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COST OPTIMIZATION OF STIRREDBALL MILLGRINDING

by

C. W. Schultz andR. K. Mehta

MineralResources Institute

The University of Alabama

Box 870204

Tuscaloosa, Alabama 35487--tY204

Abstract

Ongoing researchatTheUniv_sity of Alabamahasshownthatstirredball mill grindingis

the highest cost unit op_ation in the bcneficiation of EasternOil Shales, Minimization of

that cost is critical if oils derived by beneficiation and hydroretortingof Easternshales are

to become an economic alternative to conventionalcrudeoils.

Costoptimizationof stirredball milling is a substantiallydifferentproblem than optimizing

a conventional (rambling)mill operation. Forconventional millsminimum cost isvh-'tually

synonymouswithminimumenergyconsumption.Because thetechnologyismatureand
well understood, the operator can predictablyoptimizewithin a very narrowrange of

operatingconditions.

. In contrast, stirredball milling offers the operatorseveral more "degrees of freedom" in

selecting operatingconditions. An example is the selectionof rotorspeed. In genera],lower

speeds result in lower energy consumptionper ton of material ground but at the cost of

reducedmill capacityperunitvolume. Because stirredballmills have ahigh capital costper

unit volume the tradeoff between energy consumption and capacity becomes critical.

Thispaperpresents a generalized totalcost model forstirredballmilling and examinesdata

generatedin the grindingof oll shales in termsof themodel. The paperalso discusses the
roleofthecostmodelinguidingfutureresearch irlgrindingcircuitoptimization.

INTRODUCTION

Research in the beneficiafion of'Eastern oil shales has shown that to parameterson a cost basis. A previous paper(2) showed how various

achieve an acceptable level of concentration coincident with high oil circuit configurations could reduce energy consumption and cost by

: recovery requiresvery free gri1_ng. Forexample, to prepareaconcentrate reducingthe fraction ifthe raw feed that isultimately gr°und in thestin'ed

containing40ga.I/tonwith 90% oilrecovery,therawshalemustbeground ball mill.

tod90= I0_ (I). Grindingtosuch asizeispredictablythehighestcostunit

operationinthemineralbeneficiationscheme'Henceamajorportionofthe Thispaperaddressesthequestionsofhow andwhycostoptimiza-

on-goingbeneficiafionresearchaddressestheproblemofulvafinegrind- fionmay differfromenergyminimizationandinmm how experiments
are planned end dataanalyzed to achievecost optimization.

ing in a stirred ball mill.

Research in this area is formed on two aspects; optimization of the Capital Costs as a Variable

integrated grinding - flotation circuit and optimization of the operating Traditional cost accounting practices treatcapiM costs of equipment

............................... _ ,. ,,............... Jt..__



as a fLxed cost. For the most mineral processing equipment, including To put the pmchased cost in closes' per_tive we assume that a stirred
conventional bali mius, this is entirely appropriate. For stirred bali mills, mill has auseful life of seven years and that interest rates are 12percent. Tlm

however the capital cost per ton of finished (ground) product is variable amortization cost then for 100 liters of SBM volume is $817Jmonth. If we

because the capacity, at any specified feed and product size, is variable, further assume ml average of 660 operating hours per month hat cost
becomes $1.23 per operating hour.

The variability of stirred ball mills capacity re_lts from the degrees of

freedom in their operating parameters which are not present in the The foregoing are the fixed costs of owning 100 liters of stirred ball

operations of conventional mills. Most important of these is rotor speed, milling volume. To express dLese as variable costs we calculate the produc-

The rotor speed in a stirred ball mill is limited only by the size and design rien ram from experimental data. Typically the feed to the stirred ball mill isi

of the drive motor andnet by any physical phenomena occurring in the mill' a 53% solids slurry fed at a conu'oUed rate. A feed rate of 1000 cc/mlnute in

In contrast a conventional tumbling mill is limited to operating at less than our 2.7 liter mi]] corresponds to 1.70 MT/ht/lO0 liters or a capita] cost of

its critical speed (i.e. the speed at wlfich the ball charge centrifuges), $0.72/MT.

Increases in the rotor speed of a stirred ball mill increases the capacity of the

mill with a concurrent increase in power consumption per ton of product. Using this same calculation we have projected the capital cost per ton of

product as a function of fe_l rate. Figure 2 shows the result of those

In addition to mill speed, other degrees of freedom present in the calculation. The projected capital costs (in an industrial size mill) are plotted

operationofastirredbal] mill aremedia size and mediacomposition. Both against the volume flow rate in the experimental miU,

factors as being studied in this on-going cost optimization.

