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Report MEC 10-73

Introduction .

1.1

1.2

1.3

1.4

Work

The objective of this total program is to evaluate
the performance of an inorganic sevarator in large
silver-zinc cells for use in submersible vehicles.
The inorganic separator type 3420-25-FM has been
specifically developed for the silver zinc cell and
has been supplied for this oroqram by the government.

. .
This program 1s organized on the basis of tito major
phases. The first of these is the construction phase °
which is the only obligation of this contract and the .
report. y :
This phase consists of the construction of two 350 and
two 4,000 ampere-hour cells t6 the design goals of
M{litary Specification MIL-B-24207 (SHIPS) and
MIL-B-24409 (SHIPS) using the fnorganic separator.
The two cell types are generally known as the HR-1 and
Dolohin tyvze cells.
The second phase of the program will be the testing and
evaluation of the calls cohnstructed during the first
phase. This second whase will be conducted by the Naval
Ship Engineering Center.

Performed

2.1

Test Cell - 30 Ampere Hour Size

2.1.1 In order to determine the cycling characteristics
of this separator and gain familiarity in handling
of this material a test cell was desfigned, con-
structed, tested and dissected.

2,1.2 The design consistad of 4 positive and 5 nagative 2
electrodes about 2.4" x 4.8" containing a total of
103 gm of silver and 128 gm of zinc oxide pix per
cell., Gach elactrode was placed 1nto‘a separator
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Report MEC 10-73

- 1' envelope consistingfdf a sevarator pocket

v # constructed from 2 pcs of inorganic saparator

3 cemented to a frame 7/32" wide. The electrodes

5 within the envelopes were assembled into a cell.

- The cell was activated with a concentrated

8 i solution of potassium hydroxide.

, 2.1.3 The cell was cycled for 120 cycles, alternating
between charges at 1.5 and 3 amperes to 2.05
volts and discharges at 7.5 and 15 amperes for
15 ampere hour output capacity.

2.1.4 At completion of cycling the cell was dissected
- and the separator closely examined. Some of the
conclusions derived were as follows:
a. Excellent capnacity was maintained for the
' cell for about 85 "50%" depth of discharge

’ cycles., Capacity Toss at this point was 18%.

Capacity loss at 120 cycles was 43%.

‘Average neqative shaoe change was 21% at the

120th cycle. (

c. Some separator film crack1n§ was opserved on

the negativd separator envelobe. These cracks

were mainly near the frame area. '

The resfistance of the separator was somewhat

high. It was estimated that for the 850 ampere- .

hour cell at the 3 and 5 hour rate, the plateau

voltage would be about .03 to .04 volts below
the specification qgoal, '

2.1.5 A letter renort No. MEC 1-73 covering the above

test in detail was submitted to NAVSEC Code 6157D on
March 16, 1973,

2.2 850 Ampere-Hour Cell (NR-1)
2.2.1 Design _
2,2.1,1 The 850 ampnere-hour cell was inttially
designed with the following pnarameters:
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Positives ¥ (Silver Electrode)
Electrodes 26 full 4 haif
Size

13-3/8 x 3.6 x .028" thk ful’
.0I2"thk half

S{lver Powder 3,062 gm

per cell

Grid tyne Ag exmet 5 Ag 9-2/0
Negatives (Zinc Oxide Electrode)
Electrodes 28 .
S{ze 13-3/4 x 3-3/4 x .061"

Zinc Oxide per
cell ’

Grid tyoe

" Inter-separator

2.2.1.2

2,810 gm

5 Ag-38-1/0

1 sheet of KT paper pressed
on each face of electrode

*Inc1udes one layer of KT paper on each side

of electrode

Separator (Type 3420-25-FM)

Separator size
Positive frame
Negative frame
Cement

Cell .Case

14-7/8 x 4-11/32"
7/32 x .020"

7/32 x .040"
Epoxy~Allbond-clear

Inside Dimensions 4.45 x 4.25 x 16-9/32"

Material

Acrylic 3/8" thizk

The design wa§ based on initial receipt
of separator which was ,013" to .014"
thick, when measured at a presure of about
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3 psi. The later shipment of seoarator
which averaged .015 to .016" thick
reauired the removal of one positive nalf
electrode and the 1/4" thick central
spacer assembly. The cell as assembled
has therefore 26 full and 3 half positive
electrodes. The silver content per celi
is 3,000 gm. From nrevious experience
with the NR-1 type of cell, this quantity
of silver nowder is more than adequate

to meet the capacity design goals of
MIL-B-24207.

