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Abstract: The flotabilities of chalcopyrite and galena with sodium humate (HA) and ammonium persulfate (APS) as the depressant
were studied by flotation test, adsorption measurement and infrared spectroscopic analysis. Single mineral flotation test shows that
the slurry oxidation environment and the proper oxidation of galena surface are prerequisites for the depression of galena by sodium
humate. The closed-circuit flotation test of copper/lead bulk concentrate shows that the grade and recovery of Cu reach 30.47% and
89.16% respectively and those of Pb reach 2.06% and1.58% respectively in copper concentrate, and the grade and recovery of Pb
reach 50.34% and 98.42% and those of Cu reach 1.45% and 10.84% respectively in lead concentrate with HA and APS. The selective
depression effect of HA and APS is more obvious than that of potassium dichromate. The results of FTIR analysis and adsorption
measurements indicate that the adsorption of sodium humate on the fresh surface of galena is negligible, while after oxidation,
sodium humate can be chemically adsorbed on the surface of galena. According to the theory of solubility product, the sodium
humate can display the oxidation product PbSO,, after then, adsorb on the surface of lead chemically to produce inhibitory effect.
Thus, it can be seen that the combination of HA and APS is an efficient non-toxic reagent to achieve cleaning separation copper/lead
bulk concentrate by flotation. The combination of HA and APS is an efficient non-toxic reagent to achieve cleaning for copper/lead

bulk concentrate by flotation.
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1 Introduction

Chalcopyrite always coexists with other sulphide
minerals, such as zinc and lead sulphide minerals [1].
Generally, two kinds of basic methods are commonly
used for the separation of copper/lead minerals [2,3],
such as copper depression with lead flotation and lead
depression with copper flotation. Some reagents such as
sodium cyanide for the depression of chalcopyrite and
sodium dichromate for the depression of galena are
employed [4]. Although only small amount of this kind
of reagents were used, they caused serious environmental
pollution [5]. So, some other environmentally friendly
methods of depression are preferred.

According to the recent studies, the organic
depressants have attracted a considerable amount of
attention. In the laboratory and commercial processes,

dextrin [6], starch [7], CMC [8] and ferrochrome
lignosulfonate (FCLS) [9] have been used in the
separation of chalcopyrite and galena. These kinds of
reagents are nontoxic, biodegradable and relatively
inexpensive compared with the widely used inorganic
depressants.

Sodium humate is the sodium salt of humic acid and
can be extracted from leonardite which is complicated,
naturally forming organic compounds with high relative
molecular mass. CHEN et al [10] indicate that sodium
humate can be used as pyrite depressant in the separation
of chalcopyrite and pyrite at lower pH values. The
studies on the flotation behavior of pyrite and
arsenopyrite in the xanthate and sodium humate systems
showed that the sodium humate can depress arsenopyrite
well [11,12].

There have been some studies on the separation
of actual copper/lead ore with sodium humate as the
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depressant of galena [12,13], while the mechanism is still
unclear and the depressing effect is uncertain. The aim of
this work is to determine the depression mechanism of
galena with sodium humate as the inhibitor, and put
forward an environmentally friendly way for the
separation of copper/lead minerals. The floatabilities of
chalcopyrite and galena in the presence and absence of
the depressants were studied. The adsorption
measurement and infrared spectroscopic analysis were
conducted to investigate the interaction between reagents
and minerals.

2 Experimental

2.1 Materials and reagents

Galena and chalcopyrite samples were obtained
from Bainiuchang Mine in Yunnan Province, China. The
samples were purified by hand sorting, and the X-ray
powder diffraction data confirmed the high purity of the
samples. The chemical analysis revealed that the galena
content (mass fraction) of the sample was 96.5% and the
chalcopyrite content was 94.9%. The samples were
respectively dry-ground in a porcelain ball mill and dry-
screened to obtain particles with size range of 38—74 pm
for the single mineral flotation and adsorption
measurements. The fraction of particles with size larger
than 74 pm was reground to the desired size fraction. A
small part of particles with size less than 38 pum was
further comminuted using agate mortar to 2 um for
infrared spectroscopic analysis, whereas the fraction of
particles ranging in 38—74 pm was used. The ground
products were stored separately in sealed glass bottles
with nitrogen protection against further surface
oxidation.

