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sureCure —
behind the time savings

the science

David I Boden and Benjamin Labovitz of Hammond Lead
Products explain how the addition of just a little leady oxide

and tetrabasic lead sulfate can save so much time in curing.

uring of positve plates for lead-acid batteries is

a critical operation. During this process che

chemical and physical structure of the active
material iz established and the plaes develop the
strengeh required tor subsequent mechanical handling.
When a pasce mix is prepared by corventional methads,
the primary compounds present are ribasie lead sulfae
[TRBLS)Y, unreacted fead oxide {(PhCY and lree lead. Tt
has become apparent o batery manufaerurers char o
high concentmation of terabasic lead sulfare {TTBLS)
in the positive plates improves the life of bareries. This
iz the case for both autemarive and induserizl produces,
Therelore one of the principal objectives of curing is o
comvert the tribasic lead sulfare CTRBLS) formed during
paste mixing to TTBLS, The acher impaoreant goal is o
oxidize residusl free lead in the active marerial o lead
oxide.

APLOPBSO 4 Hol) & PhOd = 4PROPREC « H4 0
P+ L2002 Phi

These reactions talee place under different condirions.
In conventional curing, conversion of TRBLS o
TTBLS is eflected by heating the pasted places ar s
temperature of =80°C (176°F) in air having a relarive
numidivy of =95% for several hourss. Following chis,
the temperatuce and humidige are both reduced o
allowe the plates w dry slowly. During this stage of the
process air enters the porous plate struetare and reaces
with the free lead producing a-PRO. It is important
not to Jet the relative humidity decrease too quickly in
this second stage because once the moisture content of
the active material drops below 5% by weight the
oxidation rate of the free lead reduces appreciably.
Typically, in battery plants, large curing chambers
capable of holding a shift's worth of plates or more wre
used, These have controls to adjust temperature and

it
r

Watch that tetrabasic lead sulfate grow - what
Surecure does, in just a few hours.

humidity over a wide range, Bareery manufacturers
employ a variery of temperature/humidiey/time
profiles in curing and iv is not uncommoen for che
process To take several days,

Diespice numerous refinements 1o curing chambers
over the vears, curing remains the kst completely un-
automared  process  in bacery  manufacruring,
Fumeraus other prnhlcm: cisr with this process. It is
enery; labor and mpiml intensive, curing rimes are
frequently uncertain and the chemical characreristics of
the plates are variable. Barcery plants may require tens
of curing chambers to handle cheir plares, accupying
space thar could be more profinably used for more
productive  purposes.  Large  numbers of  plaes
quarantined in euring chambers increase wnrking
capital. Clearly, considerable sconomic henefits would

vesult from an improved process.
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The improved process

The process invalves use of finely divided TTBLS
(median particle size <y} s an additive w the paste
mix, This is a braght whire dry powider with 2 TTHRLS

content greater than 95%, This bas been given the rrade

rame SureCure, We have found that ene percent of

SureCare (hy weight of oxide) in the mix s sufficient ta
<ighiﬁ::’un]_l.' accelerate formation of TTRLS crysuals in
the paste before curing and in the plates during cering,
This macerial is added o the pasie barch with the ocher
sobids and i all other tespects the paste mixing
procedurs is unchanged. This small amount of TTBLS
dacs nor alfect cither the density or plasticicy of the
unaftecred,

s act as nuclearion sites for

pasre therefare prasting operations |
The small TTHLS oy
formagion of more 'TTBLS during paste mixing and

accelerare conversion of TRBLS w TTBLS during
curing, By eliminatiog enery of nudeation TTRLS
readily grows on the existing particles rather than
stals,

c:{p(‘nding the enezgy required oo form new i
tll-scale trials waeh chis marerial have

A number
been carried our i battery
plants ivalying
auremaorive and indosteial
batrery plarcs,

