetics of the electrochemical oxidation of silver to Ag,0 in NaOH have been studied

at different temperatures and hydroxyl ion concentrations. The enthalpy of activation was found
to be ~§ kcal/mole. The kinetics of oxidation of Ag,0 to AgO are discussed.
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906. Barradas, R. G., and Fraser, G. H. 42, 2488, (1964)
Kinetic Studies of the AgO/Ag, 0 Elecirode in Alkaline Solutions.

The anodic oxidation of Ag,0O to AgO in normal aqueous potassium hydroxide solution
was investigated quantitatively under both galvanostatic and potentiostatic conditions at
25 degrees C. A few results for similar experiments in N/40 KOH are also reported. Tafel slopes
and other parameters were determined. The experimental results show the dependence of cur-
rent density as a hyperbolic function of overpotential, i.e. i = 2i; sinh (A Fp/2RT). The electron
number A was found to be 2 and the symmetry factor § was confirmed to be 1/2. It is proposed
that the rate-determining step for the formation of AgO from Ag, O occurs at the Ag, O/AgO inter-
face and involves the transfer of O-2 ions.

907. Barradas, R. G., and Fraser, G. H. 43, 446, (1965)

Considerations of Absorbed lonic Intermediates on the
AgO/Ag, O Electrode in Aqueous Solution.

An experimental study of the kinetics for the electrochemical formation of AgO from
Ag, O in aqueous alkaline solutions was reported in an earlier paper. The proposed mecha-
nism for the rate-determining step was suggested to be the transfer of oxide ions across the mixed
oxide interface. Further theoretical possibilities under Langmuir and Temkin conditions of sur-
face coverages are considered here in the light of the previously obtained experimental data. In
particular we examine the possibilitiess of the rate-determining step involving adsorbed ionic
intermediates on the AgO/Ag,O electrode at the oxide/electrolyte interface. For the Temkin
conditions, the intrinsic and induced heterogeneity models of Conway and his coworkers have
been applied to our calculation of Tafel slopes. None of the mechanisms at the oxide/electrolyte
interface were found to be rate-controlling.

908. Ryan, D. E,, Dean, J. R., and Cassidy, R. M. 43, 999, (1965)
Cadmium Species in Basic Solution.

The principal cadmium-containing species in basic solutions varies with the concentration
of hydroxide ion such that the solubility of cadmium hydroxide can be satisfactorily expressed,
in solutions of high ionic strength, in terms of [Cd(OH)*] = 3.0 X 10°[OH- ]-!, [Cd(OH), ]
soln = 1.0 X 10°¢, [Cd(OH)," | = 1.2 X 10¢[OH], and [Cd(OH),?"] = 3.1 X 10¢
[OH-12. Since the solubility varies from 104 to 10-¢ M, the predominant species at high con-
centrations of hydroxideion is Cd(OH), 2"; at low concentrations of hydroxide ion Cd(OH)* is
the principal cadmium-containing ion in sclution. There is little free cadmium ion in solutions
whose hydroxide ion concentration is greater than 104 M.
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1000. Casey, E. J., Bourgault, P. L., Lake, P. E. 34,95, (1956)
Nickel Cadmium Batteries Part 1. Sintered Plates From a New Canadian Nickel Powder.

Sintered plaques of high porosity and good mechanical strength have been made from a
new domestic nickel powder. The plaques, when impregnated and given electrolytic oxidations
and reductions in a test cell, gave electrical capacities at low rates of discharge equal to those of
plates produced commercially from carbonyl nickel powder; and at extremely high rates gave
15—-20% less than the commercial plates. Physical and electrical characteristics of the plates are
interpreted in terms of the physical properties of the new powder and various factors in the
processing. Certain problems which need detailed investigation are pointed out.

1001. Bourgault, P. L., Lake, P. E., Casey, E. J., Dubois, A. R. 34, 495, (1957)

Nickel-Cadmium Batteries I1. Impregnation of Positive Plates
By Thermal Decomposition of Aqueous Nickel Nitrate.

A method is described for placing electrochemically-active material in the pores of siii-
tered nickel plaques. The plaque is first immersed in aqueous nickel nitrate; then the nickel ni-
trate in the pores is decomposed at high temperatures to an intermediate which converts
rapidly to nickel hydroxide in caustic solutions. The effects of temperature and time of im-
mersion and of thermal decomposition, and of the surrounding atmosphere, have been studied.
Results on electrical behavior of the plates are presented, and a preliminary discussion of the
mechanism of the impregnation process is offered.
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1100. Rietschi, P., and Delahay, P. 23, 556, (1955)
Influence of Electrode Material on Oxygen Overvoltage: A Theoretical Analysis.

Variations of overvoltage for oxygen evolution from one metal to another primarily result
from variations in the energy of the bond M—-OH. The overvoltage decreases approximately in a
linear manner with increasing bond energy. This relationship is verified experimentally for Ag,
Au, Cd, Co, Cu, Fe, Ni, Pb, Pd, and Pt, for electrolysis in one’ N potassium hydroxide at one amp
cm-2; the experimental data are those reported by Hickling and Hill. Bond energies for M—OH
are calculated by three different thermodynamic cycles involving, respectively, the standard heat
contents of the hydroxide, the oxide, and spectroscopic data for molecules MO. Variations of the
energy of the bond M—OH, as the electrode is oxidized to a higher valence, also account for sudden
breaks in plots of overvoltage against logarithm of current density. Finally, there is essentially no
correlation between the oxygen overvoltage for different metals and the corresponding work
functions.

1101. Fordyce, J. S., and Baum, R. L. 43, 843, (1965)
Vibrational Spectra of Solutions of Zinc Oxide in Potassium Hydroxide.

Raman and infrared reflection spectral studies of solutions of zinc oxide in potassium
hydroxide (7.5 and 15m) with OH/ZnO ratios of from 8 to 16 show that the predominant species
in these solutions possesses tetrahedral symmetry (Point Group T, ) and is presumably the
Zn (OH)42 ~ion. The frequencies and assignments, neglecting the hydrogen atoms, are: v;(a,) =
484 cmr! v,y(e) = 285 cml,vs(f,) = 430 cm!, v (FH) = 322 emel.

1102. Newman, G. H., and Blomgren, G. E. 43, 2744, (1965)
NMR Study of Complex lons in the Aqueous ZnO-KOH System.

Proton magnetic resonance measurements of the aqueous ZnO-KOH system have been
made. Only a single resonance line is observed, but the position of the line depends on the con-
centrations of KOH and ZnO. Analysis of the date is consistent with the presence of only one
zincate species. A value for the chemical shift of the zincate ion is derived, and also a more precise
value for the chemical shift of KOH in water is determined. The significance of the results is

discussed.
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f CHEMICAL REVIEWS
1200. Nyholm, R. S. 53,263, (1963)

The Stereochemistry and Valence States of Nickel.
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1300. Wakkad, S. E. S., and Emara, S. H. A, 3504, (1953)
The Anodic Oxidation of Metals at Very Low Current Density. Part II. Nickel.

The conflicting results of various workers on the variation of the anode potential with the
quantity of electricity passed when the nickel electrode is forced from evolu'ion of hydrogen to
that of oxygen, as well as on the type of oxides formed on the surface of the metal before oxygen
evolution, have been clarified by carrying out the anodic oxidation of nickel in solutions of dif-
ferent pH values at very low current density. It is shown that the oxides formed on the anode be-
fore evolution of oxygen depend on the polarising current; at extremely low current density the
oxides NiO, Ni; O,4, Ni, O3, and NiO, are formed before oxygen is evolved, but at higher current
density only the oxides NiO, Ni, O, and NiO, appear. The primary anodic products are however,
the oxides NiO and NiO,, Ni; O, and Ni,O; being formed from a secondary reaction between

NiO and NiO,. The higher oxides are unstable, decomposing to NiO, the most stable oxide in con-
tact with the metal.

1301. Briggs, G.W. D. 348, 1846, (1957)
Structural Modifications of -NiO-OH.

The existence of additional reflections in the X-ray diffraction pattern of -NiO-OH is

reported, and a modified form of the oxide obtained by electrodeposition in the presence of
foreign ions is described.
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1400. Harivel, J. P., Morignat, B., Migeon, J., Laurent, J. F. 6, 671, (1966)

Investigation of the Physical-Chemical Mechanisms of the Oxide-Reduction of
Porous Electrodes Impregnated with Cadmium Hydroxide.

The influence of current intensity, iemperature and KOH concentration in charging on
the capacity of the electrodes is determined by measurement of the quantity of electricity given
off in discharging with constant current density or constant voltage. These results, together with
solubility determinations of the Cd (OH), in KOH and X-ray fine structure analyses of the elec-
trodes, permit conclusions concerning the physical-chemical processes on the negative plates of
nickel/cadmium batteries.
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1500. Labat, J.

60, 1253, (1963)
On the Preparation and the Electrochemical Properties of Higher Nickel Oxides.

The chemistry of higher nickel oxides and hydroxides and their behavior in alkaline solu-
tion have been the object of numerous, often contradictory researches; this account brings out the
deep divergences still subsisting between the authors with regard to the formula and the properties
of these oxides.
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CHEMISTRY IN CANADA

1600. Casey, E. J. 12, 49, (1960)
Some Chemistry of the Nickel-Cadmium Battery.
This paper is intended to outline the results of some recent laboratory investigations which

have resulted in a better understanding of the chemistry of this system, and to outline a few vexing
problems which still await investigation.
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1760. Bauer, H. H. 12, 64, (1966)

Electrochemical Behavior of Cadmium.

Studies of the electrochemistry of the Cd(I1)/Cd(Hg) system by polarography have been
characterized by two features:
(1) Frequently, “anomalous” behavior has been reported, i.e., behavior indicating

that the electrode process has a mechanism more complex than an electron-transfer step com-
bined with solely diffusive mass transport.

(2) Results obtained in different investigations have not generally been in accordance.
In ostensibly similar systems, anomalies have only sometimes been reported; even in the absence
of anomalies, reported values for the kinetic parameters (rate constant k, transfer coefficient a)
have generally differed.

It is proposed to show here that all reported observations are explicable by taking into

account that mass transport is influenced by electrical migration of cadmium ions within the
diffuse double layer.
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1701. Breyer, B., Bauer, H. H. 12,411, (1966)

Electrochemical Cells as Electrical Circuit Elements.

The electrolytic capacitor is an example of the use, as a practical circuit element, of a
sort of electrochemical cell in which no faradaic process occurs; for many years, these electro-
Iytics have been the only practical capacitors of high capacity obtainable in a useful physical size
at low cost.

It is the purpose of this discussion to bring under consideration the possible merits, as
circuit elements, of electrochemical cells in which faradaic processes do, or can be made to, occur;
such elements may logically and conveniently be referred to as faradaics.
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1702. Kronenberg, M. L. 13, 120, (1967)

Electrochemical Measurements of Thin Layers of Nickel Oxide.

In the work reported here the oxides were formed on 40-mil nickel wire (99.8% pure,
Driver-Harris, Co., Harrison, New Jersey). The controlled electrochemical oxidation of a well
defined surface at low current density permitted the formation of a reproducible, thin layer of
the higher nickel oxide (approximately I-2 molecular layers of oxide) avoiding a significant po-
tential gradient within the oxide. A study of this electrochemically formed oxide also yielded

important information regarding the nickel oxide-oxygen corrosion couple, oxygen evolution on
nickel oxide and the electrochemical properties of the oxide films.
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1703. Farr, J. P. G., and Hampson, N. A. 13, 433, (1967)

Evaluation of the Characteristics of Exchange Reactions.
1. Exchange Reaction at a Solid Zinc Electrode in Alkali.

