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Compressive stress

'

Compressive stress

FIGURE 5.1 Strain of a crystal lattice resulting from tensile or com-
pressive stresses.
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FIGURE 7.4 (a) Trajectory of grinding medium in tumbling mill, and (b) Forces acting on the medium.
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FIGURE 7.1 Mechanisms of breakage: (a) Impact or compression,
(b} Chipping or attrition, and (c¢) Abrasion.
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Parabolic path

(a)

Circular path

FIGURE 7.4 (a) Trajectory of grinding medium in tumbling mill, and (b) Forces acting on the medium.

2 my2

(b)

mV? 1)
—— =mg cos & k
R—r ?
where m is the mass of the ball (kg). V the linear velocity
of the ball (m s~ '), and g the acceleration due to gravity

(ms 7).
Since V is related to N by the following:

2aN(R —
v 2NR—1) (1.2)
60
Then:
ANY R —r)  0.0011 NXD —d)
Ccos (v = = (7.3)

60%g 2

where D is the mill diameter and d the ball diameter in
meters.

The critical speed of the mill occurs when «= 0, that
is, the medium abandons its circular path at the highest
vertical point. At this point, cos a = 1.

Therefore:

N.= ——revmin_! (7.4)

37



10/6/2022

18 gsl%f;»b:o

3 oS g Slakad b o blas (JSo  wlid el w3 s e :Chipping -v 4
D510 092> g >

3,08 3929 o] o cwdie oy,lE5 pace d

RYWIPIIF VW ORISR ST U SR g Y d

>. ®

chipping

38



10/6/2022

18 gsl%m»‘fw

\ -

.w‘

:3)}3 3l
Uiele g 5leds

b..

1)

Breakage function

v

s, chipping g 5l obisS by ,o o ls 1, chipping g 5lsds oole o laul
39550 005> Sl 75y ple Soaresle g w0

1 plo @ (Gielo,s ,b SO eos) Glo,s 5l pgoyls 18] ple jo aS olge wzégzbij d
«59-0.’(56 |"...

39



10/6/2022

o1 B sl 3l
/ 4 e
dw;

dt = —S5;W; + bquWj

Jgl ax 0 (S aloles d
il j9-w; U
S o) il gl olhd 6 pdiobil ol ab = Selection function = s; U

Syle Ky Giolo 3 laore 4y g 0l Sy Same oole LSl 4 a5 (Lisls 5 L

(P Jio) ol Ky ome 00le 4y« 16 = breakage function = bij Q

40



10/6/2022

(w!éy ‘5&6)5&) (8 B S u..:!gs
Energy-Based Commlnutlon Models d

S NI olee u! u.lwuo%o J.i., RPN Walker et al.

dE = —Kx " dx (5.1a)
xezs als dX ccal @l,3 o5l ols 3 st cos gl 655l sl AE T e as O
il ) O yg0 a ol (IS0 S ases colg K g nical @l )d ol
P

E=—K [ x dx (5.1b)
JF

e (b S Ygons) Jpame 5 S|he> o3 o5l 6,503l P o F T s a5 O
«three comminution laws» il 5 gl 4w e 5 4 N=2,1, or 1.5 5,5 U

.5 41, 1, Bond 4 Kick Von Rittinger « L

41



10/6/2022

(! > SBG695) 1S B S  ilgd

sy ois U
Von Rittinger (1867) = «s,s5 (nyoed U
cawlico o3l zals jo culid yan (g5, a5 0,5 0 e
S g Sl ol ol sl o s colus b
AL egSae ok 4 EleiSG a8 L )3 Sl pglae (39

»l» Von Rittinger g «plplo sl conlite

Peter Ritter von Rittinger

Ewg =K LI (5.2)
P F
which is the solution of Eq. (5.1b) for n = 2.

O3B (! el el dild gy WIHd ol e, p8 U

e _ 4,10 — 1000 PM 5, Skl odgase lp 095 4
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Fred C. Bond

: _ﬂ by

Fred C. Bond, 1972

Born June 10, 1889
Belcher Hill, near Golden,
Colorado

Died January 23, 1977 (aged 77)

Tucson, Arizona
Nationality United States

Occupation mining engineer, laboratory
director, consulting engineer

Known for advancing the applied science of
comminution

\_ ==
— il 8 U

Q Fred Chester Bond (June 10, 1899 - January

23, 1977) was an American mining

engineer. A graduate and former professor

of the Colorado School of Mines, he

worked in the mining equipment and ore

milling equipment business of Allis-

Chalmers from 1930 to 1964.
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Your Company Name
Postal Address

Postal Code
Phone (000) 000-0000 Fax (000) 000-0000

Bill To:

Name

Company Name

Postal Address

Postal Code

VAT No:

Phone: (000) 000-0000 Fax: (000) 000-0000

Code Description

Pro-Forma Invoice

Date:
Document No:
Customer Account No:

antity  Unit Price Disc %

August 15, 2011
100
123

Banking Details
Account Name:

Bank:

Branch code:

Account Number:

Your Reference: Customer Account Number

SUB-TOTAL

VAT
TOTAL INCL. VAT

Please settle your account within 7 business days

OWNERSHIP OF ALL GOODS SHALL NOT PASS TO THE PURCHASER UNTIL THE INVOICE HAS BEEN SETTLED IN FULL

255 B g
Pro-Forma Invoice

WDy e 45 5 956 iy U

Pro forma Invoice 4
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(Bond Ball Mill Work Index) &b (51485 (sl T & y1ibin! 95

www.ouimetallurgist.com/blog/bond-work-index-test-

procedure-and-method
https://www.ouumetallurgist.com/blog/bond-grindability-test-

procedure
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(Wbl 595

285 4ol5
U 20.125 kg

4 70 rpm
O Feed size: -6 mesh (3330 micron)

1. Clean the Ball Mill and accessory equipment before starting.

2. Count and weigh the Balls by sizing group. Record the results on the Ball Count and Charge Weight Determination
form.
5. Determine a charge weight made up of exactly 285 steel Balls weighing as close to 20,125 grams as possible.
. Adjust the final weight up or down by substituting one Ball of one size with a new Ball of the same size, maintaining
an exact count of 285 steel Balls.
25 palls of 1-1/2"
39 balls of 1-1/4"
60 balls of 1"
68 balls of 7/8"
93 balls of 3/4"
For a total of 285 balls and around 44.5 (bs.

I
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The short ton is a unit of equal to 2,000
(907.18474 ko)

w= Wi JF —+P x 100
F y P

Wi = work index of the material comminuted. It is a relative measure of the resistance of the material to fracture.
F. P =feed and product 80% passing size in microns

W = energy required, kWh/short ton.
Useful forms of this equation are as follows:

W
wi=10 - 10

“P \F

10WIWE 72
p= W\'F+10‘|N‘t]
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For the ball mill grindability test, the work index is calculated from the following revised equation (in short tons):

= 44.5
)08 X (G082 X [g -

VP

where:

Pi = sieve size tested (microns)

Gpb = ball mill grind ability

Wi, P & F have the same meanings as in the top equation.

