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Abstract:

A mercury porosimeter has been used to measure the intrusion volume of the
three types mercury positive lead acid-battery plates. The intrusion volumes were
used to calculate the pore diameter, pore volume, pore area, and pore size distribution.
The variation of the pore area in positive lead acid-battery plates as well as of the pore

volume has the following sequence.

Paste positive > Uncured positive > Cured positive

Key word: porosity measurements, lead-acid battery plates.

Introduction:

The grid make an important
part of storage cell which act as
supports for the active materials of
plates and conduct the electric current
developed. It also play an important
role in maintaining uniform current
distribution throughout the mass of the
active material. Grids for both positive
and negative plates are frequently of
the same design, composition, and
weight[1]. The surfaces area of active
material depend on curing temperature,
as the suitable temperature in curing
process is around (56 — 65°C)[2],
porous materials are being used as
molecular sieve , catalysis — humidity
sensors , and contaminant barriers .In
particular recent studies propose that
the use of micro porous (pores<2nm)
and malodorous(pores 250 nm)
minerals as adsorbents for pollutants in
aqueous systems|[3] .

The phase composition and the
microstructure of the positive plate
active material of the lead-acid battery
depend to a large extent on the paste
from which the active material has
been produced . The paste is obtained
by mixing partially oxidized lead
powder with a sulphuric acid solution .

It has been established that basic lead
sulphates form in these conditions . At
room temperature 3Pb0.PbSO,4.H,0 is
generated , while at a mixing
temperature of 70°C 4PbO.PbSO,
because of its very interesting structure
. The properties of plates obtained
form previously synthesized pure
4Pb0O.PbSO, have studied[4]. The
porous structure can be characterized
by integral or differential curves of
porevolume distribution vs. pore radius
(porosimetric curves or porograms).
The following methods for
measuring porograms are well known:
mercury  porosimetry -  mercury
intrusion into a nonwettable porous
material , small-angle X-ray scattering
.electronic or optical microscopy;
centrifugal porosimetry , displacement
of wetting liquids from the porevolume
by gas pressure ,capillary
condensation. The method of mercury
porosimetry (MMP) provides the
widest range of measurable pore radii
(from 2 to 105 nm). Great
disadvantage of this method is the
necessity to apply high pressure of
mercury (up to thousands of
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atmospheres), which can lead to
deformation or even destruction of the
samples and to distortion of the
porograms. Other drawbacks of this
method are: misrepresentation of the
results due to amalgamation of most
metals , different values of the mercury
wetting angle for different materials,
complexity of the equipment, toxicity
of mercury[5].

A new method of standard
porosimetry for investigation for any
type of porous materials was also
shown to be suitable to determine the
effective porosity of cured and formed
positive  plate lead-acid storage
battery[6]. The present work, pore size,
pore volume and pore surface area of
the positive plate at lead-acid storage
battery have been measured by
usingmercury intrusion porosimeter.
No such data are available in the
literature.

Material and Methods:

The measurements were made
using mercury porosimeter model
"pore size 9320", obtained from
micromeritics, USA. The mercury
porosimeter[7,8] is a device which was
capable of generating suitably high
pressures and measuring
simultaneously both the pressure and
volume of the mercury token up by the
pores .

A measurement with gravitas
was carried out as follows: on
analytical balance the materials of lead
battery specimen to be examined was
weighted and dried in vacuum oven at
(120C°) for over night. After drying
process the specimen was transferred
to the low pressure chamber and the
measurements proceeded automatically
recording the pressure (in psia) and
intrusion reading (in PF ) (PF = pico
farad). The same procedure was
employed after the sample was
transferred to the high pressure
chamber. The duration time of the
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experiment lasted about 5 hours. Six
types of specimens which have been
received directly from ministry of
industrial, Babel factory  for
manufacturing lead acid batteries,
Baghdad the sample of the lead battery
which have been used in this
investigation;

1- Uncured positive plate of the
battery. This represented a grid, which
was coated with the paste of the
positive plate prior to curing stage.