For the zinc exchange at solid zinc electrodes in alkali, a.c. impedance measurements
have indicated that in the frequency range below I kc/sec the reaction is controlled by adatom
diffusion. Furthermore, there is considerable evidence to suggest that intermediates are strongly
adsorbed at the electrode interphase. Accordingly, it was decided to investigate the charge transfer
reaction in the micro-second time range using the double impulse method whereby adatom dif-
fusion effects would not interfere.

1704. Brown, D. S., Farr, J. P. G. et. al. 17,421, (1968)
The Differential Capacitance of Zinc in Aqueous Solution.

The kinetics of exchange of zinc in alkali have recently been investigated using both
polycrystalline and single crystal (oool) electrodes. The very high value obtained for the frequency-
independent capacity (C,) shunting the double layer has been attributed in part to the adsorption
of OH— on to the electrode surface.

Russian workers have independently reported differential capacitance curves for single
crystal and polycrystalline surfaces of zinc in aqueous KC1 (pH 7) and Na, SO, (pH 3) electro-
lytes; however, the Russian reports differ from each other in the values of the p.z.c. (point of zero
charge) obtained from the capacitance minima, in the shapes of the curves, and in the extent of
the observed regions of polarizability.

Previously, differential capacitance measurements on Ag and Cd in aqueous solution
have been reported. The results of similar measurements on polycrystalline and single crystal
(oool) zinc surfaces are reported in the present paper.

1705. Conway, B. E., and Sattar, M. A. 19, 351, (1968)

Electrochemistry of the Nickel Oxide Electrode.
Part VIII. Stoichiometry of Thin Film Oxide Layers.

Interest in thin film nickel oxide material studied in the present work arises in relation to:
(a) stoichiometries and “‘active oxygen” content of thin layer materials; (b) constitution of thin
layers in relation of self-passivation effects in anodic oxygen evolution (Part V!4) and to passiva-
tion of the metal itself; (c) internal concentration polarisation effects which may arise wiih respect
to the two or more states of oxidation of nickel (Ni(II), Ni(IIl), Ni(IV)) in bulk oxide material;
hence, comparatively, the behaviour of thin film material may be of special interest; (d) possible
avoidance of local isolation of reducible material on discharge, a situation that tends to occur in
bulk impregnated plaques at high rates of discharge; (e) the ellipsometric results at nickel elec-
trodes, studied by Bockris et al. and (f) the possible use of thin film cathode materials for pulsed
charge and discharge conditions where high rate, short duration electrical fluxes are involved.
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1800. Hauel, A. P. 76, 435, (1939)
The Cadmium-Nickel Storage Battery.

The cadmium-nickel battery is widely used in Europe but not in America. It is particu-
larly applicable to severe service conditions since the active material does not shed readily and
wide temperature fluctuations have but little effect. The active material of the positive plates
is nickel hydroxide plus pure crystalline graphite. In place of graphite metallic nickel flakes
may be used. The active material of the negative plates is cadmium oxide or hydroxide. The
effect of the presence of iron in the cadmium paste is discussed at length. Similarly the addi-
tion of lithium hydroxide to the KOH electrolyte is treated at length. On the basis of the au-
thor’s experiments, the lithium appears superfluous in positive electrodes containing graphite
except that it counteracts the deleterious effects of traces of iron. The adsorption of CO, by
the KOH electrolyte reduces the capacity of the battery, due to cadmium carbonate formation
on the surface of the CdO grains. The new starting battery has very thin plates and very close
spacing. It is replacing the lead storage battery in trucks and buses.

1801. Fleischer, A. 94, 289, (1948)
Sintered Plates For Nickel-Cadmium Batteries.

Porous plaques are prepared by sintering carbonyl nickel powder of low apparent den-
sity. The plaques are impregnated with nickel or cadmium salt solutions and the heavy metal
ions precipitaied in the pores of the plaque by cathodic polarization in alkali hydroxide soiv-
tion. Sintered plates made by this procedure have been assembled into experimental cells for
study. A typical set of discharge curves is shown for a five plate experimental cell covering the
range from the twenty hour rate to the three minute rate.

1802. Wagner, C. 99, 346¢, (1952)
The Electrochemistry of Ionic Crystals.

In recent years the electrical properties of solid halides, oxides, and sulfides have been
widely investigated, particularly because these substances are used industrially in rectifiers and
photocells, as phosphors, an 1 for other purposes. In many cases, the electrical conductivity
depends not only on temperature but also on small deviations from the ideal stoichiometric
ratio of metal to nonmetal, the presence of foreign substances in small concentrations, and
eventually on grain size and previous heat treatment. By and large, reproducible results can be
obtained only if the significant chemical factors are adequately defined. Thus, the “electro-
chemistry”’ of ionic crystals has become an important topic of present research.

There are characteristic differences between the electrochemistry of aqueous solutions
and the electrochemistry of ionic crystals, b 1t still more remarkable seems the fact that there
are basic problems which can be treated by nnalogy. This is especially true with systems in-
volving predominant ionic conduction.
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In the following, the analogies between problems of aqueous solutions and those of ionic
crystals are stressed, in particular since the author has widely used such analogies in addition to
concepts borrowed from physics and crystallography.

1803. Huber, K. 100, 376, (1953)
Anodic Formation of Coatings on Magnesium, Zinc and Cadmium.

A report is given of recent investigations of anodically formed coatings on magnesium,
zinc, and cadmium in NaOH and Na, CO4 solutions. The growth of the coatings was followed
by means of x-ray and electron diffraction and electron microscopy. It was found that the metal
oxide was favored as initial product. Depending upon the relative magnitude of the solubility
products, the coatings remained in the form of oxides or were converted into the respective hy-
droxides or carbonates. The semiconductance of the initial coatings was significant in determin-
ing the electrochemical behavior of the electrodes.

1804. Dirkse, T. P. 101, 328, (1954)
The Nature of the Zinc Containing lon in Strongly Alkaline Solutions.

The nature of the zinc-containing ion in strongly alkaline solutions was determined by
measuring electrode potentials of zinc in such solutions under equilibrium conditions. Galvanic
cells were used in which junction potentials were practically eliminated. Results indicate that in
the concentration range of approximately 1—7M potassium hydroxide all the zinc is in the form of
a zincate ion, Zn(OH)4— —. The standard free energy of formation of this ion is —206.2 kcal.

1805. Dirkse, T. P. 102, 497, (1955)
Electrolytic Oxidation of Zinc in Alkaline Solutions.

A study has been made of the mechanism of the reaction taking place when zinc is anodi-
cally treated in potassium hydroxide solutions. The zinc-containing ion present in solution as a re-

sult of the anodic treatment is Zn (OH), ——. However, zinc oxide or hydroxide is an intermediate
leading to the formation of Zn(OH)4 ——. This latter ion then decomposes slowly to form zinc
oxide.

1806. Work, G. W., Wales, C. P. 104, 67, (1957)

Instrumentation for Use in Storage Battery Studies.
Instrumentation for use in a wide range of storage battery studies has been evolved.

This storage battery analyzer features simplicity and accuracy of control, a wide scope of vari-
ables measured, and a complete, continuous record.
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A null-balance servo system controls the output of the rectified d-c power supply at any
desired current or voltage by continuously regulating the a-c input. Individual plate potentials,
temperature, gas concentrations, and gas volumes are continuously measured and recorded. Op-
tional equipment permits additional types of automatic cycling or other use in varied applica-
tions. The possibilities of the use of such methods are briefly illustrated and discussed from

data on some Ni-Cd cells.

1807. Hamer, W. J., Craig, D. N. 104, 206, (1957)

¥ A Reproducible and Stable Silver-Silver Oxide Electrode.

A method is described for the preparation of silver-silver oxide electrodes which are stable

: and reproducible. When used in cells of the type Hg(1), HgO(s) | NaOH, aq. | Ag, O(s), Ag(s)
the silver-silver oxide electrodes give stabie potentials over periods of 38 days. No evidence was

found that Ag, Ag, O electrodes evolve oxygen, that Ag, O exists in different forms in aqueous
solutions at normal temperatures, that Ag, O reverts to a lower oxide, or that imperfections
& exist in the Ag, O crystal. The free energy and entropy changes for the reaction in the above
cell are —11254 cal. and —9.12 e.u., respectively, at 25 degrees C. These values are reasonably
consistent with the best available thermodynamic data. The standard electrode potential of the

Ag, Ag, O electrode is found to be —0.342 v at 25 degrees C.

& 1808 Lake, P. E., Casey, E. J. 105, 52, (1958)
=

"'«: The Anodic Oxidation of Cadmium 1. Mechanism of Film Formation.

g

L Cadmium oxidizes anodically in hydroxide solutions to form films of reaction products
' which control the subsequent anodic processes. The electrometrics of film formation and reduc-
"{, tion were determined, and various other definitive experiments were done which permit an in-

terpretation of the general mechanism of oxidation to be made. The film forms as CdO which

is converted into Cd(OH), at a rate dependent upon various experimental factors.
Interest in the Ni-Cd battery has focused our attention on the behavior of Cd durmg

electrolytic oxidation and reduction in KOH electrolyte, both with and without K, CO; im-
purity.

PROTE Y e R Y N
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The purpose of this work was to establish the nature of the anodic reactions on Cd metal
in caustic electrolytes, and to try to determine the general mechanism of the process.

1809. Dirkse, T. P., DeHaan, F. 105, 311, (1958)

Corrosion of the Zinc Electrode in the Silver-Zinc Alkali Cell.

A study has been made of the factors that affect or bring about the corrosion of the
zinc electrode in a silver-zinc-alkali cell. Cells containing 30% potassium hydroxide as electro-
lyte were used and kept at room temperature. Special attention was centered on open circuit
or stand conditions. This corrosion is affected primarily by oxyger and by dissolved silver

oxides.
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1810. Hadley, C. P., Rudy, W. G. 105, 395, (1958)
A Study of the Molded Nickel Cathode.

Research work on the molded nickel cathode is described. Results are given regarding
the effects on emission and life on variations in nickel powder, alkaline-earth carbonates, re-
ducing agents, sintering, and aging. Data on pulsed emission are presented.

1811. Graff, W. S., Stadelmaier, H. 105, 446, (1958)

Higher Oxides of Silver.

Samples of higher oxides of silver were prepared by several chemical and electrocheniical
procedures. Two distinct higher oxides were produced. The first, agentic oxide, AgO, is a black
powder and has a monoclinic structure for which lattice constants are derived. There is no
evidence of the existence of other crystalline forms of AgO. The second oxide, with silver in a
valence state higher than plus two, is present in some preparations along with AgO. The
stoichiometry was not determined. It is also black and has a face-centered cubic lattice. It de-

composed to AgO gradually over a period of months.

1812. Dirkse, T. P., Werkema, G. J. 106, 88, (1959)
Electrolytic Transition of Ag,0 to AgO in Alkaline Solutions.

An interrupted current technique was used to study the electrolytic oxidation of silver
in alkaline solutions. The short voltage peak just preceding the stage corresponding to the pro-
duction of AgO in the voltage-time curves is interpreted as being due to the high electrical re-

sistance to the Ag, O layer.

1813. Dirkse, T. P. 106, 154, (1959)
Composition and Properties of Saturated Solutions of ZnO in KOH.

In many alkaline batteries a soluble zinc anode is used. This produces, on discharge, a
solution of ZnO or zincate in the electrolyte. To deal with such solutions theoretically, it is often
necessary to know the values for certain physical properties of such solutions. For that reason
saturated solutions of ZnO in KOH were prepared and studied at different temperatures.

1814. Croft, G. T. 106, 278, (1959)

Controlled Potential Reactions of Cadmium and Silver in Alkaline Solution.

