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Effect of Grinding Method and Grinding Rate on the Dry Beneficiation
of Kaolin Mineral
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ABSTRACT : The characteristics of beneficiating kaolin mineral by liberation (selective grinding) and
air classification have been investigated, comparing the grinding rates of ball mill and impact mill. The
ore was ground using a ball mill and a impact mill to evaluate the grindability of the two grinding
methods based on the constant production amount of fine particles in size less than 325 mesh. Then,
the fine product was further separated into two fractions using an air-classifier and each fraction was
chemically analyzed to compare the beneficiation efficiency of the two grinding methods. The chemical
grade of kaolin mineral decreased as increasing the grinding rate of both the mills, particularly in the
case of ball mill because of overgrinding impurities such as quartz and feldspar. In the case of the ball
milling, the fine fraction less than 325 mesh was air-classified at a cutting point of 43 um. The
production rate of the air-classified concentrate was found to be 66.2 wt%, removing 5.3% of Fe;Os
and 34.6% of CaO. Under the same conditions mentioned above with the impact mill, the production
rate of the air-classified concentrate was 64.4 wt%, removing 34.2% of Fe,Os;, 67.6% of CaQ and
25.0% of TiO,. Therefore, our results indicate that impact mill is superior to ball mill in terms of
impurity removal.
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K : Kaolin mineral
A : Anorthite

M : Muscovite

Mo : Montmorilionite

Intensity(a.u.)
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20/degree
Fig. 1. X-ray diffraction pattern of raw ore.
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Pl: Plagiclase, Sp: Sphene, Ep: Epidote, cross nicol x65

Fig. 2. Optical micrograph of raw ore.
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R: Rutile, Il: Ilmenite, cross nicole x65

Fig. 3. Optical micrograph of raw ore.

Ho: Horbblend, cross nicole x65

Fig. 4. Optical micrograph of raw ore.

Table 1. Chemical composition of the fractionated particles of raw ore

Fracture Dist. Composition (%)

(mesh) (Wtho)  8i0,  ALO; Fe0; CaO MgO K0 NaO  Tio, LOI
+16 1.58 4633 3212  1.94 6.89 030  0.50 074 040  11.15
16/28 1.84  46.65 3139  1.74 9.58 0.25 0.44 138 041 8.53
28/35 263 475 31.12 126 1159 019 033 1.93 030  6.50
35/48 447 4694 3159  1.08 1145  0.19 03] 2.01 0.24 6.55
48/65 290 4642 3194 116 1077 023 0.32 1.85 0.28 7.37
65/100 500 4591  32.68 126 957 029  0.36 1.66  0.26 8.46
100/150 447 4543  33.04  1.50 8.41 039 045 1.45 0.28 9.40
150/200 553 4483 3482  1.54 5.31 046  0.57 1.04 021  11.53
200/250 526 4478 3567 151 3.84 049 065 0.85 0.18  12.31
250/325 3.68 4450 3635 137 2.65 0.47 0.68 0.72 0.14 1337
-325 62.64 4454 3786  0.99 120 030. 067 054 0.1 14.04
Total 100.00 4498 3621 1.14 361 032 060 085  0l6 1242

A72tg 49 21 44.54%, ALO; 37.86%, Fe,O; 0.99%, CaO
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o] HE+ Aolgt A34E Hol=d 16 mesh R
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Table 2. Chemical composition of the fractionated particles according to the peripheral velocity of im-

pact mili
Chemical composition (wt% :
Fracture Dist. P (wt%) Pséllgléil; l
(mesh) (WE%)  §i0, ALO; Fe:0;3 CaO MgO K0 NaO TiO, LOI (m/sec.)
+325 38.7 46.07 3423 1.42 7.34 0.35 0.52 1.33 0.22 8.68
26.2
-325 61.3 4429 3746 0.96 1.26 0.30 0.65 0.55 0.12 14.78
+325 33.6 46.23 3397 1.40 7.53 0.37 0.52 1.39 0.23 8.50
36.1
-325 66.4 4435 3735 1.01 1.63 0.29 0.64 0.58 0.12 14.41
+325 28.2 46.67 33.51 1.40 7.98 0.35 0.50 1.42 0.24 8.15
47.1
-325 71.8 4432 3727 1.04 1.89 0.31 0.64 0.63 0.13 14.10

1.39%, CaO 7.65%, TiO; 0.24%, LOI 9.70%=
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Table 3. Chemical composition of the fractionated particles according to the grinding time of ball mill

Composition (%)

Prod Yield Grinding time
Wt%)  §j0, ALO; Fex03 CaO MgO K.0 Na,O TiO, LOI (min.)
+325 38.1 45.72 3478 1.39 6.67 0.36 0.67 1.41 0.23 9.55
5
-325 61.9 4453 37.09 0.99 1.72 0.30 0.56 0.51 0.12 14.19
+325 329 4531 3484 1.28 6.40 0.36 0.53 1.53 0.23 9.83
8
-325 67.1 4482 36.88 1.07 2.24 0.30 0.63 0.52 0.13 13.69
+325 28.0 4506 3521 1.19 5.63 0.37 0.46 1.72 0.22 10.52
13
-325 72.0 4495 36.60 1.12 2.82 0.30 0.65 0.51 0.14 13.16
100 3.0 100 3.0
—0--Fe,0, —0— Fe,0y .
—ao— Ca0 N —0—Ca0 i
— 80 | —aTiO, 2.5 — 8L —a TiO, / 2.5
o~ o o~ o .
LS ' — " 120 ES — " 20
'g 60 - ./ﬁ/ /,{-_«/D X -5; 60~ 3 : &,
o o = & =
o 40 O ) 40 — o O
= | o T ° 410 © = o] 410 ©
) @ :
> 20} los S 20} los
0 i & M i M i An li M 1 'Q- 0.0 0 N ? s 1. 1 '{;- PR IO T | :I | T .? i 0.0
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Peripheral speed [m/sec.]
Fig. 5. Yield and contents of impurities of -325
mesh fraction as a function of peripherial speed
of impact mill.
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e
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Fig. 6. Yield and contents of impurities of -325

