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Abstract

Abstract

Copper sulfate pentahydrate is one of the most important inorganic
chemical product and is widely used in many fields such as agriculture, fishery,
light industry, shipbuilding and textile industry. Traditionally, metallic copper
and its alloy were used to produce copper sulfate However, the process was
complicated and cost-ineffective. Due to the scarcity of copper mineral resource
in China, taking leached copper from low grade copper ore by
bio-hydrometallurgy method as the materials for the production of copper sulfate
is deemed as an effective way to utilize the limited copper resources.

This paper studied on the production of feed additive copper sulfate by
evaporating-cooling crystallization technology using back-extraction solution
obtained from copper bio-leaching process. Focus was put on iron removal from
back-extraction solution, optimization of copper sulfate crystallization conditions
and the effect of additives on copper sulfate crystallization.

The effects of temperature and pH value on iron removal rate with ferric
hydroxide and yellow ferric vitriol were investigated, respectively. The results
suggested that compared with iron removal by ferric hydroxide, iron removal by
yellow ferric vitriol had some superior characteristics, e.g., sedimentation with
low adsorption capacity and easy to be filtrated with low copper lost rate. With
yellow ferric vitriol the iron removal rate (pH 1.6, 95 ) could reach 91.2  and
the iron concentration decreased from 6.82 g/L to 0.6 g/L, which basically met
the requirement of iron content in feed additive copper sulfate, while copper lost
was merely 9.61%.

As copper sulfate crystallization process was affected by several factors
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such as temperature, influx concentration, stirring speed, crystallization time and
the adding of seed, single factor experiments were carried out to analyze their
influences on crystallization. Results of orthogonal experiments showed main
factors that affected yield of copper sulfate crystallization were: crystallization
temperature, influx temperature, crystallization time, stirring speed( in
descendent order).The optimum crystallization conditions were determined to be
temperature 40 , crystallization time 5 h, stirring speed 100 r/min and influent
concentration of copper sulfate 160 g/L. In such conditions, the yield and purity
of copper sulfate pentahydrate were 115.8 g and 93.8%, respectively.

An extra recrystallization operation could obviously increase the purity of
copper sulfate pentahydrate crystal and its average purity increased from 93.8% to
98.7%, meeting the purity requirements of feed additives.

Chemical additives play an important role on the crystal growth process. It
was found that organic solvents, especially acetone had the most significant effect
on crystallization process and the adding of acetone could effectively improve the
yield and purity of copper sulfate crystal and increase the crystallization efficiency.
By addition of 5%(v/v) acetone under the same crystallization conditions, the yield
of copper sulfate increased from 123.4 g to 146.7 g and the purity of copper sulfate
increased from 87.0% to 95.5% at room temperature in comparison to that without

feeding additives.

Key words: Copper sulfate pentahydrate; Crystalliztion; Technology

II



T 1
1.2 e 2
1.2.1 e 2
1.2.2 e 4
1.2.3 - . 7
1.3 e e eeeeeeeeeaseeseeeeaaaaana 9
1.3, e 10
e 10
1.3.3 e 11
1.4 e aeemasaeasaeaanaaaaan 11
e 11
L4 2 e 13
e 17
1.4.4 e 19
T 23
5 T 24

0 25

I 26
T 26



2.1

2.2

2.3

2.4

3.1
3.2

NN
NONNN
A W N R

w W W W
NN N
A W N R

PH e 33

PH 40



4.1
4.2

R R
N N NN DD N DD
~N o o B~ w O N

4.3

i O N N
w W W W
A W N R

4.4

5.1
5.2
5.3

o1 o1 o1 O

w W W W
A W N R



v



Content

Content
Abstract (iN ChiNESE) ..ot e e
Abstract (in ENglish) ...
Charper 1 IntroduCtion...........coviii i i e, 1
1.1 Character and use of copper sulfate............cc.cooviiiiiii i 1

1.2 Production technology status and development trend of copper

SUITALE. . et e e e 2
1.2.1 Manufacturing CuSO4 5H,0 from scrap copper .........cccceevvennnnnn. 2
1.2.2 Manufacturing CuSO4-5H;0 from copper ore ............ccoevveviunnnnn.n 4

1.2.3 Development trend of CuSO4-5H,0 production--application of copper

bi0-1€aChiNg PrOCESS. . .vutieei ettt 7

1.3 Summary of 110N FEMOVAl........c.ee et e 9
1.3.1 Iron removal with yellow ferric vitriol ..., 10
1.3.2 Tron removal with goethite ... 10

1.3.3 Iron removal with ferric hydroxide
1.4 Research on crystallization of copper sulfate...............ocooevienn 1
1.4.1 Summary of crystallization ..............c.ooiiiiiiiiiiiiiii 11
1.4.2 Crystallization mechanism ..............oooviiiiiiiiii i, 13
1.4.3 Development of research on crystallization of copper sulfate............17
1.4.4 Factors on the effect of copper sulfate crystallization .................... 19
1.5 Influence of additives on crystallization of copper sulfate.................... 23