Equipment required:

Laboratory ball mill, 34.02 cm x 34.02 cm with following ball charge:

Ball diameter No. of balls Total weight
(cm) (gm)

3.68 43 7880
297 67 7847
254 10 511
1.90 71 2143
1.55 94 1744

20.125kg
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andsl Jouo! U

23 el alEileg] slnl 5 Se s ises] o ol ialegl ol O
9 W) M‘Q).a Q‘g.o JS )‘ | )—A.QS LSIJ"’S JJ).w )‘ LQQP‘ o)"d..?‘ as 60‘5.9 su’.SLwT 4.1.‘>).4
Sedse ALl wax Slis5 5l T sl &

2.5 (J5sS By 4 o) Sy SIS e a5 09b e mulal (g 9k ol by U
(25070 = (53,5 50 )l Consd) 95 (J5US W pe o jlaie ply

@ e Qi G 5l Sygs ol malS 6l iale 3 oy 65l I el og pelee LU
g s8 (et (P (§595) (shol ) 5l ol Jgazme o5l
S on 43,5 1 4 yidan 9,5

Slge JJode b ogd oo ol ialo s LS 190 mls & asg b slasss 4 Lwl jg0 olaws d
03,8 Ll 315 olge JS'1/3.5 il (J S 5 5l (65000

£S5 s odd Ol Jpame jlaie O jgo 4 4 (Gpp) slolS slowl ials 5 et U
Sl @ oy 5l am 3T el s 5l gpFlangio b ogdige iy Ll j90 50 )0
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M{f ol g adal) 5l eslanl b 3

— 49.1
PG{ 1010
\/Psu \/FE{} _

200 mesh) (75 Hm) Ygess J 8 &, ple P10
Lol 599 58 )0 035 o ol Cass 4 5y GBS 039 :Gbp 4
(&5 35 35 %0 o3l 4 Gpp) 0l 0.05 ae s ads sl oo Sl

2,38 o0 Pyl 5145 058 00wl (i) ool o5 wiz ialesl [ S5 0 U
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|

PUNCIIRES) (inch) dJol5 slx!
43 1.45
67 1.17
10 1
71 0.75
94 0.61
285 20.125 kg =459
PUN LRV (inch) dol5 slal
25 1.50
39 1.25
60 1
68 0.875
93 0.75
285 20.125 kg =439

FC Bond Mill, Shown With Table Stand
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(Bond Rod Mill Work Index)

The specification for the apparatus to determining a “Bond” rod mill work
index is first described in Bond & Maxton (1943). It states that the
apparatus is a tumbling rod mill to be operated in a locked cycle test at a

fixed circulating load. The geometry of the grinding chamber is described
as:

mill inside diameter of 12 inches

mill grinding chamber length of 22 inches (later revised to 24 inches in SME
Mudd Series handbook)

rods of two size classes, 21 inches long

mill rotation speed of 46 revolutions per minute (approximately 60% of
critical speed)

a wave liner
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—12inch x 24 inch L] sk 0
21 inch :leals b O

1.25 inch ,Lé 4, 4l 6 U

1.75 inch s & al 2 U

33380 gr U
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Bond Rod Mill Work ) &b (sldwo (slwT 331! 295
(Index

halo3l Ll O

12.7 mm ,,; <l,3 1250 cc :S1,5 U

5905 ;0 Jbaw,e100 L Sies sl W

>0yl b Jobb 0.610 M 4 ,hs 0.305 M :Lew! Slasie U

46 rpm L] e U

0.53 M Jsb 4 44.5 MM s L ale 2 331.8 mMm s L ales 6 :ils 5 alauly U
33.80 kg Js 39 4

towm bl egzs U
Dgd Jol> 1250 CC adgl po> U 0l oo a8ls] dyom> STyg>

SThe> 09 b plp 30,5 50 b b 3gd e malats 655k 590 olawi (Sl sy al> 0 0 U
o odiddg Jgame jlade U ogd o ools dalsl S lawl JSew 08,5 sals adlol wsas
29 sl Lewl 90

5 eogs oo ol slabes (Shewl Sl 4y T 51 a5 (Gyp) Ll j50 0 5 Jpamme oy loie U
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1000 g_{.s).uo CP > 0)5) S| Uﬁ)i"" o> g 611'“5 &y o)"d..;‘ Pl ‘_j ) ASD
(25h oo (05 oS
40 UM G lss oo mBlge 51 5 Lol 05 o 428,515 15100 — 150 MM Ysase P10
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"‘What Do the Bond Index Results Mean?

—_—

Soft=7-9
Medium =9 - 14

Hard = 14 — 20
Very Hard > 20
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(Bond Rod Mill Work Index)
1l glaleo glow! I8 ol
S5 oo 1,8 ooliinl 0550 laboe (slaw] SO 5L 0,90 (8L 40 g5 Al (gl d
5Ls50 (ld (655 Armlme 530S go ALl LS 9590 Lialo B 6550 ) s R Sledlbl U
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390 54 S, ol b 5,8 2100 51 il lalgls slowl IS wnsl U

QS o a3 peas s sl jo Swsls L, 5l s i Slaslie RWI U

((oSme) 09 parwsls & bl BWI 51 e Ll RWI L Sesls A

0 SAG il 3 50 Wil o g wds 0 lis |, Seas o ol,d sl o (cOmpetency)
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(Bond Rod Mill Work Index)
el (49,540 1180 (closing) K59l o e bl BRMWI s 61, U
Poo a0 conl 58w a5 o> b s Py aS 058 Gl g,9b wulb SujelS wim ol U
ol Soop ol o jlaw sl el o g0
ooliwl 5 OYole BRMWI 51 oslaa b sSLewl Jlow G (s5lwaig 9 b 0 W
A

”)W[m m]

&kWh/t) 50,5 5 =W U

kW) sb,s g =P U

(t/h) a0z Sl cos,b=-T O
(&kWh/short ton) ,i5 .ul = Wil
(UM) ST,65 5,5 80% olul = Fg U
(MLM) Jgams s 0e 80% sl = Pg, U

Q P=T*W
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20,5 i ) 12305190 Olg o0 dolee (ol (bl

BRMWI . ls 5 (sl 55 950 0325 5551 L

9 cj|)9.‘>~ OL!J‘ D

350,90 Jgaza Slal Q

g byl bl 5Lis 90 (6550 e U

Ls5se olg rlple O

e plowil by o

o )‘J.c 5o D

100% 55,5 o LU

JSo mee oY Lomul 24 0 mul 120 hd Losdigd &5 glke LU

(s sk 610 ;5 305)

48,80 P90 46 C€ M

S il U

:Jolss rals > 5L U

7ol 175 ,hd b soVed alo 2 9 @ul1.25 i b co¥ss ala 6 U

p55 33380 IS 155 5 @l 21 leabe Job U

69



10/6/2022

KY TS PTWCR R o Wy | ‘_,in“lo}-f
(Bond Rod Mill Work Index)
e pll Jo e U
(Sl 1o ok yio Lo 12.5) =51 0.5 135100% 4 )95 0,505 12 ol > U
oo (Saipaz 3 ilginl G 48 Gabdias S| 5l (w0 1250 (335 s I
dges s 30T H
Sl (b sl bl Jgame slal 4 Sus3 a5 KiyjalS Wipe Sy (59, Jgame »
g o0 (Gals (ad o
Dgr dalg g, See 2100 Jgero j9b 41 g 1y9,500 +208-4700 o3gamte 48 &y ol P
D3> o 38150 590 8 Lew ol bl sleast jo 51,8l Jobas (sl d
A5 0 593 S g ok &S Vb Caow ) 4250 5 s
sokr Joe (sl 00 &5 nly o 4 4250 5 Ll a5 05 o plnil Gloj s0m p50 U
by oo dnlol diwgy
ol plol BB 42 64 U 4 5l b i aen jo laews W
& ol S & 420 45 Lol (132 550 30 I ey lalos o0 e slesl o U
30,5 adss olge B 0gu o0
Sy go Xy Cens Slok o 53, Jyaa U