2.2.2 Construction - Assembly

2.2.2.1

The cell assembly proceeded smoothly with
exception of two items. The separator

fiim was very fragile when bent, and

extreme cautior was required in handling it.
In addition, the separator as received had
to be screened since some areas had cracks,
insufficient amount of filmor film material
in modular form. The second {item consisted
of insertina the pack assembly into the

cell case, Since the inorganic separator
does not expand when wet, one needs a

flush cell pack thickness fit in the dry
state as a minimum - to maintain some
internal cell pressure in the wet state.
This means that the cell pack has to be
compressed during its insertion into the
case. This was accomplished by compressing
the cell pack up to about 1" from the

cell case onening and then pushing the

cell case into the pack up to the compression
clamp. This was repeated until the cell
pack was fully inserted into the case.
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2.7.3 Shipment

2.2.3.1 The two 850 ampere-hour cells will be
shipped in the dry state. A filling kit
coﬁst&t#ﬁq of electrolyte and accasaories
N to activate the cells will be shipped with

»,
the two cells but in a seperate container.
; 2.2.3.2 The shioping crate for. the two ce[ls consists Ef
of a 23.5 X 13 X 25" wooden box mounted on %
{ g

a palliet. The wooden box is digided into
4 two compartments, one for each cell. A
' 3" layar of expanded polystyrene lines the
bottom of the box.” The cells are wrappad in :
f polyethylene bags and then piaced into the {5
compartments in their normal vertical pnosition.
F , Tha compartments are then filled with expanded
polystyrene cushionfing material and closed
{ . with the wooden tob. The box is then strapped
? with metal bands. Since the shaoning box
is mounted on a palletjthe celis will remain ]
{ o In their normal vertical oosition during ?
shinment. f
2,2.3.3 To remove the cells from the shipping |
container, remove the top of the woeden box, ’
discard some of the cushioning material, and h
11ft cellifrom hox, . i’
2.2.4 Cell Instructions
2.2.4.1 The operating instruction for the 850

ampere~hour cell (0SZ 107) are attached as
Appendix 1.
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2.3 4,000 Ampere-Hour Cell (Dolphin)
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2.3.1 Design

2,3.1.1 The 4,000 ampere-hour cell has been designed
+ with the following parameters,

s /




Report MEC 10-73 :

Positivas (Silver Electraode)

Electrodes 46 _

Size 14 15/16 X 8% x .032"

Silver powdsr per 11,891 gm

cell ’

Grid type S5Ag 14 - 2/0

Negatives " {Zinc Oxide Electrods)

Elsctrodss 47

Size 14 7/16 X 8% X 077"+

Zinc Oxide per cell 15,343 gm

Grid Type 5 Ag - 38 - 1/0

Interseparator 1 sheet of KT paper pressed

. on each face of the

elsctrode

#Includes one layer of KT paper on each side
of electrode,

Separator {Type 3420-25 Fm)
Separator size 16 1/16" X 9 3/32"
Positive frame 5/16 X ,020"
Negative Prame 5/16 X ,060"
Cement Epoxy-Albond clear
Cell Case
Inside dimension 9% X 94 X 18"
Material Rubber lined epoxy
fiberglass

2,3.1.2 §Since the above design was based on initial
receipt of separator which was .013"to .014"
thick and subsequent separator averaged .015"
to .016" thick, one positive and one negativse
assembly hade¢to be removed from above design.
The cell was therefore assembled with 45
positive and 46 negative electrodes. The
active silver powder and zinc oxide per cell
was therefore 11,632 and 15,016 gms
regspectively.,

