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Flotation and the Gibbs Adsorption Equation

by P. L. de Bruyn, J. Th. G. Qverbeek, and R. Schuhmann, Jr.

HE technique of concentrating valuable minerals

from lean ores by flotation depends upon the
creation of a finite contact angle at the three-phase
contact, mineral-water-air. If the mineral is com-
pletely wetted by the water phase, contact angle
zerg, there is no tendency for air bubbles to attach
themselves to the mineral. However, when the con-
tact angle is finite, the surface free energy of the
system, water-air bubble-mineral particle, can be
diminished by contact between the bubble and the
particle, and if not too heavy the mineral will be
levitated in the froth.

With a few exceptions, all clean minerals are com-
pletely wetted by pure water. Thus the art of flota-
tion consists in adding substances to the water to
make a finite contact angle with the mineral fo be
floated, but fo leave the other minerals with a zerg
contact angle. The contact angle concept and experi-
mental measurements of contact angles have played
important roles in flotation research for several
decades.”® Nevertheless, there remain unanswered
some basic questions as to the scientific significance
of the contact angle and the nature of the processes
by which flotation reagents affect contact angles.

The contact angle is a complex gquantity because
the properties of three different phases, or rather
of three different interfaces, control its magnitude,
Considering the interfaces close to the region of ter-
nary contact to be plane, the relation among the
contact angle and the three binary interfacial fen-
sions is easily derived. The condition for equilib-
rium among the three surface tensions, Fig. 1, or the
requirement of minimum total surface free energy
leads to Young’s equation, Eq. 1:

Va4 — Ysr == yra COS § [1]

According fo this equation, the contact angle has
one well-defined value. Actually it is found in many
experiments that the value of the contact angle de-
pends on whether the air is replacing liguid over
the solid (receding angle) or the liguid is replacing
air (advancing angle). The receding angle is always
the smaller of the two.

Two explanations have been offered for this ex-
perimental fact. According to some investigators,™
roughness of the surface causes apparent contact
angles that are different for the receding and the
advancing cases although the actual local contact
angle may be completely determined by Eq. 1. The
other explanation involves the hypothesis that the
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Fig. 1—The three-phase contact.

solid-air interface after the liguid has just receded
is different from the same interface when no liquid
has previously covered it * Adsorption of consti-
tuents of the air or liquid might play a role here.

In this discussion the difference between advanc-
ing and receding contact angle will be neglected and
plane surfaces where Eg. 1 describes the situation
will be considered. But there is still a fundamental
obstacle to the application of Young’s equation. The
surface tension of the liquid (y.«) can easily be de-
termined, but the two surface tensions of the solid
(ysa and yg) cannot be measured directly. Eq. 1,
however, is not without value. By contact angle
measurements it is possible to establish how g, = ye
varies with the addition of solutes to the ligquid
phase. Also, Eq. 1 affords a convenient starting point
for calculating net forces and energy changes in-
volved in the process of bubble-particle attach-
ment.”® If for the moment surface tension of the
liguid (v.4) is considered a constant, an increase in
vea — yar Wil fend to decrease the contact angle. A
decrease in ys. — vyg corresponds to an increase of
the contact angle. In cases where yy - ya > v« the
contact angle is zero; it will only reach finite values
when vsa — ys has been decreased below +.,. Thus
on the basis of Young’s equation and contact angle
measurements alone, it can be learned how flotation
reagents affect the difference vss — s, but no con-
clusions can be drawn as to the effects of reagents
on the individual surface tensions ywu and vy, not
even as to signs or directions of the surface tension
changes resulting from reagent additions.

A guantitative relationship between the surface
tension or interfacial tension and the adsorption
occurring at a surface or an interface is given by the
Gibbs equation, which for constant temperature and
pressure reads

L

where dy is the infinitesimal change in surface ten-
sion accompanying a change in chemical potential
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Fig. 2—-The surface phase betweer mineral and solution.
Planes A and B are on each side of the interface, sufficiently
distant from the interface that the portions of the system
not included between them car be regarded as completely
homogeneous bulk phases. The mathematical dividing sur-
face S5 is usually chosen in such a way that the sutface
excess of the solvent is nil.

dus 0f the component ¢ of the system and I, is the
number of moles of component i adsorbed per cm?®
of surface.