Data are reported on the eiectrochemical oxidation and reduction of both cadmium and
silver in potassium hydroxide electrolyte obtained using techniques in which the overpotential
was the independent and the current the dependent variable. The rate of oxidation of cadmium
is maximum at overpotentials of 18.0 and approximately 40.0 mv. The rate of reduction of
cadmium and the rate of oxidation of silver are both monotonically increasing functions of the

overpotential.
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1815. Dirkse, T. P., Wiers, B. 106, 284, (1959)
The Stability and Solubility of AgO in Alkaline Solutions.

Silver oxide is stable in boiling water and decomposes but very little at room tempera-
ture in strongly alkaline solutions. The presence of Ag, O does not affect this stability, but the
presence of unoxidized silver does increase the rate of decomposition. When AgO dissolves in
strongly alkaline solutions the dissolved form is primarily AgO and Ag(OH),-. The standard
free energy of formation of the latter is —85,380 cal/mole.

1816. Salkind, A. J., Zeek, W. C. 106, 366, (1959)
The Structure of AgO,

The structure of silver oxide (AgO) has been of interest to members of the Society as
evidenced by recent articles in the Journal, and by discussions at the Ottawa Meeting.

We would like to draw the attention of readers of this Journal to a group of researchers
whose earlier contributions to this field are often overlook2d. We refer to the work of Vladi-
miro Scatturin and his associates at the University of Padua. Their most recent paper was en-
titled ““The Crystalline Structure of AgO”.

They investigated the crystal structure of AgO using both copper and iron radiation
and listed in their paper 36 reflections obtained with Fe Ka radiation. They were able to index
all these reflections by the Ito method and concluded that the compound was monoclinic,
Space Group C, ¢ h = C 2/C with the following parameters.

1817. Dirkse, T. P. 106, 453, (1959)
The Silver Oxide Electrode.
A review has been prepared of the electrochemistry of the silver oxide electrode. The

discussion covers the structure and electrochemistry of tne oxides of silver and their behavior in
batteries.

1818. Lake, P. E., Casey, E. J. 106, 532, (1959)
The Anodic Oxidation of Cadmium 1. Mechanism of Film Formation.
(Discussion of previous paper)
1819. Bank, J. F., Garrett, A. B. 106, 612, (1959)

A Study of the Silver (I) Oxide-Silver (II) Oxide Electrode.

A reproducible emf of the cell Ag(c), Ag, O(c)/NaOH[(1M/AgO(c), Ag, O (¢c)], Pt is found
to be 0.262 v at 25 degrees C. From this value and the known potential of the Ag, Ag, O elec-
trode, the standard oxidation potential of the Ag, O, AgO electrode is —0.604 v. The tempera-
ture coefficient of the cell is +2.20 X 10! v/deg. The free energy, enthalpy, and entropy
changes for the cell reaction are —6049 cal, —4537 cal, and 5.07 cal/deg, respectively. From
these values and the existing thermodynamic data on Ag and Ag, O, values of 3463 cal, —2769
cal, and 13.81 cal/deg are calculated, respectively, for the free energy and enthalpy of formation
and for the entropy of AgO at 25 degrees C.
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1820. Palagyi, T. Z. 106, 846, (1959)
Investigations on the Silver-Zinc Alkaline Storage Battery by the Aid of Radioactive Isotopes.

The failure of silver-zinc storage batteries is generally caused by the negative electrode,
and less often by the'separator or the positive electrode. Both silver and zinc have isotopes
with suitable hard gamma radiation and half-life of about % year; consequently these isotopes
can be used easily for labelling of electrodes. This fact induced us to employ Zn®S and Ag'!°
isotopes for the purpose of life tests and for investigating processes taking place during storage
of the cells.

Our method was based on the hypothesis that, if Zn65 isotope is deposited on one of
the negative plates of the cell, then the path of the ions while cycling can be followed by the
aid of the radioactive contamination of the surface of the nonlabelled plates. The same prin-
ciple was used to label with Ag! ' © isotope the positive electrode of experimental cells and to
follow the path of the dissolved silver ions.

1821. Wales, C. P., Burbank, J. 106, 885, (1959)
Oxides On The Silver Electrodes.

Silver electrodes were studied by means of potentials and x-ray diffraction patterns.
The silver was charged anodically in 35% KOH by means of either constant current or constant
potential, and discharged at a low or high rate. Attempts were made to form an oxide higher
thar AgO by means of anodization. The products of anodization of silver in 2N H, SO, were
determined. The basis for the theory that the oxides of silver are formed by the introduction of
oxygen into the octants of the face-centered cubic silver lattice was examined.

1822. Lake, P.E., Casey, E. J. 106, 913, (1959)
The Anodic Oxidation of Cadmium II. Electrical Properties of The Film.

Cadmium electrodes under anodic oxidation in hydroxide and carbonate electrolytes
have been examined by analysis of the decay of overpotential after current interruption.

After passivation while oxygen is being evolved, except for a small instantaneous (< |
msec) ohmic drop, the potential decays logarithmically with time in the manner usually found
for the decay of activation overpotential of a gas electrode. Before passivation while the metal
is actively being oxidized, however, except for the small ohmic drop, the potential decays ex-
ponentially with time in two steps. This behavior is not described by activation theory.

Determinations were made of the capacitance of both the oxidizing and the passivated
cadmium, both from potuntial decay curves and from superimposed a-c. All the a-c values cor-
respond to those of a normal double layer, as to those obtained from decay measurements after
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passivation has occurred. However, the values obtained from decay curves before passivation
are two orders of magnitude higher early in the oxidation but drop rapidly toward the a-c
values as oxidation proceeds.

It is proposed that next to the Helmholtz double-layer at the CdO-electrolyte interface,
there exists a highly polarized inner double-layer in which the reaction OH- - O + H* takes
place. When the field strength across the inner double layer becomes high enough for the reac-
tion OH- — OH + e to take place instead, oxygen is evolved and the electrode passivates.

The roles of adsorption of OH- to form the Helmholtz layer and of interference by
CO, = are discussed in terms of the results.

1823. Dirkse, T. P. 106, 920, (1959)

The Oxidation of the Silver Electrode in Alkaline Solutions.

The formation of Ag, 0 and AgO was studied by means of constant current and constant
potential processes. The efficiency of these oxide formations was determined by measuring the
gain in weight of Ag electrodes under various conditions of charge, and the extent of the polariza-
tion of these processes was measured by using an interrupted current technique.

1824. Dirkse, T. P., Vrieland, E. G. 106, 997, (1959)

A Study of Zinc Noble Metal Couple in Alkaline Solutions.

A metal-like coating is formed frequently on copper or silver leads which are attached
to the zinc electrodes in commercial zinc-alkaline cells. This coating is zinc or a zinc-rich alloy.

The conditions under which this coating is formed have been studied, and several possible
mechanisms for its formation are presented and discussed.

1825. Kordesch, K., and Marko, A. 107, 480, (1960)
Sine Wave Pulse Current Tester for Batteries

An instrument has been developed which measures the voltage of a battery during dis-
charge, eliminating its ohmic component. The instrument is portable operated on 60 cycle
alternating current and features direct meter readings (instead of an oscilloscope). Its simplicity
and ruggedness make it especially suited for development and production control tasks. Results

of measurements on different types of cells are presented to illustrate the wide applicability of
the instrument.

1826. Croft, G.T. 167, 571, (1960)

Controlled Potential Reactions of Cadmium and Silver in Alkaline Solutions.
(Discussion of a previous paper)
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1827. Falk, S. U. 107, 661, (1960)
Investigations on the Reaction Mechanism of the Nickel Cadmium Cell.

X-ray diffraction patterns from electrodes submerged in electrolyte have been obtained
during charge and discharge by means of a special test cell, and the composition of the active
materials has been determined. The question whether CdO or Cd(OH), is formed during dis-
charge has been subject to special attention. The low potential reaction of the positive plate
has been studied. The emf and the dE/dT have been determined between —40 degrees and +50
degrees C at various states of charge

1828. Cahan, B. D., Ockerman, J. B., Amlie, R. F. 107, 725, (1960)
The Silver-Silver Oxide Electrode.

An a-c square wave technique was used to study resistance and double-layer capacity
during film formation on silver electrodes in KOH solutions. The peak in the voltage-time curve
at constant current anodization is shown to coincide with complete surface coverage by Ag, O
and is not an ohmic resistance, but rather an overvoltage effect. Evidence for the existence of an
unstable higher oxide than AgO (or additional oxygen) during oxygen evolution is presented.
Microvolumetric gas measurements with large area electrodes on open-circuit decay also support
this conclusion. The duration of the upper voltage plateau of the voltage-time curve during dis-
charge of AgO electrodes is determined by contact phenomena among individual AgO particles,
in particular by separation and passivation of the remaining AgO by insulating surface layers of

Ag, O.
1829. Dirkse, T. P. 107, 859, (1960)
The Cathodic Behavior of AgO in Alkaline Solutions.

A study has been made of the discharge of AgO to determine why only a part of the
discharge capacity of AgO is delivered at the potential of the AgO-Ag, O couple and to deter-
mine the role of oxygen in this process. The difference in discharge capacity of electrodes pro-
duced by constant-current and by constant-potential anodization also has been studied. A
mechanism involving the transport of O ions through the electrode material and the reaction
of these ions with the electrolyte is presented.

1830. Palagyi, T. Z. 108, 201, (1961)

Investigation on the Silver-Zinc Storage Battery With Radioactive Zn®> Isotope.

ZnéS isotope was deposited electrolytically on the middle negative electrode of silver-
zinc storage batteries assembled in three different ways. The path of the dissolved zinc ions
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could be followed by measuring the radioactivity of the nonlabelled electrodes. In the deterio-
rated cells all the negative and nearly all the positive plates became contaminated with the iso-
tope. The cycle life was longest with cells assembled tightly and with little electrolyte.

1831. Wales, C. P. 108, 395, (1961)
The Silver-Silver Oxide Electrode 1. Anodic Oxidation in Alkaline Solutions.

Silver electrodes were oxidized anodically at 25 degrees C in 35 or 50% KOH at con-
stant charge currents that ranged from the 'z to 40 hr rates. The electrodes were given both
partial and complete charges. Except at a low charging rate the capacity was higher in 35%
KOH than at 50% KOH. Oxidation was highly efficient at the first two potential plateaus.
During a charge at the Ag, O/AgO plateau initially Ag, O oxidizes to AgO and then the prevail-
ing reaction is Ag oxidizing to AgO. Simultaneously some AgO reacts with Ag to give Ag,0.

Under certain discharge conditions AgO may reduce directly to Ag, with Ag, O forming as a
secondary product.

1832. Duddy, J. C,, Salkind, A. J. 108, 717, (1961)
High Energy: Weight Ratio; Nickel Cadmium Cells.

Conventional nickel cadmium cells contain the active materials in either porous sintered
nickel plaques or in nickel or nickel-plated steel pockets or tubes. A new process, adaptable to
continuous methods of production, has been developed in which the active and conductive ma-
terials are dispersed in a microporous plastic structure. Cells with the high energy to weight
ratio of 40 whr/kg have been constructed. Cell volumes are equal to those of the sintered plate
design for equivalent capacities.

1833. Hills, S. 108, 810, (1961)

Thermal Coefficients of EMF of the Silver (I) and the
Silver (II) Oxide-Zinc-45% Potassium Hydroxide Systems.

Recently increased research efforts on the silver oxide-zinc couple reflect the increasing
importance of this system. Some thermodynamic data for this system have already been re-
ported but the reproducibility was too poor to indicate adequate reliability. This note
presents additional electrochemical data and thermodynamic values derived therefrom.

This was true also for the deviations between the two monovalent silver oxide cells, in-
dicating that the electrodes had come to equilibrium. However, the two divalent silver oxide
cells continuously differed by approximately 1 mv.
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1834. Amlie, R. F., Riietschi, P. 108, 813, (1961)
Solubility and Stability of Silver Oxides in Alkaline Electrolytes.

