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CONTACT ANGLE, ISOELECTRIC POINT AND
STANDARD FLOATABILITY AS FUNCTIONS
OF OXYGEN CONTENT IN COAL

§

The paper presents investigations of contact angle, isoelectric
point and standard floatability as functiocns of oxygen content of
hard coal representing the whole metamorphism range; Sigpificant
correlation of the parameters was observed for the tesied coals,
Four types of coal surface have been distinguished, featurirvg di-
tferent structure as well as physical and chemical properties and
conditioning different floatability, ‘

1 Introduction

Among all minerals beneficlated hy flotation, both cf hydroephylic
and hydrophobic surface properties, hard coal features surface praoper-
ties most complex and most diffioult to defime’ This is dae primarily
to the fact that different from other minerals, hard coal substance is
a mixture of numerous organic coal compounds and as solld features no
crystalline structurei Crucial differences in properties determining
flotation performance appear not only between coal and other minerals
but between different types of coal as well, Both, chemical end physi-
cal structure of coal surface, determining the natural and induced
fiotation response, depend on the coal metamorphism degree, Surface
properties may be also influenced by mineral substance dispersged in
coal, Generalization and definig of principles for properties of the
given coal type to be. floated must therefore employ approximate values
from several coal samples of similar physical and chemical parameters.
The paper presents data for variable values of comtact angle, isoelec-
tric point and standard floatability as function of oxygen cdntent of
coal, Analysis of data obtained points to four types of coal surface
which may be distinguished from the viewpoint of flotation properties;
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2. Bxperimental

Coal samples

Specifications for coal samples itested are included &x:-Table 1;
Acoording to the coalification value tested coal was divided into 10
groups of similar oarbon and oxygen content, covering the ' whole hard
- goal metamorphism range. Tablc 1 provides approximate values for
each group. A detailed description of sample ‘seleetion procedure may
be founq in {1,2)¢

Table 1
Characteristics of the tested coals
Number’ Mean oontent, %
Coal of - .
No |Samples| ,qp V;:;:t:le Carbon | Hydrogea] Oxygen | Sulphur
) vdat cdat glaf odaf 52
1 4 5,68 37,95 78,59 4,69 13,5 1,16
2 4 3,60 36,70 80,44 | 5,22 12,5 0,89
3 4 3,07 | 35,94 81,41 4,84 12,2 0,69
4 4 3,64 | 34,81 84,014 | 5,03 8,7 | 0,55
5 5 5,93 33,12 85,78 5,12 6,6 0,78
6 4 4,75 36,36 85,49 5,26 6,1 0,84
7 4 2,89 28,05 87,42 | 5,01 5,1 0,78
8 4 7,46 24,84 89,68 4,38 3,0 1,00
9 2 9,09 | 13,59 90,57 4,03 2,3 1,51
10 1 8,64 9,36 .| 91,95 3,04 1,3 1,70
i

Contaot angle evaluation :

The contact angle was evaluated on the basis of capillary pressu-
re of the wetting and non-wetting liquid for the givem coal surgface,
following Bartell’s (3] procedure, Coal samples were prepared as pel-
lets of 0,1-0,06 am grade tested in a special design unit [4] ; Contact
angle was oalculated following the equationg

P, 4
Lo B

where PLo’ PL - capillary pressure of water and wetting liquid

cos O =

fLo’ ’CL - free surface energy of wetting liquid and water

The wetting liquid used here / € = 0°/ was benzene,
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Determination of pniep

Isoeleotric points of the tested coals weré determined by using
electroosmosis technique, Measurements of sleoctrokinetic potential em~
ployed Gortikov’s [5] device: Bleotrokinetic potential was calculated
using the equation of HWelmhoitz and Smoluchowski:

s, v
3"——2—_

DIt

where: - liquid viscosity

« volume of liquid transferred
specific conductivity

- diaelectric constans

- ourrent intensity

- transfer time for liquid of V volume.

IR~ 2 BRI |
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Standard floatability evaluation

Floatability [1,2] of the tested coals was determined in a labora-
tory flotation machine of 0,25 dm3 cell ocapacity using 0,5-0.0 mm size
coal, The flotation agent was the collector /90%/ and froth generating
substance /10%/ mixture of 1 g o 1 kg'i amount, Concentration of solids
in the suspension was 100 g dm's; ;lotation time was 120 sec.