70



10/6/2022

KY TS PTWCR R o Wy | gia“lo}-f
(Bond Rod Mill Work Index)
039 B 09 0 4Ll gy g; 4y o SIS 03l STy g 3gdise (59 Sl 5 e U
g Lol g oads 5L Lol (ow (w1250 (IS 059 b sl () (IS
93,5 10 LG ogh e 0,5 (sloads drwlza (50,5 olaws b g 00933l Lewl 4 slge Qi\D
S @l oals adlal was STye3 59 (g9l
390 M O 03 "\“Jﬂ" Lg&a).w ) uaJL’> Lngra; )‘J.O.A G Ml.a‘so dolo U”"“))}' LgLQJiw D
Sgdige 53y BT (30,5 50 )l g (53 1 Jgazme uper U
sl glaleo gl il 3 Clils (GIP) 530 50 5 (Al slop S 5 s s (3L U
ol Sladko slew] wa SThe 6,5 80% a5 ol 9,5 cons  Shhes sl F U

10 10
>< \/E_\/F)

W — 62/(P 1)0.23 >(G rp) 0.625

71



10/6/2022

Wb (Sl &1l ST gslo3T
(Bond Rod Mill Work Index)

A8 b Sihe e b bl SO 4 i (29 ly L b W laie (01U
Db ooly Cllae 5 auld S g b Jlow 0 38 8 s

Ded 00 130 ,0 Wb (699,91 (S Jwls 5 sl U

oo (D/8)026 15 Wil (639,9 5 il Ggd conss Lol Y 5l Jhd D ol5,0 U

oy
slabes LSLW.:T L5 el sl (W. ) 9,50 1000 Jolzs P 40 ladloo LSL‘“’] L5 ] d

11000

b o0 S8b p Oy 4 EIP g Erf polie L P Joame oo cons olal j )°Wip

/4

11000

=W, + (1000 — P)(0.0060 — 0.0055 Erf / Erp)

Cewds 398 Aolae 3l ooliiwl L P olgsds Jaama ol jo sl WIPp  Slawle IS ol d

72



10/6/2022

(85 J18 guled o g20 30) O HICHT
(Exposure ratio)

U The work index values from rod mill grindability tests are
corrected for exposure ratio variations to 80% passing 1000
microns by the following equation:

dWi1o000 = Wip + (1000 - P)(0.0060 - 0.0055 Erf/Erp)

d and the rod mill grindability work index at any product size P is
found from:

dWip = Wii1o000 - (1000 - P)(0.0060 - 0.0055 Erf/Erp)

U Erf = Exposure ratio of the feed

U Erp = Exposure ratio of the product

https://www.guumetallurgist.com/blog/bond-work-index-formula-
equation#work-index-and-crack-energy
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(Exposure ratio)

U The exposure ratio Er is the quantity that expresses the line trend,

or the fine size distribution.

U When the exposure ratio Er is zero only one particle size is

present and there has been no exposure of fines to the grinding

media.

O The fines present increase as Er increases.

U The exposure ratio of the feed is Erf and that of the product is

Erp.
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The work index should theoretically be proportional to (Crp - Crf) VP/Yn where Y is the percent weight
of the feed retained on the mesh size tested. From this relationship

Wi = K (CIP = CrF) VP/Y 167e e seeccereesesreeees e ass i enssensnesnsrneesnneeo{7)

the exponent n was determined empirically to be 1.67, or 5/3, and K is the proportionality constant for
each ore.

However, an equation is desired which uses the exposure ratios and does not require calculation of the
crack lengths, Eq. (8) was derived to give the work index Wi at any 80% passing product size P from the

work index Wio found from a single grindability test with a product size Po and exposure ratios Erf and
Erp.ltis

Wi = Wio + (P = P0) (018 = .014 EFf/ErD)..rveoeeeeeeeees oo meecee e ers s ees e eeneeo(8)

Cr: the new crack length
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(Exposure ratio)

U The exposure ratio of the prepared minus 6 mesh feed Erf is
regularly somewhat larger than that of the closed circuit product
Erp, and Eq. (8) indicates that when Erf/Erp equals 1.29 the work
index continues constant at all product sizes.

O When Erf/Erp is greater than 1.29, the work index increases as the
product size decreases, and when Erf/Erp is less than 1.29 the

work index decreases.
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Eq. (8) suggests that a standard work index Wil00, or the work index at 80% passing 100 microns
calculated from the exposure ratios, can be found from the following Eg. (9):

Wil00 = Wi0 + (100 - Pg) (.018 = .014 EFf/ErpP).......cccveueriernrensenensersmsserencmssmremsesesesses(9)
Then the work index Wip at any 80% passing size P can be found from
Wip = WilB0+ (p—100) (018 —014 BB isnnmnnnmssnasmssnsnssmane1y)
When Wil00 is calculated by Eg. (9) from the data at 48 mesh for each of the 15 ores listed, then Wip

found by Eq. (10) for each of these ores at 28, 35, 65, and 100 mesh is essentially the same as the Wi
value found from Eq. (8).

Ball mill
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(Exposure ratio)

The work index values from rod mill grindability tests are corrected for exposure ratio variations to 80%
passing 1000 microns by the following equation:

Wi1000 = WiP + (1000 - P)(.0060 - .0055 Erf/Erp)......ccccueeieiiiiiiii e eriie e e e eenn(11)
and the rod mill grindability work index at any product size P is found from:
Wip=Wi1000. (1000 — PJLOU60 — 0055 EifEip):csvnunmmmnnsmimansesmmsmnsa(l2)

When Wip and WiF have been calculated for the desired ball or rod mill product size P and feed size F

Rod mill
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Hardgrove Grindability Tester U

Weights -1__%“ R OO
Predetermined 7772 V27
Fervoiut |m NN o [ Sy

Comacior

" Integral Motos
r ' \
: : and Raducin
et ernae . trg
e et oot

FIGURE 1 Cross section of HGI test apparatus.
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/

Description
Grindability Ball Set, 1" (&)
Upper Grinding Element
Lower Grinding Element
Timing Belt 230V
Shaft
Driven Pulley with Trip Arm
On/fOff Switch
Thermal Overload 6.2 230V
Brass Bushing (2)

Grease Seal

Drive Pulley for 230V/115V 60Hz

Drive Pulley for 230V 50Hz

Diagram Mumber

W 00 o~ & N A W N

[
T I =

Description

1/2" Straight Connector
90° 1/2" Connector
Bolt and Wing Mut (2)
Motor 230V 50Hz
Motor 230V 50Hz
Gear Reducer 230V
Belt Guard 230V
Bushing, Tapered 1" 230V
Weight (4)
Proximity Sensor
Counter

Diagram Number

12
13
14
15
15
16
17
18
19
20
21
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EI/ RALPH M. HARDGROVE received his BME (Bachelor of Science

in Biomedical Engineering) degree in 1914, and was awarded the

Benjamin G. Lamme Medal in 1955.