The sample of copper/lead bulk concentrate was
obtained from the mineral processing plant of
Bainiuchang, and the chemical compositions (mass
fraction) are 9.60% Cu and 36.76% Pb.

Industrial grade butyl xanthate (BX, purity>85%)
and methyl isobutyl carbinol (MIBC) were respectively
used as the collector and frother, which were provided by
Zhuzhou Flotation Reagents Factory in Hunan Province,
China. Chemical grade sodium humate and sodium
persulfate were obtained from Tianjin Guangfu Fine
Chemical Research Institute (Tianjin, China). The
solutions of all the reagents were prepared using distilled
water. The dilute solutions of sodium hydroxide and
hydrochloric acid were used as pH modifier.

2.2 Flotation tests

Flotation tests of single minerals were carried out in
the micro-flotation cell with an effective volume of about
40 mL and the flowsheet is shown in Fig. 1. A 2.0 g
mineral sample (38—74 pum size fraction) was used in

each experiment and was cleaned ultrasonically prior to
the tests. After agitation for 1 min, the pH of the pulp
was firstly adjusted to a desired value by adding pH
modifier. Then, the ammonium persulfate (APS) and/or
(HA) sodium humate solution (adjust to neutral pH by
H,SO, in order to avoid the pH fluctuation) was added to
the cell. Five minutes later, the samples were conditioned
with xanthate for 2 min. After that, MIBC was added to
the slurry. The flotation time was set to 2 min in all of the
single-mineral experiments.

2.0 g sample
Agitating 1 min
Adjusting 2 min
Depressant 5 min
BX 2 min
MIBC 2 min

Flotation 2 min

Concentrate  Tailing

Fig. 1 Flowsheet of flotation tests on single minerals

The closed-circuit flotation test of copper/lead bulk
concentrate was achieved in an XFG single-trough
flotation machine with effective volumes of 0.25, 0.5,
0.75 and 1.0 L. The flowsheet is shown in Fig. 2.

2.3 Adsorption tests

The adsorption of HA on chalcopyrite and galena
both in the absence and presence of different
concentrations of APS at pH=6.5 was determined by
measuring the residual concentration with total organic
carbon analyzer. SHIMADZU total organic carbon
analyzer of Japanese (TOC-L) was used in the test.

2.0 g mineral sample of 38—74 um size fraction was
cleaned by ultrasonic and then repulped with 50 mL
distilled water at desired pH. After addition of the
desired reagents, the solution was agitated with the
identical condition as described in flotation test. Then,
the pulp was centrifuged by centrifugation at 9000 r/min
for 10 min using a high speed refrigerated centrifuge.
The supernatants were withdrawn for the analysis of
residual HA concentrations. The adsorption amount was
calculated from the difference between initial and
residual concentrations of the solution.

2.4 FTIR studies

The infrared spectra of galena, HA, the oxidized
product of galena by APS, and the interaction products of
unoxidized/oxidized galena with HA were obtained using
Shimadzu IR Affinity—1 spectrometer.

Samples with size of 2 um were prepared in the
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Fig. 2 Flowsheet of closed-circuit flotation test of copper/lead bulk concentrate

same way used in micro-flotation tests. 1.0 g sample was
settled in 20 mL reagent solution at pH 6.5 and agitated
for 30 min, filtrated and flushed 3 times with the
corresponding pH buffer solution. The treated sample
was dried in a vacuum desiccator for
spectrometry.

infrared

3 Results and discussion

3.1 Flotation tests of single mineral
3.1.1 Flotation of chalcopyrite and galena under different
pH conditions without depressant
In this experiment, the pH of the pulp was adjusted
with NaOH or HCI, and the BX and MIBC were used as
the collector and frother, respectively. No depressant was
added. The relationship between mineral floatability
and pH value was determined (see Fig. 3). The results
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Fig. 3 Effects of pH value on recovery rate of chalcopyrite and
galena with BX as collector (¢(BX)=1x10"* mol/L, p(MIBC)=
10 mg/L)

indicate that chalcopyrite and galena are easy-floating
minerals with BX as collector in the whole pH ranges.
However, the floatability of galena decreases rapidly
when the pH value is higher than 9.
3.1.2 Flotation of chalcopyrite and galena with HA as
depressant

