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ABSTRACT

Due recognition of the significant impact of the cost of grinding
media on the overall economics of comminution facilities
worldwide has created the need for reliable, practical
methodologies to compare — over extended control periods -
different operating conditions, arising from eventual changes in
ore type, ball supplier or simply, a trial of new products from the
same supplier. The current publication describes the main
aspects to be considered in the planning and execution of a full
scale evaluation campaign, the actual data to be recorded and
the required calculation routines, including the theoretical
framework justifying their applicability.

The Linear Wear Model, here described, provides a theoretical
framework for the best estimations of comparative grinding
media wear performance (in the absence of ball breakage) in
any given application, on the basis of the Specific Wear Rate
Constant, kg (um/(kWh/ton)), derived from the Specific
Consumption Rate (gr/kWh), corrected by actual make-up ball
size (mm).
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Ideally, evaluations should be conducted in parallel grinding
sections, in order to have the option of establishing multiple
sequential, concurrent or cross-reference comparisons. The
evaluation period should cover at least 6 months after the
complete “purge” of the string of balls being substituted, which
may well take from 3 to 6 months. As a result, the evaluation
period required for reliable conclusions should typically
exceed 9 to 12 months of fairly undisrupted, normal operation.

The methodologies here proposed make intensive use of
Moly-Cop Tools, a software package developed by the
international Moly-Cop Grinding Systems organization
(formerly, ARMCO Worldwide Grinding Systems) with the
specific purpose of helping process engineers, characterize
and evaluate the operating efficiency of any given grinding
circuit, following standardized methodologies and widely
accepted evaluation criteria.

INTRODUCTION

Primary and secondary grinding circuit operators worldwide are fully
aware of the significant impact of grinding media consumption on the
overall cost structure of any particular, full scale grinding facility. The
cost associated to such essential consumable mainly depends on two
factors : delivered price and durability (quality) of the grinding media.
When comparing different operating conditions, arising from eventual
changes in ore type or ball supplier (or simply, a trial of new products
from the same supplier), there is a well accepted evaluation criterion
that accounts for both media price and quality, referred to as the
Effective Grinding Cost or the Cost-Effectiveness of the application.
Any given operating condition is considered to be cost-effective when its
unit grinding media cost — normally expressed in $/ton ground - is to
some extent reduced, with respect to a nominal reference condition :

Grinding Media Cost = Balls Price x Balls Consumption (1)
(% /ton ground) ($/ton balls)  (ton balls/ton ground)

Under this criterion, an alternative, higher-price grinding media product
could be cost-effective if its associated consumption rate is sufficiently
lower than the reference media, to yield an also lower grinding cost, as
dictated by Equation 1.

For the proper application of the above criterion, it is then a basic
requirement to maintain continuously updated and representative
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indicators of the performance of any particular grinding media type being
utilized. In each particular case, media price should always be a known,
well defined variable; however, it is not so evident to define how media
performance (quality) differences amongst alternative product types or
operating conditions could be assessed with reasonable accuracy and
precision.

In such context, the current publication proposes a functional theoretical
framework — based on the Linear Wear Model.

REFERENTIAL THEORETICAL FRAMEWORK
GRINDING MEDIA WEAR KINETICS.

The most widely accepted approach to characterize the slow, sustained
consumption (wear) kinetics of grinding bodies in rotary tumbling mills is
known as the Linear Wear Theory (1,2); according to which - at every
instant ‘t’ after the grinding body was thrown to the mill charge - its rate
of weight loss will be directly proportional to its surface area exposed to
gradual abrasion and/or corrosion wear mechanisms :

Qi = d(m)d(t) = -kn Ay (2)
where :
Q = media consumption rate, kg/hr
m = ball weight, kg; after t hours in the mill
Ay = surface area of the ball exposed to wear, m?
Km = mass wear rate constant, kg/hr/mz.

Equivalently, taking into account the geometry of the grinding body
(sphere or cylinder), Equation 2 converts to :

d(d)d(t) = -2km/ps = -kq (3)
where :
d = size (diameter) of the grinding body, after t
hours in the mill charge, mm
Pb = density of the grinding body, gr/cm®or ton/m®
Kq = linear wear rate constant, mm/hr.
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The above first-order differential equation may be easily integrated for
the particular and most frequent practical case in which ky remains
constant with time - that is, kg is not a function of the instantaneous ball
diameter (Linear Kinetics) - and the mill is continuously recharged with
media of a single size df (monorecharge). In such case :

d = d¥-kyt 4)

indicating that the velocity at which the grinding body loses diameter is
constant with time. In other words, if a ball loses 1.0 mm in diameter
during the first 100 hours in the mill charge, it will also lose the same 1.0
mm in the second 100 hours in the charge, and in the tenth 100 hours,
and so on, until the ball is totally consumed or rejected off the mill.