2,3.2 Construction - Assembly

2.3.2,1 The cell assembly of the 4,000 ampsere-hour
cell proceeded smoothly with the exception
of the two items mentioned in 2.2,2.1.
These consistad of separator screening to

\n-n-numnumﬁnﬂuﬂuu-nnuunu-uﬂuﬁnmﬁhuﬂﬂﬂhﬂhﬂliﬁiﬂilﬁhm b
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avoid faulty separator areas and the need
for cell pack compression before insertion

SZ into qell cass. - el
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2,3.3 Shipment
2.343,1 The two 4,000 ampers-hour cells will be

shipped in the dry state, A filling kit
consisting of electrolyte and arcessories
to activate the cells will be gshipped with
the two cells but in a separate centainer.
2.3,3.2 Tuwo shipping crates were constructed for
the two 4,000 ampers-hour cells. Each
consists of a 26" X 18" X 18" wooden box
mounted on a pallet. A 3" layer of sxpanded
polystyrens lines the bottom of ths box.
The cell, wrappsd in polyethylene.was lowsred
into the bax by straps looped under the cell.
(These straps werse left there for unloading).
The box was then fillesd with expanded poly-
styrene cushioning material and closed with
the wooden top. The btox was then gstrapped with
metal bands. Resting on the pallet, the cell
will remain in the vertical porition during
shipment. .

203,33 To remove the cell from the shipping container,
remove top of wood box, discard some of the
cushioning material; and lift the cell from
box by the etrap looped under the cell.

2.,3.4 C(ell Instructions

2.3.4.1 The operating instructions for the 4,000
ampere~hour cell (05Z-108) are attached
«s Appendix II

2.4 Drawings, Engineering ~ Design Evaluation

2,4.)1 Design evaluation drawings for the 850 and 4,000
ampere~hour celle wers submitted to NAVSEC SEC 6157D
on July 5, 1973,
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CAUTION

This cell uses potassium hydxoxide as its electrolyte.

Potassium hydroxide should be handied with care. Contact
with this electrolyte should be avoided. Use of pzotective
clothing, goggles or face mask is racommended when hand-
ling electrolyte. Dilute acetic or boric acid may be used
for neutralizing electrolyte on clothing and skin. Bovic acid 3

may he used as an eye wash. Rinse affected areas with
water.

wrdd

Uae only electrolyte supplied with the cell. Acid type of
electrolyte will destroy the cell. Do n~ allow the electrolyte
to remain in open containers for prolonged periods of time
since it wiil absorb carbon dioxide and be degraded.
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General

1.1 The XHSZ 850 is a prototype silver-zinc cell,
using an fnorganic separator {3420-25-FH) which
has been specificaily daveloped for the silver-
zinc cell. The internal dimensioms of tha cell
appreximate those presantly used on the NR-1
battery. The objective ic to evaluate the per-
formance of this cell using tha inorganic separa-
tor under an NR-1 type regime.

1.2 The nominal capacity of this cell is 900 aunere-
hours at the 5 hour rate. The average voltage at
this rate {is about 1.48 volts. Silver cxide and
zinc are the active electrodes in this ce!l. The
alectrolyte is ‘a 45% solution of potassium nydroxide.

1.3 This cell is furnished in the dry unformed condition.
It must be activated and formed befofe operational
use, The procedures for activation, forming, charg-
ing and discharging of this cell are given in this

manual and should be closely followed for bect per-
formance.

Cell Descripfion - Physical

2.1 The XMSZ 850 cell 1s constructed in an acrylic cell
cace with internal dimensions of 4.2" x 4.4" x 16.3".
The wall thickness of the acrylic czse is 3/8". The
overall outside dimensions of the cell case with
cover (excluding terminals) 1s 4.9" x 5,1" x 15.9".
The cell has four terminals. The two terminals near
the red stripe on the cover are connacted to the
positive eTectrodes. The two remaining terminals are
connected to the negative electrodes. Each terminal
is tapped with a 3/8-16 thread to a depth of 11/16".
Siliver plated copper bolts are provided tc tie down
connectors to the terminal. The distance between
terminal centeriines is 2.3".