O Mr. Hardgrove had numerous inventions including inventions of the

cyclone furnace, the Pebble heater and the Cascade furnace.

=

O He is an authority on fuel burners and furnaces. During his

professional career with The Babcock and Wilcox Company he

published more than twenty technical papers and obtained 98 patents.
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Part No:
Z290-9300-03
90-9300-04
Z90-3300-05
Z90-2300-07
Z90-9300-12
Z290-2300-14
Z90-2300-16
Z790-9300-17
Z90-2300-18
Z90-9300-12
Z90-2300-13
Z790-9300-23
Z90-9300-26
Z290-3300-27
Z90-2300-28
Z290-9300-36
Z90-2300-30
Z90-9300-31
Z790-2300-32
790-3300-34
Z90-2300-37
Z90-2300-38
790-3300-32
Z90-2300-09
Z90-9300-15
Z90-2300-25
Z90-9300-29
Z90-2300-35

Description
Grindability 2all Set, 1" (8)
Upper Grinding Element
Lower Grinding Element
Timing Belt 230V
Shaft
Driven Pulley with Trip Arm
On/Off Switch
Thermal Overload 6.2 230V
Brass Bushing (2)
Grease Seal
Drive Pulley for 230V/115V 60Hz
Drive Pulley for 230V 50Hz
1/2" Straight Connector
90° 1/2" Connector
Bolt and Wing Nut (2}
Motor 230V 50Hz
Motor 230V 50Hz
Gear Reducer 230V
Belt Guard 230V
Bushing, Tapered 17 230V
Weight (4)
Proximity Sensor
Counter
Timing Belt 115V
Bushing, Tapered 3/4" 115V
Thermal Overload 11.0
115V Motor w/ Speed Reducer
Belt Guard 115V

Diagram Number

Hardgrove ) g 53 g il
(Index

w0 =l m N B W Ry e

e X T T T S = Y S Sy =)
[ T o I o < B I T I ¥ =

L
Il

]

st

]

—

PREISER SCIENTIFIC, INC,
wo

ECKED BY:

HARD GROVE GRINDABILITY

‘ 220V 50/60 Hz ASSEMBELY

[T T S
= @
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FIGURE 3 Mill capacity vs HGI

80 ] |

Mill Power %

Mill Power % vs HGI
115

110
105
100
95
90
85
80
75
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(Hardgrove Index) g 53 g il

~ R

HGI Test Unit. Image courtesy of Wallerby Mining Producis

O HGI is named after Ralph M. Hardgrove (born
1891 in Massillon, Ohio, died October 29, 1978
in Jacksonville, Florida), who developed this
procedure in the 1930s for the company
Babcock & Wilcox in the USA.

FIGURE 2 Typical HGI Commercial Test Equipment. | 4 The procedure is generally accepted and

standardized by ASTM-Standard D409, DIN
51742 and ISO 5074.
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(Hardgrove Index) g 53 b g il
W Society for TeW

DIN is short for Deutsches Insitut flir Normung eV, the standards - setting organization
for Germany.

ISO. Stands for ‘International Organization for Standardization." Yes, technically
the acronym should be "IOFS," but | guess ISO sounds better.

https://www.astm.org/Standards/D409.htm

https://www.din.de/en/about-standards/din-standards

https://www.techstreet.com/standards/din-51742?product id=1051764

https://www.iso.org/standard/63236.html
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(Hardgrove Index) g 53 g il
e .

ey <, (Ralph Hardgrove) 9/55)ubdjl )J;,ylgnglu JO A
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(Hardgrove Index) g 53 g il
e " \:’”'“”“Wﬁf — ,:.;,ﬂﬁf—r'“"'""//I/'V’J -

u’_aYLa A.«JBJ @5(5‘0 ool c_inLc) UJ‘ )‘ as L,’.al.wT 4.‘>v.~u )9 Ml.au’.‘o )Jr:).s S.‘.»JJLC)

bl salgs
9,5 dpslio 505 05 Ll 5l ool b lgs o |, HGI O
HGI =13.6 + 6.93 W

HGI =359.5 - 6.93 W1
i1y aS Q
09)5"“75 J*:’)-w )‘ oo;)%g Q|9A u)9:WD

95590 75 % pe (S35 oiledly Slge 5= W1 U
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(Hardgrove Index) g 53 g il

= - \
L ”Lg L_,’.f).ssl.aHGI l.uowj:\.b.a‘) u‘s.u[.ad.d)ru)}.a Lg)Lw 6LQW5SD
ul.a..og..v 9 LS"’)'O" )Jla‘ su.sLo)S LS))"‘ KV su‘ 0D L‘S.w.s )..oL.C ).‘.E.a x_inLc

.Q;W )JS&Q
ol s (gloole S Jle s 155 cadoumn 5 iduiulo; il 4 e jihgS ol S Q

cortS TS Ly ol sl Ss plas oo Ly 48 cand o Sl il ol oo

M :¢;.39.L>) do 0 d
A s as,s
VM ;)18 olge as,0 U
FC wb u_,)f Qo 40 d
Al 5 921y 3 by Jol> Jlae GBlil sl 0.93 4l alal; ol (Sicen o0 U
Aol oo wxly 5 Gyl
Statistical Grindability Index = Ll ¢ pd ils > jasla=SGI U
SGlI

= 93.25 + M(0.25 + 0.196M) + 34(1.097 — 0.0094)
— 3VM(1.165 — 0.029VM) — 5FC(1.103 — 0.0166FC)
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(Hardgrove Index) g 53 b gl
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(Hardgrove Index) g 53 b gl
P il gl olS Gl H15 il g 5,58, 0 s il oy alaofy O

88
W, = e Bond, 1954
W = 43?)91 Bond, 1961 50<HGI<70
" HGI”
W = —1 621208 MeclIntyre and Plitt, 1980 (Wi>8.5)
" HGI"

W =14.56-0.1HGI| | Hower et al., 1992.
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(S0 po SHETw JI7 Jil) (10 B Sl Cwd) g0 i
(Impact crushing test) (Crushability test)
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(S0 po SHETw JI7 Jil) (10 B Sl Cwd) g0 i
(Impact crushing test) (Crushability test)

279 mm radius
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wheal

&

711.2 mm

specimen

|
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—_—— = Nammer
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(S0 po ST JI7 i) (10 5 Sl ) b g0 Cnd
(Impact crushing test) (Crushability test)

Counterwaight

2ol i‘.
H Ty
|§| ;
! 1]
»i
O .

