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PESBLY GRUINDILNG AT BUTIIINEN CC:I’.Z'{ CDI{."O‘L”“T')J HR

Introduction

The operaticus of Eetnlca.a.l Copper are ‘ situated in the south-central
interior of British Columbia at an ele vation of 4500 feet above sea level Main
road and rall Lranapo"'ation s_/%te:*s pass throug Ancroft in the Thonpson Vallq
'v'hlch is 28 mile.> by rcad fram & c min ==1Le. “he operation was the first low-grade
open—plt porpw*y c* pEr niné in Brit:* s Colurbhia

The minerals are chiefly caa co::>yrit= and bornite, while the rock is
principally feldspar and quartz. In the outer fringes of the orsbodiés some pyrite

is-present., Average grade oI‘ mill feed is 0.55% copper.

History of iMilling Coerzticns

Production camencad in D—:-ce:*.b'er- 19€2 at a rate of 3,000 tpd in a plant— :
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ra'clr'rs were :mcreased to 6, 000, 10,000 and 12,000 tpd by the ad a_tlc‘x of a fur-
ther stage of crus‘m:g and niore rod c.n-i ball 'n':..lls. Vhen the last expansion was .
ccrxpleted tonnage thr OL,cnpat exceed Ed the 12, O.;O—Lon designed rate and was stabi-
lized at 15,500 tpd.
Houwever, recovery did not meet expectatiors at Lhe expanded rate because
of coarse flotation feed. Capacity in ‘cl':er'oci _mill circuits e.xceeded the subse-
quent fine grinding gapac‘ity-, resulving in po"“ liberatiori. Studies were initiated
to improve reéovery without décz\?asif;.g throug*.plit. |

Description of Oner“‘;_o“ Prior to Pei \ole Silideg

Cru.,hlno with prmar'y, Su""m""*y ang a clc:cd tertiary sL'x*e proceeds at
a sc.leduled 20.5 shifts per'h_‘eej{. ‘Fine ore screened.on 1/2" x 4" apertures is
stored in a -30,000—t;on bin ahead of two 12.5' x 1‘)' rod’ I‘llllo. Rod nill discharge
Joins secondary ball mill (one 10.5' x 14 -and one 11' x 14') dischavge fox classi
fication in a single SO"-cycloné \::hic‘n_closes the seconda:fy mills. Ovcrf‘lo'.-l fram

this cyclone is split between three thind-staze ball mill—pwa;,»cycldne -.cirecuits
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(two 11' x 14' and one 12.5' x 15'). Prior to additior of the two pebble mills the
flotation feed was produced by this three-stage grinding system. Grinding criteria

are shown in Table I.

Feasibility of Econonic Improvement in Pecovery -

Laboratory grinding and flotation tests on plant flctation pulps indi-
cated that tailing grades céuld be. lowered to yield an additional 0.4l pounds of
copper per ton by reducing -the 807 passing size from 210 microns to 102 microns.
Our calcvulations shewed that the additional work input required to attain this

improved liﬁeration using ball mill grinding, while resulting in a profit, sho'.':ud'
a return on investment that wés uhattractive. | -

A cheapei' met:.hod of grinding was ﬁe_ceﬁary_ ‘and information was coliected
to assess the feasibility of pébble grinding. This study shc;wed a higner capita
cost, lo'.-.'ér cperating cost, and substanﬁially increased revenue I‘_fom’ .copper' con-
tai'ﬁed J'n»peh‘n]eé consimed: * Tha ca'-lr-.lﬂa‘r.er]‘vatnm‘nn j'mm.c:tmrnnt was aldractive
and arrangements were made to bilot the operation at t.l.xe facility of a mill manu-
facturer to assure the reliability of the ligures being util:‘\.zed. |

" Samples’ of'rour-'_';her' ‘cai]ing and primary crushed ore in the amount of 25
and 75 tons reséectively vere brepared Tfor the grinding test. . Pebbles sized bet-
weeﬁ 3" x 3" and i—3/ll" X l—-3/4" were prevared fran thé brimary crushed ore. The
test 'was. perf.‘ofmed in'a 4' x 8' grate dischafge mill closc'edv 3-ritf1‘a pump and cyclcrie,
-In one part of the test workbpcbble_chips’\-lel‘*e i‘emdv_egi‘és- discharged fran the mill.
Iﬁ thek remainder of the work the ciiibs were recycléd. to the feed of the mill algar*g
with cyclone overflov. New feed was introduced dimét;]y £o the mill instead of to
the punp suip. ‘ This was an expecliq;xﬁ divergence fraa intended practice. .

