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Fig. 1 Typical structure diagram of HPGR
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Fig. 2 Distribution of discharge particle size between HPGR and cone crusher
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Table 1 Particle size analysis of raw materials and rolled products of HPGR

Cumulative amount undersize (mass fraction)/%

Particle size

Test 1 Test 1"-B1 Test 1%-B2
Raw
. . Center Edge Center Edge Center Edge
Mesh Size/um material
products products products products products products
26000 100 100 100 100 100 100 100
19000 77.59 100 99.52 100 98.95 100 99.56
13200 24.77 99.19 70.59 99.4 81.31 99.55 78.38
9500 7.3 97.25 52.63 98.2 60.58 97.74 55.84
6700 43 92.93 38.38 94.3 42.29 92.98 38.55
5000 3.64 84.22 30.82 87.48 27.31 86.14 25.66
6 3350 3.33 76.03 23.96 76.92 18.99 74.22 18.36
2360 3.22 69.87 21.38 70.66 16.02 67.87 15.78
12 1700 2.95 60.79 17.2 60.14 12.29 58.65 12.32
16 1180 2.73 52.69 14.37 51.62 9.77 50.32 9.95
20 850 2.58 46.92 12.74 45.89 8.29 45.05 8.56
30 600 243 41.77 11.08 40.33 7.01 39.56 7.24
40 425 2.28 37.36 9.79 35.67 6 35.12 6.25
50 300 2.14 32.77 8.55 31.15 5.11 30.96 5.36
65 212 1.94 28.6 7.42 26.93 4.34 27.07 4.58
100 150 1.78 25.38 6.55 23.8 3.77 24.03 4
120 125 1.68 23.48 6.02 21.93 3.45 22.22 3.66
140 106 1.58 21.88 5.58 20.27 3.18 20.7 3.39
200 75 1.3 17.86 4.47 15.71 2.39 16.66 2.67
Bottom 0 0 0 0 0 0 0 0

Pyy/um 19741 4084 15099 3783 12966 4095 13621
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Table 2 Test results of closed-circuit experiment of HPGR

Specific

Cycle  Specific pressure of Roll linear Aperture Specific passing  Circulating
Test No. 5 4 . energy/ 4
number roll/(N*mm™) speed/(m+s™)  size/mm o amount/(t-hm™) load/%
(kW+h-t™)
Bl 1 1.26 319 16.96
B2 2 1.31 308 21.36
B3 3 1.34 304 21.45
B4 4 1.30 300 19.95
4.05 0.5 6

BS 5 1.47 304 20.54
B6 6 1.51 295 21.65
B7 7 1.44 312 22.41
B8 8 1.44 311 21.15

3 R P S 7 oKL 2 T
Table 3 Particle size analysis of closed-circuit products of
HPGR

Mass fraction/% Particle size

Partial ~ Cumulative  Partial

amount amount amount Mesh  Size/um

oversize oversize  undersize

0 0 100 6000

6.61 6.61 93.39 5000
17.74 24.35 75.65 3000
432 28.67 71.33 8 2360
7.41 36.08 63.92 12 1700
8.09 44.17 55.83 16 1180
5.88 50.06 49.94 20 850
5.63 55.69 4431 30 600
5.19 60.88 39.12 40 425
5.29 66.17 33.83 50 300
4.90 71.07 28.93 65 200
3.63 74.70 25.30 100 150
4.47 79.16 20.84 140 106
4.28 83.45 16.55 200 75
16.55 100 0 Bottom 0
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Table 4 Comparison of ore Bond work indexes before
and after rolling of HPGR

Parameter Feed Product
Closing screen, P,/um 125 125
Bulk density, py/(g-cm™) 1.9 2.029
Initial load/N 13.30  14.203
Expected value/N 380 405.8
Cumulative amount undersize/% 14.71 28.2
Fgo/um 1978 1580
Py/pm 99 96