3, Test results

Test results are illustrated by Fig, i, Contact angle /a curve /,
pniep /b curve/ and standard floatability /o curve/ have been presented
as funotion oxygen content of ocoal,

Contact angle values are highest for coal containing approx, 3 to
6% oxygen, reaching nearly 90°%, contact angle is similar for coal of
nigher or lower metamorphism degree /oxygen content below 3% or above
6%/« The lowest contact angle value was observed for coal of oxygen
content higher than approx. 12:,5%. It is olaimed that the phenomenon
effects from the occurrence, épart from hydroxyl groups, of lonogenic
carboxyl groups tﬁ] increasing considetably the surface polarity. The
results obtained are comparable to data by other authors [7,8,9], ho-
wever their reports usually lack information on the .chemical structure
of the tested coal; it is therefore difficult to draw detailed conclu-
sions.

! Isoelectric point /pniep/ features variability practically identi-
cal to the contact angle of the tested coals. For coal of the lowest
metamorphism degree /oxygen content above 12,5%/ pniap ranged between
2.5 and 3.0 and reached 7 for coal of high metamorphism degree. For
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coal of maximum coalification /oxygen content below 3%/ the value of
iep was lower than the maximum one obtained for coals of medium grade
of metamorphism. The values of plie presented on Fig. 1 /b curve /
agree with those reported by other authors [10,11, 12, 13]
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Fig, 1, Dependence of values of contact angle /a/ pﬁiep
/b/ end standard floatability /c/ om oxygen
content in coal

The shape of the curve for standard floatability of the tested co-
als /Fig, 1/ o curve/ is olose to the curves © =f /oxygen content /
and pEiep=f /oxygen content/. Decrease of the oxygen content of coal
points however to higher floatability decrease than it would be dedu-
~ced from the decrease im contact angle and pniep values, It is claimed
that this is the comsequence of the increased specific surface of low
coalification coals [14] reesulting in the reduced amount of flotation
agent per unit surraée. v

4, Discusion

-

The data presented show high correlation between contact angle and
isoelectric point values and coal flotation respounse, These parameters
depend to a great extent on oxyg;n content of cosl as well as the deg~
ree of aromatization and the internal structure, It may be assumed that
the flotation response of coal is function of the same surface proper-

ties as contact angle or p“iep; Models of coal surface constructed on
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the basis contact angle and pliep may then be employed to interpret the
mechanism of flotation agent’s activity,:

The investigations carried out allowed to distinguish four types
of coal surface;

Coal of lowest oxygen content features high aromatization and hig-
hest order of the internal structure [15], which effeots in the appea-
rance of ¥ electrones [16] and consequently, in easy polarization of
the surface. Such structure results in the values of contast angle,
p‘iep and standard floatability values /PFig, 1, coal No, 10/  1lower
than the maximum ones, The carbon content exceeds 90% in this case,

The next group includes coal of maximum values of the evaluated
parameters /Fig., i, ooal No. 5,6,7,8,9/, In this ooal; oxygen content
is lower than the value required for oxygen ooccurrence in hydrbxyl gro-
up /5-6%/; ocarbon content ranges between 85 and 90%., The degree of co=-
al structure order and of aromatization are comparatively low, there-
fore ¥ electrons cause no surface polarization, Such coal features the
highest hydrophobio properties and flotation response;

" The increase ot'oxygen content of ooal above 5% results in the
oocurrence of functional oxygen as hydroxyl groups [6] on the coal sur-
face, Test data presented in Figi 1 /ocoal No.2,3,4/ indicate that under
such oonditioné the value of contact angle and piiep is ;educed which
points to the reduoed hydrophobic properties of the surface and decre-
ase in flotation response; ' :

If oxygen ocontent of coal exceeds approx. 12.5% then ionogenic
ocarboxyl groups appear in the coal structure [6]; Their presence re-
sults in oconsiderable decrease of contaot angle values /down to 50°/
and shitting o2 pniep to the range 2,5-3.0, The effect is nearly abso-
lute’ decay of flotation response under standard oonditions /Fig. 1, co-
al No; 1/, Such coal contains less than 80% of carbon and feagtures
thé lowest metamorphism degree among hard coal types.