1.5.1 Analyzing on the effect of copper sulfate crystallization mechanism..24
I



Content

1.5.2 The types of additives .........oeiiiiiiiiiiiii i 25
1.5.3 Development of research on crystallization additives.................... 26
1.6 Background, objective and content of research .....................cooeee, 26
Chaper 2 Materialsand Methods. ..o, 29
21 Materialsand iNStruments..........o.oeveiie i e 29
2.1.1 Materials and SOUICE. .........ovuiiitiii i, 29
212 REAZENES. ..ttt ettt et e e e e 29
2.1.3 Instruments and eqUIPMENTS. ........ovutiniieiit et e, 30
2.2ANalyzZing MEthod. .........oe i 31
2.2.1 Element qualitative analysis..........cootviiiniiiiiiiiiniienenen, 31
2.2.2 Element quantitative analysis............cooeiiiiiiiiiiiiiiiiiieei e, 32
223 Measure pH value. ..o, 33
2.2.4 Measure NeatiVe 101 .. ...ttt ettt e ete e eaeaieeaeeaaeanaens 33

2.3 Experimental facility and process...........ccoccvvvviiieiieiiiiiiiiiieenn.n. 34
2.3.1 Crystallizaiton flow process chart................coooiiiiiiiiiiinnn.nn. 34

2.3.2 EXPEIIMENE PrOCESS. . vt utententtententeettentete et eateaeetenteaneaneanans 35

Charper 3 Technology of Iron removal from back-extraction

0] 1114 [o] o PO PP 36

N o 1 Yo o TR 36
3.2 ron removal with ferric hydroxide..............ccovviiii i, 37
3.2.1 Selection of oxidant.......... ..ot 38
3.2.2 Selection of neutralisation agent..............ccooviiiiiiiiiiiiiiiiiiinnn, 39
3.2.3 Eftect of pH value on the iron removal rate............................... 40
3.2.4 Effect of temperature on the iron removal rate............................ 42

3.3 1ron removal with yellow ferricvitriol................cooi i 44

II



Content

3.3.1 Effect of temperature on the iron removal rate............................ 45
3.3.2 Effect of pH value on the iron removal rate............................... 47
SABIEf SUMMAIY. ..o e e e e e e 50

Chaper 4 Technology of copper sulfate crystallization from

back-extraction solution............cccoovieiieiuinnn. 51

o = Yo o [T UPTPP 51
4.2 Singleinfluences factor experimentson crystallization...................... 51
4.2.1 Experiment deSi@N.......c.vviuiiiiiiiieiee it ie e e eeee e 51
4.2.2 Effect of influent concentration.............coovviiiiiiiiieiiinnianennnnn. 52

4.2.3 Effect of crystallization temperature.............oocevvviiiiiiinennnnnnn.. 53

4.2.4 Effect of seed crystal..........cooiiiiiiiiiiii 55

4.2.5 Effect of Stirring Speed.........oiniiiiiiiiii s 56

4.2.6 Effect of crystallization time.............cooeviiiiiiiiiiiiiiiieee, 58

4.2.7 Brief SUMmMaTy......oouiiiii i e 60

4.3 Orthogonal experiments optimizing the technology of crystallization....60

4.3.1 Orthogonal experiments...........c.oviuiiiiiiiiii e 60
4.3.2 Orthogonal experiments deSign...........oovvvriiiiiiiiniiiiiniineannnns. 61
4.3.3 Result and diSCUSSION. .....ouuitiiii i 61
4.3.4 Brief SUMMATIY. ...ttt e, 67
AARECTYStalliZation. .. .....coue i e 67

Chaper 5 Effect of additives on crystallizaiton of copper

SUITALC. .. e 69
D L RO OO . ..o e e e e e e e e e 69
B.2Salection Of additiVES. .. .....e e e e e e e e e e e e e e 69

I



Content

5.3 Effect of three types of additive on crystallization of copper sulfate.......70

5.3.1 Effect of organic solvents...........ccoovuiiiiiiiiiiiiiii e, 70
5.3.2 Effect of metallic ionic SUbStances............ocovveviviieiinnineennnn. 72
5.3.3 Effect of surfactants............cooeiiiiiiiiiiiiiiii i 73
5.3.4 Brief SUMMATY.......ooitiiii e 75
Chaper 6 ConClUSION.......c.viiii i e e e e 77
REf B ENCE. .. 79
APPENAIX. .t e e e 87
U] o] 1T o= 4 o o DA 88
ACKNOWIEAgMENT . ... e 89

v



1.1

(CuSO45H,0)

1
CuSO4:3H,0 113

102

600 650

250
SO3

CuO

45



1.2

1.2.1

(1]

1.2.1.1

Cu+2H,S0O4 —> CuSO4+S0O,1+H,0

SO,

1-1

90%



1.2.1.2

Cu+0O, —> 2CuO

CuO+H,SO4 —> CuSO4+H,O

20%

Cu,O+H»,SO4 —> CuSO4+H,O

2H,S04+2CuS04+0, —> 4CuS0O4+2H,0

1.2.1.3

1-2

1-3

1-4

1-5



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways:

1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

