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Abstract

Ta phoi beneficiation plant is one of the main copper beneficiation plants in Vietnam. The plant has been put in operation since
2019 and annually process more than one million tons of ROM copper ore to collect 32 thousand tons of copper concentrate of23%

Cu. In the first years of operation the plant's metallurgical performance has not been consistent and not been as good as in design.
most important task at the company in this day is to improve and stabilize this performance with a target to obtain the copper

concentrate of 23% Cu and recovery of over 91.5%. This report presents some research results to increase the recovery and quality

ofthe copper concentrate at Ta Phoi beneficiation plant. As the results, some technological solutions have been proposed concerning

the optimization of the reagent regime as well as offlotationflowsheet. Some of these solutions have been tested directly in the plant

production line and have the perspective to apply.

Keywords: copper concentrate, optimization, reagent regime, flotation flowsheet

l. Introduction

Ta Phoi Copper Joint Stock Company -- VINACOMIN

was established on January 15, 2009. After its establishment,

the Company actively carried out exploration work and was

approved by the National Mineral Reserve Evaluation Coun-

cil with reserves of 11.3 million tons of primary ore, equiv-

alent to 99.2 thousand tons of copper metal and 3.5 tons of

gold. Experiencing many diffculties and challenges, after a lot

ofefforts, Ta Phoi Copper Joint Stock Company ended the in-

vestment phase in 2019. On November 16, 2019, Ta Phoi cop-

per beneficiation plant went into offcial production. During

the operation, the plant's employees always strive non-stop,

apply new technology in production and improve the process-

ing technology scheme to bring the plant into stable operation
10 achieve the annual set target. The production and business
efficiency of the plant in recent years is higher than in the
Previous year, the capacity and the technological performance
have exceeded or reached approximately to the design.

Since going into official production up to now, Ta Phoi
copper beneficiation plant has changed its technology flow-
sheet three times. In the first stage, the plant operates at the
design diagram and technology regime. By May 2021, the
Plant has introduced 3 tank cells for rougher flotation and fast
cleaner. And in July 2021, the plant will remove the grindingstage 2, The current technological flowsheet of the plant is asshown 

in Figure l,
Al present, the capacity of Ta Phoi copper beneficiation

I million tons of ROM ore per year, with copper con-is about 0.8%. The content and recovery of copper ore

level 
(concentrate 

after flotation 

content: 23% 

has basically 

cu, recovery: 

reached 

91.5%) 

the 

131.

design

Plant 
performance shows that the content and recov-

copper 
concentrates are still unstable and there is stillPotential for 
improvement in technology and equipment to

increase the copper recovery (to > 91.5%) and the stabilize the

concentrate content at level of 23% Cu.

2. Methods and reagents

— A number of open-circuit flotation tests were conducted

at the laboratory of the Mineral Processing Department, Uni-

versity of Mining and Geology, using a mixture of different

collectors and depressants. The purpose is to choose the best

reagent regime for Ta Phoi copper ore.

— Tests on plant's ground samples at the laboratory of Ta

Phoi copper beneficiation plant with the selected reagent re-

gime to evaluate the ability to increase the content and recov-

ery of copper concentrate products.

— Proposing a plan to run tests at the actual plant produc-

tion line with a change in the reagent regime.

— The reagents that were used in tests as following [4-51:

Modifier: Lime;

Collectors: Sodium Butyl xanthate (SBX), Potassium

Amyl Xanthate (PAX), AP2, Ammonium Dibutyl Dithio-

phosphate (ADD);

Depressants: Dextrin, water glass;

Frother: Pine oil

3. Results and discussion

3.1. Tests at the laboratory of the Mineral Processing Depart-

ment

- 'Ihe samples are collected at the plant, taken at the feed

conveyor belt to the mills. The results of the analysis of the

sample material composition are shown in documents [1-21.

The ore sample belongs to copper sulfide ore, with a small

amount of copper oxide minerals (malachite, azurite). cop-

per content in raw ore sample -0.8%.

open-circuit test flowsheet as in Figure 2.