Callection
e

Schematics of the pendulum device.
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(S0 po SHETw JI7 Jil) (10 B Sl Cwd) g0 i
(Impact crushing test) (Crushability test)
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(S0 po ST JI7 i) (10 5 Sl ) b g0 Cnd

(Impact crushing test) (Crushability test)
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(Sl po ST JI7 o il) (10 3 Sl ) b g0 Cnd
(Impact crushing test) (Crushability test)
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(S0 po SHETw JI7 Jil) (10 B Sl Cwd) g0 i
(Impact crushing test) (Crushability test)
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(S0 po SHETw JI7 Jil) (10 B Sl Cwd) g0 i
(Impact crushing test) (Crushability test)

D oo 00l Ll waisS o bgiw ol8 40

Eb =K(1 - cosa)

<2.59 x 1.1 X Eb) kWh
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d X sg t

3,8 & paste Saw S gl il SO (65, =EbU
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(S0 po SHETw JI7 Jil) (10 B Sl Cwd) g0 i
(Impact crushing test) (Crushability test)
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(S0 po SHETw JI7 Jil) (10 B Sl Cwd) g0 i
(Impact crushing test) (Crushability test)
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(S0 po SHETw JI7 Jil) (10 B Sl Cwd) g0 i
(Impact crushing test) (Crushability test)
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(S0 po SHETw JI7 Jil) (10 B Sl Cwd) g0 i
(Impact crushing test) (Crushability test)
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Cwd g gld S dhawly Kl Cwd
(Autogenous Media Competency Test)
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Cwd g gld S dhawly Kl Cwd
(Autogenous Media Competency Test)
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Cwd g gld S dhawly Kl Cwd
(Autogenous Media Competency Test)
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Cwd g gld S dhawly Kl Cwd
(Autogenous Media Competency Test)
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Crwd e W ld > dhawly Sl Cud
(Autogenous Media Competency Test)
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Cwd g gld S dhawly Kl Cwd
(Autogenous Media Competency Test)
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Cwd g gld S dhwly Kl Cwd
(Autogenous Media Competency Test)
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Cwd g gld S dhawly Kl Cwd
(Autogenous Media Competency Test)
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(89um0b) 0 y9m0sT (S5 3Ud Cwglin und
(Unconfined Compressive Strength) (UCS)
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0950T (S li8 Cwoglio Coud
(Unconfined Compressive Strength)
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0350T (S liS Cwoglio Cud
(Unconfined Compressive Strength)
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0350T (S liS Cwoglio Cud
(Unconfined Compressive Strength)
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0950ST (S a8 Cwoglio Cud
(Unconfined Compressive Strength)
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e dhawly S Ll 48 iy
(Advanced Media Competency Test) (AMCT)
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e dhawly S Ll 48 iy
(Advanced Media Competency Test) (AMCT)
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(Advanced Media Competency Test) (AMCT)
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(Advanced Media Competency Test) (AMCT)
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(Advanced Media Competency Test) (AMCT)
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e dhawly S Ll 48 iy
(Advanced Media Competency Test) (AMCT)
A. R. MacPherson

In recognition of a lifetime of pioneering in the field of mineral processing particularly in engineering design,
development, and construction of circuits for comminmtion of ores by antogenons and semi-autogenons grinding.

AIME Robert H. Richards Awardin 1982

Born in Nova Scotia, Mr. MacPherson first worked in the gold mining industry
in Canada and in the Gold Cost Colony, West Africa, after which he served with
the Roval Canadian Engineers in Canada, England and Northwest Europe.
Returning to his homeland, he was emploved in the Mines Branch, Ottawa,
where the first pilot plant operations were starfing on Aerofall autogenous
grinding mill on a variety of ores, both metallic and industrial minerals.

Five vears later, Mr. MacPherson joined Aerofall Mills, remaining with the
company during a pericd when the development of the autogenous mill
continued in manv fields, with plants being installed to handle iron ore,
asbestos, copper and uranium and industrial minerals. Working independently
as a consultant, from 1960 to 1962, Mr. MacPherson developed the basic data on
the design of wet autogenous mills, as well as developing flowsheets for major

iron ore projects.

In 1962, Mr. MacPherson joined Canadian Bechtel in Montreal, remaining with that company until his
retirement in 1g78. During this period with Bechtel, many large pioneering plants were built including the
Carol Lake plant using drv autogenous grinding and the Seven Islands iron ore flotation plant, the Griffith
iron ore plant, the Similkameen copper plantin British Columbia, with the major design of Lornex Copper
plant also completed.
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Research Centre

Julius Kruttschnitt Mineral Research Centre
Sustainable Minerals Institute
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Innovative applied research in mineral processing
and geometallurgy
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Mineral Research Centre (JKMRC) Centre (JKMRC) Mineral Research
Centre (JKMRC) Centre (JKMRC)

140



10/6/2022

JKMRC (439 bodw) QLS 439 hslo3T
(JKMRC Drop Weight Test)

Mrs Andrea
Crawford

Casual Research
Fellow - Julius
Kruttschnitt
Mineral Research
Centre (JKMRC)

Dr Cathy
Evans

Jessica Gray

Mineralogy Analyst
-Julius
Kruttschnitt
Mineral Research
Centre (JKMRC)

Senior Research
Fellow - Julius
Kruttschnitt
Mineral Research
Centre (JKMRC)

129

Maruf Hasan  Karen
Casual Research Holtham
Fellow - Julius Library Officer -

Kruttschnitt Julius Kruttschnitt

Mineral Research Mineral Research

Dr Vladimir
Jokovic
Research Fellow -
Julius Kruttschnitt
Mineral Research

-

Professor Michael Dr Robert
Sarma Kilmartin Morrison
Kanchibotla Senior Technical Chief Technologist
NEXT GEN MINE Officer - Julius - Julius

TO Kruttschnitt Kruttschnitt
CONCENTRATOR Mineral Research Mineral Research

Program Leader - Centre (JKMRC) Centre (JKMRC)
Julius Kruttschnitt
Mineral Research

Centre (JKMRC)

Centre (JKMRC) Centre (JKMRC) Centre (JKMRC)
R D
;" i
Professor Tim Mr Ton Professor
Napier-Munn  Nguyen Malcolm

Powell

ROCK Program
Leader - Chair in
Comminution -

Senior IT Officer -
Julius Kruttschnitt
Mineral Research
Centre (JKMRC)

Emeritus Professor
- Julius
Kruttschnitt
Mineral Research
Centre (JKMRC) Julius Kruttschnitt
Mineral Research

Centre (JKMRC)

141



10/6/2022

JKMRC (4539 baaw) QLS 439 hslo3T
(JKMRC Drop Weight Test)

(B,
Dr Kym Runge Dr Feng Shi Francois Vos  Dr Dion Dr Elaine Dr Weiguo Xie
PROCESSING: Principal Research  Research Fellow - Weatherley nghtman Xie
PREDICTION OF Fellow - Julius Julius Kruttschnitt  Senior Research Senior Research Senior Reserch
PROCESS Kruttschnitt Mineral Research Fellow - Juhus Fellow - JKMRC / Fellow - Julius
PERFORMANCE Mineral Research Centre (JKMRC) Kruttschnitt Postgraduate Kruttschnitt
Program Leader - Centre (JKMRC) Mineral Research Coordinator (SMI) Mineral Research
Julus Kruttschnitt Centre (JKMRC) Centre (JKMRC)
Mineral Research
Centre (JKMRC)

- .. |

Dr Mohsen Erica Avelar Pascal Farhad German Jaun Frausto
Yahyaei PHD Candidate - Chamboko Faramarzi Figueroa Gonzalez
Program Leader-  Julius Kruttschnitt ~ MPhil Candidate-  PhD Candidate - MPhil Candidate-  PhD Candidate -
Senior Research Mineral Research Julius Kruttschnitt  Julius Kruttschnitt  Julius Kruttschnitt — Julius Kruttschnitt
Fellow - Julius Centre (JKMRC) Mineral Research Mineral Research Mineral Research Mineral Research
Kruttschnitt Centre (JKMRC) Centre (JKMRC) Centre (JKMRC) Centre (JKMRC)
Mineral Research
Centre (JKMRC)