In dilute solutions, the chemical potential of a
solute is given by the expression

s =const. + RTInc, [3]

where R is the gas constant, T the absclute tempera-
ture and ¢, the concentration of component ¢ in the
bulk solution. The “const.” depends on the solvent
and on the units of concentration but not on the
other solufes that are present in small amounts.
For the derivation of Eq. 2 the reader is referred
to the literature ™ ™ If this equation is to be used
intelligently, it is necessary to be explicit about the
meaning of T and also to define correctly the com-
ponents of the gystem to which the summation ap-
plies. Moreover, it should be emphasized that the

Gibbs equation is applicable only when the surface ’

is in equilibrium with the bulk phases.

Gibbs® pointed out in his fundamental ireatise
that the adsorption of any one substance cannot be
defined in an absolute way. The adsorption of one
chemical species can be expressed only in terms of
that of another species. The amount adsorbed (I,)
may be defined as the excess amount of substance
present in the surface phase, that is, in the interface
(or surface), plus the adjacent regions of the bulk
phases, see Fig. 2. This excess is equal to the amount
of substance i in the surface phase minus the amount
of ¢ which would have been present if the volume
occupied by the surface phase were filled instead
with the two homogeneous bulk phases separated by
a mathematical surface. Defined in this way, I'; varies
with the choice of position for the mathematical
surface; since this choice determines the relative
amounts of the two bulk phases which would theo-
retically have to be used to fill the volume of the
surface phase. This uncertainty in the definition of
T; does not affect the value for the change in surface
tension (dy) in Eqg. 2, because in the bulk phases the
Gibbs-Duhem relation™ *

t‘m dp, =0 [4]

is valid, where n, is the number of moles of component
i per unit volume. It is therefore immaterial where
the mathematical dividing plane is placed or how
much of the bulk phases is considered to belong to
the surface phase. Often this plane is conveniently
chosen so that one component, usually the solvent,
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is not adsorbed at all but belongs completely to the
solution phase, sgfe Fig. 2. This convention actually
corresponds to the analytical definition of adsorption
ordinarily used in experimental studies of adsorp-
tion from dilute solutions. Therefore, the summation
in Eq. 2 must be extended to all components of the
system including the mineral itself or to all com-
ponents except the solvent if the assumption is made
that the solvent is not adsorbed.

A further important point to consider is whether
tons or neutral substances should be chosen as the
components of the system. In principle this choice
does not affect the final result, but since different
ions as a rule are not adsorbed in equivalent amounts,
it is often preferable to consider ions as the com-
ponents. However, electroneutrality must be pre-
served both in the bulk of the solution and at the
interface, and therefore the number of independent
components is one less than the total number of
ionic species present. Usually one or more relations
exist among the chemical potentials of iong which
further restrict the number of variables; for example,
pu+ + pon- iS a constant and the solubility product of
the mineral is a constant.

The relations can be handled very simply as fol-
lows: First write the Gibbs equation, Eq. 2, and con-
sider the summation to be carried out for all ionic
and neutral components except the solvent. Then
introduce the principle of electroneutrality in the
I's, use the relations among the chemical potentials
10 reduce the number of variables, and finaily com-
bine the chemical potentials of ions into those of
salts, thus taking the electroneutrality of the solu-
tion into account.

Application to Flotation: Flotation systems usually
contain such a large number of components that
writing down the complete Gibbs equation for them,
though not impossible or even difficult, would be
tedious. Fortunately, in most cases what happens
during simultanecus changes of all the chemical
potentials is not of interest, but rather the effects
produced by the addition of a single substance (col-
lector, activator or depressant) to the system.

The Gibbs-Duhem relation, Eq. 4, shows that the
chemical potential of one component cannot be
altered without changing at least one of the others.
In a dilute solution, however, the addition of a small
amount of substance A to the system can be con-
sidered to change only the chemical potential of this
component and that of the solvent. The chemieal
potentials of all the other components remain un-
changed. Furthermore, the mineral is present as a
separate phase and has, therefore, a constant chem-
ical potential. When chemical reactions between the
added substance and one or more of the other com-
ponents occur, more complete forms of the Gibbs
equation have to be considered.