mesh fraction as a function of grinding time of
ball mull.
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Table 4. Chemical composition of the products obtained by impact mill according to the maximum cut-

ting point
Cutting Di Chemical composition (wt%)
point  Prod. Wf[ﬁ/t
(um) (WE%)  §i0, ALO; Fe:0; CaO MgO K,O0 NaO TiO, LOI
C-1 3409 4395 3879 061 083 023 062 064 0.1 14.67
17 Tail 6591 4551 3621 1.14 361 037 059 084 0.16 12.42
C2 4957 44.16 3840 068 094 025 064 061 0.11 14.54
25
Tail 5043 4578 3406 159 623 048 055 106 021 10.33
C3 6437 4429 3794 075 1.17 036 064 050 0.12 14.45
43
Tail 3563 4623 3309 184 801 039 051 145 025 8.75
Ho| vt THE FEO MHH B &3 EF 7]1&€S oL o2H BL&PERS 293
HAdS 08 4 AT o= FEAY AL o2 By /e ALz 9458 ¢ o E3
o] Z7}gt wiel BE¢FE HA uPds) Ay B dAFME nyPs Aol FE3 1HE 3
J= A7 39 & YU 9 EAS 7Aetdle A4 BHow EF%ow
WAz g, 4 53 2 4 T4 FA
saAdE A1 glo] me EAYE d4duA FH0.
EEAYE dHE o F£E 36.1 misecE
EF A Ao FAL3= of" 71A ol st B3 A 59 E HE AE3FY 8 min F
T2 o] &3ts YAEY WAoo FZ el o BY3 AZE gAo R dlo YA FolE
A& 9 AHY Ao] & o]&dle B = o]&£3 3V EFVIE ALSAT. B ATFA
Zojtt. EF XA FY, 449, 79, 3448, & £3719 £54E 474 17, 25, 43 umE 3}
A8 &d, A4Y, AAANY, vt@dE F A48 7} oy EEdHe vEy ARE 42 Cone-l,
A YAl AlAE §L o] &8l o)FojATH B 2, 38 YEHALH FE& AEL TalE HY
Ao BEAL B9 Moo 2& g8 nx= 9t
g F2 FHolY g F& dA Fgas £ 4= 239 2945 AP Aozw ¢dHE
Uz A7)k P Hlg g, do] F4E 36.1 misecE 3 & 17 ymE 7]
el A FEYRY B HolE o] gdtH EF  Fog2 EFFY 34HE Conc-19 AAHEL

270 ostedl FEY 2HY, Y2 278 2
} hsge A2 Atk 53 2 A F
Bo] EAY FH o2 oo FEUS T
Hoz st e ¢ RH2HS o)
AR S48 ZAE AZ® T 47
24BEY BelH EHAE o/§F PYRAL
e RelERE 35 FHAL 5 U A
o AFHel e FMP BF ARERY

34.09 wt%, STEAL Si0, 43.95%, ALOs
38.79%, Fe)O; 0.61%, CaO 0.83%, TiO; 0.11%
Z Jebgt, ole e AdE UG tiul A A
&2 AAstH HAE 46.5%, ZERE 77.0%,
BgAdE 31.3%E UEYT 234E& 25 um2
&t #28 Conc.-29 AAHELS 49.57 wi%, 3t
gz SiO; 44.16%, ALO; 38.40%, Fe,Os
0.68%, CaO 0.94%, TiO; 0.11%°]At. =3 2
FHE 43 ymE HIA A el A9 AL E
2 64.37 wt%, 35 FA L Si0, 44.29%, ALO;
37.94%, Fe;03 0.75%, CaO 1.17%, TiO, 0.12%
2 4% oy AAE FHE 342%, dEHE
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Table 5. Chemical composition of the products obtained by ball mill according to the maximum cutting

point
Cutting D Chemical composition (wt%)
point Prod. Wii/t
(um) (W% §j0, ALO; Fe03 CaO  MgO KO0 NaO  TiO;  LOI
C-1 33.21 4457 37.72 0.90 1.64 0.23 0.68 0.61 0.12 13.85
17
Tail 66.79 4518 3546 1.26 4.59 0.37 0.60 0.97 0.18 11.71
C-2 48.29 4469 37.54 1.00 1.76 0.25 0.70 0.63 0.13 13.68
25
Tail 51.71 4527 3497 1.28 5.34 0.39 0.56 1.05 0.19 11.24
C-3 6620 4480 37.09 1.08 2.36 0.27 0.72 0.66 0.14 10.75
43
Tail 33.80 4534 34.49 1.27 6.06 0.42 0.44 1.22 0.21 10.75
K A : Anorthite r Mo : Montmorilionite
K Mo : Montmorillonite 5
M : Muscovite
- K : Kaolin mineral —
=) =
& s
) 2
e 2
) 3
= £
1

10 20 30 40
20/degree

Fig. 7. XRD pattern of the Conc.-3.
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I 8 minp £5% 17 ume 7|E22 EH3%
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