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ABSTRACT

Although water Is often the only solvent
used, thare are several important industrial
applications where a mixture of liquids with
differani volalilities are involved. In such
cases not only the drying rate but also the
variation of the compostion of the liquid con-
tained in the solids with the moisture content
of the particles is of interest. This coutd
reveal whether or not a parifal preferantial
removal of one component or the other is
possible in the course of the drying. In this
study a 1mlong, 0.2mdiameter fluidized bed
with heated walls and various mixtures of
iso-propanol and water was used. Resulls
obtained indicate that mild drying condl-
tions promote more selectivity since the
process-controlling liquid-side mass trans-
fer resistance, increases with the severily of
drying.
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INTRODUCTION

Due to the excedlent contact obtained
between the vapour-carrying gas siream
(which s normally air) and the solids,
fluidized beds are extensively used for

HEATED WALLS

drying granulated products and grains.
Normally the gas stream is heated prior 10
s entry into the fluidised bed. However
drying can also be carmied out where heated
walle or heating elements immersed in the
bed are used. Where the two modes of
contact are combined, the much increased
heat transfer coefficients resulting can lead
to a reduction In dryer size.

in this work a fluidized bed with heated
walls and an lso-propanol-water mbture was
used with the objective of studying the effect
of the mode of heat transfer and operating
parametars on salectivity. By selectivity It is
meant the preferential removal of one of the
componert from the liquid phase. Normally
the component of highast volatlity con-
stitutes the largest fraction In the escaping
vapour at the start of drying, However the
interaction of capillarity of the porous materk-
al and the gas-and liquid-side resistances
can lead to a different result.

A tm long holiow copper unit with a
diameter of 0.2m long was used. The frst
systematic study of the evaporation of a
binary mixture from a free liquid surface was
reported by Skiarenko and Baranajew (1.2
and Lewis and Squires (3). In recent times
a series of work has been done with different
modes of drying by Schiunder and co-wof-
kers. Work has been reported on
convective drying of porous particies (4),
vacuum contact drying of catalysts pellets
(5); and fuidized bed drying of porous par-
ticles all wetted with binary mixtures (6).

THEORY

Depending on the Initial moisture con-
tent and the nature of the wetted material the
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drying rate curves of solids can be roughly
divided into three segmems. These are the
constam rate period, during which unbound
moisture ks dried off and which terminates at
the critical moisture content: and the first
and second falling rate periods when bound
moisture is removed. Selsctivity in the
course of drying mixture-wetted solids Is
controlied by a complex, combination of
saveral factors. These are the extent of mbx-
ing and sorption effects, capillarity in pores,
thermodynamic equilibrium between the gas
and liquid phases and mass transfer In the
driad, partially dried and wet pores. To sim-
plify the mathematical treatment of the
process, those factors of minor influence are
convenlently neglected. The treatment Is

. sorption and mixing effects

. mass transfor in the pores of the par-
ticles

. heat and mass transfer in the fluidized
bed, and

- heat transfer between heated wall and

2.1. Effect of Sorption, Mixing and
Capillarity

At the beginning of the process when
the liquid forms a continuous phase on the
surface of the particles as wetl as in the
pores, interaction betwesn the liquid and the
solid is unimportant. Later when the Bquid
becomes a discontinuous phase, sorption
affects can increase in importance depend-
ing on whether the solid Is hygroscopic or
not. Thurner and Schiunder (7) have
measured sorption isotherms between non-
hygroscopic brick and hygroscopic paper
as the solids, and water and lsopropanol as
liquids. The results show that aven at low
moisture contents when they begin to enter
into the pictura, sorption elfects have very
ttle influence on selectivity,