142



10/6/2022

JKMRC (4539 & giw) OUSI 439 sialo3T
(JKMRC Drop Weight Test) l

42440

Constanza Muhammad Yogesh Reja  Vannie Fatemeh Nerrida Scott
Paredes Bujes Abdur Rasyid ;5. cangigate- R€Sabal Saeidi Phi Candidate -

PhD Candidate - MPhil Candidate - Julius Kruttschnitt  PhD Candidate - PhD Candidate - Julius Kruttschnitt
Julius Kruttschnitt  Julius Kruttschnitt  Mineral Research Julius Kruttschnitt  Julius Kruttschnitt  Mineral Research
Mineral Research Mineral Research Centre (JKMRC) Mineral Research Mineral Research Centre (JKMRC)

Centre (JKMRC) Centre (JKMRC) Centre (JKMRC) Centre (JKMRC)
Maedeh John Thella Lei Wang Gregory Wilkie Baris Yildirim Ping Yu
Tayebi- PhD Candidate-  PhDCandidate- ~ PhDCandidate-  PhD Candidate-  PhD Candidate -
Khorami Julius Kruttschnitt  Julius Kruttschnitt  Julius Kruttschnitt  Julius Kruttschnitt  Julius Kruttschnitt
PhD Candidate - Mineral Research Mineral Research Mineral Research Mineral Research Mineral Research

Julius Kruttschnitt  Centre (JKMRC) Centre (JKMRC) Centre (JKMRC) Centre (JKMRC) Centre (JKMRC)
Mineral Research
Centre (JKMRC)

143



10/6/2022

Dr. Dan
Alexander
Adjunct Professor -

Sustainable
Minerals Institute

Robert
Schouwstra

Adjunct Professor -
Julius Kruttschnitt
Mineral Research
Centre

JKMRC (439 bodw) QLS 439 hslo3T
(JKMRC Drop Weight Test)

2

Professor Dee Robert Dunne

Bradshaw

Adjunct Professor -

Honorary Professor  Julius Kruttschnitt

- Sustainable

Mineral Research

Minerals Institute Centre

Dr Deming
Wang

Honorary Research
Fellow - Julius
Kruttschnitt
Mineral Besearch
Centre (JKMRC)

N

Dr Nirmal
Weerasekara

Honorary Research
Fellow - Julius
Kruttschnitt
Mineral Research
Centre (JKMRC)

A4

Dr Ying Gu Professor Bill Professor
Honorary Research Johnson James JOY
Fellow - Julius Honorary Professor Honorary Professor
Kruttschnitt Julius Kruttschnitt - Sustainable
Mineral Research ~ Mineral Research Minerals Institute
Centre (JKMRC) Centre

THE UNIVERSITY
OF QUEENSLAND

AUSTRALIA

144



10/6/2022

JKMRC (4539 baaw) QLS 439 hslo3T
(JKMRC Drop Weight Test)

A ylae o lailinl g, SO Glgie 4 cws ol JKMRC ;51992 L o 4

.

J¥ley b SAG 5 AG slabwl 5ludae ;0 3 diged canSlh la Shy s cux U

3,0 50,5 JKSimMet

http://jktech.com.au/jksimmet

jktech.com.au/jksimm (e M Q Search g
GO
-g’g;;no‘,ogy Transfer i Newsand Publications @ Partners m OurCompany 2 contact
Home Consulting Software Testing Equipment Laboratary Analysis Professional Development

= ==

JKSimMet

JKSimFloat

JKMultiBal

JKSimBlast

Demo Videos

145



10/6/2022

JKMRC (4539 baaw) QLS 439 hslo3T
(JKMRC Drop Weight Test)

JKSIMMET

Simulation of Comminution and Classification Circuits — integrating all tasks within one package.

JKSimMet is an award-winning, general-purpose computer software package for the analysis and
simulation of comminution and classification circuits in mineral processing operations, developed from
decades of research out of the renowned Julius Kruttschnitt Mineral Research Centre (JKMRC) from The
University of Queensland.

The package is designed for plant and development metallurgists who wish to apply process analysis
technigues to characterise and optimise plant performance, and design engineers who require process
simulation models to assess design alternatives.

JKSimMet integrates all tasks associated with data analysis, optimisation. design and simulation,
including the storage and manipulation of models, data and results, within one package. Mass balancing
and model fitting of complete circuits are standard features. It is fully interactive and operates with
high-resclution colour graphics. These graphics facilitate the display of detailed plant flowsheets and
accompanying information.

JKSimMet Allows the User to:

+ Build a graphic-based flowsheet of the processing plant and test its perfformance

* Assign machine criteria and model parameters to each plant case study

» Simulate the effect of changes in operating conditions and flowsheets to predict product flows and
size distributions

o Determine optimum conditions, plant throughput, and product size
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JKSIMMET

Simulation of Comminution and Classification Circuits — integrating all tasks within one package.

Standard Features:

¢ Flowsheet specified interactively on the graphics screen
+ Models selected from a built-in library

* Model parameters can be specified by the user

» Range of data output displays and printed reports

+ Simple data import and export

Models Available:

+ Rod mill and ball mill

* Autogenous and semi-autogenous mill
* Crusher

* HPGR

+ Simple degradation
« Vibrating screen — single and double deck

+ DSM screen

+ Hydrocyclone
+ Efficiency curve
+ Splitter

147



10/6/2022

JKMRC (4539 baaw) QLS 439 hslo3T
(JKMRC Drop Weight Test)

2@ | ¢ |[als |aBHFP=l | FPEULE bhi
& | NOAB |[Gaeans| I e W

ur # 1

=i o =

[} 1 Feeds o B
#- [ Crushers
- [ Mills
-] Screens
- (2] Classifiers
2l ,DStDragaJTransport:g::_.:..:..:.. ELE A e LA G SRR
3 Bk -1 Separators S T e tomiaw ey e e e S e S
T R R I S
| fE fhes e 1187500
317.570
o[ Ballldl |- 72900
= ; 0854
|
- R Tl it TR
e L 2303 378 | ! -
— EETE e
cx e
e R LR
| [Ready
¢ —