In every case the tme
uired for formacon of
TTBLS

shartened appreciably and

has bicen

the uniformity ol the
been

improved,

cured |3].1rrs luas
considerably
Typical automictive aid

inclustrial paste mixes were made using convenrional
Oxmaster and SKES commercial paste mivers. To these
1% by weight of TTBLS having a
rarticle sive of avound 00810, The standand paste
rhe bart

manufacnurers wers followed and the plates were pasted

frasies was ackd
mmedian 1

mixing and curing proces

Luf3 l'_hl_'l'_l ITl'l

and tnnel dried by MAC paaing machines and dricrs

Automaotive plates were penerally stacked an pallets

while 1nchuse

i'II |:'i'u'lll.'5 Lt K L'Il'.é"lﬁ.‘r .'C[il{fkt‘.l’l or I‘.]C.,(‘d

depending on the manufacturers preference. The places
i

were cured instandard commerct curing chambers
ﬁ:.llw.-;ing the 11.lrr-:|'}-' manufactueee’s normal procedure,
To evaluate the results of the additive, samples of

paste were taken from the paswe mixer ac che end of the

mixing process and samples of the pasted r.||n1'|::~i W

en at the sake off stadon and at intervals :?m'in\e_ the
curing process, Active material was removed from the
o ina fieeser at -18°C (07F)
dried ar

illl.i!l_}".‘.ﬂ.‘{]

plates, inmumedizely plac
and

Temperacure.

."-I.II'KL'E".IC‘:'I 1y WL ﬂm|‘.-im'|r

I'his was then by x-rawv

diffracrion 1o determine the phases preses using a

Rigaku Miniflex x-may analyzer with software adapred
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“In every case the time
required for formation
of TTBLS has been
shortened
appreciably.”
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for caleularion of concentations of phases in barcery
plarcs. Scamning electron microscope images wers also
ohtaired ar a magnificacion of 300 o derermine
crysral size,

Automotive battery plate pasting andec uring
Acosamimary of the data obrained from trials carvied out
with two autemotive battery manufacrurers is shown in
Fignres 1 and 2 on page 86,

(g

Company A and Company B employ  different
L]

il .'-:l L‘IP‘ PTO CLCS5CE 'c'll](.!. l:';.{L'lll!J ment. 5:] l'I]l'.'
Company A the carlng wmperature is low inirially and
is increased with time woa bigher value, In the case of
Company B the curing chimnber temperacure is kepr ar

5 the

a low value throughour the process. In both

relative humidity is mainmwined at =93% until the

1 cyvele s starred,
It is clear char addidon of only 1% TTELS w the

f.] ry

paste mix accelerited conversion ol TRBLS w TTRLS.

JI'I Thf_‘ CiRse I'!l.: ':_‘.Ij]'ll:_]'clll}' _'l'l SIS COOVERSIon r('r(SL', I',Ili'll:f.'

in the pasee mizer and vicwally complere conv n
had caken place afrer six
hours  in the  curni ng
climlber.
Without
ne conversion of TRBLS
o TTBLS ook plice unril
alter 13 rthe
curing chamber, Ar rhe

the addinive

hours in

enel ol the curing cvcle the
wertreated |1|;|rc.'-; concained
TTBLS
comprred 10 66T in the

i r1|_'|'

treated plates,

In the case of Company B a significant amaune af
TTBELS had formed in the paste mixer betore the plates
were pasted, The season lor this s thar the peak pasee
mixing temperature was approximarely 2.8°C (3°F)

lrigher than that of Company A. This small increase in

i sufbicient o accelerate

I‘-‘E:ll‘. |'!'.|'\'|.'i_: lL'l'll['l':.'lC{lliEL' N
formation of TTBLS in the paste miver. The paste
concained 40% — 50% TTELS hefore ir was dispensed
mto the pasting machine, Complere conversion w
TUBLS had taken place after only 5 hours in the curing
chamber, The TTELS levels in Company B's plares were
% The reason for chis is

also hig?u—.r than Company A
that Company B uses a higher sulfarion level in s

plites than Company A,

Industrial battery plate paste mixing and coring
Results fram three trials carried our in induscrial bartery
plancs are shown in Figures 3, and 4.