Experiments conducted by Fitzgerald
{8) with tracer materials and beds without
tubes indicate good gas-solid mixing. For
supeficlal velocities between 1.5 and 3.4
m/s overall mixing times of between 50 and
108 were reported for a 1m bed.
Superficial velocities involved In this work
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was between 1.1 and 2.1 m/s and drying
times ranged from 300 to 2080s. Therefore
given the smaller size of the bed {0.03m
square) thorough mixing of the bed s ax-
pected. Based on this assumption,
temperatures and concentrations measured
are laken as representative of the entire bed.
Al the Initial stage of the drylng when the
liquid forms a continuous phase, I Is trans-
ported to the surface of the panicles by
capillary action. The capilary transport is
due to the surface tension of the fluid at the
surface of particles. This creates a
pressure gradient in the pores. As the
drying progresses the molsture content of
the particles reduces to the critical moisture
content, after which the drying front recedes
into the particle. The shrinking core model,
which was originally employed to describeq
gas-solld reactions, has also been appled
successfully to described drying In porous
particles (8, 10). I assumes that drying
takes place only at the drying front and that
after the critical molsture content is reached
the moleture content stays at this value tiil
the and of the process. The drying rate
drops, however since the additicnal resit-
ance introduced by the dried outer sheil
increases with time (fig. 1). The results of
such a model compared to some ex-
pefimental values are shown in figure 2,
This is a plot of mole fraction versus the
relative molsture content in the particle.

2.2. Mass Transfer In the Particle Pores

Selectivity in the evaporation of mixure
Systems has been defined as (4):

Hl il T €13

where for a binary system

- o LiFl
Y1 * Y
Hl
x ] .!_
1 1 + NE (3}
%1 can be postive, negative or zero,
indicating removal or retention of co
nent 1 or no change in the Initial

108 JOURNAL OF THE UNIERSITY OF SCIENCE AND TECHNOLOGY

Vol 8 No. 3 Oedviewr 1080



Fig. 1. The shrinking core model.
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Fig. 2 The limiting cases of selectivity,
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composition, respectively. The equilibrium

diagram for isopropanol-water mixture
shows a dynamic azeotrope between mole
fractions 0.63 at the start and 0.32 at the end
of the drying (ig.2).

Considering equation (1) and figure 2,
the maximum selectivity will be obtained
from curve 1 and the minimum from curve 2.
Curve 1 represants the case where aqui-
brium between the liquid and the bed gas
controls the drying. By the time of curve 2
the liquid does not form a continuous phase
In the porous sofid any more and the resist-
ance due to the dried and partially dried solid
interfere, The process s now diffusion con-
troled.

By a combination of volume balance,
molar flux balance around a spherical par-
ticie and the continuity equation the variation
of the concentration of the liquid with time in
the pores during drying can be calkculated
(). This is usad In devaloping the concen-
fration profiles given in the composition
curves of fig. 3.

23, Heat and Mass Transler in the
Fluidized Bed

Heat and mass transfer coefficients be-
tween the drying frontand the gas are
calculated on the basis of the plug flow
modeal for the gas flow throughthe bed. itis
assumed that the bed is ideally mixed and
that there ks no back-mixing of the gas. The

mass balance expression
N, dY, = hodA (4)
and the kinetic expression
L9 = ot _ his
rl ng“i,y”: Ti} {5:'
g iR
gves' "t T Tilow . _-NTUL(g)
o, = YL
1 1 in -
mm‘?iq . Y @
¢ =
L=vym 7
A, n_ K,
and NTU] = 28 D8 (g
H
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NTU’s are the number of transfer units.
The ¥ |'s are determined from vapour-liquid
equilibrium data while the Yi's are measured

directly. Similar expressions are obtained
for heat transfer,
Iﬂ-.uul. 3 E In . - NTU -
Tg,eu ~ Tp
a a
where nTu] = ——1— 1)
c_m
Py q
The NTU's can be expressed In tarms of
Sherwood and Nusssit numbers as;
(1- £, 14d
i e a0
Sh 4= 2 b NTU e
by 02

where Pepi the Peclet number is given

Similarly
: by [
NTU, = & : = 13)
(1—& ’d_ Re F
b,o p

A plot of Shpi versus Rep from various
sourcas la shown in fig. 5. The data were
obtained from equipment of different sizes
and from diflerent systems. They show that
Shpi Is dependent not only on Rep and Sci
but also on various system parameters like
diameter of bed, distributor type, bed height
eic. Thus it is recommendable to measure
ihe mass transfer coeflicient for the spouiic
equipment concarned,