In those much less frequent cases — when ky is a function of the
instantaneous ball diameter (Non-Linear Kinetics) — more complex, but
also available (3), models should be applied.

Equation 4 is the basis for the simultaneous, experimental
determination of ky constants of many different types of balls, all present
in the any given mill charge at the same time; a methodology referred to
as Marked Ball Wear Tests (MBWT) (4).

APPLICATION OF THE LINEAR WEAR MODEL TO
FULL SCALE MILLS.

In order to maintain a constant inventory (hold-up) of grinding media in
the mill - normally measured by the ratio J,, of the apparent volume of
balls (i. e., including interstitial spaces in between the balls) to the total
effective internal mill volume — operators must continuously compensate
for the steel being consumed by recharging new media, preferentially of
a single size d®. In this regard, the typical practice of recharging on a
shift-per-shift or day-per-day basis may well be considered continuous,
for all modeling purposes.

Regardless of the recharge frequency - as a reflection of the linear
nature of Equation 4 above - the size distribution of the media in the mill
charge should approximate the so-called uniform size distribution. For
example, consider the case of an operator charging 1000 new balls of
50 mm diameter, every day. By the following day, those balls will have a
diameter of say (50 — 0.1) = 49.9 mm and he will be adding 1000 new
balls of 50 mm. By the next following day, the first charged balls will
have a diameter of (50 — 2*0.1) = 49.8 mm and the balls charged just
the day before will have a size of (50 — 0.1) = 49.9 mm. So, after 3 days,
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not accounting for all the older media, the mill will contain 1000 new 50
mm balls, 1000 almost new 49.9 mm balls and 1000 not so new 49.8 mm
balls, assuming k4 remained constant at 0.1 mm/day. If this practice is
maintained for a sufficiently large number of days, the operator will find
that, in the same period that he recharges another 1000 new balls, he
will be losing off the mill charge 1000 old ball cores or nuclei that
reached a small enough critical rejection (scrap) size. And after then, the
mill will contain a ‘string’ of equal number (1000 balls) of every possible
size; that is, a uniform distribution of sizes that can be mathematically
described by the simple expression :

fo(d) = 1/ (@ =d°%) ;ford®<d<d® (5)

where d® (mm) represents the scrap or rejection size, characteristic of
the design and operating conditions of each particular application.

In Equation 5, the density function fy(d) is such that fo(d)d(d) = (d)/(d -
d®) represents the number fraction of balls in the mill whose size falls in
the infinitesimal range [d, d + d(d)].

The mass size distribution F3(d), corresponding to the fraction of the total
weight W, (not number) of balls in the ‘string’ with size smaller than ‘d’,
may be determined from the population balance relationship :

d

WoFd) = [ o (md*/6) N fo(d) d(d) (6)

The (W,/N) ratio is der|ved from the integration of Equation 6 over the

whole range of sizes [d®, d¥ imposing that, by definition, F3(d )=1.0to
obtain :

(Wo/N) = (py /24) [(d")" - (d°)'}(d") ~ (d°)] (7)
Then, upon proper substitution and integration Equation 6 reduces to :
Fa(d) = [d*~ (@) V() - ()] ;for d°<d<d" (8)
In the special case, when d® - 0, the above equation reduces to :
Fy(d) = (d/d7)* ;for 0<d<d (9)
Regarding this simpler case, it is interesting to mention that the well

known F. C. Bond (5) empirically determined and proposed a value of
3.8 for the exponent in the above equation; fairly close to 4.0, the
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theoretically derived value. Further, the relatively high value of the
exponent in Equation 9 indicates that most of the weight of balls in the
charge is dlstrlbuted in sizes not much smaller than the original make-
up size, dt.