The application of the Gibbs equation to a flota-
tion system presupposes that equilibrium is attainéd
or af least closely approached. Thus if the Gibbs
equation is found consistent with experimental facts
on actual systems, such agreement may constitute
indirect evidence of attainment of equilibrium.

Influence of the Collector. A Simple Collection
System: First to be considered is the addition of a
collector that does not give rise to any chemical re-
actions or precipitations of insoluble phases. The
solution already may contain any number of solutes
which may or may not be adsorbed at the surface,
but the concentrations and chemical potentials of
these solutes will be kept constant.
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1f the collector is a neutral molechle, X, the Gibbs
equation for addifion of the collecter would be

d'y == — I‘x d,u’-,z —_ rnso dFHEO [5]

On the other hand, if the collector is an electrolyte,
say C*'X-, where X" is the active collector jon and C*
an inorganie cation like Na*, H" or NH.*, the Gibbs
equation will contain three terms,

d/y= —P;- d}&x-“ru+ dpg+-—1‘32 d‘lbg;zo [6]

In Egs. 5 and 6, the last term, Ty, Qs o, is zero, if the

convention is used that the adsorption of the sclvent
(T'r,0) is zero. Usually, the second term in Eq. 6 can
be neglected either because the adsorption of the
cation (T'y+) is small or because the concentration of
the cation is already determined by the presence of
an inorganic salt so that due. is negligibly small.

It might be argued that if the collector ion is
adsorbed by an ion exchange mechanism as demon-
strated for chalcocite by Gaudin and Schuhmann®
and for galena by Taylor and Knoll,” a term or terms
for the exchanged anions (SO;S, OH-, COy) should
be added to Eq. 6. These terms, however, will be
small, especially if the volume of the solution is
large compared to the amount of mineral. The num-
ber of anions released to the sclution by this ion
exchange will hardly change the concentration of
these anions in the solution; therefore, the relevant
du’s are very small and may be neglected.

In all cases of flotation, the collector is positively
adsorbed to the mineral. This means that I'x or Ts.
is a positive quantity if I'no is considered to be zero.

Conseguently, according to Egs. 5 and 6, the addi-
tion of a collector lowers the interfacial tension yu
between mineral and solution.

According to Eq. 1 and Fig. 1 this decrease of g
would lower the contact angle. Experiments, how-
ever, show an increase in the contact angle under
these conditions. The experimental observation can-
not be explained by an increase in the surface ten-
sion y.4, which, if affected, decreases slightly on addi-
tion of the collector., Neither can failure to reach
equilibrium at the mineral-solution interface ac-
count for the increase in contact angle because this
would only make the change in interfacial tension
smaller and would not reverse its sign.

The conclusion is apparent, therefore, that in the
collector system considered here the increase in
contact angle has to be explained by a decrease of
the surface tension minergl-gir (vs), a decrease
which has to be larger than the decrease in vy,

The decrease in the surface tension mineral-air is
evidently brought about by adsorption of the col-
lector to that surface. If the mineral-air interface
is in equilibrium with the solution, the chemical
potential of the collector should be the same at the
mineral-air and the mineral-solution inferface. A
larger change in vy than in yg then demands a
higher adsorption of the collector at the solid-air
interface.

This analysis indicates that a collector should show
not only a special affinity for the mineral, but in
addition a tendency to prefer the mineral-air to the
mineral-water interface. It should have, therefore,
s strong hydrophobic group. As bases of an opinion
on the qualities and possibilities of collectors, ad-
sorption studies at the mineral-solution interface
are certainly valuable and important, but for a good
understanding of flotation more information on ad-
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sorption at the mineral-air interface seems indis-
pensable.

Precipitate Formed by Collector. A More Complex
System: Analogous conclusions are reached in the
somewhat more complicated system where the col-
lector ion forms a precipitate with one of the ions
furnished by the mineral. Especially in xanthate
flotation of sulphide minerals does this sifuation
sometimes occur.® Taggart and Hassialis® have sug-
gested that the solubility product of the compound
between the collector ion and an ion from the min-
eral must be reached if collection is to occur. With-
out committing themselves to this point of view, the
authors wish to show how the Gibbs equation must
be treated in the case of precipitation.