The reduced NTU value for mass trans-
fer during the falling rate perind is given by:

o
MTU,
I i (14)

T
" 1+ 0.5Bi [‘_E_ll

T

whare Bii the Biot number ks defined as:

MTU

K; d v
B;-,i.—._l.ﬂ_E. —p — (15)

D c

i, g P
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- material: alumina-silicate
- liquid: 2-propancl (1)-water

- gas inlet tempaerature; 100°C
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=initial bed height: 15¢cm_ .

- mean particle diameter: 0.61 mm
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FIG. 3. CALCULATED AND EXPERIMENTALLY DETERMINED
COMPOSITION CURVES
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Combined with eauation (8)
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Fluidized Bed

The heat Is transfered in three ways: by
rate (Tw = 1000C: H = 15cm:dp = 1.35mml mﬂmwﬂummﬂm The ?ﬂﬂ'm‘;;
convection component s that part of the
heat which s transmitted by conduction
from the wall fo the
comact with I The particles move into the

which make
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bulk of the bed and give up their surplus of
internal energy. This mechanism Is pre-
dominant with particles of less than 1mm
racius (11).

The gas convection contribution Is that
part of tha heat which goes directly from the
wall to the gas in contact with it. This com-
ponent increases with gas velochty and is
therefore the biggest fraction In cases where
larger particles, requiring higher walocities
for fluldization, are concerned, The radiative
componant s, as usual, only of imponance
at higher tamperatures.

Assuming a unfform bulk temperature
the particle and gas convection components
can ba incorporated in a heat rate express-
lon,

2 - 2 £F. %
Qpt ® W™ Nl - (18)

where o(WB is the wall-to-bed trans-
fer cosfficlent. The heat balance can be
evoressed as:

s B = f + —b (19)

where A represents enthalpy. Thus
equations (18) and (19) ghe

3. EXPERIMENTAL SET-UP AND
RESULTS

3.1 Equipment Descriplion

The nuclaus of the set-up is a meter long
copper fube with a diameter of 0.2m (fig.4).
its walls are electrically heated with heating
manties belted around it. Platinum 100 wires
are Imbedded at regular intervals along the
wall'to determine the temperature. A 4KW-
blower connected to the bottom of the
vertically-mounted tube supplies the re-
quired air fliow. Between thesa two units is
a turbine flow meater for flow rate determina-
tion. The exhaust gas from the top of the
tube is fitered and lalty condensed be-
fore entering a 9 A NaX molecular sleve
packed bed where its contents are reduced
to zero. Part of the fitered air is bypassed
through two infra-red devices which
measure the concentration of the isopro-
panol and water in it. The solid maleral

Chemical Engineering

consists of aluminium silicate particles of
density 16850kg/m3 and porosity of 30%. A
table of the parameters studied and their

values are ghvan balow.
Mol fraction
of sopropanol: 0 04 07 10

Particle dlameter (mm): 0.61 0.96 129
Bed height at rest (cm): 5 v 15
Gas fiow rate (kg/m2s): 1.3 19 26
Wall temperature (oC): 50 100 150

Entry temperature
of alr (0C): 20

3.2, Experimental Procedure

Weighed amounts of particies of a given
height comesponding to a definita height,
were wetted under vacuum with liquid of a
certain concentration. The mixture of liquid
and particles is centrifuged to make It Buiciz-
able and then dumped Into a happer which
opens into the copper tube. At the start of
an experiment the blower, the condenser
and the pump feeding the infra-red monktors
are turned on. When the requirad operating
conditions are attained, the recorders are
started and the materials are simultaneously
dumped into the tube. The expariment ends
when both composition signals return to
Zaro.