The effects of HA on the flotation recoveries of
chalcopyrite and galena at pH 6.5 were determined (see
Fig. 4). The results indicate that with the increase of HA
concentration from 0 to 75 mg/L, the floatabilities of the
both minerals remained relatively constant, while as the
concentration increases higher than 75 mg/L, the
floatabilities decrease rapidly. However, the floatability
difference between chalcopyrite and galena is very small,
so it is impossible to achieve the separation purpose of
copper/lead minerals.
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Fig. 4 Effects of HA dosage on recovery rates of chalcopyrite
and galena with BX as collector (c(BX)=1x10"* mol/L,
p(MIBC)=10 mg/L, pH=6.5)
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Several investigations [12,13] have confirmed that
HA was a selective depressant of galena, but in those
studies, redox conditions of the slurry were not taken
into consideration.
3.1.3 Flotation of chalcopyrite and galena with APS as

depressant

Sodium persulfate is often used as a strong oxidant.
In the separation of copper/lead minerals by flotation,
APS can be used as the depressant of galena. The effects
of APS on the recovery rates of chalcopyrite and galena
at pulp pH=6.5 were determined (see Fig. 5). The results
indicate that with the increase of APS concentration from
0 to 200 mg/L, the floatabilities of both minerals remain
relatively constant. It is impossible to achieve the
separation purpose of copper/lead minerals by increasing
the concentration of APS.
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Fig. 5 Effects of APS dosage on recovery rates of chalcopyrite
and galena with BX as collector (c(BX)=1x10"* mol/L,
p(MIBC)=10 mg/L, pH=6.5)

3.1.4 Flotation of chalcopyrite and galena with HA+APS
as depressant

The addition of single depressant did not reach the
purpose of the selective separation of copper/lead
minerals. So, HA and APS were used together to study
their synergistic effects on the separation of copper/lead
minerals. The pulp pH was adjusted to 6.5 with HCI, and
then HA and APS were added by the mass ratio of 1:1
and held for 5 min. The results (see Fig. 6) indicate that
in the full range of the reagent concentration studied,
with the increasing dosage of depressants, the floatability
of chalcopyrite decreases slightly, while the floatability
of galena decreases sharply. When the reagent
concentration was above 30 mg/L (m(HA):m(APS)=1:1),
the galena was hardly floatable, while the floatability of
chalcopyrite remains relatively constant. With the
synergistic effect of HA and APS, the floatability
differences of the two minerals were enough to achieve
the purpose of copper/lead separation.

In order to find out the mechanism of the synergistic

effect, in the following studies, APS concentration
remains constant at 5 mg/L and HA concentration
gradually increases. With the increasing dosage of HA,
the floatability of galena firstly decreases slightly, and
then remains relatively constant in the range of
5-30 mg/L (see Fig. 7). The results indicate that the
proper oxidation of galena is a prerequisite for the
depression of galena by HA.
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Fig. 6 Effects of HA+APS (mass ration, 1:1) dosage on
recovery rates of chalcopyrite and galena with BX as collector
(c(BX)=1x10"*mol/L, p(MIBC)=10 mg/L, pH=6.5)
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Fig. 7 Effects of HA dosage on recovery rates of chalcopyrite

and galena with BX as collector (p(APS)=5 mg/L, ¢(BX)=
1x10"*mol/L, p(MIBC)=10 mg/L, pH=6.5)

3.1.5 Separation of artificial mixed minerals

Chalcopyrite and galena were mixed in mass ratio
of 1:2, and chemical compositions were 10.87% Cu and
55.72% Pb. 3 g mixed minerals were used in each
experiment. HC1 was added to obtain the desired pulp pH
value of 6.5 and then the slurry was treated in the
following order (see Fig. 1): depressant (HA 30 mg/L,
APS 50 mg/L), collector (BX 2x10>mol/L) and frother
(MIBC 10 mg/L). The flotation time was set to 2 min.
The products and tailing were weighted separately after
filtration and drying, and then analyzed for copper and
lead separation (see Table 1).
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Table 1 Results of copper/lead separation test of artificial
mixed minerals by HA+APS

Mass fraction/% Recovery rate/%
Cu Pb Cu Pb
Cu concentrate 28.51 12.95 90.42 8.01