The solubility of Ag, O and AgO in alkaline electrolytes has been studied with a polar-
ographic technique, using a rotating platinum electrode. Only a monovalent (and no divalent)
silver species could be detected in solutions which had been in intimate contact with AgO powder
over prolonged periods of time.

Quantitative measurements of the solubility of Ag, O in KOH solutions ranging from
1-14 moles per liter, were carried out utilizing a potentiometric titration method. The solu-
bility has a maximum at about 6N KOH where it reaches a value of 4.8-10°% N.

The rate of the decomposition reaction 2AgO0 — Ag, O + 2 O, in alkaline electrolytes
was investigated with a very sensitive inicrovolumetric method. The reaction rate increases with
increasing hydroxyl ion concentration and is sznsitive to day :.ght. The decomposition appears
to proceed at the solid-liquid interface. Any divalent silver dissolving in minute amounts into
the electrolyte is decomposed rapidly due to its instability. The decomposition proceeds at a
rate of about 16% in 1 year at 30 degrees C and 49% in 1 year at 45 degrees C. This reaction can
contribute significantly to the self-discharge of AgO-Zn tatteries.

1835. Scatturin, V., Bellon, P. L. 108, 819, (1961)
The Structure of Silver-Oxide Determined by Means of Neutron Diffraction.

The crystal structure of AgO has been determined by means of neutron diffraction. The
nuclear scattering of Ag and O atoms has made it possible to determine the positions of the
oxygen atoms and to modify the space group which was reported for this compound from x-ray
data. No magnetic diffractions were observed even at liquid helium temperature; the absence of
magnetic scattering confirms the diamagnetism of the compound. The lattice was found to be
monoclinic, space group P 2, /c, with four formula weights of AgO in the unit cell. The siiver
atoms are not equivalent, and in the structure there are two Ag-O distances of 2.18A and 2.03&;
the first one corresponds to colinear Ag(1)-O bonds, the second distance corresponds to square
planar Ag(II1)-O bonds.

1836. Palagyi, T. Z. 108, 904, (1961)
Investigation on the Silver Zinc Storage Battery With Radioactive Ag! 10 Isotope.
The results of experiments carried out with Zn®5 isotope on the silver-zinc storage bat-

teries were presented before. Here the results of investigations performed with Ag! 10 iso-
tope are described.
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1837. Eisenberg, M., Bauman, H. F., Brettner, D. M. 108, 909, (1961)
Gravity Field Effects on Zinc Anode Discharge Alkaline Media.

Under conditions of zero-gravity such as may prevail in satellites and space vehicles the
absence of free convection may represent a major problem in the use of some primary or secondary
batteries. An experimental study was carried out on smooth zinc anodes in 30% KOH solutions
in which constant current discharge at various current densities was carried out to the point of
passivation. By use of thre = different orientations in the gravitational field, different modes of
mass transfer were obtained. An extrapolation of the results for low current density and long
duration runs (over 20 sec) led to three limiting current densities values for the three positions.
These values were also calculated from theoretical equations using measured or estimated physical
properties. The importance of free convection vs. diffusion was also demonstrated by means of
incremental fixed current-time experiments which determined anode capacity to passivation.
Physical properties of the system were measured and anodic dissolution studies were made to
obtain the necessary data for calculations. The gravity field effects important in systems involving
density gradients would become even more important under the influence of larger accelerations

in space vehicles or missiles. These accelerations could produce sizable differences in the perform-
ance of porous zinc anodes.

1838. Dirkse, T. P. 109, 173, (1962)
The AgO—Ag,0 Electrode in Alkaline Solution.

The standard potential of the AgO/Ag, O/OH- electrode has been found by direct measure-
ment against a hydrogen electrode to be 0.599 £ 0.001v at 25°C. The value appears to vary
slightly with KOH concentration. Furthermore, dE/dT values appear to change with KOH concen-
tration as well as with temperature. Voltages measured with pellets of AgO and Ag, O show that
the voltage is determined by the materials present at the grid.

1839. Salkind, A. J., Bruins, P. F. 109, 356, (1962)
Nickel Cadmium Cells 1. Thermodynamics and X-Ray Studies.

Voltage decays of electrodes in sintered type nickel-cadmium cells were measured in cells
stored at temperatures between — 18 degrees and 52 degrees C. The heat of reaction of the cell
was calculated to be —64 kcal/g mole. The solid reaction products of the cell were studied,
in situ, by x-ray techniques, in special cells designed to fit on an x-ray diffractometer.

1840. Salkind, A. J., Duddy, J. C. 109, 360, (1962)

The Thermal Runaway Condition in Nickel Cadmium Cells
and Performance Characteristics of Sealed Light Weight Cells.

The thermal runaway condition, sometimes called the vicious cycle, can be caused in
almost any type of cell under certain conditions. The underlying causes of the runaway con-
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dition are discussed with specific application to sealed nickel-cadmium cells on constant po-
tential overcharge. The discharge and overcharge performance characteristics of sealed nickel-

“cadmium cells with plastic electrodes are presented. These cells operated at high energy density
levels on both a weight and voiume basis and were more difficult to put in the runaway
condition.

1841. Eicke, Jr., W. G. 109, 364, (1962)
The “Vicious Cycle” in Secondary Batteries—A Mathematical Approach.

Equations relating voltage, temperature, heat capacity, time, and current have been
derived for a cell on constant-potential charge. Assuming the cell to be fully charged and
thermally isolated from its surroundings, thereby retaining all of the electrical energy supplied
to it, the equations derived are

| (Va o VAH) (AH* — aFn)
1/i = —— t
AT IRT,? C
(4] P
and
1 2R i
1/T = + In 13

f 3 AH* — aFn i

o0

where i is the current, t the time, T the absolute temperature, V, the applied voltage,
Vay thevoltage corresponding to the fraction of the electrical energy converted into chemical
energy, AH* the activation energy for the electrode reaction, a the transfer coefficient, n
the activation overpotential, i, and T, the initial current and temperature, respectively, and
C, the heat capacity of the cell. The equations have been verified experimentally. The case
where cooling occurs is also considered.

1842. Makrides, A. C. 109, 977, (1962)

Hydrogen Overpotential on Nickel in Alkaline Solution.

The exchange current, Tafel slope, stoichiometric number, and limiting anodic current
of the hydrogen reaction on nickel on 0.1N NaOH depend on the pretreatment and the polar-
ization history of the electrodes. The discharge step of the Volmer-Tafel mechanism is rate-
determining on surfaces characterized by high fractional coverage with adsorbed hydrogen. Such
surface states are metastable however and are transformed on anodic-cathodic cycling to states
which adsorb hydrogen weakly. The exchange currents for the discharge and combination steps
are then about equal.
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1843, Hampson, N. A., Tarbox, M. J. 110, 95, (1963)
The Anodic Behavior of Zinc in Potassium Hydroxide Solution 1. Horizontal Anodes.

A study of the anodic behavior of horizontal zinc electrodes in KOH solution has
shown that the equation

G — i) t% =k

holds for concentrations in the range 1-13.8M and passivation times in the range 10-800 sec.

% The constant k depends on the KOH concentrations and attains a maximum value in the region
of 8.5M KOH: i , the maximum current density attainable without passivation, from a least
squares fit is very near zero in all cases. From the linear parts of the curves connecting anode

: potential and time, value of dE/dT indicate that the conductivity of the anodic product prior

to passivation depends on the concentration of the KOH eclectrolyte. This conductivity passes
through a maximum in the same region as that which produces the longest passivation times.

1844. Weininger, J. L., Breiter, M. W. 110, 484, (1963)
Effect of Crystal Structure on The Anodic Oxidation of Nickel.

The formation of Ni (OH), and NiOOH on different crystal planes of nickel, and of
polycrystalline nickel, was studied in alkaline solution. Oxide films of less than two mono-
layers were reduced potentiostatically, then current-potential curves were measured in the
range —200 to 1600 mv at different rates of the linearly increasing potential. Electron dif-
fraction and microscopy were used to develop a suitable experimental procedure for dealing
with bare and smooth nickel surfaces. The extent of oxide film formation in air on different
planes was in the order (110) > (100) > (111). The reactivity on anodization, characterized by
the potential at which the equivalent of one monolayer of hydroxide is formed, was in the same
order: On continued oxidation the structure of the crystal surface is lost; subsequent reduction
forms a strongly disordered surface. The results are discussed with regard to the mechanism of
anodization, the extent of differences between crystal planes, and the conditions under which
they are maintained or lost.

;
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1845. Fleischmann, M., Thirsk, H. R. 110, 688, (1963)

The Growth of Thin Passivating Layers on Metallic Surfaces.

The main problem in interpreting the passivation of metals in terms of a theoretical
model lies in the nature of the “passivating material.”” Discussion repeatedly returns to this
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question, and the answer usually takes one of two extreme forms, the first: passivation is due
to a three-dimensional film of a definite chemical phase; the second: passivation is due to a
disordered monomolecular array of absorbed ions or molecules. In the light of the discussion
given in this paper we might well add a third form: passivation is due to an ordered mono-
molecular, two-dimensional filin of a definite chemical phase.

1846. Horne, R. A., Bannon, W. J., Sullivan, E., Frysinger, G. 110, 1282,(1963)

The Effect of Pressure on the Conductivity of Battery Electrolytes.

The electrical conductances of battery electrolytes have been measured at one atmos-
phere and of relatively dilute solutions of other electrolytes at elevated pressures, but in-
adequate information exists concerning the effect of pressure on the electrical conductance of
battery electrolytes such as concentrated KOH and H, SO, solutions.

1847. Wales, C. P. 111, 131, (1964)

Charging the Silver Oxide Electrode with Periodically Varying Current I.
Brief Increases of Current.

Pulses of charge current were added to a constant charge current while a silver electrode
was being charged (anodically oxidized) at the 20-hr rate. While charging at the Ag, O/AgO

potential plateau the polarization was lower following a pulse than it was before the pulse. This
is believed to be the result of breaking the oxide layer. In 35% KOH the discharge capacity fol-

lowing a charge with pulses reached a maximum that could be considerably greater than the
normal capacity. Capacity then decreased as the charge pulse current, pulse length, or pulse
frequency increased. In 50% KOH the capacity was always below normal after similar pulses.
A commercial silver-zinc secondary cell containing 44% KOH gave intermediate results.

1848. Dirkse, T. P., Vanderlugt, L. A. 111, 629, (1964)

Factors Affecting the Transport of Ag in Ag-Alkaline Batteries.

A study has been made of the factors which control the amount of silver which is
introduced into the electrolyte during the operation of a silver-alkaline battery. Part of this
work was done with the use of radioactive silver as a tracer. Silver is introduced into the electro-
lyte during all phases of the operation of a silver-alkaline battery. However, it can be increased
by charging at lower current densities or by operation at the Ag/Ag, O voltage level. A possible
mechanism for the electrolytic formation of the oxides is also given.
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1849. Weininger, J. L., Breiter, M. W. 111, 707, (1964)
Hydrogen Evolution and Surface Oxidation of Nickel Electrodes in Alkaline Solution.

The electrochemical processes which occur on nickel electrodes in 4N KOH during a
slow-speed anodic potential sweep between —300 and +1500 mv were studied. Tafel plots for
hydrogen evolution were determined under different conditions, and the impedance was meas-
ured at 100 cps as a function of potential. The results are interpreted in terms of the adsorbed
species. It is confirmed that hydrogen evolution between —300 and —100 mv is controlled by
the discharge step of water molecules (Volmer reaction) and that the coverage with electro-
chemically active hydrogen atoms is small in this region. Prior to the formation of Ni(CH}, an
adsorbed layer of OH-radicals appears to be formed.

1850. Burbank, J., Wales, C. P. 111, 1002, (1964)

Electrolytic Cell for X-Ray Diffraction Studies of Electrode Phenomena.