~N
N

The cell is provided with a flash arrester assembly
which Timits access of air to the cell and prevents
flame in the vicinity of the cell from 1gniting any
gas within the cell. The flash arrester assembly
seals to the cell cover with an "0" ring.

k]
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2.3 The cell is braced with 3 sets of one inch angle irons.

One is positioned at the bottom. The remaining two are
located 6 and 12 iuches from the bottom. The bracing
restricts swelling 6f the cell pack and minimizes
stresses on the cement joint of the fabricated celi
case., These braces should not be removed from tne cell,

Cell Description - Electrical

3.1

3.2

3.3

The XMSZ-850 is a silver-zinc rechargeable cell with a
nominal capacity of 900 ampere hours at the 5 hour rate.
The average voltage at this rate is about 146 volts.

The capacity at the 270 ampere rate is in excess of

840 ampere hours. The average voltage at this rate is
1.45 volts.

This is a low rate cell. 1t has been designed to safely
discharge its full capacity at rates up to 270 z2mperes.
For rates higher than 270 amperes, the ampere-hour

cavpacity discharged should be 1imited to avoid over-
heating of the cell.

The cell can be recharged at rates up to 90 amperes.
The preferred charge rate is 40 to 60 amperes.

E’ectrochemistry

4.1

4.2

The fabricated electrodes in this cell are silver and
zinc oxide. The silver or positive plate is porous and
has a very large active surface area. The zinc oxide

or negative electrode is pressed into a silver grid and
covered with a porous separator. The positive and nega-
tive electrodes are both inserted into separate inorganic
separator bags to prevent shorting between electrodes.

The electroiyte is a concen’.rated solution of potassium
nydroxide.

The chemical reaction which occurs on charge and

discharge is shown by the following simplified equations:.

Chargg
Zn0 + Ag —< Zn + Ag0
Discharge

Discnarged Cell Charged Cell

During charge the zinc oXide is converted into zinc ,
and silver into silver oxide. During discharge the °
process is¢ reversed; zin¢ converting into zinc oxide
and silver oxide into silver, The electrolyte though
not shown in the equation. ailows the dbove reaction

to proceed. Its reactions at the positive and negative

\\

et faan

s 1u > T ke s oncird Sttt Lot TRy

W o P

Y SR

el B

o e s n

S




LA

electrodes are equai and opposite, so that there is
no neét change in electrolyte composition between
charge and discharge. Specific aravity measurements

cannot therafore be used to determine the state of
charge of the cell.

4.3 The initial discharge of a fully charged cell will
have 2 drooping voltage curve for about 5 to 10%
of its discharge cavacity .- depending on the discharge
and partially on the charge rate. The remiinder of
the diccharge voltage will be relatively flat in the
range of 1.45 - to 1.56 volys for the anticipated
NR-1 discharge rates. The discharae voltage wili
drop rapidly when the cell capacity is exhausted,

4.4 For a fully discharged cell, the initial charge voltage
will run about 1.68 volts for 10% to 20% of the cell
capacity. The remainder of charge will be at the
higher voltage level of about 1.95 volts. The charge

voltage rises sharply above 2.0 volts when the cell is
fully charged.

Forming the Cell

5.1 The XMSZ-850 cell is supplied in the dry unformed
state and has to be filled and formed before use.

5.2 A fiiling kit is supolied with each cell. It contains
the following items:

Item Description Quantity
1 1 Quart nolyethylene bottles 3 pcs.
. each contafining 1 quart of eiectro-
lyte (45% KOH)
2 Polyethylene funnel 1 pc.
3 Electrolyte adjustment assembly 1 pc. "
4 Cotton . 2 0z:

5.3 To fill the cell, remove the flash arrester assembly
from the cell. Insert the funnel into center cell
cover hole and pour electrolyte from suppiied bottles
fnto the cell through the funnel. Add electrolyte until
at the end of 10 minutes it remains about 1/8" above
the top of the separator. Since the cell case is trans-
parent the level can be easily monitored through the
side. Approximately 2.5 quarts of electrolyte will be
required to fi11 the cell. Wipe up any electrolyte
which might have drinped on the cell terminals or cover.
Install the flash arrester previously removed from the

/6 :
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5.4 Allow the cell to scak for a minimum of 72 hours.
During this soak moni tor the electrolyte level
once a day. ﬁelow separator height, add elec-
trolyte to 1/8u above separator.