Agsume a system consisting of a mineral M*A-, a
collector Na*'X-, a salt Na'B~ and water. The com-
pound M*X- is assumed to be only slightly soluble
and the amount of salf is large enough that addition
of NaX does not change the chemical potential of
the sodium ion. For the process of adding collector
to this system the essential form of the Gibbs equa-
tion is
d‘}f = — I‘x+ d,uM-t- - I‘A- df.u_— -

Ty- dpz- — P dﬂnzo [7]

When both M*A- and M'X" are present as solid
phases, the constancy of the solubility products can
be expressed:

Qs = = dpre = dpix- [8]

With the assumption of zero adsorption of H,O, Eq. 7
then becomes ~

d‘y = + (I‘le- - FA- _ rx-) d-].bx- [9]
and with the condition of neutrality of the surface
dy = (Tp. — Tawe) . [10]

The value and even the sign of dy thus depend
critically upon the detajled composition of the sur-
face. If the adsorption of X~ is essentially an ex-
change with B~ and the adsorption of Na* is negligible,
Tp- will be positive as long as the exchange is not
complete and Eg. 10 indicates that the interfacial
tension increases with addition of collector. On the
other hand, if the adsorbate is essentially Na*X~ and
the adsorption of B~ is small, Eq. 10 indicates that
the surface tension decreases on collector addition.

In either case, however, the change in surface
tension at the mineral-air interface is very impor-
tant. If ys goes down, yes should go down more in
order that a contact angle may develop. But, if v
increases, vsa should increase more slowly. Assum-
ing equilibrium to exist, this again means that T's-
on the mineral-air interface should be smaller than
Ts- on the mineral-solution interface, In either case,
an increase in contact angle results from collector
addition only if the collector adsorption is greafer
at the mineral-air interface, just as in the simple
collection system discussed earlier.

This example illustrates how important the de-
termination of the adsorption may be, not only of
the collector, but also of other components of the
systerm.

Relation to Other Approaches: The usual explana-
tion of collection is that the collector becomes ad-
sorbed on the mineral surface with its hydrophobic
end turned away from the mineral, thus leaving the
surface hydrophobic or water-repellent. The same
basic considerations are involved in this explanation
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and in the approach based on the Gibbs equation.
A collector should be easily adsorbed and should
contain a hydrophobic part in its structure. The dif-
ference between the two approaches lies in the
qualitative nature of the explanation based on the
hydrophobicity of the surface as opposed to the
quantitative character of the approach by the com-
bined use of the Gibbs and Young eqguations.

Activation: An activator is a solute which pro-
motes the flotation of a mineral by a collector which
otherwise would have no effect on the mineral. A
generally accepted explanation of activation is that
the activating ion is adsorbed on the mineral and
acts as a bonding agent between the mineral and the
collector.

Several different forms of the Gibbs equation may
be used to represent the effects of activators, and the
choice will depend on what aspect of activation is
being considered and on whether or not side re-
actions such'‘as precipitation need to be considered.

First, if collection and activation occur without
any precipitation reactions,” Egs. 5 and 6, already
discussed for simple collection systems, are still ap-
plicable in the presence of an activator. However,
for minerals requiring activation, I'r or I'z- and there-
fore dy resulting from an increase in collector con-
centration will be small or zero in the absence of the
activator. A more informative approach to systems
of this kind is obtained by writing the Gibbs equa-
tion for the process of increasing activator concen-
tration, while keeping the concentrations and chem-
ical potentials of the collector and of other solutes
constant. To be specific, consider a system com-
prised of a mineral, a collector Na*X~, an activator
Z*CI, and other solutes under conditions of no pre-
cipitation, complex-ion formation, or other side re-
actions.