2- Accrued positive plate of step
2.

The samples were ground then
sieved and the powder whose the
partial size (250 um) have been used.

Results and Discussion:

The properties of the lead oxide
vary markedly with the method of
manufacture, compared to ball-mill
oxides, Barton oxide, generally have
lager particle-size distributions and
mean particle diameters.

The  porosity — measurements
enabled the identification of pore
volume, pore size, pore area, and the
most abundant pores that are present in
the mater sales . (table 1) shows typical
pore size distribution data form and
pore area distribution data form for
lead battery .Calculating the pore
diameter introduced by mercury at
each pressure requires solving the
basic equation[9,10]

0
D=—4ycos—
7P

Where
D = the pore diameter in units of micro
meter.
v = the surface tension of mercury 485
dynes/cm.
0 = the contact angle between mercury
and the solid containing the pores and
generally varies around 30 degrees.
p = the pressure in pounds per square
inch.

Converting  intrusion  meter
readings to pore volumes requires first,
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calculate the cumulative changes in
capacitance (Initial value taken as
zero).

These changes in capacitance
multiplied by the conversion factor
(pentrometer constant) supplied for the
penetrometer (and a units conversion
factor) to give the cumulative pore
volume. Cumulative pore volumes per
gram of sample are obtained by
dividing by the weight of the sample.
The total pore surface area obtained by
assuming that all the pores are
cylindrical capillaries. The calculate
the pore surface area A for each
diameter increment is simply related to
incremental pore(V) and the average
pore diameter (D) by the equation[11] ;

The cumulative surface area for
each point is the sum of these for all

points Table (2) shows the
experimental values of pore volume,
pore area and median pore diameter on
the three samples of lead acid batteries
in Baghdad. The value of (D) on the
distribution curve corresponding to the
maximum value of AV/AD is termed
the media pore diameter. The results of
table (3) refer that pore area and pore
volume of the three samples of lead
acid batteries , follows the sequence as;
Paste positive > Uncured positive >
Cured positive

The  different  pore  size
distributions were estimated from the
plot AV/AD against D. AV and AD is
obtained from differences cumulative
volume and pore diameter points in
table (2).
The data obtained are tabulated in table
(4) and shown in fig (1-3)

Table (1) Pore volume and pore area for paste positive electrode (Ball Mill

Method)
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Table (2) Pore volume and pore area for cured positive electrode(Ball Mill
Method)

. Intrusion Cumula}tlve Cumulative Average Cumulative
Pressure Pore Size . Intrusion Average Incremental - Incremental Pore arca
(pounds/in?) (um) Reading (YAPF) pore volume (cc/g) Pressure | pore volume (cc/g) Pore Size (m?/g) P‘”? arca
(PF) (um) (m*/g)
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Table (4) The porosity parameter for
the three different types of positive
active method

Type of ch))I(L)Jrr?"le Pore area ( Median pore
PbO, (cclg) m?/g) diameter : um
paste 0.1868 2.6654 0.15

p05|t|ve
cured 0.0329 0.537626 0.04

posmve

uncured 0.1563 2.34373 0.15

posmve

Table (5) The data of pore size

distributions for the three types of
positive active method

paste positive cured positive uncured positive
D AV \AD D AV \AD D AV \AD
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Y A Y 8
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9
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3
Ya,8.9 0.0022471 Yi,vde 0.0002281 Ya,¥ 0.0013
9
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5
YY, )4y 0.0012175 YA, 474 0.0002565 Yoo 0.001625
Yo, 0.0018706 VV,YYo 0.0004084 ) 0.001
ANFCAY 0.0006309 10,40 0.0005426 LY 0.002083
1
Vo,dav0 0.0011076 1o, 0.0005399 1o,y 0.001933
9
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8
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8
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5
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Fig (1) Pore volume distribution
over pore diameter for paste positive
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Fig (3) Pore volume distribution
over pore diameter for uncured
positive
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