Given that the wear rate of each grinding body is proportional to its own
exposed surface area the integration of Equation 2 — over the whole
range of sizes [d d"] — demonstrates that the overall grinding media
consumption rate [y (kg steel/operating hours), corresponding to the
ensemble of balls in the mill charge, is consequently proportional to the
total area exposed A (m ) by the ‘string’ :

Q= -kmA = -ppkqg A2 (10)

For a monorecharge policy, with balls of size d¥, the total area of the
charge may be obtained from the expression :
dR
A= IS (11d®) N fo(d) d(d) (11)
d

which upon substitution of Equations 5 and 7 plus integration yields a
simple expression for the so called Specific Surface Area of the ‘string’

a = (AlVg) = 8000 (1 -, [(d%)’ - (d°)°WI(d™)' - (d°)']  (12)
where :
specific surface area of the charge, m%/m?® (apparent)
ap apparent mill volume occupled by the charge

(including interstitial spaces), m?®, calculated as
Wy/Op/(1-£,)

<o

W, = total weight of balls in the charge, ton
f, = volumetric fraction of interstitial voids; typically 35-
40%.

According to this equation, the total surface area exposed by the mill
charge is inversely proportional to the make-up ball size. On this basis,
smaller balls of same “intrinsic quality” (i. e., same value of ky) will wear
off faster just because of the correspondingly larger total surface area
exposed. Therefore, when comparing two alternative operating
conditions, any observed difference in Q; does not imply the same
corresponding difference in media quality if the balls are not of exactly
the same size.
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In those special cases when two different ball sizes (d1R and dzR) are
continuously charged to the mill, in a proportion ry : r, (by weight), the

combined area exposed so generated may be calculated with the
expression :

a = (AlVg) = viar+ (1-vy) a (13)

where :

vi = rnax/[(1-r)as+ray]
and the specific areas a; and a, are obtained from Equation 12 above,
for A = d;" and d® = d,}, respectively. Equation 13 arises from

recognizing that each make-up size generates its own independent

‘string’ and that, in order for them to be consumed in the ry : r, (by weight)
proportion, their total exposed areas (mz) must be in the same proportion

inside the mill.
Finally, substitution in Equation 10 above yields :
Qc = - 4000 kg [Py (1-F) Vap] [(d7)° — (d°)V1(d%)" ~ (d°)'] (14)
or equivalently,
Qc = - 4000 kg W, [(d")° = (d°)I1(d")* - (d°)] (15)

On this basis, kg may be easil)é back-calculated from actual operating
records or estimates of Q;, Wy, d” and d”.

Again, as d° — 0, Equation 15 reduces to the much simpler form

Oy = -4000 kg W, /d® (16)

which re-emphasizes the fact that smaller balls will produce higher
consumption rates (kg/hr) for the same ball quality, when characterized
by kd.

THE SPECIFIC ENERGY AS A CONTROLLING WEAR KINETICS
PARAMETER.

By direct analogy to mineral particle breakage Kkinetics, it appears
reasonable to postulate that an even more representative and scaleable
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quality indicator than ky4 is the Energy Specific Wear Rate Constant
[ksF, pm/(kWh/ton)], defined through the expression :

ko = ko& (Po/Wy) / 1000 (17)

where the power intensity ratio (P,/W}) corresponds to the contribution
to mill net power draw Py, (kW) of every ton of balls in the charge (W,) to
the total net power draw P, (kW) of the mill. The underlying theoretical
claim is that grinding balls will wear faster in a more power intensive
environment. In other words, k¢" is equivalent to ky, but proportionally
corrected by how much power is being absorved by each ton of balls in
the charge. Therefore, it is to be expected that ks~ should be more
insensitive than kq to variations in mill operating conditions (that may
affect P, and/or W,,) that may, in turns, produce higher or lower media
consumption rates (kg/hr), not caused by variations in grinding media
quality. As a practical evaluation criterion, it should then be
accepted that the top quality grinding media, in any given
application, will be the one that exhibits the lowest value of the
Energy Specific Wear Rate Constant k.5, regardless of the mill
operating conditions.

Due application of Equation 17 creates the need for a mathematical
representation of the total Net Power Draw of the mill in terms of its
main dimensions and basic operating conditions. And also, how each
component of the mill charge (balls, rocks (if any) and slurry) contribute
to this total net power demand. An expanded version of the simple
Hogg and Fuerstenau (6,7,8) model serves such purpose well :

Pret = N Pgross = 0.238 D*° (L/D) N, pap (J - 1.065 J%) sin a (18)
where :

