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ABSTRACT

Precipitated calcium carbonate(PCC), particularly calcite crystal, is extensively used as a pigment, filler
or extender in various industries such as paper, paint, textile, detergents, adhesives, rubber and plastics,
food, cosmetics, and biomaterials. PCC is conventionally produced through the gas-liquid carbonation
process, which consists on bubbling gaseous CO, through a concentrated calcium hydroxide slurry. This
study is aimed to find some factors for controlling the morphology of engineered PCC in lab-scaled mix-
ing batch. The experimental designs were based on temperature variables, Ca(OH), concentration, CO,
flow rate, and electrical conductivity. The model of engineered PCC morphology was finally controlled
by adjustment of electrical conductivity(6.0~7.0 mS/cm) and Ca(OH), concentration(10 g/L).
Orthorhombic calcite crystals were mostly created at high concentration and electrical conductivity con-
ditions because the increased ratio of Ca>” and CO;” ions affects the growth rate of orthorhombic faces.
Excess calcium spices were contributed to the growth of faces in calcium carbonate crystal, and the
non-stoichiometric reaction was occurred between Ca>” and COs” ions during carbonation process.
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o Zulthata A upsleyst AR H 8k} (Dept. of Forest Products & Biotechnology, Kookmin University, Seoul, 136-702,
Korea)
+ W AIA 2K Corresponding author) : E-mail : hyjikim@kookmin.ac.kr



114 o - AT - Y Hx - Fol7]& 43(3) 2011

.ME

TolAxYg FR U 2R HE, SAA Y
Thr ] 71 A7) S 5 4 ATk S A fllen) =
0] 9] E-E1 - (opacity), "M &= (brightness), 214 4]
A (printability) 2 &% (smoothness) 5 F0] 2] &2
= A7) S5k A7bets 1S B /7124
EA A BB Lo H]5] 712 0] At Fo] A

A7 A ARE 7IHE = e A= AYaL 9l
A

Aot ot AAE
| 2= 23, 290, @Ak, oAt g, g4t
o] 1o, o] T et A 2A AlAH

gz

mu)
S~
X
>.
lo
S

N
o
v
b
)

o "

k=l
=

>
oo
KT o

™
as

X,

O
A
o
o &
T
oo
=

I

A=A AA
HE S
A5 o] whet A 3]
eRXHZh42(Ground Calcium Carbonate, GCC)¥} 3}35}
4 wos AzE: 7 SAEHPrecipitated
Calcium Carbonate) 0 2 LR Fc}h 232 eAbd 4o
H4, 27 9 = 2] 270 o2l why, W7 e
NS A2 B A 270 M 2 AT thet U
0 Aol 7} 7Hs e o] ekt B2 7]
rrow gelsjsiy B40| A rg vhEees
(vaterite), ZFAFo] E(calcite), oF2talL}o] E(aragonite)
o} 3 714 i AR ZAjate). o] £ ZHAlo|E Fefo] e
R4 L3 U719 2 A4 Qojsha o= 7
R el 728 A3 ek, vhErto] B §14
FRA 29 YT L5 W] v HebHHn,
ofeF IOl B AP A TEEA 17198, 75K ola}
o4 QAT A FEE A 2 AT A
o= o]go]4 9t} A EE SHAYA T22A
Ca” U719} COy7t B2 v Adto] A H 52 o7
A glow ZHAA A OF 600 FF oo A& THE P

o> M
=

O

-3

f
t o

o2
L i

>

S~

oA
>
i)
1
S
er‘
2
2,
2
)
rl
of
i)

B = ZA3e). ZAfo| B AR A2 o] 7H qF
A& ol AbHS-H A (thombohedral) 24 E%9} t}o
gt o|P A Eo] EASE WEE Ko HAZHA
(scalenohedral) ALz 7} ZA)atct>
RIS A=A PARS S cdpca= | Bte A B I
)

O

s

L 1A whS, oo BHg o] St o1y
oH A Wk (calcination reaction)> F= F3ZPd 4
(CaClay 93} EAHEE §(NaxCOp) £:018 918417
AlEshs Wiolat, 71A- A ke -e pAtekd
48 H(Ca(OH)y)°] o] 4tatetax(CO, &
WS A2 ol 22 84N 5 W e AlE
A

P
N
juica
o
2

AR
AZFE Sla) o140 W7 BAV A B A
: 2 Zolm Aol
2

!
5o Al v E = ol 4tbeta A RE
%L 7 2 3|
A

el

CO;, + H,0 = H,CO;
H,CO; = HCO; + H'
HCO; = COs” +H'
COs”"+ Ca™" = CaCO;
7| A- A A w2 83 A7 whal
T %2k, 47| M e E, pH 5 ¥H-%
Ao gko = A eA452] morphology
7} 53 =0} Ht}. Uebo'V 5-& thas2)

o T
Shd g dof ojitetetas

)
i3
2
el
ol

o
2
i o
x &g
S b
2 ot e

of4 il

=2

e A

N
]
ol
-
2
N
24
0
2
2
jus
=

o
>
I
£t

[ rlr o
= Qo
m oxt
o>
1o
)