The Gibbs equation for the process of adding
activator then becomes

[i1]

If chloride adsorption is negligible (I'ei- = 0) or if
initial chloride concentration is large enocugh that
the activator addition causes no appreciable change
in chemical potential (dpe. = 0), and if the conven-
tion I'ue = 0 is used, the Gibbs eguation for activator

addition simplifies to

d'y = e I‘z-l- d.(l-z+ —_ I‘c)— d}Lc]- - I‘Hzo dFHEO

[12]

Thus, for this simple system in which it is postu-
lated that no precipitation or other side reaction
ocecurs, the addition of activator lowers the surface
tensions of the solid. If the activator addition is
effective in increasing the contact angle, clearly the
adsorption of activator (') must be greater at the
mineral-air surface than at the mineral-solution
surface. Since it would not be expected that activat-
ing ions by themselves would show any special ten-
dency to accumulate at the mineral-air surface, it
must be concluded that a greater adsorption of
activator at the mineral-air interface is the result
of the fact that the activator and collector are jointly
adsorbed, each strongly affecting the adsorption of
the other.

A common characteristic of activator-collector
pairs is their tendency to react metathetically {o
form highly insoluble precipitates, and flotation has
been observed under conditions where such reaction
products are present.” For the system in which the
collector Na*X-~ and the activator Z2°Cl™ react to form

d’y = — I‘z+ d].l-yﬁ
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a precipitate ZX, the equilibrium of the solution
with the precipitate reguires that '

[13]

The Gibbs equation for addition of activator to this
system then becomes

d}.bz-{- = dﬂ"xn

d‘}' = — Fz+ d].Ly- - Fc[— dF’Gl" _—

Tz d,u-x— - I‘nzo dP320 {14]

Omitting the terms for CI- and H.O for reasons given
earlier, and combining Egs. 13 and 14

dy = — [ Tse — L= 1 dpeas. [15]

If the activating 1on has valence » and forms with
the collector a precipitate Z2X,, Eq. 15 would become

1
d’y= - I:r'zm-— (—' )I‘x—] d.uzm-
n

Egs. 15 and 16 show that the direction of change of
the surface fension on the addition of activator de-
pends on the number of equivalents of activator and
collector adsorbed. If the number of eguivalents of
activator adsorbed is greater than the number of
equivalents of collector adsorbed, then the addition
of activator is effective in reducing surface tensions
of the mineral. Conversely, if the equivalents of
collector adsorbed exceed the adsorbed equivalents
of activator, the surface tensions of the mineral will
be increased.

According to previously held views of the nature
of activation, an effective activator is bonded both
to the mineral and fo the collector so that the val-
ence of the activating ion must be divided between
the collector and the mineral. That is, the number
of equivalents of activator adsorbed is expected to
exceed the number of equivalents of collector ad-
sorbed. For example, Gaudin and Rizo-Patrén®™ have
suggested that quartz flotation with oleic acid and
barium chloride involves the adsorption of equi-
molar gquantities of Ba** and O17, or two equivalents
of Ba* per equivalent of C1™. For this system, the
expression in brackets in Eq. 16 will be positive and
the effect of adding bharium is to reduce the surface
tension at both the mineral-air and mineral-liguid
interfaces. To account for the increase in contact
angle obtained by adding Ba*', it must then be con-
cluded that the adsorption of Ba*™ and O1- or of the
combingtion BaOl* must be greater at the air-mineral
interface.

As more experimental data become available, it
may become desirable {0 consider still other forms
of the Gibbs equation for activation processes. For
example, ancther possibility not considered above is
an activator-collection system in which the activator
and the mineral react to form a precipitate phase.

Depression: A depressant prevents flotation in a
system where flotation would otherwise occur. The
depressant therefore makes the contact angle de-
crease to zero.

A simple explanation of depressant action is ob-
tained on the assumption that the depressant is ad-
sorbed at the mineral-water interface but does not
show any tendency to go to the mineral-air inter-
face. According to this picture the depressant will
lower vy, without affecting .. too much. Such a be-
havior might be expected from hydrophilic, high
molecular weight substances like starch which are
used in potash and iron ore flotation operations.