3.3, Resulis

The experimental results shown In
I'Igumsaa to 10 are plots of specific mass flux
{ ko/m “s)against the moisture contert (kg
liquid/kg dry material), called the drying
curve; and of mole fraction of isopropanol
against the normallzed moisture content, the
composition curve.

Figure 6 indicates that the drying rate for
pure sopropanol s about four times as
much as that of pure water. The other cur-
ves show that higher rates are obtained for
higher concentrations of alcohol. The
higher volatility of lsopropanol is responsibie
for this. It can also be observed that a period
of pronounced constancy in drying rate is
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obtained fofr tha water. This is due to the
ability of capillary forces to maich the evap-
orative fiux from the surface of the wet
particles, given the lower water wvolatiiity.
Measurements with single particles show
that isopropanol exhibits no constant rate
period at all. & falls right from the beginning
of the drying period. The near constant rate
observed hare is a property of the total bed,
since the effect of the increased resistance
to diffusion is Initially offset by the large
surface area avallable.

Migures 7 to 10 indicate that temparature
variation has very liitle effect on the selectiv-
ity. while that of particle size, bed haight and
velocity are appreciable. In fact the opti-
mum condition for salectivity is achieved by
a combination of small particles, high bed
heights and low velochies at a given tem-
perature. Since drying rates In small
particies are lower than in large cnes (fig.7),
the combination given above consitute mild
drying conditions. This Is as opposed to the
combination of large particies, low bed
heights and high velocities, which gives
severa drying conditions.

At the beginning of drylng when the
liquid ferms a continuous phase in lhe pures
and on the surlace of the paricles, mass
transfer coefficients are highrst. Therefore
the NTUs are high (equation 14) resulting-
the exit compositions being close to equil-
brium. When tha outer dried shell reduces
the mass transfer coefficient and thus the
NTU, the exit concentrations from the bed
ara far from equillarium. 1n the limit the evap-
orative fiux of component 1 is given by:

By o Top atil
Fo= [1+ —Es8 - ]

1.9 Yy (21)

2.0 1.4
anmetmﬂmQMHUyuquau:m
(8) Le.

-

= [1 " iﬂu ] @2

Ty

Figures 8 to 10 Indicate that the biggest
Influence on selecthvity is due to particle size.
it has baen determined that In large particles
the transition from equation (21) to (22),
rapresantad on figure (2), is fast Thumner
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and Schiunder (4) have shown that the se-
lectivity observed in drying porous materials
wettad with a mixture is due to morae than just
the resistance’of the JENRE the thevmody-
namic equililbrium- at the drving front A
steap concentration profile, which does not
reach the middie of the particie, ks calkculated
for targe particles. This is an indication of
high liquid-side resistance to mass transfer.
The mechantsm can be related to the avap-
oration of a mixture from the surface of a
porous slab which lies on the surface of the
mbdture. The kinatio masa tranafor axpress
lon can be expressed as:

% dx Ea}
Ny SR

which combined with equation (2) laads
to

i. - -
1, 18 _ = ne
—_— -ﬂKFII[ “—T]
;.1.. x4 11

(24)

Depending on the value of the liquid-
side mass transfer coefficient K, two limiting
cases exist.

1. For high Kg: ¥ip = X*1

it folows from equation (1) and figure (2)
that the maximum salectivity will be obtained
in this case. Tha concenfration af the Inter-
tace batween the pore liquid and the
surrounding gas, X*1 is equal to the bulk
concentration. Thus the concentration
profile has zero gradient.

2. Forlow Ky f1 = X18

This results In no selectivity at all, as can
e inferred from squation (1).