Pgross = gross power draw of the mill (kW) = Pyt / [

n = overall mechanical and electrical transmission

efficiency, °/1

D = effective internal diameter of the mill, ft

L = effective internal length of the mill, ft

Nc = rotational mill speed; expressed as a fraction (°/1)

ts critical centrifugation speed : N = 76.6/D%°
apparent mill filling, °/1
(including balls, rocks (if any), slurry and the
interstitial spaces in between the balls and the rocks,
with respect to the total effective mill volume)

of

o
I =

a = charge lifting angle (defines the dynamic positioning
of the center of gravity of the mill load (the ‘kidney’) with
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respect to the vertical direction. Typically, with values in the
range of 35° to 45°.

and where p,, denotes the apparent density of the charge (ton/m3),
which may be evaluated on the basis of the indicated charge
components (balls, rocks and interstitial slurry) (8) :

Pap = { (1-f) P Jo + (1-F) pm (J = Jp) + Pp Jp v J } /I (19)
with :
fy = volume fraction (°/1) of interstitial voids in between the

balls (typically assumed to be 35-40% of the volume
apparently occupied by the balls).

Jo = apparent balls filling (°/1) (including balls and the
interstitial voids in between such balls).
Jp = interstitial slurry filling (°/1), corresponding to the

fraction of the available interstitial voids (in between the balls and
rocks charge) actually occupied by the slurry of finer

particles.
Pm = mineral particle density, ton/m?®.
Pp = slurry density (ton/m3), directly related to the weight %

solids of the slurry (fs) by : 1/[(fs/pm) + (1 - fs)].
Substitution of Equation 19 into Equation 18 allows for the decomposition

of the total net power draw of the mill, in terms of the charge components
(8). In particular, the contribution by the balls in the charge becomes :

Pb = [(1'fv) Po Jb / Pap J] ’ IDnet (20)

Similarly, the contribution to the net mill power by the rocks in the charge
becomes :

P, = [ (1'fv) Pm (J - Jb) / Pap J] * Pret (21)

and finally, just for completeness, the contribution of the slurry in the
charge becomes :

Ps = [pp Jp f,J/ Pap J] ’ |:,net (22)
Back to Equations 15 and 17, an additional formula for the Energy

Specific Media Consumption Rate, Qg (grs of steel/kWh drawn), may
now be derived :
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Qe = 1000 Q,/ P, (23)

equivalent to :
Qe = 4000 k4" [(d7)° = (d°)’)/[(d%)* - (d°)"] (24)

On this basis, kg may be easiIF}/ back-calculated from actual operating
records or estimates of Qg, d~ and dg; recalling that the top quality
grinding media - in any given application - will be the one that exhibits
the lowest value of the Energy Specific Wear Rate Constant kg,
regardless of the mill(s) operating conditions.

Again, as d* >0, Equation 24 reduces to :
Qe = 4000 kq° /d” (25)
which re-emphasizes the fact that smaller balls will produce higher

consumption rates (gr/kWh) for the same ball quality, when properly
characterized by kdE.

PURGE PERIOD.

When comparing two different types of grinding media, an accurate
evaluation of their relative performance must necessarily discard all
data collected during the so-called ‘purge’ period of the mill; that is, the
lapse of time required for the complete consumption of the last ball
charged prior to the beginning of the test with the alternative media or
the time required for the complete consumption of the first new ball
charged at the beginning of the test with the alternative media,
whichever is longer. Such periods may be readily estimated from
Equation 4, settingd =0 :

trax = d7/Kg (26)

If the test balls are of similar quality, the cummulative grinding media
consumption during the whole purge period may be estimated from
Equation 14 above (for d° — 0) :

Ot tnax /1000 = 4 py (1 -1,) Vap = 4W, I (27)
concluding that the purge period is roughly the time required to

consume an amount of steel equivalent to 4 times the tons of balls in
the mill load. As a result, a quick calculation of the purge period
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(months), in any specific application, is simply : [ 4W, / (average monthly
consumption)]. The resulting value could be as long as 6 to 8 months. In
practice, it is considered acceptable to purge the mill for the equivalent of
only 2W,, as, by that time, there should be no more than 10% of the old
‘string’ remaining.

ANALYSIS OF FULL SCALE RESULTS

In the analysis of plant scale data, it is not yet normal practice to base
comparisons on estimates of wear rate constants like those described in
the preceding section. Instead, one or more of the following consumption
indicators are used :

- Consumption by unit of energy consumed, Q¢
(gr/kWh)
(see Equation 24),

- Consumption by unit of operating time, Q; (kg/hr)
(see Equation 15),

- Consumption by unit of ore ground, Qy (gr/ton) :

As indicated above, starting from available plant data and corresponding
the Media Charge_Linear Wear spreadsheet of Moly-Cop Tools (3)
facilitates the evaluation of these indicators plus the estimate of the more
intrinsic wear rate parameters, indicative of the actual grinding media
performance in the specific application under consideration.