The fixed flotation conditions are as follows: Mesh ofgrind:
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Fig. 1. The current 
technological 

flowsheet of the plant

Fgtrougher

flotation
Rml#cr flouticm

Mi&iling Tailing
Cleaning floution

CotEQtmte

*Middling

Fig. 2. The open-circuit test flowsheet

62.67%-0.074 mm; pH medium modified by lime: 9-10; pine

oil added to the fast rougher flotation stage: 10 g/T and to

rougher flotation: 10 g/T.

a) Tests at collector combination

The combination of collectors that added to the fast rough-
er flotation stage and the rougher flotation stage: Butyl xanthate
with Amyl xanthate; Butyl xanthate with Dithiophosphate; Bu-
tyl xanthate with AP2, Amyl xanthate with AP2 151.

Dosage at fast rougher flotation stage: 10110 (g/T)
Dosage at rougher flotation stage: 20120 (g/T)
Ihe test results are shown in Table l.
The results in Table I show that, when butyl xanthate anddithiophosphate is combined, the content of 1st copper concen-trate and 2nd copper concentrate is higher, the loss of copper tothe tailing is the least (3.36%), Therefore, in the following tests, thecombination ofbutyl xmthate and dithiophosphate was choosen.b) Tests at depressant combination

- Collectors dosage to the fast rougher flotation stage: Bu-

tyl xanthate/Dithiophosphate = 10/10 (g/T); and to the rougher

flotation stage: Butyl xanthate/Dithiophosphate 
= 10/10 (BIT);

pes-

- Ihe depressant dosage to the cleaning flotation:

trin/water glass = 50/50 (g/T)

Change the depressant dosage to the fast rougher 
flotation

stage: Limeldextrin = 100/20; 500/ 100; 1000/200; 
2000/400 

(go),

The results in Table 2 show that, at the dosage of lunel

dextrin = 1000/200 (g/T) the first copper concentrate 
andthe

second copper concentrate have obtained with higher content

and recovery, and lower tailing content of 0.0796 Cu. There-

fore, in the fast rougher flotation stage, the additional 
depres-

sants of lime and dextrin with a dosage of 1000/200 
(BIT) is

desirable,

3.2. Tests on plant samples
- The samples were taken after the mill circuit, at the
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Tab. 1. The results ofthe 
collectors 

combination 
tests

Concentrate Yield

Butyl Xanüjate/
Amyl xanthate

Butyl Xantlate/
Dithiophosphate

Butyl xanthate/AP2

Amyl xanthate/AP2

Middlin
2nd Concentra

Middlln
Tailin

1 Concentrate
Midd"n

Concentrate
2 M Middlin

Tallin

Concentrate
I R Middlin

2 nd 
Concentrate

2 nd Middlln
Tailin

Concentrate
Middlln

2M Concentrate
2 M Middlln

Tallin

2.24
1.64
0.96
2.49

92.67

100.00
0.86
1.06
1.13
1.12

95.83
100.00

1.49
2.20
1.18
2.14

92.99
100.00

1.15
1.99
1.08
3.03

92.75
100.00

Content of

23.82
5.34
8.66
1.11

0.05

0.8
30.55
16.75
20.23
7.78
0.03
0.8

26.27
9.49

10.02
1.44
0.05
0.8

28.82
11.30
13.45
1.12
0.08
0.8

Tab. 2. The results of the depressants 
combination tests

LIme/Dextrln

100/20

500/100

1000/200

2000/400

Concentrate
Concentrate

Middlln
2'" Middlln

Tallln

Concentrate
Conce

Middll
Middll

Tallin

1 Concentrate
Concentrate

Middll
Middli

Talli

07te
2M Concentrate

Middli
2M Middll

Tallin

Yield

1.91
0.99
1.88
1.71

93.51
100.00

1.90
0.96
1.57
1.49
.08

100.00
1.92
0.99
1.62
0.91

94.56
100.00

1.85
1.02
1.90
1.70

93.53
100.00

Content Of

27.02
12.44
2.12
1.96
0.09
0.80
7.43

15.02
1.92
.28

0.08

0.80
27.61
15.43
1.96
2.23
0.07
0.80

27.02
12.05
2.22
1.98
0.11
0.80

Tab. 3. Ihe first closed-circuit flotation test resultsProducts
Concentrate

2nd Concentrate

2nd Tailin
of

mncentrates
Total of rail

Tab. 4. 