Pb concentrate 1.59 78.22 9.58 91.99

Product

3.2 Closed-circuit flotation test in laboratory

The copper/lead bulk concentrate obtained from
Bainiuchang Mineral Processing Plant, China, was tested
in closed-circuit in site to avoid the change of mineral
floatability in transit. Two schemes were employed by
contrast test: 1) Depression of lead by sodium
dichromate; 2) Depression of lead by HA+APS. H,SO,
was used to adjust the pulp pH, in the first scheme,
pH=7.5 and in the second scheme, pH=6.5. The flotation
flowsheet and reagent regime are shown in Fig. 2, and
the results are shown in Table 2. The results illustrate that
the recovery rates of chalcopyrite obtained by the two
separation schemes have little difference. However, a
decrease of the Pb content and increase of the Cu content
in the corresponding concentrates were observed. It is
because that galena in the bulk concentrate was
selectively depressed in the presence of sodium
humate [10].

Table 2 Results of copper/lead separation test of artificial
mixed minerals by HA+APS

Dosage of Mass Recovery
Depressant reagent/  Product _fraction/% rate/%

(gth Cu Pb Cu Pb
Cu 30.47 2.06 89.16 1.58

concentrate

HA+  HA 1500 Pb

APS  APS 600 1.45 50.34 10.84 98.42

concentrate

Cu/Pbbulk 9.61 36.76 100 100

Cu 21.13 1.95 87.59 2.11
concentrate
Potassium
dichromate 890 Pb 1.98 59.80 12.41 97.89
concentrate

Cu/Pb bulk 9.60 36.78 100 100

3.3 Flotation mechanism discussion

The aforementioned flotation tests indicate that the
usage of single depressant (HA or APS) could hardly
separate chalcopyrite and galena, but the mixed
depressant (HA+APS) was highly selective in the
separation of chalcopyrite and galena, and the proper
oxidation of galena surface was a prerequisite for the
depression of galena by HA. In this work, the solubility
analysis, adsorption tests and the IR spectra were
introduced to investigate their interactions.

Figure 8 illustrates the adsorption amount of HA on
galena and chalcopyrite at different HA concentrations in
the absence of APS. The results indicate that the
adsorption of HA on galena and chalcopyrite increases
slightly as the concentration of HA increases. The
adsorption amount of HA on the galena is higher than
that on the chalcopyrite.

30
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25t e — Chalcopyrite

20+
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Adsorption amount of HA/(ug+g™")

0 L L 1 1 1
10 20 30 40 50

Concentration of HA/(mg-L™")
Fig. 8 Adsorption of HA onto chalcopyrite and galena at

different HA concentrations and pH=6.5

Figure 9 illustrates the adsorption amount of HA on
galena and chalcopyrite at different APS concentrations.
The adsorption amount of HA on galena increases
substantially as the concentration of APS increases.
While, the adsorption of HA on chalcopyrite remains
relatively constant and is independent of the APS
concentration.
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Fig. 9 Effects of APS concentration on adsorption of HA on
chalcopyrite and galena with 20 mg/L HA, pH=6.5

The results of the absorption measurement agree
well with the flotation test, and it is confirmed that the
slurry oxidation environment is essential for the
depression of galena by HA.

Table 3 lists the negative logarithm of the solubility
product constant (K,) of the main lead compounds [14].
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ZHUANG et al [15] had tested the apparent stability
constant (K;) of lead—humic acid complexes. When the
pH is 6.5, the K is 10.65-12.3. The K, of PbS is 27.5,
which is far greater than the K of Pb,HA,. However, the
K, of PbSO, is less than the K of Pb,(HA),. According
to Taggart’s chemical reaction hypothesis [16], HA tends
to react with PbSO,, which is the oxidation product of
galena, to form Pb,(HA),, while it can hardly react with
PbS.

Table 3 Negative logarithm of solubility product constant (K;,)
of main lead compounds

Species K
PbS 27.5
PbCO; 13.13
Pb(OH), 14.93

PbSO, 6.2
PbCrO, 12.55

Infrared spectroscopy [17] was used to identify the
surface species resulting from interactions between the
galena and HA both before and after being oxidized by
APS. The infrared spectrum shows only the 600—4000
cm ' region, since this area includes most of the
characteristic bands of HA. Figure 10 shows the infrared
spectra of HA. It is illustrated that spectra have
stretching vibration bands of —CH; and —CH,— at
2929.87 and 2875.86 cm ', respectively, C=C at
1575.84 cm ', vibration bands of —C—O— at 1107.14
and 1035.77 cm ™.