This report describes a cell designed for use on a General Electric horizontal circle x-ray
spectrogoneometer, permitting the x-ray examination to be made simultaneously with electro-
chemical measurements and visual observations.

1851. Posey, F. A. 111, 1173, (1964)

Methods for the Calculations of Polarization in Porous Electrodes.

Solutions in closed form are presented for the polarization behavior and the distribution
of current and potential in idealized, one-dimensional porous electrodes in the case of a simple
oxidation-reduction reaction under pure activation control. Exact solutions are derived for
transfer coefficients of 1/3, 1/2, and 2/3 for electrodes of finite length, while solutions for
semi-infinite electrodes are given for transfer coefficients of 1/4, 1/3, 1/2. 2/3, and 3/4. An
approximate method for calculating current and potential distributions in porous electrodes is
proposed which is valid for any value of the transfer coefficient, and exact and approximate
solutions are compared.

1852. Tuomi, D. 112, 1, (1965)

The Forming Process in Nickel Positive Electrodes.

A detailed study has been made of the phases produced and their geometric distribution
during formation of Edison-type tubular positive nickel electrodes. The initial charging in
lithiated KOH electrolytes, converts the Ni(OH), to a beta phase having a solid solution range
for di- and tetravalent nickel. The beta crystalline structure is related to LiNiO,. This phase
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can be further oxidized to alpha phase, a tetravalent nickelate having appreciable trivalent nickel
solid solubility. Alpha phase is most readily formed during Ni(OH), oxidation in concentrated
KOH or NaOH electrolytes, but does not form in LiOH electrolytes. The addition of LiOH to
the battery electrolyte contributes to alpha phase discharge and limits alpha phase reformation.
The contribution of alpha phase to electrochemical capacity is limited by a low effective ex-
change current as compared to the beta phase.

1853. Wales, C. P., Burbank, J. 112, 13, (1965)

Oxides on the Silver Electrode II. X-Ray Diffraction Studies of Working Silver Electrodes.

Silver electrodes were examined in 20-50% KOH using a cell permitting simultaneous
x-ray diffraction and electrochemical studies. Highly oriented smooth rolled sheet Ag de-
veloped randomly oriented Ag on its surface during early cycles. Charge-discharge capacity
increased to a maximum as surface area increased. AgO crystal size and amount formed varied
inversely with charging c.d. High charge rates gave tight coatings of small AgO crystals that
ignited further oxidation. Reactions took place initially at the outer surface of the electrode.
Oxidation to Ag, O and AgO and reduction to Ag, O and Ag occurred by formation of distinct
crystals rather than expansion or contraction of preexisting crystal lattices. Discharge capacity
at the AgO/Ag, O potential plateau depended more on surface area than on quantity of AgO.
A slow discharge produced smoother Ag surfaces, lowering capacity of the next cycle. There
was never evidence of a suboxide, oxidation state higher than AgO, solid solution, or alloy of
oxygen and silver.

1854. Shepherd, C. M. 112, 252, (1965)
Design of Primary and Secondary Cells I. Effect of Polarization
and Resistance on Cell Characteristics.

The current density distribution in a battery is a function of electrode height, electrode
resistance, electrolyte resistance, and polarization. Mathematical solutions have been obtained
for those cases where the polarization curves are either linear, logarithmic, or cubic. A nu-
merical method is indicated for finding a general solution. In the case of linear polarization,
the results are presented in graphs which show the current density distribution and other cell
characteristics over a wide range of operating conditions. The determination of these cell
characteristics can be of considerable importance in cell design. For practical applications, the
complex mathematical calculations involved in the cases of logarithmic and cubic polarization
can be eliminated by the use of transformations which convert them to the linear case.
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1855. Casey, E. J., DuBois, A. R., Lake, P. E., Moroz, W. J. 112, 371, (1965)

Effects of Foreign lons on Nickel Hydroxide and Cadmium Electrodes.

The behavior of individual positive and negative electrodes of the sintered-plate nickel-
cadmium battery system in the presence of foreign ions in KOH solutions has been examined.
Carbonate choke: The variation of electrochemical capacity as a function of carbonate con-
tamination of the electrolyte, temperature, and current density was measured for both positive
and negative electrodes. The effect of carbonate on the negative cadmium electrode is much
greater than on the positive. The general mechanism and the role of intermediate complexes
are discussed. Nitrate shuttle: Self-discharge occurs in cells contraining nitrate, as a result of
reduction of NO, —to NO, — at the cadmium electrode with subsequent reoxidation to NO, —
at the nickel hydroxide electrode. Cations on the positive: Addition of Li*, Ag* Sb*3, A1+3,
and As*? to the electrolyte had effects on capacity and on charge-retention of well-formed
nickel hydroxide positive electrodes. Lithium promoted the highest average oxidation, parti-

cularly at high temperatures (55 degrees C). Arsenic was the best inhibitor of loss of charge.
Possible mechanisms are discussed.

1856. Gubbins, K. E., Walker, Jr., R. D. 112, 469, (1965)

The Solubility and Diffusivity of Oxygen in Electrolytic Selutions.

Measurements of the solubility of oxygen in sulfuric acid, phosphoric acid, and po-
tassium hydroxide are reported, together with values of the diffusivity of oxygen in potassium
hydroxide solutions at 25 degrees C. It is shown that for the electrolyte concentrations com-
monly employed in fuel cells the solubility and diffusivity of oxygen may each be reduced to
as little as 2% of their corresponding values for pure water.

1857. Shepherd, C. M. 112, 657, (1965)

Design of Primary and Secondary Cells II. An Equation Describing Battery Discharge.

A discussion is given of the derivation and application of an equation which gives an
excellent description of a wide variety of cell and battery discharges. This equation gives the
cell poteiitial during discharge as a function of discharge time, current density, and certain
other factors. It makes possible a complete description of cell discharge characteristics, using
a minimum of experimental data and at the same time pinpointing experimental errors. It can
also be used to describe cell charges, capacities, power evolution, and to predict capacities. A
description is given of a simple numerical method for fitting this equation to a particular set of
battery discharge curves. A graphical method is described for comparing characteristics of
various types of cells.




ELECTROCHEMICAL SOCIETY, JOURNAL OF (Cont.)

1858. Kober, F. P. 112, 1064, (1965)

Analysis of the Charge-Discharge Characteristics of
Nickel Oxide Electrodes by Infrared Spectroscopy.

Infrared spectroscopy is shown to be a sensitive tool in studies of the structure of
electrochemically active materials and in elucidating the mechanism of charge and discharge.
The spectrum of the sintered nickel-oxide electrode, impregnated using standard procedures,
has been determined in the region between 4000 and 250 cm— 1. These spectral data shown
the discharged state to be Ni(OH), having a hexagonal layer structure isomorphic with the space
group D, 3. The hydroxyl groups are parallel to the c-axis of the crystal and are “free” in the
sense that hydrogen bonding is absent. Associated with this structure is a relatively small amount
of water which is trapped in the crystal lattice through the formation of coordinate-covalent
bonds with the nickel ions. The charging process is accompanied by the formation of a hydrogen-
bonded structure possessing a higher degree of crystal symmetry than is found in the discharged
state. During discharge, these hydrogen bonds are continuously broken, and the structure
transforms back to a free hydroxyl configuration.

1859. Jost, E., Rufenacht, F. 113,97, (1966)

Polarization Studies on Sintered Plate Electrodes
Containing Various Amounts of Ni(OH), .

Porous, sintered plate, nickel oxide electrodes containing varied amounts of active ma-
terial (nickel hydroxide) were investigated with a single pulse interruption technique. Double
layer capacitance measurements and long time overvoltage decay suggest that the nickel hy-
droxide deposited in the pores in sequential impregnatiosis is deposited as a sponge of discrete
particies. The available surface area proves, therefore, to be proportional to the Ni(OH), weight.
The long decay times indicate solid-state diffusion or relaxation phenomena on top of liquid
concentration overvoltage, which becomes increasingly important with heavily impregnated
electrodes. ‘

1860. Kober, F. P., Lublin, P. | 113, 396, (1966)

Potassium Distribution in Nickel-Oxide Electrodes.

Various authors have considered the role and distribution of potassium ion in the
electrochemical oxidation of nickel-oxide electrodes in alkaline solution. Bourgault and Con- -
way were able to relate extrapolated values of the “reversible” ‘electrode potential to-the
activity of H, O and KOH in the electrochemical oxidation reactions using the data of Akerlof
and Bender. Their results indicate the association of hydrated KOH with the charged state.

‘A formal reaction is given and shows the discharged state to be free of any adsorbed KOH. These
results are in qualitative agreement with the previous work of Kornfeil. Neither of these au-
thors has considered the inclusion of potassium into the crystal structure of the active materials.
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1861. Bro, P., Cogley, D. 13, 521, (1966)

A Stable High-Valency Nickel Oxide.

A high-valency amorphous nickel oxide prepared by the hypochlorite oxidation of
nickel nitrate exhibited a mixture of oxidation states characterized by a mean nickel valency of
approximately 3.5. The high-valency amorphous oxide was stable in strongly alkaline solutions,
but it decomposed rapidly below pH 9. The oxide discharged efficiency when used as a cathode
in an alkaline primary cell.

1862. Breiter, M. W., Weininger, J. L. 113, 651, (1966)

Anodic Oxidation of Cadmium and Reduction of Cadmium Hydroxide
and Oxide in Alkaline Solutions.

The anodic oxidation of smooth cadmium and the subsequent reduction of cadmium
hydroxide and oxide were studied by voltammetric methods with and without superimposed
a-c voltage. Under voltammetric conditions a layer of Cd(OH), appears to be formed at po-
tentials below the passivation potential. Passivation results from a continuous thin film which
forms at potentials between 0.005 and 0.1v. The small capacitance and the large resistance of
the interface electrode/solution are due to this film. On reduction the thin film is reduced first.
A pseudocapacitance which is attributed to the adsorption of OH radicals is observed during
the anodic sweep in a potential range where formation of Cd(OH), or CdO is not yet possible.

it o S 7 e e g,

1863. Wales, C. P. 113, 757, (1966)

Charging the Silver Oxide Electrode with Periodically Varying Current I1.
Repeated Open Circuit Periods.

Sintered silver electrodes were oxidized anodically in 35-50% KOH at 25 degrees C,
usually at the 20-hr rate, sometimes at faster rates. Length of charge plus open-circuit periods
varied from 8 hr to 1/60 sec. A particular charge length and open-circuit length was repeated
until oxygen evolution occurred. In 50 or 45% KOH this charge method gave either the same
capacity as a constant d-c charge or less capacity, but in 35% KOH the improvements averaged
as high as 40% under certain conditions. Best results were obtained when the preceding dis-
charges were at low rates.

1864. Aia, M. A. 113, 1045, (1966)
Hydrothermal Studies of the System NiO - H,0.

Crystal growth and phase changes in the system NiO-H, O were studied by treating
precipitated Ni(OH), in a hydrothermal apparatus at temperatures from 200 degrees to 400 de-
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grees C and H, O pressures from 0.2 to 2.1 kbar (kilobars). The only solid phases found were
Ni(OH), with the brucite structure and NiO with the rocksalt structure. At 285 degrees C + 5
degrees C Ni(OH), converted to NiO, with very little effect of pressure on decomposition tem-
perature. The best crystals of Ni(OH), were obtained by treatment of 40% KOH solution at
200 degrees C and 1.0 kbar. It was not possible to convert NiO to Ni(OH),. Hydrothermal
treatment of Ni,O; - H, O, which was poorly crystallized, gave a black material exhibiting a
novel x-ray diffraction pattern containing the lines of y-NiOOH.

1865. Makrides, A. C. 13, 1158, (1966)

Electrochemistry of Surface Oxides.