5.5 Just before start of charge,check electrolyte level
and adjust 1f not between separator height or 1/8"
above tt. Charge the cell at 40 amperuvs to 2.03
volts. .

5.6 Discharge the cell at the 5 hour rate (170 amperes)
t111 the cell reaches 1.31 volts., If the dischare»
capacity is in excess of 900 ampere hours the cell is
considered formed and may be recharged for operational
use. .- If discharge canacity is below 900 ampere hours
repeat the formnation cycle til1l capacity i$ ret. If
capacity is not met within 3 formation cycles contact
the manufacturer,.

Charging the Cell

6.1 After formation, the recommended way of charging the cell
is at a constant current rate of 60 to 70 amperes to
a cut-off voltage of 2.03 volts. ,

6.2 if it is required that the cell be charged within a
shorter time, the cell may be charged at 90 amperes
to 2.03 volts. The cell is then rested for 30 minutes
and tH® charge continued at 60 amperes to 2.03 volts.

6.3 If the cell is to be connected to a float charge, it
must be fully charged before placing it on float. The
above charge methods may be used,to fully charge the
cell. The allowed float vo1taqe for this cell is 1092
to 1.96 volts,

6.4 The ampere-hour efficiency of this cell is close to
100%. The cell therefore need not and should not be
overcharged.

State of Charga

7.1 If a cell's open circuit voltage is 1.85 to 1.86 volts
the cell is at least 60% charged. An open circuit
voltage reading of 1.85 to 1.61 volts indicates that
the cell is from 50 to 90 percent,charged. A reading
of 1.58 to 1.60 volts indicates that the cell is from
0 to 50% charged.

/7 S
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8. Discharqging the Ce]1

8.1 This cell can be safely discharged at 270 amperes . H

for its fullscapacity. The nominal capacity at §

the 170 ampere discharge rate is 900 ampere hours,
At the 270 ampere rate the discharae capacity is in
excess of 840 ampere hours.

8.2 Before discharging the cell, make sure that the
intercell connectors are held tightly against the
cell terminals. The recommended toraue for tighten- %
ing the supplied 3/8-16 bolts on the intercell con- :
nector is 80 to 100 inch-pounds. :

Cautfon: Use only the supplied terminal bolts or f
5/8-16 bolts which are less than 5/8" long. {

9. Storage of Cell in Wet Condition

9.1 If the cell in the wet condition is expected to be
stored for more than 30 days, it should be discharged
prior to storage. Storage temperatures should be
kept below 80 F gowever storage temperatures in the
range of 10~ to 60 F are preferred.

10. Cell Maintenance

10.1 The cell maintdnance consists mainly of keeping the
cell top clean, occasionally monitoring the open
circuit voltage of the charged cell and checking the
electrolyte level.

10.2 The cell and terminal tops must be kept clean and free
of electrolyte. If electrolyte is observed on the top
of the cell remove it with a moist rag and then dry
the surface theroughly.

10.3 The open circuit voltage of the fully charged cell on
stand should be 1.84 to 1.86 volts if 1t has peen
charged recently - within 15 days. A voltage below

1.84 volts may indicate internal shorting. If the |

voltage is below 1.84 volts, recharge the cell to 2.03
volts and place on open circuit charged stand, monitor-
ing the open circuit voltage daily. A continually
dropping voltage below 1.84 volts indicates that the
cell is shorted internally.

)y :
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] 10.4 The electrolyte level should be checked monthly.
The electrolyte level should be maintained between
the top of the separator and 1" below this top
when in the charqged state. The eiectrolyte level
reading should be taken within 4 to 12 hours after
completion of charge or after about 24 hours of
float. The electrolyte level can be monitored Ly
looking at the level through the side of the cell
case, If electrolyte level 1s more than 1" below
top of separator, add 42% potassium hydroxide til)
about 1/4 to 1/2" below separator top.