It can be inferred from figure (2) that at
low isopropanol concentrations the alcohol
is .removed while at concentrations lying
above the dynamic azeotrope, waler es-
capes preferably. The slight removal of the
equitibrium curve from the diagonal at con-
centrations higher than the upper limit of the
azeotrope 0.63, accounts for the low selec-
thvity obsarved In this region. It can also be
conciuded that the selectivity trend found for
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convective drying of the wet particles is the

same as when the heat is transferred
through the walls (6).

Figure (11) is a plot of the heat transfer
cosfficients calculated using equation (20).
Due to the longer period of constant drying
rate and bed temperature obtained using
pure water, the first two diagrams of the
figure are for water. These Indicate that
small particles, due to their larger surface
area, give higher heat transfer coefficlents,
Higher wall temperatures (give slightly high
.= -values aftributabie to the increasing im-
portance of radiation and the increased
thermal conductmvity of the air.

The trend of high e -values at high gas
throughputs is observed in all three diag-
rams. The larger heat transfer area resulting
from the increased velocities is responsible.
The third diagram shows that the ®-valies
are, by and large, independent of the liquid
composition. The lower values obtained for
pure lsopropanol cannot be explained.

SYMBOLS
A araa m2

Cp specific heat capacity hdé'lf.g.“{:
D diftusivity m

dp mean particle diameter m

H bed height m

H enthalpy kd/kg mo

K mass transfer coefficient m/s

M mass flux kg/s

M molecular weight .

N molar flux molfs

fi () specific molar (mass)fiux mol (kg)/m?s
Q heat flux m

r radius coordinate m

i relathve molar flux -
Bg mean particle diameter m

S selectivity ;
& slab thickness m

1 time s

T temperature °c
u velocity mis
X Nquid mole fraction -

—

X moisture content on dry basis -
y:as male fraction -
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Indices

b B bed

inert gas
component

wall

particia

liquid

Inttial value

sold

Isopropanol
water

maolar

first drying pariod
secondffaling-rate period
equilibrium

e noleg g~

n
4
2>
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1)Areas suspected of argenic and sul-
phur poliuticn near gold smelters, the ore
being arsenopyrite; .

2)Areas naturally containing large
amounts of arseni:; and

J)Areas not containing much arsenic for
control purposes.

Some characteristics of the soiks se-
iected for these studies are gaprewﬁed in
Table 1.

The solis were air dried and screened to
pass through 2mm openings. Their pH's
were measured with a glass

alg:troda onig
portions shaken with 20cm™ of O.01M
CaClz solutions. Arsenate in the solutions
was determined by the reduction distillation
method of Small and McCants [11], phos-
phate by the ascorbic acid reduction
method of Murphy and Riley:[12], as modi-
fied by Harwood, Van Steendsren and Kuhn
[13]. and sulphate by the method of
Chaudry and Corrfield [14]. '
Labile and surface phosphates were
determined by the carrier [1] as well as
camriar-free [15] methods.
in the carrier method 100 cm® of 107 M
KeHPO4 soi%gmn of pH7 containing
1315 mBq of P were added to 5g of soll
Two drops of toluene were added to arrest
any microbial activity and the contems were
shaken for 24 hours at 25 4+ 0.5 °C, The
solution was aih'g'el:l to stand for 2 hours to
settle and 25cm" of the s jon were
centrifuged at 15,000 r.p.m.for 300s. One
cm™ of the clear solution was evaporated to
dryness on an aluminium het under an
infra-red lamp and nﬂunm a methane
flow proportional counter.

Chemistry

Counts of the 50.cm” of tagged KzH
PO solution empiloyed. in shaking the soll
was used as the standard.

In the camrier-free method, 0.5¢ soll was
shaken for 24 hours gt a targperme of
25 + 0.5 °C In 100cm™ of 10" ammonium
citrate buffer in 2X10°M KCL the pH of
which had been adjusted to the pH of the
soll. The suspension than tagged with
185mBq of carrier-free in1cm3 of solu-
tion and agitated foranother 24 hours. Clear
portions were obiained and analysed as be-
fore.