The electrochemical properties of surface oxides, particularly as they affect redox re-
actions at electrodes, are discussed. Experimental results on the effects of surface oxides on
hydrogen evolution on nickel, on redox reactions on iron, on the hydrogen peroxide reactions
on gold, and on oxygen evolution on lead are presented and discussed. The kinetics of forma-
tion and reduction of surface oxides are also examined with particular reference to gold elec-
trodes where extensive measurements have been obtained.

1866. Shepherd, C. M., Langelan, H. C. 114, 8, (1967)

High Rate Battery Electrodes.

It has been shown previously that metal plates of controlled porosities and high surface
areas can be produced by the electrolytic reduction of metal compounds subjected to controlled
physical pressure during electrolysis. When these plates are discharged as anodes in test batteries
their capacities and ampere hour efficiencies are found to increase rapidly as the porosity in-
creases. At porosities of 85-90%, high efficiencies were obtained for extremely high discharge
rates over a range of temperatures extending down as low as —60 degrees C. Similar re<ults
were obtained with high porcsity cathodic active materials. The active materials thus tested
included zinc, cadmium lead Ag, O, and AgO, all of which were highly successful, thus indicat-
ing that the technique can be applied to a wide range of batteries and active materials.

1867. Langer, A., Patton, J. T. 114, 113, (1967)
A Coulogravimetric Study of the Sintered Silver Electrode
in 1-Molar Potassium Hydroxide.

Weighing of a sintered silver electrode while immersed in electrolyte during cathodic
and anodic reaction reveals breaks in the weight change-coulomb curves. The different slopes
can be explained by the volume change during phase transformation, affecting the buoyancy
of the electrode. These breaks coincide with the potential changes of the plate, measured
| against a reference electrode.

o
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1868. Kober, F. P. 114, 215, (1967)

Infrared Spectroscopic Investigations of Charged Nickel Hydroxide Electrodes.

Through the use of deuterated samples of Ni(OH), electrodes at various stages of charge,
it has been possible to make definitive band assignments for the structures of the active ma-
terial. The relative intensity of the band due to hydrogen bonding in the charged state is shown
to be a measure of the electrochemical capacity of the system. The charging reaction gives rise
to the formation of active oxygen sites (as defined by Aia) through 2 siie alteration mechanism
in addition to the formation of hydrogen bonded sites within the charged phase. The mechanis-
tic and structural implications of these spectral data are discussed in detail.

1869. Aia, M. A. 114, 418, (1967)

Structure and Stoichiometry of Nickel Hydroxide In
Sintered Nickel Positive Electrodes.

Differential thermal analysis (DTA) is shown to be a powerful tool in the study of the
structure of electrochemically active materials. DTA was combined with chemical and x-ray
diffraction analysis to follow both the electrolytic development in KOH solutions and the termal
decomposition of the charged state of sintered nickel electrodes impregnated with nickel hy-
droxide. The charged state contains active oxygen, insoluble potassium, water of constitution,
and water of hydration. The electrochemical capacity is close to the electrochemical equivalent
of the active oxygen formed on charging. The layer lattice is distorted and decomposes g
exothermically to NiO when heated above 100 degrees C. :

1870. Weissman, E. 114, 658, (1967)

Structural Studies of Porous Electrodes. §

Nondestructive techniques are described for the measurement of total electrode surface :
area, microporosity and pore size distribution, total porosity, and fraction of total porosity con- :
sisting of open pores. These measurements have been applied to a class of composite porous
electrode structures based on platinum black, Teflon, and a metal screen current collector. They
have been shown to correlate with electrochemical performance on the basis of exponential re-
lationships of the type

i = aexp (bSorb ZV)

where i is the current or limiting current density based on the geometric electrode area, S
is the total (BET) surface area, £V is the cumulative micropore volume, and a and b are
constants depending on the type of electrode and experimental conditions. The electrochemical
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performance of the electrodes was shown to increase with an increase in the percentage of total
open (i.e., accessible) porosity consisting of micropores. It is not clear, at present, whether the
relative importance of the micro- and macro-pore structures is actually conducive to maximuin
or asymptote-type of optimum structure, since no macropore size distribution data are now
available. Within the micropore range of 25-350A pore radius it was shown that the range
25-200 is performance-determining for the class of composite electrode that was studied.

1871. Hampson, N. A., Larkin, D., Morley, J. R. 114, 817, (1967)
The Double Layer Capacitance in Aqueous Solution I Polycrystalline Silver.

There is however general agreement that during the early stages of electrode/electrolyte
contact, pronounced capacity changes occur. Wagner observed a rapid reduction of double
layer capacity on a freshly formed silver surface in contact with KC1 solution. Gerischer and
Fischer found that the double layer capacity on silver fell to one half of its initial value in
about 5 min at room temperature. Although certain results might be explained by the adsorption
of impurities from solution on to the electrode in general impurity levels have been satisfactorily
controlled. Moreover initial changes in electrode activity have been reported for other metals,
e.g., zinc, lead, and copper, and it is likely that pronounced changes in double layer structure
occur on all metals during the early stages of electrode/electrolyte contact.

The purpose of this note is to present recent experimental findings of the double lover
capacity of silver in sodium perchlorate solution.

1872. Hampson, N. A., Larkin, D. 114, 933, (1967)
The Double Layer Capacitance in Aqueous Solution II Polycrystalline Cadmium.

Experiments with exchange reactions at solid cadmium electrodes have indicated interest-
ing time dependencies. Discussion of these results has necessitated a knowledge of the double
layer capacity-potential curves for cadmium and the position of the pzc. Although Russian workers
had reported the results of differential capacity measurements on solid cadmium in KCI solu-
tion it was decided to redetermine the curves and to extend the results to NaClO, electrolytes.

In this note the results of differential capacity measurements on flat polycrystalline cadmium in
aqueous KCl and NaClO, electrolytes are reported.

1873. Baker, C. T., Trachtenberg, 1. 114, 1045, (1967)
Conductivity of KOH and KOH-ZnO Electrolytes from 36° to 66°C.
Currently, emphasis is being placed on the research of alkaline batteries using the negative

zinc electrode, and more information is needed on the KOH and KOH-ZnO electrolyte systems
which are used in such batteries. In this note data are presented on the specific conductivities of
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various KOH and KOH-ZnO solutions as a function uf temperature between 36° and -66°C and
on the solubility of ZnO in these KOH solutions. These latter data are in agreement with those of
other investigators.

1874. Malachesky, P., Jasinski. R., Burrows, B. 114, 1104, (1967)
Impurity Effects in the Pre-Electrolysis of Caustic Electrolytes.

Pre-electrolysis is a common purification technique for aqueous solutions. However,
detectable quantities of dissolved anode metal are found in caustic electrolytes, if one of the
pre-clectrolysis electrodes is allowed to reach the oxygen evolution potential. The reduction of
0O, on oxidized cadmium and the displacement of the H, evolution potential on gold are useful
tests for this phenomenon. Holding the Pt anode at +500 mv (vs. DHE) or less prevents dissolution.
Significant purification is accomplished on a high surface area platinum fuel cell electrode held
<4300 mv (vs. DHE). Some of the impurities adsorbed by the electrode are desorbed at +500 mv.
In the purified electrolyte little activity for oxygen reduction was found on oxidized cadmium; the
reaction on reduced cadmium is diffusion limited.

1875. Dirkse, T. P., DeWit, D., Shoemaker, R. 114, 1196, (1967)
Silver Oxide Electrode Processes.

The cathodic and anodic overvoltages at a silver electrode were measured in a range of
KOH concentrations of 20-45%. The values of these overvoltages undergo a change in 30-35%
KOH. Similar changes or maxima or minima have been observed for other phenomena in KOH
solutions, e.g., double layer capacitance. An attempt to account for these changes is made in terms
of ion-pair association in concentrations greater than 35% KOH. This association is due to insuf-
ficient solvent for the normal hydration of the ions.

1876. Dirkse, T. P., DeWit, D., Shoemaker, R. 115, 442, (1968)

The Anodic Behavior of Zinc in KOH Solutions.

The anodic behavior of zinc in strongly alkaline solutions was studied making special note
of the limiting current density and of the overvoltage for the zinc/zincate reaction. The effect of
temperature, KOH concentration, presence of zincate and amalgamation on these values was
measured. Under the conditions studied, zincate ion diffusion away from the electrode controls
the limiting current density. The overvoltage at amalgamated electrodes is that for the charge
transfer reaction, while at nonamalgamated electrodes it is due to adatom diffusion.
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1877. Tuomi, D., Crawford, G. J. B. 115, 450, (1968)

-

The Nickel Positive Electrode I1. Semiconduction and Electrode Performance.

The anodic oxidation of nickel hydroxide in pure lithium hydroxide eiectrolytes processes
an n-type semiconductor. The anodic oxidation involves lithium migration into the active material.
The beta phase is characterized at room temperature by Seebeck coefficients near —100 uv/°K
and electrical conductivities of 1 mho/cm. This is in contrast to the positive Seebeck coefficient
for lithium nickelate.

1878. Dyson, W. H., Schreier, L. A, et al. 115, 566, (1968)
Physical-Chemical Studies of KOH-ZnO Electrolytes.

Physical-chemical studies of the electrolyte system KOH-ZnO in the range 30-46% aqueous
KOH are described. Vapor pressures at 100° -145°C were obtained in sealed bombs equipped with
gauges. Electrical conductivities of samples were measurcd at 10°, 25°, and 55°C. ZnO solubilities
over the range 10° -145°C were determined by analysis of KOH solutions saturated with ZnO; a
special solubility avparatus was constructed to obtain samples at temperatures above 100°C.

1879. Wales, C. P. 115, 680, (1968)

Charging the Silver Oxide Electrode with Periodically Varying Current I11.
60 cps Asymmetric A. C.

The discharge capacity of sintered silver electrodes in KOH solutions was improved 40-50%
when the prior charge was made by a 60 cps asymmetric a.c. composed of two opposing half-wave
currents 180° out of phase, rather than a constant charge current, both at the 20-hr rate in 35%
KOH at 25°C. Commercial Ag-Zn cells containing similar silver electrodes gave capacity increases
of 15-25% under the same conditions. Capacity depended on the proportion of charge and dis-
charge components of the a.c. Capacity improvements were smaller when net charge current was :
at the 6-hr rate, when charge current was composed of 60 cps half-wave reverse current super- j
imposed on constant charge current, or when the KOH concentration was increased. No significant .
improvement occurred when the charge with reverse current followed a series of discharges at the

1-hr rate.
1880. Dirkse, T. P., Shoemaker, R. 115, 784, (1968)
Double Layer Capacitance of Zinc Electrodes in KOH Solutions.

The double layer capacitance of amalgamated and nonamalgamated zinc electrodes has
been measured in a range of KOH solutions at room temperature. The presence of zincate ions and
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of surface active materials modifies the capacitance values. There appears to be some correlation
between the extent to which a surface active material modifies the double layer capacitance and ;
its effectiveness in increasing the cycle lifc of the zinc electrode. :

1881. Fleischer, A. 115, 816, (1968)
The Sclubility of Silver (II) Oxide in Alkaline Solutions.

The solubility of AgO in potassium hydroxide solutions has been reported by Dirkse and
Wiers up to SM KOH and by Hills up to 12M KOH. The authors of both papers indicated that
the solubility curve as a function of KOH concentration at 25° C was the same as that for the
solubility of silver (I) oxide, Ag,0. Amlie and Ruetschi indicated that there was an uncertainty
with regard to the solubility of AgO. They considered the coincidence in the solubilities of the
two oxides to be rather suspicious, citing that Dirkse et al. did not show that the dissolved species
ns bivalent. Subsequently Hills refers to the “proven presence of a higher valent species.”