H

Caution: Do not add acid type of electrolyte to
this cell,
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CAUTION

This cell usss potassium hydroxide as its electrolyte.

Potassium hydroxide should be handled with care, Contact
with this electraslyte should be avcided. Use of protective
clothing, goggles or facs mask is recommended whan handling
slectrolyte., Dilute acetic or boric acid may be used for
neutralizing electrolyte on clothing and skin, Boric acid may

~ bs used as an eve wash., Rinse affected areas with watar.

Usa only electrolyte supplisd with the cell. Acid type of
slectrolyte will destroy the cell, Do not allow the electrolyte
to rsmain in open containers for prolonged periods of time

since it will abgord carbon dioxide and be degraded.
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1.1 The X®Z 4,000 is = prototyps silver-zinc cdell, using an
incrganic separator which has been specifically dasveloped
for the silver-zinc cell, The dimensions of ths cell
conform to those of the Dolphin cell-MIL-B24409 (SHIPS).
The ocbjective is to svalute the performance of thkis cell
using the inorganic separator under a Dolphin typs regims.

1.2 The nominal capacity of this cell is 4,000 ampsre-hours
at the 10 hour rate. The averags platsau voltags at
this rate is about 1,48 volts, Silver oxide and zinc
are thg active slectrodes in this'cell., The elsctrolyte
is a 45% solution of potassium hydroxide.

1.3 The ¢ell is furnished in the dry unformed condition. It
must be activated and formed befors opsrational uss.
The procedures for activation, forming, charging and
discharging of this cell are given in this manual and
should be followed closely for best performance.

\ 2, Cell OJescription-Physical 3
; 2.1 The XWSZ 4,000 cell is constructed in a rubber lined

' epoxy fiberglass cell case with a hard rubber cover.
E ' The nvsrall dimensions ars 10 X 10 X 20" high. The

cell has two terminal assemblies sach consisting of

3 coppsr terminal posts silver brazed to a base. One
terminal assembly .. marked positive is connected to
the positive electrodes. The remaining terminzl assembly
is connected to the negative electrodes. Each terminal
post has two 9/32" holes for connecting of intercell
cofindctors. The terminals are also provided with a
, channel far circulating of cooling water. The water
X fittdng is permanently attached to the terminal and
accepts a 1/4" ID flexible tubs.,

wl

The 611 is provided with a flash arrsster assembly
which limits accuss of air to the cell and prevents
Tlame in the vicinity of ths cell from igniting any
gas within the csell, The flash arrester assembly
seals to the cell cover with an "0" ring.

: 2.2

The cell is alsao provided with an electrolyté level
indicator which provides a visual indieation of the i
electrolyte level,

, 2.4 A flushing valve is installed on the cell cover. i
1 This allows air - "to be introduced into tha csll when i
: required.

2,5 A set of wooden braces is provided with the cell to
contain any bulging of the cell case., Before filling
the cell with electrolyte make sure that thess
braces are installed on the cell.

|
|
3
!
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3. Call Descrigtion - Electrical

. 3.1 The ¥MSZ 4,000 is & silver-zinc rschargssbls cesll with
a nominal capacity of 4,000 ampers-hours at the 10 hour
rate, Ths average voltage at this rate is about 1.48
volts. At the one hour rate of 3,420 amperes the avsrage
voltage is 1,35 volts.

] 3.2 This is a medium reste cell., It has besn designed to
safely discharge its full capacity at rates up to 3,500
amperes, For rates higher than 3,500 ampsres thes

ampers~hour capacity discharged should be limited to )
avoid overhsating of ths cell. ]

3.3 The cell can be recharged at rates up to 340 amperss. |
The preferred churge rate is 200 amperes.

4, Elsctrochemistry

’

4,1 Thae fabricated selectrodss in this cell are silver and
zinc oxide., The silvaer,or positive plats is porous and
: has a vsry large active surface area., The zinc oxide
or negative electrode is pressed intc a silver grid
and covered with a porous separator. The positive and
negative elsctrodes are both inserted into separats
inorganic separator bags to prevent shorting between
electrodes., The electrolyte is a concentratsed sclu-
tion of potassium hydroxide.

s L

% 4,2 The chemical reaction uwhich occurs on charge and dis-
‘ charge is shouwn by the following simplified equations.