148



10/6/2022

TKMRC (439 b gi) LSl 439 . dalosT
JyLarw) O 29 o)
(JKMRCD Weight Test)
= e ™
1k JKSimMet V5.3 - Ball Mill - Cyclone Template,ksm3' - Register=d To =T
File' View Run Window Hel - — ==
e = | B+ Model Fit =] =
'm o g | B i * Sizelxl v | 9 : - —
D =HE _ Bl E ’ -}@ H et 5 Run Fit T Select T Farameters T Data T Contral
= v ik |
Y ‘._" | complete circuit _»| |ParameterFitList 1 ~| |Data FitList 1 |
m— [~ Selected Model Parameters — 7l
%5k - [ Simulate | - Ball Mill - Cyclone Template,jksm3 [ Equipmert: | Parameter | Scale Facter Guessed'alue Fit| Fitted Vs » | |23 |
dl|l=  BaMil | wRm1 | 0150 1500 M| el
T . I = Ball Mil nR/D2 0250 2.500 v 32
T - L .er Evplia [537.000 =  BalMll_ | khR/D3 | 0350 3500 || 38
o = — =  BalMil | kWRM4 030 3000 ||  35ed
= T J Cycbne | KDO  10,00E06 | 10,00E05 || 1285E
[E0006 39667 { Dyclne | KGO | 4330 4330 ! 4518
[ :‘ it - :' el fAnn 1 Ann o ) T.r
Pa0{mm) {5,335 Step 0 Residual Error 0.00
Error Sum Errors SDs 0.00 %
= Stop
el R - ;
lsgge e i i Select T Control
J Corvergence = 8 541E-05
lieration Count= 11
Sim Fi . Equipment - Port Solids [t/h] | Liquid [t/h] | % Solids | Pulp 56
‘SmiF [ Combiner 5100 | 1805 | 9540 25
% e Prod 510,0 1905 | 9640 25
- Combi 1777 333 | 7223 18
gl 2 = "
| BalMl P 7| 63 | 72 18
Combiner | 1777 1280 | 5812 15
3 Cyclone U 1267 4.2 7153 1.8
0/F 510.0 7760 3966 =
IKSimMet V5.2 About 1
Sl I | 3
4 a
|Batl il Cycione circut |
Status 01072014 | 348

149



10/6/2022

JKMRC (439 bodw) QLS 439 hslo3T
(JKMRC Drop Weight Test)

Drop
weight
Perspex
& enclosure
Guide Rod .,___'_«?’
Rock
specimen - e
e Anvil
Concrete
& platform

150



10/6/2022

JKMRC (439 bodw) QLS 439 hslo3T
(JKMRC Drop Weight Test)

Drop weight

Load cell = Q
h &
Rock sample ~L

Displacement
transducer

Anvil

151



10/6/2022

JKMRC (439 bodw) QLS 439 hslo3T
(JKMRC Drop Weight Test)

J&g’Lo)‘T plxil Co> ‘_sal:uol Sy g 49

-63.0mm+53.0mm
-45.0mm+37.5mm
-31.5mm+26.5mm
-22.4mm+19.0mm
-16.0mm+13.2mm
Sigtza!s —
computer O

152



10/6/2022

JKMRC (439 bodw) QLS 439 hslo3T
(JKMRC Drop Weight Test)

153



10/6/2022

JKMRC (4539 baaw) QLS 439 hslo3T
(JKMRC Drop Weight Test)

force record (Il)

material (1)

oforce record (1) oo it 1)

_____

material (l1) i i material (1)

e force record (I) S force record (1)

154



10/6/2022

JKMRC (439 b giw) OUSI 439 g lo3T
(JKMRC Drop Weight Test)

(lizo Slg> §0 digod 4319 41 9)

155



10/6/2022

JKMRC (439 bodw) QLS 439 hslo3T
(JKMRC Drop Weight Test)

olwd JolS' gled

— — |

.
- 1 ey

156



10/6/2022

JKMRC (4539 baaw) QLS 439 hslo3T
(JKMRC Drop Weight Test)

=

. Drop weight

e Lo o o b o o L 1

P -

Y
@ Particle
I |

Figure 5.7 Simple drop-weight test for determination of the single-particle breakage
function
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t10 = A(1 - e - Ec5)

where
t10 = percentage passing one tenth of the feed size
A and b = breakage characteristics from piston-press tests

Ecs = specific energy consumption (KkWh/t)
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T, =A(l—¢ %) (3.21)

JKMRC Method

If values of A and b are 45.4 and 1.15, respectively, and the specific comminution energy from a

drop weight test was 2.8 kWh/t then from Equation (3.21):

T,o =45.4(1- %) = 43.6%

T, = % passing 1/2 of the original particle size
T, = % passing 1/4 of the original particle size
T\, = % passing 1/10 of the original particle size
Ty = % passing 1/N of the original particle size
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30 {

Hard ore

0.0 0.5 1.0 1.5 2.0 2.5

Specific comminution energy

3.0

161



10/6/2022

JKMRC (439 bgiw) QLS 439 malo3T
(JKMRC Drop Weight Test)
Ty0 = A(1 — e~5Fc)

60
A
504 ]
40 - B=2.0 N A
T o P
to .-~ B
= 2 -
= 30 4 . 0z~
~ -~
s ~ e ®
Fl - .
20 - F ARG
et
o
f’f’ «
10 A . o
.J//,-'
A
G T T T T T
0.0 0.5 1.0 1.5 2.0 2.5 3.0
Specific Comminution Energy
Fig. 3.11. Relationship between T\, and specific comminution energy (Eq. (3.46))
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Figure 7. (a) Drop-weight test in operation; (b} close-up of impact head and anvil
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Figure 9. Variation of t,;, with input energy for breakage of rocks in a fixed narrow size class
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| T, = A(1— %) (3.21)

Napier-Munn et al. [24] indicated a possible correlation between the impact parameter (A-b)
and the Bond ball mill work index given by the equation

A-b=-35W,+117 (3.22)

for crushing —T, is usually between 10 and 20% and
for grinding — T, ranges between 20 and 50%

10—1 ]"‘

T, =1—(1—Tm)[F (11.4)

where a = a material specific parameter.
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5] Com - | —
) f L- ._:_",_'_.,,.(_..,*4_. Pl

Figure § — Examples of core RQD

O Examples of lower and higher RQD values cores are shown.

U In this example, the lower RQD value is 53 % and the higher value is 87%.

0 As shown in the figure, the sample with lower RQD comprises of
significantly fractured cores and fines. The sample with higher RQD value
contains less fractured material.
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Figure 6 — Low RQD sample (high scatter) drop weight data, Best fit Axb = 36.7
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Figure 7 — High RQD sample (low scatter) drop weight data, Best fit Axb = 29.2
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EGt,al,

fo =1, (1—e ") I TN

where.
Ei:

nmy :
h; :
hf .

where.
Hes -
m, :

E =m;g(h—h;)

Impact breakage energy (m’ kg/sec’)

Mass of drop weight head (kg)

Initial height of the drop-weight above the anvil (m)
Final height of the drop-weight above the anvil (m)

Ecs=E,;[m,

Specific comminution energy in kWh/'t
Mean particle mass in g.
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g0 3 IS 31 o3 5151 0329 470 (559116 g U1 oS sl 5lo ool 4

common minerals

Table 5.2 Parameters that relate t,;, to the specific impact energy for some

Material t omax B

Apatite 45 4 00115
Basalt 520 00252
Cement clinker 1 69 2 00276
Cement clinker 2 60 5 0 0437
Copper ore 1 44 8 0 0263
Copper ore 2 589 00204
Galena 44 5 00176
Hematite 456 00164
ron ore 654 0 0932
Limestone 545 00176
Magnetite 471 0 0098
Marble 763 00792
Quartz 388 00176
Titanium ore 510 0 0269
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(Median Fracture Energy) alw cuwsw s 5 9!

aileo Canslls 55531 = Eg

o il 131 58550 O3 ol w dileo Cansls 55531= E

o0 00bo 4 awsly s ol )b =@ 9do

0y ojluil =dp

oyl QT 3 S oS olal b Wl )3 a5 Cawl (glo 4y o3lwil = dp min
i o Sy i 3 i o3 S
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B 31 o 9 (5152 039 03101 b 4o 0 43 Canils (55 531 DL 51 B (ot 5o yiol )