, The pilot plant work confiméd t‘né leboratery _rcsults and a decision was
made to install the necessary equip::ent'in' Aprii of 1971. -'_I“ne wérk'x-zas fully -
carxpléted by Jue 1972, Budgevted cost wus _$2.7 rmillion and.actual cost was
$100,000 less.

The calculated recovery of investment indicated that 604 would come fran
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milling an anLL.LOI‘kﬂ. 1,000 th of ore ( )OO tons of pebiles and 500 tons of rod
mill feed) and 40% frum improved copper mcovcf'y ﬁ'an_tailings, Tne payvack pericd
was reduced to well belo:-f t‘né three years used in the justification winen actual
throughput increased by 2,000 tpd and tne recovery increase reached as high as 0.6
or more pounds rper tan of ore. | |

The Installatico

Pebbles are pmyawd fron pmm'u’v crushed cre on an 8' x 16', “;-3./3 deck:
pr-imary screen, The upper deck cover cor L}lStS of cast manganese grids with 1-3/4"
X 1=3/4" openings for the first 12 feet, increasing to 3" x 3" cenings in the last
4 reet, Material passir} these luégcr opemnbs drom to: the 1/3 deck covered witn’
grids the same as thne first 12 feet of top deck so that pebbles are sized between
3" x 3" and 1-3/4" x 1-3/4". A motorized sliding gate diverts pebble production
in excess of reguirements to the secondary crusher, |

Pebbles. are conveved on 18" conveyoi*s to a 1,000-live-ton cylindrical
storage bin. Load level is measured sonically and the ‘sig;nal transmitted to the
érusher- contrél room for readout. Pebbles are fed fram this bin by.vibrating
feeders to 18" conveyors which in twm feed the two pebble rm'.lls.v

The two 16.5' x 32' grate discharge pebble mills are driven by lcw-speed
synchronous motors througn air clutches and single helical gearing at 69% of criti-
cal specd. Baobbitt bearings are hydro.gna ﬁcal.,y lubricated and the mill Jour'nam
are lifted by manual punps for starting. ’

The pulp d;scnar“'es tnmuva grates with 1/2" x 1-3/16" slotted c1:um*ga
to three 16" x 16" puws driven by 300 hp motors. Two puips operate wiile the
third serves as stanaby and is lln.ma through ball valves. for autanatic switching
of punps, Furp lines disch:mge to D20B cyclopucs with underflow retwning to the
-pebble mills and overflow bou‘g to roucher lotation.
Liners '

In the original insta].latio:ﬁ Ho. 8 pebble rill was eguipped with rubber

Jining and grates, w‘nile No. 9 pebble nill had Ni-ilard throughout. Figure 1A
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i1lustrates the rusber liners installed in No. 8 petole. _nﬁ.ll shell, and Figure 1B
the present configuration using .a modified shell lifter replacing initial lifters
‘which lasted ten months. Figure 2 shows fhe Ni-lHard lining ipstalled in Iio, 9.
pebble mill shell and still in usel., lenoving and weighing él&mzping bars and plates
indicates only a‘7§§ weight loss in cne year,

Rubber head liners in Ho. 8 pebble mill required a replacerment ‘of lifters
aﬁ;ér one year of operation. The 1" 1ift wore off tlfxe Ni-Hard nead liners in Ho. 9
pebble mill in eignt to nine mcnthsi and was corrected by bolting on separzte cas—
tings 3" in heig‘nt,‘
Grates

No. 8 .pebble mill started with rubber grates and these have given no
problems, Tne initial ili-Hard grates in Ho. 9 pebble i1l were subject to consi-
derable blinding., This problem rapidly became worse as gieanimg; operations é&&Ll@@ -
the jnner face of the gm%-_é; making chins wedge fas‘ter thon ever, The'slot cize
was 3/8", with -a 2-1/2 degrse teper.

A _Cr-lo grate was irnstallsd wi'th double the taper anda although results
were better they were not satisfaccery. Lower power draw and spillage out the feed
end of the mi_ll led to a deéisior_m to install a duplicate rubber graﬁe in Ho. 9
pebble mill as guickiy as possible. |

Operation

‘

Cyclone: overfloss fram the third-stage ball mills are joined and split
between the operating mill pup boxeé. Normally, four or fi\k: cyclones are ope-
“rating per mill with one of the f‘ivev on each cyclopac started w:d stepped by pneu-
maf:ic valvés on signals received frcm the purp suap level. In this way the sump
ievel is controlled over a 2° 12_‘“9 A preferable rethod of sump level control
would involve autaonated water additicon, but reclaim water capacity and constraints
on flotation dilution dictate otherwise at ‘pmsent.

Cyclone feed pressufe rages from 15 to 20 psi. Overflow density range

is 319 to 39% solids; and waderflow density range is 63 to 725 solids. The spigot
. , ~.
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pr-oduct; is diluted with water to 65% solids before it enters the pebble mill.