Yield % Content of
2.12
0.98

93.98
2.92

3.10
96.90

100.00

Recove
27.04
16.76
0.06
0.09

23.79
0.06
0.8

second closed-circuit flotation test results
Products

I R ConcenÜate
2nd Concentrate

1st Tailin
2nd Tallin

of copper
Øncentrates

Total of
Feed

Yield %
2.14
1.11

94.76
1.99

3.25
96.75

100.00

Content of Recove
26.51
17.09
0.05
1.01

23.29
0.07
0.8

68.50
11.24
10.74
3.56
5.96

100.00
33.50
22.52
29.22
11.10
3.66

100.00
49.19
26.28
14.82

3.86
5.85

100.00
40.94
27.77
17.93
4.19
9.16

100.00

64.78
15.46
4.99
4.20

10.56
100.00

64.80
17.87
3.74
4.23
9.36

100.00
66.15
19.10
3.97
2.53
8.26

100.00
62.37
15.33
5.26
4.20

12.84
100.00

71.97
20.62
7.08
0.33

92.59
7.41

100.00

68.81
23.01
5.75
2.44

91.82
8.18

100.00

drocyclone overflow pipeline supplied to the flotation at thePlant. The sample has a content of about 0.8% Cu, the mesh ofgrind is about 62% -0.074mm.
-The closed-circuit flotation was tested at plant's labora-lory in 02 

flowsheets (Fi
open-circuit 

flowsheet tests with the combination of collec-
depressants 

(Section 3.1) as well as the plant's data.e reagent regime as the following:The first 
flotation stage: Lime/dextrin: 1000/200 (g/T);

BUmxanthate/Dithiophosphate: 
10/ IOg/t; Pine oil: 10 g/T

Phate: 
20/20 

(VT); Pine oil: 

stage: 

10 g/T

Butyl xanthate/Dithiophos-

second 
flotation 

The rst cleaning stage: Dextrin/Water glass 50/50 (g/ T)second 
cleaning stage: Dextrin/Water glass = 50/50 (g/T)e 

scavenger 
stage: Butyl xanthate/Dithiophosphate:10/10 (VT); Pine oil: 10 g/Te test 

results are shown in Tables 3 and 4.

the 1st and 2nd closed-cir-

cuit flotation flowsheet showed that the copper concentrate

reached the target in terms of content and recovery, content was

over 23% Cu, recovery was over 91.5%. Ihe copper content in

tailing is 0.06—0.07%. The concentrate at the 1st closed-circuit

flotation flowsheet has the higher copper content than in the 2nd

flowsheet and lower copper content in the tailing.

4. Conclusion

From the research results, the following conclusions can

be drawn:

- Currently, the technology flowsheet of the plant has 3 tank

cells for rougher and fast cleaning, abandoning the 2nd grind-

ing stage. The capacity of the plant is I million tons of ROM

ore per year, copper content is about 0.8%. The content and

recovery of copper concentrates after flotation were basically

achieved the design level (content: 23% Cu, recovery: 91.5%).

- Elbe collector put in flotation stages are butyl xanthate and

AP2.
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; Fig. 3. first closed-circuit 
flotation flowsheet

Fht10Ø

2dflOtim

Tiling
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Fig. 4. The second closed-circuit flotation flowsheet

—lhe tests results of some flotation flowsheets in the labo-

ratory using a combination of collectors and depressants give

the copper concentrate with quite good processing perfor-

mance. 'Ihe combination of butyl xanthate with dithiophos-

phate gives the best seperation results, the depressants can

combine are lime with dextrin and dextrin with water glass.
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