1882. Otto, E. M. 115, 878, (1968)

Rates of Dissociation of Ag,0,.

The dissociation of Ag,0, into Ag,0 and O, has been investigated over the temperature
.‘ range from 22° to 100°C for the dry material, for water slurries, and for slurries in KOH solutions
g of concentrations from 1 to 13M. The method consisted in measuring the O, volume while the

dissociation was progressing, and in most cases very smooth curves were obtained when the
volume of dry O, corrected to 0°C, 760 Torr, per gram of sample was plotted against time. ,
Ag, 0, in water had the lowest rate of evolution, dry Ag, 0, had an intermediate rate, and 3
Ag, 0, in the high concentrations of KOH solution, such as are used in Ag-Cd cells, had the
highest rate. The rates ranged from 0.0001 to 1.8 m! hr! gl

1883. Wales, C. P. 115, 985, (1968)

Charging the Silver Oxide Electrode with Periodically Varying Current IV,
Intermittent Constant Current Reversals During Charge.

Sintered silver electrodes of the type used in storage batteries were charged by a constant
current that was interrupted by periodic constant current discharges. Comparison to results from
constant current charges showed a large capacity increase when the 20-hr constant charge current
was reversed for 15 min out of every 60 min, but the total time required for a charge had increased
greatly. Capacity could be improved a smaller amount, without charge time becoming excessive,
by partly discharging the silver electrodes the first one or two times that potential reached a chosen .
value near the end of a constant current charge. In general, capacity improvement decreased as
KOH concentration increased. Commercial silver-zinc cells always gave less improvement than the
test cells.
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1884. Langer, A., Pantier, E. A. 115, 990, (1968)
A Coulogravimetric Investigation of the Zinc Electrode in Potassium Hydroxide.

The presented results obtained by weighing the zinc electrode in the electrolyte during
the discharge cycle agree with data of others and explain why the capacity of the zinc electrode
is a function of the amount of electrolyte used and roughly linearly dependent on the concentra-
tion of the potassium hydroxide up to about 10M. Previous results, that part of the zinc goes into
solution, part is precipitated out as oxide or hydroxide, and that some adherent layer is formed
which finally forces the potential of the plate to drop sharply, are substantiated on a more quanti-
tative basis. The experiments also indicate that the relatively thick scale formed might not be the
sole cause of the passivation phenomena.

1885. Hersch, P. A. 115, 1100, (1968)
Galvanic Monitoring of Battery Gases.

The rates of evolution of oxygen and hydrogen from a battery can be transduced continu-
ously to an electric current for recording. A stream of nitrogen carries the evolved gases into a
self-attenuating system with a galvanic-coulometric cell selectively activated by oxygen. Oxygen

from the battery is monitored directly; hydrogen by a difference method invoking continuous
combustion. The method may be used for studying charge acceptance, formation efficiency and

omitting attenuation, for determining self-discharge, corrnsion rate, and other battery-related data.
1886. Tvarusko, A. 115, 1105, (1968)
The Electric Resistivity of AgO

The electric resistivity, p, of powder AgO samples, made by the chemical oxidation of
AgNO; was measured in situ up to 10 kbar. p increased linearly with decreasing AgO content of
the samples (>70%). 63 AgO samples of 98.4% mean AgO content had a mean p of 59.3 ohm cm
at 2.1 kbar. When Mg, Ca, Cd, In, Si, Y, Pd, Ni, or Co was added (as compounds) during the pre-
paration of AgO, p of the sample increased. The addition of Hg, Ge, Sn, Pb, As, Sb, or Bi had a
beneficial effect on p of AgO samples. Pb increased the length of the higher voltage plateau of
AgO-Zn cells during discharge whereas Hg had no influence.

1887. Dirkse, T. P. 115, 1169, (1968)
Further Studies on the Double Layer Capacitance of Zinc in KOH Solutions.
In a recent report dealing with the double layer capacitance (dlc) of zinc electrodes in

KOH solutions it was suggested that the lowering of thic dic may be related to improved cycle
life of zinc electrodes, especially in silver-zinc batteries. Amalgamation, e.g., which improves the
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cycie life of zinc electrodes, also brings about as reduction in the double layer capacitance. This
work has been continued and further results are reported here. Furthermore, a recent report on the
cycle life of silver-zinc cells has made further comparisons possible.
188%. Wales, C. P,, Simon, A. C. 115, 1228, (1968)
- Changes in the Microstructure of a Sintered Silver Electrode after :
I Repeated Cycling at a low Current. !
Cross sections of Ag electrodes were examined by optical microscopy. Most small particles i

present in an unused sintered Ag electrode were completely oxidized to AgO during the first charge,
but electrode capacity then decreased markcdly during the next few cycles at the 20-hr rate in

35% KOH. Slow discharges resulted in the formation of large granular Ag particles which did not
oxidize as readily or extensively as small Ag particles. Voids were small and well distributed in the
unused electrode, but with repeated cycling the voids became large as active material clumped. Grid
corrosion cccurred but did not impair performance.

1889. Cohen, G. L., Atkinson, G. 115, 1236, (1968)

bR LBkl e b L A ek e

The Formation and Characterization of the Tetrahydroxy Argentate (III)
fon in Alkaline Solution.

raadd abb. snietlde a4t

When smooth silver metal is anodically oxidized in 12M KOH solution at 70 ma/cm?2, a
solution containing silver all in the +3 oxidation state results. The Ag (III) species was shown to
be Ag (OH), - by a polarographic method involving the variation of half-wave potential with ligand
concentration.
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2000. Hosono, T., Matsui, M., Suzuki, K. 27,E104,(1959)

The Overpotential of The Cadmium Electrode.

The discharge reactions of cadmium electrodes in an alkaline solution have not yet been
definitely established.

The outstanding features were observed in a previous work. In this work the transient
phenomenon of discharge was measured for various conditions, and could be partially explained
qualitatively and quantitatively.

2001. Yoshizawa, S., Takehara, Z., Matsui, M. 28, E9, (1960)

Electron-Microscopic Studies on Surface Structure of
Cadmium Hydroxide Electrode.

Electron microscopic observation on the fine structure of a metallic oxide electrode surface
is very important for the analysis of an electrode reaction mechanism. However, preparation of a
reproducible replica with fidelity for electron microscopic observation on many metallic oxide elec-
trodes used for the active mass of batteries is very difficult, and discussions on the reaction mecha-
nism by electron microscopic observation have not been carried out yet. The new replica
method for observation on a metallic oxide was applied for the experiments concerning the cad-
mium hydroxide electrode.

2002. Yoshizawa, S., Takehara, Z. 28, ELo, (1960)

Changes of The Fine Structure of Cadmium Electrode Surface
by Various Discharge Conditions.

In the previous paper, the results of electron microscopic observation on the surface struc-
tures of cadmium hydroxide electrodes were discussed. In this paper, the changes of fine structure
of cadmium electrode surfaces by various discharge conditions are discussed in detail. Sample
electrodes for electron microscopic observation were prepared in a nitrogen atmosphere in order
to remove the changes of surface structure by self-discharge. However, cadmium hydroxide
crystals may be enlarged or dissolved in the course of this operation which takes many hours;
so samples not changed by growth and dissolution of crystals are obtained. Also, attention is
paid to the uniformity of current distribution on cadmium electrode surfaces.

st s
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2003. Hosono, T., Matsui, M. 28, E170, (1960)

The Difference In The Reaction Mechanism of The Positive and Negative Plate of
The Ni-Cd. Alkaline Battery and the Electrochemical Behavior of
Electrodeposited Cadmium Electrode.

The positive and negative plates of nickel-cadmium alkaline batteries appear to possess
some common characteristics in electrochemicals and crystallographicals. Prior to detailed study
of the reaction mechanism of the negative plate, the difference of these plates was discussed
with brief reference to the electrochemical behavior of electrodeposited cadmium electrode.

2004. Hosono, T., Matsui, M. 29, E37, (1961)

Studies on the Negative Plate of Ni-Cd Alkaline Batteries I1I. The Overpotential
in Solid Phase of the Cadmium Electrode in Alkaline Electrolyte.

Our study on the mechanism of the discharge of cadmium electrodes in alkaline elec-
trolytes has shown that the reaciion process may be considered as occurring in the slow and quick
ones. The former was reasonably explained on the basis that the primary product (CdO or
Cd(OH), ) reacts with the electrolyte and redeposits as Cd(OH),. In this paper consideration
is given of the electrochemical aspects of the quick process.

2005. Sugita, K. 29, E46, (1961)

Sintered Type Alkaline Storage Batteries II1. Preparation and Cell Performance
of The Positive Plate. (II) Influence of Lithium Hydroxide on its Durability.

It was suggested in the previous report, part 2, that LiOH added to the alkaline electro-
lyte might have influence on the durability of nickel positive plate. In this report, several posi-
tive plates were prepared, and one of these test plates was combined with two negative plates of
pocket type which have larger capacity than the test plate. Cells thus constructed were re-
peatedly charged and discharged in cycles by the automatic apparatus and the influence of LiOH
on the test plate was examined.

The change in the capacity was observed on every 100th cycle. Consequently, it was
made clear that LiOH added to the electrolyte affects the durability of the positive plate remark-
ably. After the conclusion of a life test, the active materials in the test plates were examined
by electromicroscopy and a counter-diffractometer. The action of LiOH upon active material
was considered.
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2006. Yamashita, D., Takeuchi, Y. 29, E79, (1961)

Studies on The Sintered Type Alkaline Storage Batteries I11. Neg. Plates
Prepared by Vacuum Impregnation and Fusing Salt Impregnation.

Plaques prepared by electrolytic nickel and commercial carbonyl nickel were impreg-
nated with cadmium nitrate by vacuum and salt-fusing methods. The properties of these
plates were examined.

2007. Sugita, K. 29, E88, (1961)

Sintered-Type Alkaline Storage Batteries IV. Behaviors of Active Materials
of The Cathode (1) Discharge Characteristics and Results
of X-Ray Diffraction of The Cathode Plate.

Powder and nickel screen were sintered in an H, atmosphere according to the ordinary
method, and nickel or copper plaques were prepared. The plaques were impregnated with
CdCl,, aq., FcCl, aq. and their mixture. After electrolytic reduction, they were washed and
dried.

The cathode plates containing the active materials in the amount of 2 or 3 grams were
prepared by repeating the procedure mentioned above. Batteries were constructed with one
test plate and two anode plates of higher capacity. The batteries were put through repeated
charge and discharge cycles and the discharge characteristics were examined.

2008. Sugita, K. 29, E89, (1961)

Sintered-Type Alkaline Storage Batteries V. Behavior of The Active Metals of
The Cathode. (2) Electronmicroscopic Observations and The Results
of Thermo-Analysis of Active Materials of the Cathode.

Preparation of the test plates and the tests by charge and discharge were carried out by the
same methods as described in the previous report. Electromicroscopical observation was carried
out by the two-step replica method using M.M.A-A1l.
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2009. Sugita, K. 29, E92, (1961)
)

Discharge Characteristics of The Sintered-Type Alkaline Storage Batteries.

The preparing data of the experimental cells are given, and the discharge characteristics
of the c:lls are shown. Relations between discharge currents and the capacities were measured at
30 degrees C on each cell. The discharge currents were 2A, 5A, 25A and 100A, respectively.

2010. Sugita, K. 29, E193, (1961)

Sintered-Type Alkaline Storage Batteries V1. Influence of Preparing Conditions
Upon the Durability of The Sintered-Type Cadmium Negative Plate.

Capacity of the sintered-type cadmium negative plate decreases gradually with the re-
peated charge and discharge cycles. In this experiment, influences of the preparing conditions,
such as sorts of cadmium salts for impregnation, specific gravities, current densities for reduction
and sintering temperatures of plaques on the durability of the negative plate were examined, be-

cause it was considered that they have some connection with the plate performance.
Preparation of the plate was made by the usual method except in the impregnation of

the active material; it was done under atmospheric pressure in this experiment. The impregnation
were repeated 5 to 7 times and the weights of active material were 11 to 13 g.