Ae with the automotive plate curing rrials the thres
companies  used  different

Curing  processes,

Consequently different results were obrined in cach

PEnergy
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Figure 1: Effect of 1% SureCure on Automaotive
Paste and Plate Curing. Company A

Figure 2: Effect of 1% SureCure on Automotive
Battery Paste and Plate Curing. Company B
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Figure 3: Effect of 1% SureCure on Industrial
Paste and Plate Curing. Company C
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Figure 4: Effect of 1% SureCure on Industrial
Paste and Plate Curing. Company D

case. | lowever, in every case, formation of TTBLS wis
considerably cnhanced when the addidve was used. In
the Cil50 Qlll 'f_:-:.llnl,):L:'l:.' (_. l;|h; |1:'<'|[|;5 Wi I_‘:l;]\'ud (411
notched rcks and the curing profile began with a show
P L
70T followed by several hours ac the high

cotversion in the paste miser, Complewe conversion
accurted after only 4 lowes i dhe coring chamber while
the pracess was still an the o up phiase, These dats
show that the addivive promotes Tonnation of TTBLS

ramp up in emperacue from -55°C (130°F) © i the pasie mix and that complete comverston [rom
TRILS 10 TTBLS can e aclueved i the cuning process
av emperatures in the range 35°C - o0°C {130°F -
1407,

temperature, Withour the additive no TTBLS was
present inthe paste and TTBLS began o farm 9 hours
after the curing cvele had been starred. This coincided The trial ar Company [ was caried out te verily
with the end of the ramp up o the high remperature, that it was possible o achieve complete conversion om
Afrer 12 hours, when the drying phase of the coring TRELS 1o TTBLS av much lower temperatures by use
af the addicive, In this case the plates were stacled on
pallets and the curing room was held ar -50°C (125°F)
with o relative humidity =95%. Peal paste mixing

G0 (140°F), Under

process was started, che TTBLS concentratian was

L 20%, In contrast, with the additive, the paste

comeained over 70% TTBLS indicaring chat the

additive had cavsed considerable TRELS o TTRLS TeMperarlres  were thicse
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conditions the uncreated prasle and |'-‘|:I.(L'!-' dm‘..h:pcd
very little TTRLS even alter 100 haurs in che t:lJI’i[];::
chamber. Dn the ather hand. the trearcd paste
contained abour 5% TTBLS which rapidly increased 1o
279 after 1 hour in the curing chamber, Complete
conversion taok place wlier abour 4 hours, These daca
confirm thar conversion of TRBLS 1o TTBLS takes
place ar much lower tempetatures than previoushy
helieved when the additive i used.

These daes clearly show with use of the SureCure
additive:

1, That it is possible w produce TTBLS casily in the
paste mix with peak paste mixing remperarures in the
range of G0°C - 63°C (140°F - 145°F).

2, Conversion of TRELS 1o TTBLS is significantly
accelerared during the curing process.

5, Plare compesition s very uniform and

reproducible,

Crystal size and uniformity

Size and uniformity of the TTBLS crystals is very

important. Large erystals ave mare difficalr o form and
will require lenger formation tmes that small erystals,

Ulniforminy is also important so thae all crystals in the

plate form at the same rate assuring that all plares are

repraducible. Wide variations in cryseel size can cause

significant chenpes in charge acceprance and variable
performance from plare w plae. In conventional
curing ir is comman for the crysal size of TTBLS ro
vary eonsiderably. The reason for this s thar ir s
difficult to initiate comversion of TRBLS (o TTBLS; s

mentioned carlier this requires high temperarure and
humidic. However, once the reaction has starred,
TTHLS eryseals lorm quickly and can grow o a large
size. within & short time. Because of wvarving

thermedynamic conditions fram place o place in rhe

curing chamber, and position of plates on the racks or
stacks, TTBLS crvstal growth docs nor begin
simultancously in all the plates. Therefore erystd
growth can be variable from plate o plate. This

st

wion is improved by use af o TTRIS nucheation

additive hecause energy of crvstallizanan is eliminated.

Consequently, crystal grosh is facilicared ar a Lot

wre aned takes place unifem!y on the TTBLS

I'L"I'I'|'|

“eeeds” distribizted inothe active marerial.

Figure 5 is a typical scanning elecrman microscope

the end of 4 conventional curing process.