1000 1500 2000 2500 3000 3500 4000
Wavenumber/cm™

Fig. 10 Infrared spectrum of HA

Figure 11 shows the spectra obtained from galena
before (Fig. 11(a)) and after (Fig. 11(b)) being oxidized
by APS. The characteristic bands at 1168.86 to 1039.63
cm ' were observed when galena was conditioned with
APS, suggesting the oxidation product on galena surface
was PbSO, and the following reaction might be
happened.

Galena+APS+HA

1000 1500 2000 2500 3000 3500 4000
Wavenumber/cm™!
Fig. 11 Infrared spectra of galena (a), galena after being
oxidized by APS (b) and HA conditioned with APS oxidized
galena (c)

PbS+4S,04" +4H,0—=PbS0,+8HSO," (1)

The spectra for the oxidized galena conditioned
with HA were shown in Fig. 11(c). For the oxidized
galena, characteristic bands of HA at 2929.87, 2875.86,
1575.84, 1107.14 and 1035.77 cm ' were observed,
suggesting the adsorption of HA on galena. The bands at
1575.84, 1107.14 and 1035.77 cm ' turned to 1568.86,
1099.43 and 1043.49 cm ', respectively, which indicated
that sodium humate was chemically adsorbed on the
surface of galena as the following chemical equation:

nPbSO4+2HA”7=an(HA)2+nSO427 2)
4 Conclusions

1) The mixed depressant HA+APS is highly
selective in the separation of chalcopyrite and galena
compared with single depressant (HA or APS). The
proper oxidation of galena surface is a prerequisite for
the depression of galena by HA.

2) The closed-circuit flotation test of copper/lead
bulk concentrate showed that grade and recovery of Cu
in copper concentrate are 30.47% and 89.16%, those of
Pb are 2.06% and 1.58%, respectively; the grade and
recovery of Pb in lead concentrate are 50.34% and
98.42%, those of Cu are 1.45% and 10.84%, respectively,
using sodium humate (HA) and sodium persulfate (APS)
as the depressants.

3) The adsorption measurement and infrared
spectroscopic analysis indicated that the slurry oxidation
environment and the proper oxidation of galena surface
are prerequisites for the adsorption of HA on galena. HA
can be hardly adsorbed on the fresh surface of galena,
while after oxidation, it can be chemically adsorbed on
the surface of galena.

4) The combination of HA and APS can be used as
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an efficient non-toxic reagent for the depressant of
galena in cleaning separation for copper/lead bulk
concentrate by flotation.

Research on mechanism and effects of a new inhibitor on the
separation of chalcopyrite and galena [J]. Multipurpose Utilization of
Mineral Resources, 2011, 172(6): 44—48. (in Chinese)