Some electrolytes may act as depressants because
they furnish ions which compete with the collector

[16]
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ionsg and lace the collector at the; mineral surface
by ion ex@hange adsorption. In the absence of side
reactions, the Gibbs equation for the process of add-
ing depressants of this kind is essentially the same
as for adding collector (Eqg. 6 with X~ a depressing
ion instead of a collecting ion) and leads to the
reasonable conclusion that the contact angle is re-
duced if the depressing ion is more strongly adsorbed
at the water-mineral surface than at the air-mineral
surface. This results in the extremely interesting
hypothesis that both collectors and depressants may
lower the surface tensions of both the mineral-water
and the mineral-air surfaces, so that the difference
between collection and depression, or between flota-
tion and non-flotation, depends primarily on whether
the added reagent tends to adsorb more at the
mineral-air surface or more at the mineral-water
surface. It therefore becomes of great interest that
experiments be devised fo compare adsorptions at
the two mineral interfaces, for depressanis as well
as for collectors.

Depression by deactivation, e.g., cyanide depres-
sion of copper-activated sphalerite, can be con-
sidered in terms of Eq. 12, provided the depressing
agent is not itself glso adsorbed on the mineral. That
is, the depressant reacts with the activator (com-
plex-ion formation or precipitation) to reduce the
chemical potential of the activator. To refer to Eq.
12, dps will be negative and the changes in ys, e,
and the contact angle will be of opposite sign from
those for activation when dgz+ is positive.

Lack of Equilibrium at the Solid-Air Interface:
Even if the mineral-solution interface reaches equi-
librium readily, equilibrium is not necessarily
reached at the minerali-air interface. The available
data do not give any indication whether equilibrium
is reached or nof, except in so far as the difference
found between receding and advancing contact angles
suggests lack of equilibrium.

Under non-equilibrium conditions the straight-
forward application of the Gibbs equation is no
Ionger possible. If, however, it is possible to deter-
mine the composition of the solution with which the
surface would be in equilibrium, the surface tension
could be calculated by assuming that the adsorption
was built up in a reversible manner, The following
integral then gives the surface tension

S
Ysda =¥ SA—'§ ;&‘_ZOI"' dps F17]

where °., is the surface tension of the surface in
the absence of adsorbing solutes (g = 0) and the
integral is supposed to follow only equilibrium con-
ditions. The upper limit of integration, instead of
containing the chemical potentials in the actual
solution, contains the chemical potentials p,** cor-
responding to the actual adsorption. This integra-
tion requires information on the equilibrium adsorp-
tion isotherm, that is, data showing how I, varies
with g, under equilibrium conditions.

If adsorption equilibrium is approached both at
the water-mineral and at the air-mineral surfaces
under actual flotation conditiong, it must be con-
cluded that the adsorbed substances on both inter-
faces possess a high degree of mobility. The authors’
analyses in terms of the Gibbs equation and the
Young equation indicate that flotation depends on
the existence of differences in adsorption densities
between the part of the mineral surface in contact
with air and the part in contact with water. Thus,
as air spreads over a mineral surface, displacing

TRANSACTIONS AIME

water, the quantity of adsorbed collector should in-
crease. The recent work of Hassialis and Myers™ has
shown a degree of mobility of adsorbed collector
that may account for such an increase.

Conclusion

The principal value of applying the Gibbs adsorp-
tion equations to flotation systems is that the results
point directly to the need for experimental work in
several hitherto neglected areas of the surface chem-
istry of flotation. Above all, the relations developed
by combining the Gibbs equation with the Young
eguation show that more attention should be given
to the mineral-air interface.

To develop further the application of the Gibbs
equation to flotation systems, simultaneous measure-
ments should be made of contact angles and adsorp-
tion isotherms on both mineral-air and mineral-
solution interfaces. Since it is probable that equi-
librium at the mineral-air interface will be difficult
to achieve and to measure, the use of volatile col-
lectors, e.g., mercaptans, may be advantageous. An-
other possible experimental approach is to use a
liquid mineral to obtain a system in which the three
surface tensions could be determined directly. The
system water-mercury~gas, with addition of col-
lectors and other flotation agents, suggests itself for
these measurements.