Labllke and surface arsenate and sub
phate were determined by the carrier-free
method. In the arsenic determinations the
suspen was tag%ed with 37mBq of Gar-
riar-l’reeaﬂis in 1cm* solution and Scm” of
the clear portions were used for counting on
a Nuclear Enterprises Nal (TL) scirtillation
counter. The amount of "*As added was
?gﬂmatﬂd by adding the same amount of

As {o three flasks containing 100cm” of
the citrate-KCL buffer and 5, 10, 15 ug
arsenic as KHzAsQ4 The ¥ -count in thesa
couid be reproduced on the same instru-
mant as that used for the soll extracts to
within the allowable statistical error of count-
ing. In the labile and surface sulphate
determinations, the soll suspension
tagged gﬂh&ﬁz‘ MBq of carrief-free in
100 dm” of solution. One cm” of the clear
sample solution was mixed with dipheny!
oxazole and counted on a Packard liquid
scintifiation counter. A stan count was

by the adding 100 .udm™ of carrier:
free °8 to three fiasks containing 100cm®
of the citrate-KCI buffer and 5, 10, 15 ug of
sulphur as CaSQ42H20. In all cases the
clear fitrates were analysed for ions as al-

TABLE 1: TOTAL FH&'SFH#TES. ARSENATE AND PH OF SOILS.

No. of ~Range Mean Standard Coeficient of
Samples dewviation varlation
TotakP 30  86-1683 (mgkg') 411(mgkg’") 348(mgkg™) 78
TotakAs 30 2.157(mgkg’)  4B(mgkg') 43(mgkg) 89
pH 36 3.10-6.60 5.11 1.81 a5
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2 105
Bray-P; 34 . <1-838 71 194 273
Bray-Pz 36 1-331 45 79 176
Bray-Pa 15 18-556 208 310 101
Olsan 20 3-440 87 96 | 110
Truog 36 2-172 26 40 154
TABLE 3: LABILE (L) AND SURFACE (S) IONS. :

‘Camior  No. of Range Mean_ Staridard Coefficient of
Method Samples (mgkg') (mgkg™) deviation variation
Lp 36 2-1989 268 420, 157

Sp 33 < 1-804 254 11 444

Carrier free :

Method :

Lp 36 2-1315 115 224 195
LAs 17 <1-12 3 3’ 100
Ls 22 < 1-604 293 136 46
Sp 38 1-1272 191 235 123
SAs 11 <14 2 2 100
Ss 22 3-192 80 50 63
TABLE 4: COHHELATION BETWEEN SURFACE PHOSPHOROUS AND OTHER
PHOSPHOROUS VALUES. .
INDEPENDENT DEPENDENT VARIABLE, CARRIER Sp (Y)
VARIABLE (x) Degrees of Correlation i Regression
Freedom coafficient . equation
1. EDTA-P a 0.6223 Y= 3.4077 + 0.5709x
2. Bray-P1 31 0.6982 Y= 39.821B + 0.6711x
3. Bray-P2 3t 0.6935 Y=186.46 B3 + 9.6225x
4, Truog-P 31 0.7929 i Y =10.531 3 + 3.6480x
5. Bray-P4 12 0.7890 + Y= 96,8058 + 0.6474x
6. Olsen-P 17 0.5525* 1 ¥= 56,1210 + 0.2207x
7. Total-P 26 0.7094 - Y= 85.3127 + 0.3735x
8. Carrier-free Sp 31 0.6881 ' Y= 10.5003 + 0.8378x
DEPENDENT VARIABLE, CARRIER-FREE Sp (Y)
9. Bray-P1 31 0.8568 Y= 127.8449 + 7314x
10. EDTA-P 31 0.4581# Y=106.5505 + 0.494x
11. Bray-P2 31 0.6490 Y=104.2610 + 0.9413x
12. Truog-P 31 0.6102 Y= 97.7526 + 0.6613x
13. Bray-P4 12 0.6134* Y= 581656 + 0.BB41x
14. TotalP 27 0.7521 ¥= B8.1667 + 0.4623x
*Significant at less than 0.02 lovel #smmﬂtmmtnanam lavel