[9] LIU Run-qing, SUN Wei, HU Yue-hua. Study on organic depressant
FCLS for separation of chalcopyrite and galena [J]. Mining and
References Metallurgical Engineering, 2009, 29(3): 29-32. (in Chinese)
[10] CHEN Jian-hua, LI Yu-qiong, CHEN Ye. Cu-S flotation separation
[1]  LIU Jian, WEN Shu-ming, DENG Jiu-shuai, CHEN Xiu-min, FENG via the combination of sodium humate and lime in a low pH
Qi-cheng. DFT study of ethyl xanthate interaction with sphalerite medium [J]. Minerals Engineering, 2011, 24(1): 58—63.
(110) surface in the absence and presence of copper [J]. Applied [11] QIU Ting-sheng, ZHANG Bao-hong, ZHANG Wei-xing, ZHAO
Surface Science, 2014, 311: 258—263. Guan-fei. Current status and progress of technology of separating
[2]  WILLS B A. Wills” mineral processing technology: An introduction arsenopyrite and pyrite [J]. Mining & Processing Equipment, 2013,
to the practical aspects of ore treatment and mineral recovery [M]. 41(4): 1-5. (in Chinese)
Oxford: Butterworth-Heinemann, 2011: 336—343. [12] LI Xing-hai, LI Chang-cheng, YANG Wen, HUANG Wen-zheng,
[3] BULATOVIC S M. Handbook of flotation reagents: Chemistry, ZHU Fang-zhao, HE Zhi-quan, HU Xi-zheng. The separation
theory and practice [M]. Amsterdam: Elsevier, 2007: 383—389. flotation of Cu/Pb and S/As minerals by sodium (ammonium)
[4]  PIAO Zheng-jie, WEI De-zhou, LIU Zhi-lin, LIU Wen-gang, GAO humate [J]. Nonferrous Metals: (Mineral Processing Section), 1988,
Shu-ling, LI Ming-yang. Selective depression of galena and 4(4): 11-14. (in Chinese)
chalcopyrite by 0,0-bis(2,3-dihydroxypropyl) dithiophosphate [J]. [13] LIANG lJing-dong, QIU Liang-bang, HU Qing-yong, ZOU Yu-zhi.
Transactions of Nonferrous Metals Society of China, 2013, 23(10): Studies on separation of the bulk concentrates of Cu and Pb with
3063-3067. sodium humate [J]. Mining and Metallurgical Engineering, 1985,
[5] LI Qian, JIANG Tao, YANG Yong-bing, LI Guang-hui, GUO 5(2): 21-24. (in Chinese)
Yu-feng, QIU Guan-zhou. Co-intensification of cyanide leaching [14] SOMASUNDARAN P, WANG D. Developments in mineral
gold by mercury ions and oxidant [J]. Transactions of Nonferrous processing [M]. Amsterdam: Elsevier, 2006: 1-4.
Metals Society of China, 2010, 20(8): 1521-1526. [15] ZHUANG Guo-shun, LIAO Wen-zhuo, PAN Jie-zai, CHEN Song.
[6] LIU Q, LASKOWSKI J S. The role of metal hydroxides at mineral Apparent stability constant of Cu- and Pb-humic acid complexes
surfaces in dextrin adsorption, II. Chalcopyrite-galena separations in from Changjiang estuary suface sediment [J]. Jouranl of
the presence of dextrin [J]. International Journal of Mineral Oceanocraphy in Taiwan Strait, 1988, 4(4): 51-55. (in Chinese)
Processing, 1989, 27(1-2): 147-155. [16] TAGGART A F, BEHRE H A, BREERWOOD C H. Handbook of
[71] DRZYMALA J, KAPUSNIAK J, TOMASIK P. Removal of lead mineral dressing: ores and industrial minerals [M]. New York: Wiley,
minerals from copper industrial flotation concentrates by xanthate 1945.
flotation in the presence of dextrin [J]. International Journal of [17] YIKAI K, HUIRU D. Handbook of analytical chemistry (Volume 3)

Mineral Processing, 2003, 70(1—4): 147-155.

HUANG Hong-jun, HU Zhi-kai, SUN Wei, DONG Yan-hong.

[M]. 2nd ed. Beijing: Chemical Industry Press, 2004: 928—980.

TS VA RS S FN T BREL SRR & I 7

AT e =

=i AR

aEp¥gt, BIOR Y, B SN, A, £ R BHARE?L Bk
CPERYE WEIN TS TR R, Kb 410083,

2. BB AT, AR AE R AR, 3k 014080;
3. IEHENMABRTHEAH], £ 662400

W FE. CRAVEESEE . TR PRSI DL L AMGRE 43 A A5 VA 5 I S R AR I AR R h] B RNy B TR AT
SRR . SR S0 e W, RIHIIE 24 S A O BV 52 1 J8 e R A A 1 (1 S w4 P o LS B Pk R ot
Tk R4 19 7 ™ ) 0 R I 5 R A P B S 38 T LA B 45 R (RIS 730 h 30.47% 1 89.16%, 1 i A7 i ]
WA 5k 2.06%F0 1.58% MAMASH", LA AN S 7 FH R 2623 T A 50.34% FH 98.42%, 4 fib {7 FH B 26433l by
1.45% F1 10.84%HVRER MG AR T AR RSN . WP RN AN MR W, T IR AR IE AR A S B
S5 5 B TR AR, (R B K R AR & YA R B 5 3R . ARSI I REE, R R AL
i PbSOy, A RN 5 H R 2B T 3 I N i DAL A2 IR B 1 5 20 B AE SR R 4 R T, AT P A s st g
Ji L R R Sk ot e 20 5 0 TR S A B VR A RV 4 40 S AT O T

KEEIR: I, OTHEDT, RIARRDN: LGRMREE: YRk

(Edited by Yun-bin HE)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