The mill pover drew is recorded in megawatts on a strip chart which
guidﬂs the operator on pebbdle «d:lition, Pebble cow;yo““ run con‘.;inuoué];y while
the vibrating {seders operate on a tnaued interval. Control of the times md the
" feed vftbfation intensity is left to the cperator, who makes alterations to feed
rate to maintsin pcwer an..xc,nt at maximm and pebble load as close to 50% as pos-

~sible. Grindirg criteria for the pebble mill circuit are shovm in Table IT.

Modifications ta £ircuit

Fron <he becrimi:zg a major point of conesrn has been to gev madimum paver
draw fram the psbble mills, liotors are 2,750 hp 2t 0.8 leadﬁi.g pc: er'mi‘ actor with
a 1.15 service factor. A conside réble reserve exists in the mctors. If it could
‘be drawn it ccuid be used for higher throuzhput, improved grind, or reducing ball
mill horsepowé:’ and ball consurgtion, or any canbinal ion of the thresz.

Mill specifications calied for full motcer power draw at 6~9:75 of critical
speed, €5% pulp solids, 405 pebcle charge, end a torcughput up vo 1,000 tons per
hour per mill. According to caléulations, power crawn could reach 3,000 hp., The

40% pebble charze was selected as a voint on the lozd power curve with sulTicient
slope to make ccontrol of psbble 1oud simple. A speed of 695 of critical was recom-
mended as a rezsonzble level for ensuring pebble su "u\raT and 657% solids a goed
figure to allcs coating of petbles and efTicient grinding conditiors. ’Ln‘oagjlput
of 1,000 tons per hour allowed for 3U0 to:‘;s-’o:'" new feed and 660 tons circulating
load.

Initizl cperation requixuzd six to seven c¢yclones cperating at pressures
of 25 to 30 psi and power draws of about 2,000 hp. Fates -of wear of L.1/2" vortex
‘finders and 3-1/2" apex valves were excessive, with lives-of only 2 to 3 weeks.

To improve power draw the peolle loads were boosted t0-50% and have beon kept there
since,

'It was noted that as the mills puiped thanselves out during shutdour

the power draw Ineressed significantly. It was decided to reduce circulating load
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by the conbination oI‘ increas mg vortex finder size to 6" and dec 1\“a.,mg; punp spead
to lower cyclone pressure to 15 to 20 psi. Apex velve size ramained the sane,
These changes brought poer draw up to <.p roximat Jy 2,750 hp with lower pulp
lew=ls in the mills and cyclone wear r:cu\,ed to rzzsorizble levels,

Subsequ:nt discussion on ways to morolv* perf‘orznancé led to the suzges-
tion that the space at the peripnary cet'».een the C"’."L‘ and the pan lifters was
insufficient to allow free flow of pulp to the C‘.DC.‘a..‘.“’"e cone. To check this, the
complete grate asserbly in one mill was sadrmed out into the mill three inches,
doubling the space in the area considsred to ‘c_)e mest Lopertant for low pulp level
operation. Power consurption increased less than 25. . A reserve of sbout 105

remains to be ut J.lized. » |

Effect of Chang m:; Pebble Tep Sizs

The "top size of pebbles was increased oy replacing the 3" x 3" openings
with _ﬂ"' x 4, Work index- values '-.-._;ere calculated at both pebble sizes and showed
an increase from 18.5 to 20.1 at the lzrgor size. Further test ‘oh._usnrf; a top
size of 2-1/2" x 2-1/2" is currently oteing evaluzted.

Operating. Cost

Tne year-to-date cost for perble mill cperation is about €3 per ton.
A considerably longer period of time must elapse before meaningiul f‘l zures rallec-

ting liner replacement will become aveilsble,



# Wi values have not been corrected for mill dizmeter,
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TABIE I THRIEE-STAGE ROD MILIL~BALL MIT). GROIDING
K80 In . K80 Out
KWH/T (ificrons) (Microns)
‘Rod Mills o 3.29 9920 1800
First Ball Mills 2.7 1800 897
Second Ball [1ills - 4,69 ‘ 897 210
Total Cireuit 10.55 9920 210

. Product

TABIE IT QUATERNARY STAZE PE3RIE MILL CATIIDLI it}
Mesh '  Feed
+48 14,2
+65 12.6
+100 10.3
+150 ' 10.1
’ : +200 8.3
+325 7 9.3
-~325 ‘ 35.2

KWi/T, Total product

~200 mesh produced

K80, Microns 25

Bond Wi, not corrected for mill diameter

3.7
7.8
12.8
11.3
13.7
50.7

5.82
29.4

118
20.1