Net grams per revolution, Gbp/(g'r’l) 1.502  1.798
Bond work index/(kW-h-t™") 13.78  11.84
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13.78 kW - W/t [EAIR 2 56 5 5 1) 11.84 kW - W/t,  [1E
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Table 5 Processing capacity of one set ball mill of 4800

mmx7000 mm

Parameter Value
Motor working power/kW 2460
Pinion power/kW 2300.10
Feed size, Fg/um 3800
Fraction of product with size less than 6
74 pm/%
New feed of unit set of mill/(t-h™") 387

6 3600 mmx6000 mm EREEH] AL FE & 15
Table 6 Processing capacity of one set ball mill of 3600

mmx>x6000 mm

Parameter Value
Motor working power/kW 1190
Pinion power/kW 1112.65
Feed size, Fg,/um 3800
Fraction of product size less than 63
74 um/%
New feed of unit set of mill/(t-h™") 194
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Fig. 6 Crushing and grinding flow chart of No.3 concentration plant after completion of energy and efficiency improvement

transformation
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Table 7 Comparison on of crushing and grinding process equipment before and after transformation of t No.3 concentration

plant
Procedure Parameter Original Improved
Process Three-stage crushing single Four-stage crushing two-
closed circuit closed circuit
Circuits Throughout of crushing circuit/(t- d™h 14400 24000
Operating system of crushing circuit/(h-d™") 23 23
Operating system of grinding circuit/(h-d™") 24 24
Crusher type PXZ1200/160, 1 set, 500 kW
Coarse Operating system of crusher/(h-d™) 15 15
crushing Production/(t-h™) 960 960
Size of discharge opening/mm 160-190 160-190
Crusher type CHS870, 1 set, 600 kW CHS890, 1 set, 750 kW
Medium Operating system of crusher/(h-d™") 23 23
crushing Production/(t-h™") 626 1043.5
Size of discharge opening/mm 38 57
Crusher specification CH895, 1 set, 750 kW
Fine Expected operating system of crusher/(h-d™") 23 23
crushing Production/(t-h™") 626 1043.5
Size of discharge opening, mm 22 38
Vibrating Screen size/mm 38
screen Py/mm ~12 ~30
HPGR type B GM 160-140, 2 sets,
2x1250kW/set
Process of HPGR - Dry screening
HPGR Operating system of HPGR/(h-d™") - ~23.5
Production/(t-h™") - 1030
Fy/mm - 30
Vibrating Screen size/mm - 5
screen Py, /mm - ~3.5
Type d 4800 mmx>7000 mm, 2 sets, 2500 kW/set
Expected throughout of per ball mill/(t-h™") 240 400
Fraction of closed circuit product with size . .
less than 74 um/%
Working power/kW 2460 2490
Type d 3600 mm=6000 mm, 1 set, 1250 kW
Overflow Expected throughout of per ball mill/(t-h™") 120 200
ball mill Fraction of closed circuit product with size 63 3
less than 74 pm/%
Working power/kW 1190 1210
Daily handling capacity of grinding circuit/(t-d™") 14400 24000
Increased production capacity of grinding circuit/% 67
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Table 8 Comparison on feed size distribution of ball mill before and after transformation

Original Improved
Productivity/% Cumulative Productivity/% Cumulative
Size/mm amount Size/mm amount
Partial Cumulative undersize/% Partial Cumulative undersize/%
-12.00+9.00 11.07 11.07 100.00 - - - -
-9.00+5.00 34.70 45.77 88.93 -6.00+5.00 11.10 11.10 100.00
-5.00+2.00 21.33 67.10 54.23 -5.00+2.00 22.86 33.96 88.90
-2.00+0.18 20.65 87.75 32.90 -2.00+0.18 35.30 69.26 66.04
-0.18+0.075 6.61 94.35 12.25 -0.18+0.075 16.58 85.84 30.74
-0.075 5.65 100.00 5.65 -0.075 14.16 100.00 14.16