Zn0 + Ag  =—=harge. Zn + AgO e
Dischargs
Discharged Csell " Charged Cell

During chargse, the zinc oxide is converted into zinc
and silver into silver oxide. During discharge the
process is reversed; zinc converting into zinc oxide
i and silver oxide into silver. Ths glectrolyte

3 thaugh not shown in the squation, allows the above
reaction to proceed. Its rsactions at the positive
and negative slectrodes ars equal and opposite, so
that there is no net changs in elsctrolyte composition
between charge and discharge. Specific gravity meas-
urements cannot therefore bs used to determine the
state of charge of the cell.

" TEIAPITC s

4,3 The initial discharge of a fully charged cell will
have a dropping voltags curve for about 5 to 10% of
its dischargs cepacity- depending on the discharge
and partially on the charge rate. The remainder of
the dischargms voltege will bs rslatively flat in ths
range of 1,35 - to 1,56 volts for the anticipated

1 Dolphin typs discharge rates. The discharge vaoltags

will drop rapidly when the cell capacity is exhausted.
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4,4 For a fully discharged cell, the initial charge voltage
: will run about 1.68 volts for 10% to 20% of the cell
Ny capacity. The remainder of charge will be at ths
higher veoltage lsvel of about 1.95 volts. The charge
voltage rises sharply abouvs 2.0 volts when the cell
is fully charged.

S Fforming the Csll

5.1 Ths XI152-4,000 is supplied in the dry unformed state
and has to bs filled and formed before uss.

5.2 A filling kit is supplied with each cell. It contains
ths following items:

Item Dascription Quantity
1 1 Gallon polysthylenn bottles 3 pcs.

sach containing 1 gallon of
slectrolyte (45% KOH)

o G

2 Peclyethylens funnel 1 pc.
3 Electrolyte adjustment 1 pe.
assembly
4 Cotton 2 oz. i

5.3 To fill the cell, remove ths flushing valve with adapter
from the cell, Make sure that cell is braced. (See
para. 2.5). Insert funnel into this hole and pour
electrolyte from supplied bottles into the cell, Add
elactrolyte until at the snd of 10 minutes it remains
about 1/8" above the top of the ssparator. The
electrolyte level can be monitored with the electrolyte
level indicator. A dark circle betwsen 3/8% to 9/16"
diamstar on the indicator indicates the correct level. ]

A The level should be tracked with the leval indicator 1

ﬁ during filling. The first three dark circles (1/8"

diameter) will appear in sequence when the electrolyte

lavel is 1 1/2"; 3/4" and 3/8" from the top of the
separator. A full dark circle (5/16 diameter) will
appaear when the laval is 3/16" from the top of the
separator. The diamster of this dark circle will start
to increase when the electrolyte level reaches and

goss beyond the top of the ssparator.

5.4 Approximately 2.5 gallons of electrolyte will be required
to fill the cell. Wipe up any slectrolyte which might
have dripped on the cell terminals or cover. Install
the flushing valve with adapter previously removed
from the cell,
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5.5 Allow the cell to soak for a minimum of 72 hours.
During this soak monitor ths slsctrolyts levsl once
a day. If below separator height, add slsctrolyte to
1/8" abovs ssparator. .

5.6 Just bsfore start of chargs, check slectrolyts level
and adjust if not bstween ssparator height or 1/8" abovs
it. Charge thas csll at 200 ampsrss to 2.03 volta.

5.7 Discharge the cell at 392 amperss (10 hour rate) till
the cell reaches 1,39 volts., If the discharge capacity
is in excess of 3,920 ampars-hours the cell is considered
formed and may be recharged fur operational use, If
discharge capacity is below 3,920 ampers hours repsat
formation cycling till capacity is met. If capacity is
not met within 3 formation cycles contact the manufactursr.