One of the test plates and two of the pocket-type positive plates which had larger ca-
pacity than the negative plate were combined in a 500 cc glass vat. These plates were separated
by a glass rod and the vat was filled with KOH aqueous solution. (sp. gr. 1.24 at 20 degrees C). :

LS P S tae i

2011. Sugita, K. 29, E195, (1961)

Sintered-Type Alkaline Storage Batteries VII. Behavior of
The Sintered Type Nickel Positive Plates.

A life test of the positive plate was previously carried out and the effect of lithium hy-
droxide on the plate was recognized. In the experiment, the capacity of the plate increased with
repeating cycles, reaching a maximum at about the 200th cycle. But the capacity gradually de-
creased after that cycle. On the other hand, the capacity of the plate with ten grams per litre of .

. lithium hydroxide plus a potassium hydroxide electrolyte was smaller than the one containing :
no additive agent. But its change in capacity was little and the life was fairly longer. These ;

problems must be further examined.
This report describes the results of studies on these points.
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2012. Yamashita, D., Yamamoto, Y. 30, E52, (1962)

Studies on The Sintered-Type Alkaline Storage Batteries IV. Negative Plates
of Sintered-Type Alkaline Storage Batteries
Prepared by Fusing Salt Impregnation.

Our new method of impregnating active material in negative plaques of Sintered-type
Alkaline Storage Batteries is as follows. Plaques preheated at 80~260 degrees C for 10 minutes
were quickly thrown into cadmium nitrate fused at 60 degrees C and kept for 5§ min. After being
reduced cathodically in 25% potassium hydroxide solution at 80 degrees C for 20 minutes,
these plaques were heated at 80 ~ 260 degrees C for 30 min. and thrown into fused cadmium
nitrate. Then electrolysis, heating, and throwing were repeated severai times (but these plates
were not heated after the last electrolysis). At single impregnation, the apparent availability of
active material is fairly high at 80 degrees ~ 100 degrees C, but suddenly drops to the lowest
value at 140 degrees C, and then increases over 200 degrees C.

2013. Hosono, T., Matsui, M. 30, E108, (1-52)

Studies on the Negative Plate of Ni-Cd Batteries IV. The Mechanism for The Formation
and The Formula of The Primary Product Formed on a Cadmium Electrode
During The Discharge Reaction.

The discharge mechanism for a cadmium electrode has been investigated by us on the basis
of the postulate that a primary product is formed. Furthermore, in this work the mechanism of
the formulation and the formula of this primary product were studied in detail.

A cadmium electrode whose surface has been transformed into CdO by heating was dis-
charged or self-discharged in an alkaline electrolyte under various conditions. In particular it was
discharged with various impurities added to the electroylte.

2014. Hosono, T., Matsui, M. 30, E109, (1962)

Studies on the Negative Plate of Nickel Cadmium Alkaline Batteries V.
The Influence of Impurities on Cadmium Plates of Alkaline Cell.

Little information is available about the effect of various impurities on the performance
of alkaline cell.

Cadmium negative plates (Pocket type) which involved such impurities as one each of Cu,
Ag20, Mg, MgO, CaO, HgO, Al 203 s ln203 5 T1 203 § SiOz 5 Ti02 3 Sn, Pb, PhO, Sb, S, Cr203 ’
MnO, . 3, Co,04, Ni, NiO in active material and KNO;, KC1, K,80,, K,Cr,0; in electrolytes
were ¢ x2 ained under various conditions.

After fully formed, these plates were charged and discharged at low or high rates and the
characteristic discharge curves were measured. Furthermore the plates were allowed to stand idle
under fully charged condition for 850 hours and loss in capacity was measured in each case.
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2015. Hosono, T., Matsui, M. 30, E109, (1962)

Studies on the Negative Plate of Nickel Cadmium Alkaline Batteries V1.
The Effect of Impurities on the Reaction Process during the Discharge of Cadmium Electrode.

In previous papers, the reaction mechanism for a cadmium electrode under discharge and
the influence of many impurities on the electrode were described.

Two reaction processes were proposed.
(1) Reaction process in solid phase (formation of primary product, active Cd(OH),).

(2) Reaction process in liquid phase (primary product is converted to Cd(OH), through
the electrolyte).

2016. Yamashita, D. 31,47, (1963)

Studies on Sintered-Type Alkaline Batteries VII. Effect of Cobalt on the Positive-Plate
of Sintered Type Alkaline Storage Batteries.

The author studied the effects of cobait on the positive plates of sintered-type alkaline
storage batteries by the following experiments:

(1) Charge-discharge curve of the active material of Ni-Co system.

(2) Durability test (capacity change by repeating charge-discharge for long period).

(3) Low rate charge test.

(4) X-ray diffraction diagram and electronmicrophotograph of active material.

According to these experimental results, charge-discharge potential dropped with increas-
ing cobalt content. Active matcrial seems to be a solid solution (Ni, Co) (OH), up to 20% Co,
but mixtures of (Ni,Co) (OH), and Co(OH); over 30%. The availability of active material increased
with only a 5% addition of cobalt.

Capacity drop by charge-discharge for long periods and by low rate charge may be essen-
tially prevented by the addition of cobalt.

This behavior of cobalt is probably due to the formation of the solid solution (Ni, Co)
(OH), in active material.

2017. Yoshizawa, S., Takehara, Z. 31,91, (1963)

Eiectrode Phenomena of Silver-Silver Oxide System in Alkaline Batteries.

Electroiytic behavior of the silver-silver oxide system in an alkaline battery and the effects
of the addition of small quantities of various metals to the silver electrode were studied by utiliz-
ing electron microscopic and X-ray diffraction methods and oscilloscopic technique for the de-
terminations of decay and growth of overpotential and current-potential relations. It was shown
that during charge, Ag,0 and AgO were followed by the expansion of the Ag crystal owing to
a diffusion of oxygen ion; on discharge, the reverse process should occur.
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2018. Yoshida, T., and Koseki, K. 35, 24, (1967)
Extended Equation for Current Distribution in Rectangular Cells (Part 1).

An extended equation of macroscopic current distribution at the plane cathode in a rec-
tangular cell has been introduced, from the geometrical point of view with the intention of
achieving at least some degree of actual practicability.

The solution of this problem has been found by means of conformal mapping, as reported
by C. Wagner, but this study dealt with cases where no edge of the horizontal electrodes reached
the side wall, and the cathode was broader than the anode, under the assumption that polarization
could be disregarded.

Results substantially in agreement with Ishizaka’s equation or Wagner’s results can be ob-
tained by inserting appropriate boundary conditions into the extended equation introduced by the
authors.

2019. Koseki, K., Hashimoto, Y., Yoshida, T. 3_5_, 88, (1§67)
Extended Equation for Current Distribution in Rectangular Cells. (Part 2)

In a previous paper, an extended equation for macroscopic current distribution at the plane
cathode in a rectangular cell, under the assumption of negligible polarization was introduced.

Furthermore, a modified equation has been introduced in relation to current distribution
under the influence of the distance between the edge of the cathode and a side wall.

Results of the theorectical analysis are compared to the experimental data obtained through
accurate weighing of electrodeposits and observation of equipotential lines in the neighborhood
of the cathode.

2020. Brenet, J. }i, 118, (1967)
: Metal Oxides of Batteries.

From the known results about classical oxides used in secondary and primary cells, we tried
to bring out general properties for all oxides and to relate electrochemical properties to superficial
energy levels or to other physical and chemical properties.

It seemed to us necessary to state precisely in what directions it could be considered to
develop some new investigations about oxides of a single metal or of several metals in order to try
to increase the energetic possibilities of cells.

2021. Koseki, K. 36, 226, (1968)
Extended Equation for Current Distribution in Rectangular Cells. (Part 3)

Previous papers have dealt with the derivation, under the assumption of negligible polariza-
tion, of an equation for macroscopic current distribution at the plane cathode in rectangular cells
and of a modified form of this equation taking into account the distance between the edge of the
cathode and the side wall.

A further useful equation is introduced in this paper in due consideration of electrolytic
polarization, where the mathematical analysis has been conducted based on the integral form shown
by Wagner. Making use of the above equation, the optimum condition for uniform current distri-
bution is discussed in relation to the practical case with known polarization characteristics at the
cathode.
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2100. Menard, C. J. 2,75, (1966)
Recent Development in Porous Structures for Nickel Hydroxide Electrodes.

Porous structures, made by sintering nickel powders of irregular particle shape onto a
nickel-plated support, are widely used in the production of nickel electrodes for nickel-cadmium
batteries.

A Study was made of the characteristics of sintered plates prepared from nickel powders
of various known densities. Particle size distribution and shape of the powder particles, shrinking
during sintering, and electrical resistivity, porosity and pore size of the sintered plaque were in-
vestigated. Properties of the powder and the sintered plaque were correlated with their performance
in the sealed cell.

The results indicate that efficiency of the active material of nickel electrodes increases
with higher density powders.

2101. Belove, L. ' 2,115, (1966)
. The Cadmium-Cadmium Coulometer—Its Operation and Practice.

High rate charging and discharging of nickel-cadmium batteries may, under certain condi-
" tions, present problems. The rapid rise in the voltage of the cadmium-cadmium coulometer is
utilized to reduce the current during overcharge (and, likewise, near the end-of-discharge) to a
point where the battery can easily cope, thus ensuring long battery life as well as a very fast charg-
ing and high rate discharging capability. Coulometer and coulometer battery circuitry principles
are described.
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*Symposium held by the California-Nevada section of the Electrochemical Society on December 2, 1966 (entitled “Advances in
Battery Technology™).
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2200. Selis, S. M., Russell, C. R. 1,77, (1963)

An Analytical Representation of
The Discharge Characteristics of Commexcial Secondary Batteries.

The equation of Peukert has been applied to express discharge time and delivered ca-
pacity as a function of constant discharge current. Analytic relationships have been developed
successfully for modern lead-acid batteries as well as for several secondary batteries with alkaline

electrolytes.
Relationships also have been derived which relate mean terminal voltage to discharge

current. It is therefore possible to express delivered energy as a function of current. The cal-
culated values are in satisfactory agreement with the energy value as determined experimentally.

2201. Simon, A. C. 1,82, (1963)
Microscope Techniques for The Study of Electrochemical Processes.

Special techniques and apparatus, applicable to microscopy, that have been successfully
used by the author in the study of corrosion, cell reactions and the analysis of electrode prod-
ucts, are discussed. Methods are given for preparing samples for examination, for constructing
various types of microcell and for obtaining analytical samples from very small areas.

2202. Wilder, D. R. 1,172, (1963)
Progress In Sintering.

Sintering is broadly defined as all aspects of the adhesion, densification, shrinkage and
consolidation accompanying the reduction in surface energy of a powder compact during ap-
plication of heat and/or pressure. The process of sintering is then further divided into the initia-
tion, material transport and grain growth-recrystallization stages. A general review is made of
each of these stages, noting typical work which has contributed to progress in each area involved.

2203. Howard, P. L. 1, 272, (1963)
The Sealed Silver-Cadmium Battery.

Recent satellite requirements for 90- to 100-min cycles of a 30- to 40-min discharge
and a 60- to 70-min recharge necessitated the development of a new design: a sealed silver-
cadmium bhattery which could be recharged during this period. A report of this development
and on cycling results is given here. At present, over 7000 cycles have been obtained at 50%-
capacity discharge in a 100-min cycle of 35 min of discharge and 65 min of recharge. A dis-
cussion of charging characteristics and voltages is given. This system makes it possible to achieve
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