Table 5.1 Parameters that relate the median mass-specific particle fracture energy
to particle size for some common minerals
Size Range,
Material E_, J/kg d,, mm L} mm

Apatite 105 193 162 025 800
Copper ore 96 1 117 126 025 158
Galena 319 731 103 070 760
Gilsonite 550 703 160 118 100
ron ore 473 108 230 025 150
Limestone 142 0490 205 035 560
Magnetite 9 56 393 196 025 720
Marble 459 0882 2 66 050 150
Quartz 434 348 161 025 475
Sphalerite 700 824 116 035 100
Taconite (sample 1) 2359 0803 142 035 600
Taconite (sample 2) 1633 0 856 176 035 100
Source: Heprinted from Tavares and King 1998 with permission from Elsevier
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OlE1 4ijg gwlo )T 4 (w9 9590 S ol yU

ta & “Lu) . s & )&0‘)9‘ °

. t10
=
10
* ¢ & .
Property :'_’;?(; Hard ﬂ:r% Medium gl:f?' Soft very
A*b <30 [30-38 |[38-43 [43-56 |[56-67 [67-127 [>127
024- |035 |0.41- 054- 0.65
ta <0241035 [lo.41 |o0.54 065 138 |13
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OlE1 4ijg gwlo )T 4 (w9 9590 S ol yU

Table 2.2. The results of JK drop weight test related to ore hardness (Napier-Munn et al. 1999).

Axb <30 30-38 | 38-43 43-56 56-67 67-127 | >127
Very Mod. . Mod. Very
Property Hard Hard Hard Medium Soft Soft Soft
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Figure 5.13 Reconstruction plot for the breakage function that is defined in terms of
the parameter t,,. The solid lines were calculated using Equation 5.25 with A = 0.75.

( 10 - 1]’1
I,g=1-(1-z‘10) n-1, (S-ZS)
which shows the unique relationship between t and t,,- The parameter A is
material specific, but representative values for different materials have not yet
been investigated.
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Figure 5.12 Breakage functions measured in single-particle tests at different impact
energies (3.35 to 4.00 mm quartz)

179



10/6/2022

JKMRC (439 bgiw) QLS 439 malo3T
(JKMRC Drop Weight Test)

SIS (o 4 b gy o il

Aol y— ¢y 3y 00boligS &9 595 &b
(Truncated Rosin-Rammler distribution )

S oulioliaS 2595 &l
(Truncated logistic distribution)

((po5 9 (52995) Jlo g — ooy )0 ouliolies & 595 &b
(Truncated log-normal distribution)
(Gaudin—Schuhmann)
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Rosin-Rammler (or Weibull) distribution

The Rosin—Rammler (or Weibull) distribution is expressed as

R=100 exp{—(%} ] (2.32)

where

R = cumulative mass % retained on size x
x! = size parameter, and
b = distribution parameter

Rearranging and taking the logarithm of both sides of Equation (2.32) gives

s B}l il\b log e (2.33)
% )7\F)

Taking logarithms a second time to remove the exponent gives

100
log log(?J =blogx—hlogx' +logloge

or

log log(%] = blog x +Constant (2.34)

A plot of log log (100/R) versus log x should give a straight line.
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(Jan9) soly— iy 2398

Table 2.4: Sieve analysis results.

Size Fraction (pm) (1) Mass (%) (2) Cumulative Mass % Retained (3)
—3350 + 1680 28.5 28.5

—1680 + 850 22.8 51.4

—850 + 420 13.2 64.6

—420 + 210 8.4 73.0

—210+ 105 5.0 78.0

==+ ¢ 2.4 80.4

—75 19.6 100.0

Total 100.0
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Figure 2.12: Rosin—Rammler Plot of Data from Table 2.4.
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) @398
Logistic Distribution

The logistic distribution is defined by

1
P(D)=
1+
Dy, is the particle size at which P(D,) = 0.5.

It is called the median size.
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Figure 1.3, but is skewed to the right. It may, however, match a log-normal distribution.

Jbo -0 @59
Log-Normal Distribution

2.3.2 Log-Normal Distribution
The distribution of sizes in a sample does not often follow a normal distribution. as in

0.6

0.5

o
=
1

Frequency
o
i

v

Mean, mode
median

Assay

Figure 1.3: Normal Distribution.
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Jbo -0 @59
Log-Normal Distribution

I | (n(x)—06)
x)= exp| — :
fix) pt .

= D<x <o
X \r’E:n: ]

E(X )= i and  V(X)= g [Emj — E)
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Log-Normal Distribution

flx)
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OGN (P39 &3¢
Gaudin-Schuhmann distribution

The Gaudin—Schuhmann distribution is given as
%Y
P 100(;] (2.30)

where
y = cumulative mass % passing size x
X = screen aperture size
k = size parameter
a = distribution parameter
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Jlo ) — (0w )1 oumiolioh @3 393 QU vl 9ty bt alait

where G(x) is the function

r

G(x)= \/;—EJ o

=%[l+€{‘f (%H (2.4)

which is called the Gaussian or normal distribution function. It is tabulated

in many mathematical and statistical reference books, and it is easy to obtain
values for this function. In this distribution, Dy, is the particle size at which
P(Dy,) = 0.5. It is called the median size. o is given by

1
g= E(ln[)sq-lan) (2.5)
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Breakage function

10-2 ! 1 AN F S | ! 1 L1 11
1072 1071 100

Progeny size/Parent size

Figure 5,11 Typical representations of the breakage function using standard
truncated distribution functions
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Jogo el s S Cud
SMC Test (Steve Morrell comminution Test)

The SMC Test was developed by Morrell to provide a
range of comminution parameters from the breakage of

relatively small amounts of small-diameter drill core.

SMC is an acronym for Steve Morrell comminution (not
SAG mill comminution as is incorrectly stated in some

published literature).

SMC Testing Pty Ltd. currently owns the SMC Test.
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o g3 dow (Sl g ld B Cud
(SMC() (Semiautogenous Mill Comminution)
My slp |y, SMO) (Saogdos sbowl islo s cus S (Morrell)
Sls axwgi b g A polao
Ailgd oo a5 sl dijg bgdw cud 5l oals J ol )1 g paisre (gladns SMC s
290 plxil (gl glroyan b SasS sloSiw (5,

g oo S (golml S SO Lo aS] 1o a0 0ad e ploal Aie bogds b,

When preparing the sample from crushed particles, one of three size

intervals 1s selected: N e
—31.5+26.5 mm

—224 + 19.0 mm
—16.0+ 13.2 mm
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e

Source: Amelunxen et al. 2016

Figure 19 SPI mill
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(SAG Power Index (SPI))  yKidg5 4o (Sl Olg3 o Nl

Equations
The original equation in which the SPI was used 1s as follows

(Starkey and Dobby 1996):
SAG kW-h/t = (2.2 + 0.1 SPI) / Tg,33 (EQ 29)

where Tgq 1s the 80% passing size of the SAG circuit product
(so-called transter size).

Equation 29 was subsequently modified to the form
shown in Equation 30 (Dobby et al. 2001).

SAG kW-h/t = K (SPI x Tg 0°) £, (EQ 30)

where
K. n = proprietary constants

fiag = feed size and pebble crusher function

Proprietary /pro praiotori $ -teri/:

The f,, tunction 1s proprietary. .. sle..lodl. olasl
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