My image of positive plate active material talen ag

The large angular crysals are TTHLS. 101 casy 10
see the wide varieny of eovstal sizes in this photograph,
It is sy Lo see the differences in orysal morphology.

These differences will lead o variations in [ormatian

charge acceprance (large crystals charge more slowly)
and i the inicial capacity of barrerics. There may alsa

Le differences in life since hareries made rom plares

Batteries
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Figure 5.

with poor erystal development will saffer premariee
active marerial sofrening and shedding,

Wich as e as 196 SureCure added o the positive
paste mix the erystal serocture is improved markedly,
This is illustraced on the first page of chis article which
shows SEM images ar 3,000 magnification showing, rthe
increased concentrtion of TUBLS risng o $5% at the
endd al the curing cwcle,

This shows than the presence of SursCure promares

formation of TTBLS in the paste mix befors the pla
are pasted. The implications of this are very significant

st it shesws thar che copseallizion phase of the caring
process can be climinated.

The crvseal uniformity i also very noteworthy,
Crystal size is very uniform and changes very litcle fromm
pasting (-3-7 microns) o the end of curing (10
microns],

This grain size uniformity will imprave formatien
chatge acceprance and consistency. Consequently more
clficient formation will occur and ini

variatian will be reduced.

fal capasicy

Frce lead oxidation

I'he euring process also 1 ondeliee e lead in

addition to formation of crvstal structure, We have found
that use of SureCure speeds up oxidation of free lead in
boch positive and negative places, For positive plares the
rime nequired o achicve a free lead concenrration of the

epred 2% was about 18 heurs and 28 hours

usually ac

with and withour SureCure repectively.
For negative plates the reduction in free lead o 4%
was achieved in 8 hours while 18 hours was necded 1o

achieve 2% tree Tead. In chis work an addirional grade

af SureCure with a larger median parricle size (33u)

was dlso rested. This is known as SurecurelD). The

sl show than SureCure LI iz more effctive in

accelerating free lead oxidacon than sandard SureCure,
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Figure 6: Effect of 1% SureCure on Cold Cranking
Amperes.
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Inirial capacities of batteries

Initial capacity cesting hes been carried our on both

auromorive ad motive power harreries,
Fignre & shows the results from cold cranking. In all

of these reats the batteries thar conmived SureCurs in

the positive plates showed improved performance.

Life testing
A we have discussed previously the principal reason for
producing barteries with 'T'IBLS in the positive plares 35
that rhis increases life, particularly in cyeling
applicarions.  Unlortunately, life resting takes «
considerable amoum of time therefore v has nor yer
been complered but data exiss for palt car bateries up
w530 eycles as shown in Figure 7. These wsts were
cartied our on rwo full goll car barrery sers that were
charged  and  discharged by conventional Lester
dischargers and a.'h::rgr-.'s._

[t can be
SureCure
prcduct throughoar the est

en that ar this poine bareries with

have given higher capacite than the standard

Conclusions

SureCure has been found o be 2 r\'_'m.n'k:llaly etfoctive

With SureCure

Withaut
SureCurs

11

B
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Figure 7: Cycle life of golf car batteries with
and without SureCure. 1% SureCure added
to positive plate.

adddicive o bath positive and aegative places.
= lo causes formarion of TTRLS in the paste mix

whviasing the need for this in the curing process.

* Where low pasie mixing temperatures are used
resulting in reduced TTBLS formacion in the praste
ik, ie causes rapid conversion of TRELS w TTELS

in the cunng chamber,

Lt improves the uniformicy of the TRBLS w TTBLS

COpverEin,

I improved crysial size uniformicy.

It prevents forr
TTBLS crvscals.

* Ivshortens the time for free lead exidarion in badh

wion ol very large, difficult w oo

positive and negative plares,

* vincrsses inival capacioy i induserial batteries.

-

[r increases cold cranking amperes, reserve capacicy

and 20-hour rate capacioy in automotive baccerics.

-

[n deep cyvcle batrerics the capacice increase

mainrained over mare than 500 cviles.

These henefis give a significane reduction in curing
times and improved perfermance from harrerics, €
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