No doubt, the most commonly used indicator — and unfortunately, the
less representative of all — is the specific consumption rate Qy normally
expressed in (gr of steel/ton ground) that may be also calculated from
the expression :

Qu = Qe * E (28)
(grfton) (gr’kwh) ( kWh/ton )

where E - the specific energy consumed (kWh) per each ton of ore
ground - depends exclusively on the operating conditions and intrinsic
characteristics of the ore, with no relation whatsoever to the quality of the
media being used. It is so concluded that any variation in E could be
mistakenly interpreted as a variation in media quality, if the Qy indicator
was to be adopted for comparative evaluations. It is likewise concluded
that a much better indicator of media quality is Qg, properly corrected by
media size d - as suggested by Equation 24 - to arrive to the Energy
Specific Wear Rate Constant, Ky" (um/(kWh/ton)).
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EXAMPLE OF APPLICATION

Consider the hypothetical case of Fair Mining Co. operating two parallel
36’'dx17’ SAG lines. Attachment A & B contains operational records for
both lines in the period July '02 thru June '03. The standard 5” balls are
being supplied by Forge®. However, beginning November ’02,
management decided to start an evaluation with the alternative supplier,
NKOB.

In the interest of evaluating which supplier provides better quality balls,
it must be first recognized that there are multiple forms of establishing
such comparison. In fact, discarding 4 months (November ’02 thru
February '03) as ‘purge’ period, at least the following options could be
selected :

- Sequential Evaluation, comparison of historical consumption
rates of the same mill (SAG 2), before and after the purge
period.

- Concurrent Evaluation, comparison of consumption rates of a
test mill (SAG 2) against a standard mill (SAG 1), both
operating in parallel, for exactly the same time period, once the
purge period has been completed.

In the first case, the following Sequential Evaluation could be
established :

SAG 2 SAG 2 Variation
Pre Purge Post Purge %
ORE THROUGHPUT
ton/hr 1,254 | 1,410 | 12.4 |
ENERGY CONSUMPTION
kW (net) 12,058 11,691 (3.0)
kWh/ton 9.62 8.29 (13.8)
BALLS CONSUMPTION
_griton 552 | 501 | (9.2) |

If the analysis was to be based only on Qy (gr/ton), the first conclusion
to be drawn would be that the alternative NKOB balls are 9.2% better
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than the standard Forge® balls (?). Even more, the process analyst (or
the NKOB vendor) could claim that, thanks to the new balls, throughput
was increased by 12.4% ! But the analyst should not ignore that there
has been a very significant change in E (kWh/ton), before and after the
purge period. However, the following more detailed comparison may be
established, for the same Sequential Evaluation above, using the
spreadsheet Media Charge_Linear Wear of Moly-Cop Tools (3) :

SAG 2 SAG 2 Variation
Pre Purge Post Purge %
ORE THROUGHPUT
ton/hr 1,254 | 1,410 | 12.4 |
ENERGY CONSUMPTION
kW (net) 12,058 11,691 (3.0)
kWh/ton 9.62 8.29 (13.8)
BALLS CONSUMPTION
gr/ton 552 501 (9.2)
kg/hr 692 707 2.2
| gr/kWh 57.4 60.4 5.2
|_Sp. Wear Constant, ka® | 2.80 | 2.95 | 5.3 |

The additional indicators reveal that, in reality, the alternative media
would be, not 9.2% better, but 5.3% worse in performance, as compared
to the standard media; proving that Qy (gr/ton) is not a reliable media
quality indicator, because is distorted by changes in E (kWh/ton) strictly

related to process variables and totally independent of media quality.