Tots] cost optimization, as distinct from energy minimization, is only

important if capital costs/ten are high and if they are of the same general a -

magnitude are energy costs per ton.
4

Figure 1 shows the purchased price of stirred ball mills in dollars per

liter of mill volume as a function of mill size. Predictably the cost per liter _ 3

drops as mill size is increased. Figure 1 also shows that no further

i economics of scale can be expected for mills larger than 500 liters. Thus o 2 -

for purposes of this paper the cost of $460/liter or ,eye6,000/100 liters is used

for further discussion. 1
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Figure 2

_ooo Projected Capital Cost as a Function of Feed Rate

"-'-'__ Experimental Procedure for Cost Optimization

I

o ---,---w--- , • , ------r---','---r----"--- Figure 2 illustrates clearly that capital costs per unit of productivity are

o +oo =oo =oo 4oo =oo eco high enough towan'ant totalcost optimization rather than the previously-

Ml. etm .t._ assumed energy minimization.
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The three major cost elements in stirred ball milling are energy consump-

tion, media consumption, and capital. Each is a variable function of mill

oper_.ug parameters. Most important of these is mW speed. In general, as

mill speed is increased the energy consumption per ton at a specified product

size increases, thus lower energy costs favor low operating speeds. TI_ can I _

beillustzatedbyTableiinwhichdatafromanemqi_ stirredballmillingtest J

are tabulated. _
am.4n0

"Table I. Salected Dsta 8howtag the Incr_ hl Specifte i
L'nerl_ with Increasing Rotor Speed

Rotor Media FeedRate NetPowerSpecificEnergyProdt_ctMicrons _ S2Sl

_M} Ffllir_ (ce/rain.) {WatU,) {kwh/t} dgO d50 ,{_} _ t

1400 85 275 3172.7 317.2 10.3 3.7
1450 85 275 3499.3 349.9 9.9 3.5
1500 85 275 3786. I 378.6 9.8 3.5 L_ pm41t_SLm{mk_,ns)
1550 85 275 4153,3 415.3 9,4 3.4
1600 85 275 4450,2 445,0 9,2 3.4 I_Ulll 3

Idullzed ChsdesLm_Plot

Notethatatconstantfeedratethespecificenergyconsumptionincreaseasthe

rotorsp_cdisincreased.Concurrently,thesizeoftheproductdecreases,

indicatingthat',.hecapacityofthemillshouldincrease(therebydecreasing

capitalcosts)atconstantproductsizeastherotorspeedisincreased.Table

2 indicatesthatthispresumption is correct.

.'r_e 2. kited Dea Sl_0vt_C._ hemin +,
vlth_cr_ not= stmd

_d F_g (_/m_,) _,'_ts) (kwh/t}

RFM) P_) .... I

14,50 83 200 2829,3 387,5 10.6 3.7 1

3,7
1500 83 205 3026,1 403.5 10.5 R 82- 36
1550 83 215 3243,3 415.8 10,4
1SO0 83 215 3,590,2 460,2 10,1 315 n s 1

Inthiscaserotorspeedand feedratewereincreasedsimultaneously.In m,oaucts,_,(mi=on,)

the th'st three cases the product size is essentially constant. Note however that Figure4

= the increase in specific energy still _ccompanies this increase in rotor speed, Feed Rate nsa Functionof ProductSlzs

These cases illustrate the basic "trade off" which must be made in

optimizing stirred ball milling costs i.e, energy (operating) vs. capital costs.

Unfortunately the data which have been gathered to date are insufficient and From Figures 3 and 4 then we establish the energy consumption/tonand

in the wrong form to permit the calculationsof an optimum condition at this the feed rate (mill capacity) at a specified size as a function of rotor speed by

" time. To fully optimize it will be necessary to first generate individual plottlng the intercepts of the vertical lines, sh°wninFigures3 and 4, with the

= Charles law (log E vs, log D ) relationships for each rotor speed, HYtm- individual rotor speed curves.so

thetically these would be of the form illustrated by Figure 3. Concurrently we

.. shall detemaine the capacity (feed rate) as a function of product size for each The energy consumption/ten as a function of rotor speed is now re,adily

rotor speed. These data should be of the general form shown in Figure 4, convelted to cost/mn by multiplying the energy consumption by the current
= cost of electric power, The feed rate is then converted to capital cost using

" the relationships shown in Figure 2,

* Thedatapre,se,ntedintheTablesI and2 arefor.I00 meshAlabama

: shale. ThedatashownareforIllustrativepurposesonly.Currentspecific

: energydataare substantiallylower.

_



against the cost of consumables (power and media) to achieve a total cost

optimization. Such optimization can be achieved by the procedure outlined

here. Following a rigorous cost optimization, procedure will also contribute

"" to our full understanding of the stirred ball milling process and will increase
_- Enmrg9

the validity of our estimates of the cost of oilshale beneficiation.
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In the foregoing discussion we have, for the sake of simplicity, omitted

any reference to media consumption, in limited observations this does

appear to be :m important consideration. Media wear on this order of two

lbs/tons have been measured. Wear tests are being incorporated into future_

test plarLs Because the curve plotted in Figures 3 and4 will be different for

each different media size one would like to plot the curve for largest media

size because of media size and wear considerations Generally we expect

: media wear to vary with rotor speed in the same way thatenergy consumption

does, (i.e. high media consumption with high rotor speeds), This adds

another dimension to the op_nization procedure but does not change the
basic approach.

One cautionary note must be sounded here, All of the optimization

tests, such as would generate Figures 3 and 4, must be performed in the=

range of realistic test conditions. These conditions generally include high

slurry densities, low reduction ratios, truncated feed size distributions, (i.e,

feed stocks with the fines removed), and coarse media. The test conditions

over which we apply the optimization tests will be &fin_xt by the concurrent

efforts being conducted in circuit optimization,

Summary

In summary, we feel that this paper has shown that capital costs, when

reverted to acost per ton of shale ground, are important and must be weighed






