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all aspects of battery design and selection
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SECOND EDITION

Here is the one and only referenceto offer you detailed data and information on
the characteristics, properties, performance, and applications of all types of
electric batteries.

Written by a staff of leading experts in battery technology, this essential work-
ing tool covers batteries for everything from small portable consumer items to
electric vehicles and military and industrial equipment.

The newedition of the Handbookof Batteries shows you how to:

® Determine the performance characteristics of batteries underall conditions
of use

® Establish the conditions and proper operating procedures to achieve

optimum use of each battery system

® Select the most suitable battery for a given application

The Second Edition now featuresthe latest data, tables, and figures covering

the vast improvements in battery performance in recent years—and also
explores new battery technologies, includinglithium and rechargeable batteries.

Whether you’re an engineer, technician, or product designer, the updated
edition of this one-of-a-kind sourcebook enables you to take advantage of the

many new advancesin the fast-changingfield of battery technology.
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Handbook of batteries / David Linden, editor in chief. -- 2nd ed.
p. cm.

First ed. published undertitle: Handbookof batteries and fuel
cells.

Includes index.
ISBN 0-07-037921-1
1. Electric batteries--Handbooks, manuals, etc. I. Linden,

David. If. Title: Handbook of batteries.
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Copyright © 1995, 1984 by McGraw-Hill, Inc. All rights reserved. Printed
in the United States of America. Except as permitted under the United
States Copyright Act of 1976, no part of this publication may be
reproduced or distributed in any form or by any means, or stored in a data
base or retrieval system, without the prior written permission of the

i publisher.
The first edition was published under the title Handbook of Batteries

and Fuel Cells.
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The sponsoring editor for this book was Harold B. Crawford, ihe editing
supervisor was Frank Kotowski, Jr., and the production supervisor was
Suzanne W. B. Rapcavage. It was set in Times Roman by the Universities
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Printed and bound by R. R. Donnelley & Sons Company.

This bookis printed on acid-free paper.

Information contained in this work has been obtained by
McGraw-Hill, Inc. from sources believed to be reliable. How-
ever, neither McGraw-Hill nor its authors guarantees the
accuracy or completeness of any information published herein
and neither McGraw-Hill norits authors shall be responsible for
any errors, omissions or damages arising out of use of this
information. This work is published with the understanding that
McGraw-Hill and its authors are supplying information but are
not attempting to render engineering or other professional
services. If such services are required, the assistance of an
appropriate professional should be sought. 
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 23.10

TABLE 23.3. Characteristics of the Major Secondary Battery Systems

SECONDARY BATTERIES

  

 

Lead-acid Nickel-cadmium
Vented Vented
pocket sintered

Common name SLI Traction Stationary Portable plate plate Sealed

Chemistry:
Anode Pb Pb Pb Pb Cd Cd Cd
Cathode PbO, Peo, PbO, PbO, NiOOH NiOOH NiOOH
Electrolyte 1,804 HSO0, H,SO, H,SO, KOH KOH KOH

(aqueous (aqueous (aqueous (aqueous (aqueous {aqueous (aqueous
solution) solution} solution) solution) solution) solution) solution)

Cell voltage
(typical), V:

Nominal 2.0 2.0 2.0 2.0 1.2 1.2 12
Opencircuit 21 21 21 24 1.29 1.29 1.29
Operating 2,0-1.8 2.0-1.8 2.0-1.8 2.0-1.8 1.25-1.00 1,25-1.00 1.25~1.00End 1.75 1.75 L.75 1.75 10 1.0 10

(lower operating (except when on (when cycled)
and endvoltage float service)
during cranking
operation)

Operating —40 to 55 —20 to 40 —10 to 40° —40 to 60 —20 to 45 —40 to 50 —40 10 45temperature,°C
Energydensity

(at 20°C):
Whike, 35 25 10-20 30 20 37 30-35Wh/L 70 80 50-70 90 40 90 80-105,

Discharge Flat Flat Flat Flat Flat Very flat Very flatprofile
(relative)

Power density High Modcratcly Moderately High High High Moderate
high high to highScll-discharge

rate (at 20°C),
% loss per
month® 20-30 4-6 — 4-8 5 10 15-20

(Sb-Pb)2-3
(maintenance-

frec)
Calendarlife, 3-6 & 18-25 2-8 8-25 3-10 2-5years

Cyelelife. 200-700 1500 = 250-500 500-2000 500-2000 300-708cycles®
Advantages Lowcost, ready Lowest cost of|Designed for Maintcnancc- Very rugged, Rugged; Sealed, rom

availability, competitive “float” service, free; long life on can withstand excellent maintenant
gocd high-rate,—_systems (also lowest cost of float service; physical and storage; good good love awe)
high- and low- see SLI) competitive low- and high-_—electrical abuse; specific energy tempera
temperature systems (also temperature good charge and high-rate high106
operation (good see SLI) performance; no retention, and low- performs 2
cranking “memory™ storage and temperature Jonglife inate
service), good effect; operates cycle life lowest performance operales
float service, in any position—_cost of alkaline positionnew batleries
maintenance-free Wl
designs sea

Limitations Relatively low Low energy Hydrogen Cannal be Low energy Highcost; Seale pelt r
cycle life; density; less evolution stored in density “memory” battely ae
limited energy tugged than discharged effect; thermal
density; poor competitive condition: lower Tunaway
charge retention systems; cycle life than
and slorability; hydrogen sealed nickel-
hydrogen evolution cadmium:evolution difficult to

manufacture in
very small sizes

Majorcell types Prismatic cells: Based on Based on Sealed Prismatic cells: Prismatic cells:
available 30-200 Ahat positive plate positive plate cylindrical celis: 5-1300 Ah 10-100 Ah20-h rate design: 45— design: 5— 2,5-25 Ah;

200 Ah per 400 Ah per prismatic cells:
positive plate positive plaic 0.9-35 Ah

4 Based on C/LiCoO, lithium-ion cell (sce Chap. 36) (characteristics vary with batlery system and design).2 5S y sy eg)
> Self-discharge rate usually decreases with increasing storage time.
© Dependent on depth ofdischarge.
4 Low-rate Zn/AgOcell.
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