B7 e R EALEE R RS

Fig. 7 Macroscopic morphology of feed and discharge of HPGR: (a) New feed of HPGR; (b) Total feed of HPGR;

(c) Discharge of HPGR; (d) Closed circuit product of HPGR

T 55kW-h, BERIEYHEFE R TR 3.2 kW - h;
BEE FmRede T, HREN A WA A FRREER
B

22 $BHE—E AT ZWHR
SEOG RN — Ik TR R AR R R AT T
Bond EREE Th 3506 ELAR S . RIS AE S R R IR &

FEdh 5 mm PRSI AR E 7 a0 RS 1. 2
WE, —ik) REHENE — B Bond Bk 1)
FRECN 11.64 kKW -Wt, S ENIJES — Bt Bond Bk
BEIh 540 9.94 kW -h/t; %8 )% 5 Bond BREE Ui %k
FEAC 7 1.7 kW - Wt, FEAK 14.60%, —BEEH 1)
Bond Kk B Dy £ it w4 PEAC . X3 45 R a0k 10
liplE
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U AT, TR N = B P R
W, B RESHE. F—BRETRH4GHR
2700 mmx*3600 mm % 7RI BREENL, 2 BEAR
Fl 2 & B 4% 2700 mm=3600 mm i it B ERBEAL, H
AEERREJI2M 3500 t/d A Ay, HOREBS AR Wi 9 B o

WR¥E =ik BosE s, SRmieiE, —i&l T
20194 =R shekid, 20204E9 H 4R T8~

—IE T HOE T H BRI 1 & GM160-140 &
BN B RSN, BRI T — A RPN EE1

R9  GMI60-140 i S HENL F HSH0R
Table 9 Main parameters of GM160-140 HPGR

o —BOETTN 14 4800 mmx7000 mm i i B Bk
BEHL, —BEENTA1 G 4000 mmx6870 mm i i K
BREENL, oo/ T2 mE 10 s,

UG TR, e AR B ATL P 28 7 i (R RLE 43 AT
W 11 fis .

S —F L HE I, k) IETRE, ik
] HIACERRE /73513000 t/d 4, BRI L EmMAEDLTE
Pt JEIA g R T

Parameter Value Parameter Value
Diameter of roll/mm 1600 Installed power/kW 2x1250
Width of roll/mm 1400 Maximum acting force/kN 12000
Material Skarn type molybdenum & tungsten ore Specific pressure/MPa 3.5
Production/(t-h™) 1280 Linear speed/(m-s™") 1.76 (maximum)
Feed size/mm <35 Set 2
Pg/mm <4

8 RSB ey s B LR AT 155 D

Fig. 8 Ore-padded roll surface of HPGR: (a) After one month of operation; (b) After six-month of operation; (c) After

fifteen-month of operation
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Table 10 Comparison of ore Bond work indexes before and after rolling of HPGR

Product of three-stage Product of four-stage
Index crushing single closed circuit crushing two closed circuit
Parameter
No. Primary Secondary Primary Secondary
grinding grinding grinding grinding
1 Closing screen/pm 125 90 125 90
2 True density/(g-cm™) 2.816 2.816 2.816 2.816
3 Initial load, ¢ /N 12.268 12.268 12.383 12.383
4 Expected load, ¢,/N 3.505 3.505 3.538 3.538
5 Cumulative amount undersize of feed/% 19.57 16.75 25.66 22.52
6 Fgo/um 1866 1866 1886 1886
7 Py/nm 92 72 90 71
8 Net grams per revolution, Gy /(g* ) 1.990 1.737 2315 1.702
9 Bond work index/(kW +h-t™") 11.64 11.95 9.94 11.78