Charging ths Csll

6.1 After formation, the recommended way of charging the cell
is at @ constant current rate of 200 amperes to a cut-off
voltage of 2,03 volts,

6.2 1If it is required that the cell be charged with a shorter
time, the celi may be charged at 350 emperss to 2.05 volts,
The cell is then rested for 30 minutes and the charge cone
tinusd at 200 amperes to 2,03 volts,

[ ]

6.3 If the cell is to be connected to a float chargs, it must
be fully chargsd before placing it on fleat., The above
charge methods may be used to fully charge the csll,

The recommendsd float voltage for this cell is 1,92 to
1,96 volts.

6.4 The amperas~hour sfficiency of this cell is close to
1004, The csll therefore need not and should ngt be
overcharged,

$tate of Charge

7.1 1f a cell's open circuit voltage is 1.85 to 1.86 volts,
the cell is at least 60% charged. An openr circuit
voltage of 1.85 to 1,61 volts indicates that ths cell
is from 50 to 90 percent charged. A reading of 1.58 to
1,60 volts indicates that the cell is from 0 to 50%
charged.

8. Discharging thg.Cell

8.1 This cell can be discharged at 3,420 ampsres for ons
hour., The discharge time at this rate should not bs
¢ exceeded since the cell may overheat., The nominal cap~ }
acity of this cell at the 400 ampsre rate is 4,000 amp-
ers-hours.
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8.2 Befure disgharging the cell, make surs that the inter-
cell connectors ars hsld tightly against the cell
tarminsls.; Looss connsctions will causs a considerable
hsat rise at ths terminals,

8.3 For high rate discharga in the 3,000 ampare range it is
recommendsd that soms watar cooling be provided to the
terminals. A cooling channsl is provided in the tsrminal
bleck for this purpose. It terminates with two water
fittings at the end of the terminal block.

Starage of Cell in Wet Conditions

9.1 If the csll in wet condition is sxpected to be stored
for more than 30 days, it should bs discharged prior tg
storage. Storags tempsratures should bs kept balcow 92 Fo

Howsver storages tempsratures in ths range of 10 to 60
ars prefsrred.

cell Maintsnancs

10.1 The call maintenance consists mainly of keeping the csll
top clesan, occasionally monitoring the open circuit

voltags of the charged cell and checking the clactrolyt}
lavel,

F

10.2 The cell and teriinal tops must be kept clean and free
of slectrolyts. If elsctrolyte is obssrved on the top
of ths cell remove it with a moist rag and then dry the
surface thoroughly.

10,3 The open circuit voltage of the fully chargsd cell on
stand should be 1.84 to 1.86 volts 1¥ it has been chargesd
recently ~ within 15 days. A voltage bslow 1.84 volts
may indicate internal shorting. If the vcltage is bslow
1.84 volts, rechargs the cell to 2.03 volts snd ‘place
on opsn circuit charged stand, monitoring. the opsn circuit
voltage daily., A continually dropping voltage bslow
1.84 volts indicatas that the cwll is shorted internally.

10.4 The sluctrolyte lsvel should be checked monthly. Ths
slectrolyte lsvel should be, naintainsd bstwsen the top

of the separator and 3/4" balow this top when in the

charged state., The slectrolyts level reading should bs

taken within 4 to 12 hours after completion of charge

or aftsr about 24 hours of float., The clectrolyts

level is to be monitored with the slectrolyta level

indicator (sse below). If elactrolyte level is more

than 3/4% below top of separator, add 45% potassium

hydroxida slsctrolyts till about 3/8" below ssparator top.

Caution: Do not sdd acid type of elactrolyte to this cell.
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11, Electirolyts Lsvel Indicatgr
11.1 7The slectrelyts lavsl indicator provices five level

readouts as follcus: .

-

Observation Leysl
Ons dark 1/8" dia. circle L 1/2 to 3/4* srostd)
Two dark 1/8" dia. circles 5/4" ta 3/8% BTOS
Thres dark 1/8" dia. circlss 3/8" o 3/16" BYOS
Onc dark 5/16* dia. circls 3/16" to O BTOS

Ons dark 5/8" dia. circle Greatar than 1/8" sbovs

. top of gopsrator

(1) BTOS - Below top of ssparator
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