The division of coals presented above was based on surface proper-

ties important for their flotation response and was dirferent to the
well known technical olassifiocation whioh was often used for charaote-
rization of coals predestined for floatability testing.
X Digcussion and generation of the issues of flotation of the given
coal type under different conditions should be preceded by detailed in-
formation on the. type of surface, This will facilitate appliocation of
test data dor coal flotation provided by different authors,

»
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5, Comoclusions

The research work performed gn samples of different types of sub~
bituminous, bituminous and anthracite coals showed that the values of
isoeleotrieipoint, contact angle and standard floatability as a fune~
tion of oxygen content of coal represented very similar muiability.

The shapes of the ourves 1llustrating the studied dependence bet-
ween isoeleotric point, contact éngle and standard floatability and the
oxygen content of coal, as well as the knowledge concerning physical )
and chemical structure of coalsg of different ooalitioapidn enabled the
distinotion of four types of coal surfaces depending on their flotation
response:

1° Surfaces 0of ooals containing oxigen in organic compounds only; the
-lower values of the tested parameters than the maximum ones were
caused by easy polarization of surface as an effect of T electrons
aotion, ' '

2° surfaces of coals containing oxygen in organic compounds only and
representing the maximum values of the ‘tested paramétets, due to
lower degree of coal structure order the action of J electrons di-
sappeared,

‘Surfaces of coals containing oxygen not only in organic compounds,

but in an increasing number of hydroxylic groups as well; the pre-~

sence of hydroxylic groups caused the decrease of fthe values of the
tested parameters, '

4° surfaces of coals oontaining oxygen in organic compounds, hydroxy-
lioc groups and in ocarboxylic groups; the values of the tested para-
metérs_were the lowest and the flotation response in standard con-
dition disappeared almost completely.
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Streszozenie

J Sablik, ‘1990, Graniczny kat zwllzania i punkt izoelektryczny oraz rlo-
towalnoéé standardowa jako funkcja zawartoéo; tlenu w weglu, Fizy-
kochemiczne Problemy Mineralurgii. 22; 119-126.

Przedstawiono wyniki badal zaleznodeli granicznego kata zwilzania,
punktu izoelektrycznego oraz flotowalnodci standardbwej od zawartodol
tlenu w weglu, Przedmiotem badan byly prdbki wegli kamiennych o réinym
stopnin zmetamorfizowania i antracytu od najnizej uweglonych /typ 31,1
wg polskiej klasyfikacji/ do najwyzej uwgglonych /typ 42/, Stwierdzono,
%e kierunki zmian wartodci badanych parametréw uwarunkowane zmianami
zawartodci tlenu w weglu sg dla tych parametréw jednakowe i wskazujg
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na istnienie duzej korelacji migdzy odpowiednimi wartodciaml, Uwzgled-
. niajge usyskane wyniki badad i niektére dane o strukturze badanyoh weg-
gli dokonano klasyfikacji tych wegli na oztery grupy réznigce siq witas-
 nodotami powierzchniowymi i aktywnoéolgq flotacyjna.

'y

CONIEP¥AHHE

ﬁ;. Cadank, 1990. Kpaeso#f yroa cmaumBaHE A, B3 05XEXTPEYECKAR TOUKA K
CTaHZApTHAH (AOTHPYeEMOCTh KAK $YHKHNHSA COXEPEARAA KACAOPOXE B
yrae. PR3EKOXEMHIECKAE .BONPOCH oforamenms, 22; 119-126.

‘Hpe.xc‘ranenol pesyABTaTH HCCAeiOoBaHHHE 32BHCHMOCTH: XP2EBOTO Yria
CMAYWHAHHA, N3 03AEKTpuyeckoit TOYKE 7 cragzaprHolt dmorEpyemocrn or
cozepxaHBd KHCXOpoa&a B yraax paziEUHHX CTAajEit meramopdrama.

O6EapyxeHo cyuecr BOBaHHE 60;!1:1116!& XOppeNallHE MeXly HCCIEeLyeMuMH napa-
'uerpa)m. 9TR pesyaArTaTH HCNONB3IOBAHH AXA KXaccERPHxauwy yriae#f Ha werupe
rpynnu, OTIMYaKmEecsd OOBEPXHOCTHHMH cBoficr BaME B QuoT aumoHHOH axTHB-
HOCT BB .
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