-1000 mm raw ore
Coarse crushing
gyratory crusher
Medium crushing
cone crusher

Vibrating|screen
+12mm -12mm

Fine crushing Primary grinding
cone crusher grate ball mill

Spiral|classifier

Hydrocyclone

Secondary grinding
overflow ball mill

Flotation circuit
B9 —ik) ok BrrE R L ZRER

Fig.9 Crushing and grinding flow chart of No.1 concentration plant before transformation
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-1000 mm raw ore
Coarse crushing
gyratory crusher
Medium crushing
cone crusher

Vibrating|screen
+40 mm -40 mm
Fine crushing Ultra fine crushing
cone crusher HPGR
Vibrating|screen
+5mm -5mm
[
New Original
Hydrogyclone
Primary grinding
grate ball mill
Primary grinding = Spiral|classifier B
overflow ball mill [
Hydrocyclone J Hydrocyclone
Secondary grinding Secondary grinding
overflow ball mill overflow ball mill
Flotation circuit Flotation circuit
El10 k) Bud 5 T2 mEK

Fig. 10 Crushing and grinding flow chart of No.1 concentration plant after transformation

=1

M) e AR PR WL PAT 7 AR AT

Table 11 Particle size distribution of closed-circuit products of HPGR in No.1 concentration plant

Mass fraction/%

Size/mm Mass/g - - - - - -
Partial amount oversize Cumulative amount oversize Partial amount undersize
+5 30.9 3.37 3.37 96.63
-5+4 30.18 3.30 6.67 93.33
—4+3 41.09 4.49 11.16 88.84
-3+2 54.36 5.94 17.10 82.90
2-0.9 149.37 16.31 3341 66.59
0.9-0.45 102.75 11.22 44.63 55.37
0.45-0.2 68.67 7.50 52.13 47.87
0.2-0.15 68.93 7.53 59.66 40.34
0.15-0.1 29.07 3.17 62.83 37.17
0.1-0.074 13.25 1.45 64.28 35.72
-0.074 327.06 35.72 100.00
Total 915.63 100.00
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N . . .
3 gE -l;e Establishment of computation program of bond work index

) B R AR BE NS5 M SR T e, o
A ARy, R (& R I i B i B
ORI, W HAaiAR 2x10'h A B, &%
B AIBHEHIEF97% UL L

2) IR =0k ik RS T
ZHEFRAY RECUE, T RETR R 67% LA F.

3) WA SLEG = LI T2 A, SRR L™
it K] — B Bond ER B Dy 48 BORH EE T 4% GE R 7= i 1)
Bond Bk BE U 5 £ P IK 14%~15%, — B¢ Bond Bk
BLHI D Bt — e R 1 A

4) & R ENLAER AL T 2HE T 28K H X 1
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Structure and process of HPGR for non-ferrous metal beneficiation

QU Tie"?, YANG Jian-bo* 3, XIN Ya-tao" %, CHE Wen-fang®

(1. CITIC Heavy Industries Co., Ltd., Luoyang 471000, China;
2. State Key Laboratory of Mining Heavy Equipment, Luoyang 471000, China;
3. China Molybdenum Co., Ltd., Luoyang 471000, China)

Abstract: Through the research of the structure and process of HPGR, this paper demonstrated the application

prospect of HPGR in the non-ferrous mineral processing industry. The results of ultrafine crushing and grinding

test of HPGR indicate that the non-ferrous ore is greatly improved by the new-type HPGR after ultra-fine crushing,

which can greatly improve the processing capacity of the ball mill and effectively reduce the Bond work index.

After the industrial production practice verified, the two concentration plants upgraded and transformed the

grinding system through HPGR, the particle size (£,;) of the ball mill feed reduces from less than 12 mm to less
than 5 mm, and the Bond work indexes of ball mill feed reduce from 13.78 and 11.64 kW -h/t to 11.84 and

9.94 kW - h/t, respectively. The overall processing capacity of the concentration plants increases by about 67%.

Key words: mineral processing; HPGR structure; HPGR process; non-ferrous processing; energy conservation

and efficiency
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