The other values are significant at less

than 0.001 leval,
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ready indicaled and'Surface ion" calculated
by these equations: '

Carrier Method, Surface in::m =

(Specific Activity); :
(Specific Activity) solution -

x{lon concentration)

Carrier-free method: Surface jon =

(Isotopic ion In solution)i: 4

lsotopic lon In solution)! =
x(lon Concentragion)

The suffixes | and { In the above equa-
tions rafer to initial and final respeactivety.

Labile ion by either methpd equals the
sum of surface ion and on cancentration of
the filrate.

CHEMICAL EXTRACTANTS
The following methods were employed
{a) EDTA-P the method of Alexander
and Robertson, [16! as modified by
Amonoo-Neizer and Azuma [17].
(b) NaOH-P, ©.1MHNaOh +
Q. IMNaCl; :
{c) Bray-P1, O.03M NH4F + O.1M HCH;
{d) Bray-P2, Q. O3MNH4F + O.1MHCK
(e) Bray-Pa, O.5M NH4F + O, 1M NHI
{fh Olsen, 0.5M NaHCOg at pH 8.5; and
(@) Truog, O.001IMHS04 In 3%
(NH4)2S04 :

RESULTS AND DISCUSSION

The total phosphorus values were
generally higher than have been previously
obtained [18]. Total arseni¢ Values on the
other hand were lower thar have been ob-
tained alsewhere [19] but are comparable to
values obtained in some other contaminated
soils [20]. The pH of the soils range be-
tween 3,10 and 6.60. The more acldic ones
are located near gold smelters where lots of
sulphur and arsenic find their way into the
=0il as soluble acidic oxidﬂjthm accounting

for thelr low pH, .
Cther resyits are shown in tables 2,3.4.
The carrer method was suitabla whan
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the water soluble phosphate content of the
soll was low whilst : M wd
was superior in stuations where’the "sofl
contained large amounts of phosphate.
Labile and surface arsenate and. sulphate
were determined by the carrier-free mathod
because most of the areas where knowl
edge of lablle and surface arsenate and
sulphate was of interest had substantial
amounts of water soluble arsenate. The
results obtained by the carrier and carrier-
free mathods, Table 3, for the phosphate
experiments were generally higher when de-
temined by the carrier method than when
determined by the carrler-free method. No
such general trend was observed with sur-
face phosphate as determined by the Iwo
methods. The figures obiained for iabile and
gurface phosphate for any particular soll
were much nearer in value, using carrier-iree
method than with the carrier method. Labile
and surfaca arsenate range rrm?tmmam
to 12 and less than 110 4mgkg  whilst those
for suiphate from less than 1- 604 and
3 to 192mgkg ' respectively. The fact that
the sulphate was more readity exchangeable
than arsenate may be due to arsenate being
more strongly fixed than sulphate. Most of
the readily exchangeable sulphale and ar-
senate occurred in the poliuted soils.
Carrelation analyses, Tabie 4, show that
surtace phosphate as determined by the two
methods were highly related to avaliable
phosphorus as determined by chemical ax-
tractants, totalP and also to each other.
The probability of correlation being acciden-
tal was less than 0.001 in every case axcepl
for those between carrier phosphate and
Otsen-P with a probabiliity of 0.02, carrier-
free phosphate and EDTA-P 0.01, and
carrier-free phosphate and Bray-P4, 0.02.

. Both carrier and carrier-free surface phos-

phale did nol correlale with MaOH-P

since surface phosphate values Comre-
late so well with all the values obtained by
using the chemical extractants for datermin-
ing available phosphorus, axcept for
NaOH-P it may prove a more usaful, quicker
and convenient method of determining avall-
able phosphate in any particular case where

such chemical extractant has proved
applicable, as judged by uptake by plants.
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