SAG 1 SAG 2 Variation
Post Purge Post Purge %
ORE THROUGHPUT
ton/hr 1,299 | 1,410 | 8.5 |
ENERGY CONSUMPTION
kW (net) 11,791 11,691 (0.8)
kWh/ton 9.08 8.29 (8.7)
BALLS CONSUMPTION
griton 479 501 4.6
kg/hr 621 707 13.8
1Jr’IkWh 52.7 60.4 14.6
| sp.Wear Constant, kq© | 2.55 | 2.95 | 15.4 |

A Concurrent Evaluation, based on the same data base of Attachment

A shows :
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that is, much more significant differences against the NKOB balls than
those indicated by the previous comparison. Which one to believe : the
sequential or the concurrent evaluations ? There is not a clear cut
answer to such question. The merits of the concurrent evaluation is that
the comparison is based on the performance of parallel lines, operating
for the same periods in time, most likely being fed with the same type of
ore. However, no two lines in any Concentrator are really identical and
in that regard, the sequential evaluation assures that the comparison is
not being affected by intrinsic differences in the process equipment.

A third option for comparisons comes up, referred to as Cross
Reference Evaluation, which can be equally stated as :

- Cross Reference A : difference in the consumption rate of the
test mill (SAG 2) - before and after the purge period - minus the
same difference for the standard mill (SAG 1), normalized with
respect to the standard mill wear constant, before the purge
period :

[(kdE)SAGZ,after = (kdE)SAGZ,before] - [(kdE)SAG'I,after - (kdE)SAG'I,before]/(kdE)A,before

(29)
- Cross Reference B : difference in the consumption rate of both
mills (SAG 1 and SAG 2) - before and after the purge period -
normalized with respect to the standard mill wear constant,
before the purge period :

[(ka)saczatter = (Ko")sactater] = [(Ko")saczperore = (K )sact peforel/(Ka" )a pefore
(30)

For the particular example under consideration, such Cross Reference
(A and B are mathematically equivalent) would be:

Specific Wear Rate Constant, k4

[ sAc1 | sAG 2 |
Pre Purge 2.68 2.80
Post Purge 2.55 2.95

170.4%

indicating that while - because of a change in ore properties or process
conditions - SAG1 was reducing the wear rate, SAG 2 could not do the
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same because of the different grinding media being charged. From a
different but equivalent perspective, while SAG 2 was performing slightly
worse than SAG 1, prior to the purge period, that difference was
incremented after the purge period because of the lower media quality.
In both cases, the most reliable estimate of media quality difference is
10.4% worse than the standard Forge™ balls in SAG 1 before the purge.
And if the NKOB balls didn’t break at all ? In such case, all of the
observed difference in performance would have to be explained by an
even larger value of kdE associated to the NKOB balls :

Specific Wear Rate Constant, k£

| SsAG1 | sAG 2 |
Pre Purge 2.68 2.80
Post Purge 2.55 3.11

16.4%

Or if the NKOB balls were slightly larger, say 130 mm ? In such case,
going back to the assumption of similar DBTgy performance, the
observed difference in performance would also have to be explained by
a larger value of kdE for the NKOB balls :

Specific Wear Rate Constant, k,F

[ sAc1 | sAGc 2 |
Pre Purge 2.68 2.80
Post Purge 2.55 3.02

The practice of making balls slightly larger than their nominal size
(‘overweight’) is quite common amongst grinding media manufacturers in
their continuous efforts to maximize equipment availability and
production capacity. It should have no significant effect on the grinding
efficiency of the media but, in terms of wear consumption, it could help
hiding 3-5% differences in relative performance, if the consumption
indicators are not properly corrected for ‘overweight’.

CONCLUDING REMARKS

The Linear Wear Model provides a theoretical framework for the most
reliable estimations of comparative grinding media wear performance
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(in the absence of breakage) for any given application, on the basis of
the Specific Wear Rate Constant, Ky

Because of natural process fluctuations and measurement errors, it is
not possible to develop a single comparative performance indicator. In
such context, evaluations should be ideally conducted in parallel lines,
in order to have the option to establish the preferred Cross Reference
comparisons.
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Attachment B
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	COMPARATIVE EVALUATION OF 
	GRINDING MEDIA CONSUMPTION RATES AT FULL PLANT SCALE
	indicating that the velocity at which the grinding body loses diameter is constant with time. In other words, if a ball loses 1.0 mm in diameter during the first 100 hours in the mill charge, it will also lose the same 1.0 mm in the second 100 hours in the charge, and in the tenth 100 hours, and so on, until the ball is totally consumed or rejected off the mill.
	In those much less frequent cases – when kd is a function of the instantaneous ball diameter (Non-Linear Kinetics) – more complex, but also available (3), models should be applied.
	Equation 4 is the basis for the simultaneous, experimental determination of kd constants of many different types of balls, all present in the any given mill charge at the same time; a methodology referred to as Marked Ball Wear Tests (MBWT) (4).  