Finally, the question of attainment of equilibrium
at the mineral-air interface highlights the desir-
ability of further studies of mobility of adsorbed
species, contact angle hysteresis, and related topics.
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H ANNA COAL CO., Divisiorf of Pittsburgh Con-
solidation Coal Co., operatds three large under-
ground mines in eastern Ohio. Fhe section of Pitts-
burgh No. 8 coal seam in whih these mines are
located varies in thickness frofh 52 to 64 in. It is
immediately overlain by a strat§m of shaly material
12 to 15 in. thick locally known s draw slate, which
is structurally very weak andgwhich disintegrates
rapidly upon exposure to atmoijphere. Immediately
above the draw slate as it is Bormally found is a
band of extremely high ash matgrial 6 to 12 in. thick
known as roof coal or rooster cgul, and above this is
a stratum of conglomerate matg@rial varying from 4
to 10 ft in depth. Overlying tie conglomerate is a
relatively thick stratum of limegtone, the first stable
material above the Pitisburgh $oal seam in eastern
Ohio. With the method of full-s8am mining that has
been adopted, draw slate is sho§ down, loaded with
the coal, and removed in the¥preparation plants.
The roof coal then becomes the Bermanent roof.

The major problem in mining the No. 8 seam in
eastern Ohio is control of the rdpbf. Since the strata
above the draw slate contains o material with a
structure firm enough to provife self-support, the
roof begins to sag in a relativelyghort time after the
coal and draw slate have been pmoved. The prob-
lem thus becomes one of gettink temporary safety
posts under this roof as guicklyfas possible to pre-
vent a break or separation fromgoccurring either in
the. roof coal or in the conglomate above it.

Haulage Syste
The Pittsburgh No. § seam in Bastern Ohio is rel-

gal dips. Through-

W. ). SCHUSTER is Safety Director, Ha l. Coal Co., Division of
Pittsburgh Consolidation Coat Co., St. Cluirsi[le, Chio.

Discussion on this paper, TP 3704F, maf be sent {2 copies} to
AIME before July 31, 1954, Manuscript® .; Aug. 26, 1953. Los
Angeles Meeting, Februury 1954,
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by W J Schuster

i § coal mines depends largely upon udeq
Although management must provide
and at all times keep mines in first clas
u safety viewpoint, final results will be determine

i
i
{
{

e training of
Bdern and safe
condition from
by the quality

of the mines e single-track main haulage roads
with passways@ The third, a new mine, is double-
tracked, and tHg roof is supported by steel crossbars,
60 Ib or heav spaced on 4-ff centers and lagged.
In recent year@timbering on main line and second-
ary haulage r&ids has been accomplished by one of
two methods crossbars are supported on a small
section of postiget in a hitch hole in the rib, or 2—or
a hole is drill§ 5- in the rib about 12 in. below the
roof, of sufficifnt depth to fasten securely a short
length of 40-1rail, the bottom of the rail facing the
roof, on which short post is sef directly under the
crossbar. resent the hitch-hole timbering

At two of tfe mines the main line haulage loco-
motives are 2§ ton, 8-wheel units. These locomo-
tives are of fhe axleless type, each wheel being
individually n@unted on the frame. The motorman’s
encircled by 3-in. armor plate for
pf the occupants.
funderground mine conventional 15-
ton locomotivegs are being used. However, these lo-
comotives hav ' been completely rebuilt in the com-
pany’s shops. Fguipment has been streamlined and
guarters have been provided for two people, who
are protected 1§ 2 % heavy steel plate in much the same
way deseribedabove. This modernization program
has been com eted on all secondary haulage loco-
motives at the ree mines, and the company is well
on the way to 4 mﬂar equipment of the 6-ton section
locomotives. The following additional features have
been included h their modernization: 1—additional
support for th . otors to prevent their falling to the
middle of the §rack and derailing the locomotives
should a breakfoccur in the suspension bar support;
2—installationfof additional bracing to prevent
brake rigging ffom becoming displaced and causing
deraflments; 3-f-enclosure of all electric wiring in
conduit or racgway; 4—provision of an enclosed
compartment fr the storage of re-rallers, jacks,
and other equigment, so that they need not be car-
ried on the outs} de of the motor; and 5—redesign of
the end of the{locomotive opposite the operator’s
compartment tq prevent anyone’s mounting from
that direction. ¥t is interesting to note that some
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