~,
4o N
Shs
4
ot
re
-
iy
~{
s
o
]
iMoot
=
%0,
0
3
o
B
()

lo
=
L
)
)
_E
o
o
L
U}
B
|
)
op
of
o
2
)
)
oX,

2 §h3 R AV A S 24
E A H o] HItE AP AR
(Scanning Electron Microscopy)< ©|-&5Fo] %
shlaL, A7 A e o) w2 Zrol2 9] 5 =9} thibo]
28] FEE SATto] o] o] ZAto| EQ) AL H
A L A ZEA FEf o) A Aol v A= PR B
13} t} Domingo 52 CO,8} Ca(OH), =8-S
o3k Bh-& Al COE T w9 F e 1} AR =&
of wa} ZAto] E 7} 3}sh= g Adol tisto] A+
319101, Kitamura"= o] i A} 71 2 8135} Q120
2 gAHEdEo JH HSE Askloh EIE

o md I ofn to Ok ofo
2
i

fu o
m\u mlo
%o
>

©



7|4~ A &

Carmona 5-2'Y A|EZAKcitric acid), IR A
(sucrose), & LHAF ZH3(calcium lignosulfonate), =
g Al B E F(sodium dodecyl sulfate), Z&] o € 2l
=2 Z(polyethylene glycol) 52 H7HA|E FEU5t9
ojAtot et A- Ak 4 Whg 2 of| whet A wHARE

£ A3k ol ki Felot A4 A7)0 wisks &
Apsteiet.

o]o] 2 ¢l A2 F A 9 o) hBhekd: Ak 2
7H AL S8 DRI F A Bl B A0
24 AR FRE 1 EFE7] S ol §5te] 4

ST LA TYAN THAE oA LE
3

b

f
é

%2 01=0
m

=

@,

=]

(¢]

[¢']

-

[¢]

[oN

Y
o¥
U
r>“

>

N

g

2.1 ZAX=

A| 2|4 Engineered PCC2] &S 7] o] 5}7] 93 4=
= 95% oo AN ¢(Ca(OH)) #T =
99. 5%‘04 O]/\}ﬂ%—/ﬁ(COQ) 7]-_/_\_% /\]-‘9_ ]-0:1 o U:] A,\]_
S SN A XA AL E G2 = 254508

sk},

2.2 Mixing batch model
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Fig. 1. Lab-scaled mixing batch model.
(a) water bath, (b) reactor, (c) speed controlled
motor, (d) double-blade impeller, (e) gas blowing
module, (f) pH probe, (g) electrical conductivity cell,
(h) pH meter, (i) electrical conductivity meter, (j)
CO; gas supply cylinder, (k) ball flow meter, (1)
thermometer.
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Table 1. Lab-scaled experimental models for PCC morphology design by Ca(OH), concentration

Ca(OH CO, .. Temp. Electrical
Model No. (é/L) & (Liminy ~ Mixing speed (rpm) (°c§) conductivity (mS/cm)
1 16 1 100~200 25 <05
32 i 100~200 25 <05
3 6.4 1 100~200 25 <05

(Volume of Ca(OH); solution : 1 L)
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Table 2. Lab-scaled experimental models for PCC morphology design by temperature

Model No. Ca(OH), CO, Mixing speed Temp. Electrical
(g/L) (L/min) (rpm) 0 conductivity (mS/cm)
1.6 1 100~200 30 <0.5
1.6 1 100~200 40 <0.5
1.6 1 100~200 50 <0.5

(Volume of Ca(OH); solution : 1 L)

Table 3. Lab-scaled experimental models for PCC morphology design by temperature and CO, gas flow

rate
Model No. Ca(OH), CO? Mixing speed Tezmp. El‘ec‘trical
(g/L) (L/min) (rpm) (C) conductivity (mS/cm)
1.6 2 100~200 20 <0.5
8 1.6 3 100~200 20 <0.5
1.6 4 100~200 20 <0.5
10 1.6 1 100~200 80 <0.5
11 1.6 2 100~200 80 <0.5
12 1.6 3 100~200 80 <0.5

(Volume of Ca(OH); solution : 1 L)

Table 4. Lab-scaled experimental models for PCC morphology design by temperature and conductivity

Model No. Ca(OH);, CO, Mixing speed Temp. Electrical
(g/L) (L/min) (rpm) ©) conductivity (mS/cm)

13 1.6 0.5 100~200 25 7.5—6.8

14 1.6 0.5 100~200 60 7.0—6.5

15 1.6 0.5 100~200 25 7.5—5.5

16 1.6 0.5 100~200 25 7.5—3.5

(Volume of Ca(OH); solution : 1 L)

Table 5. Lab-scaled experimental models for PCC morphology design by Ca(OH), concentration and

conductivity
Ca(OH), . Mixing speed Temp. Electrical
Model No. (g/L) CO: (L/min) (rpm) (C) conductivity (mS/cm)
17 10 0.5 100~200 35 7.0—6.0
18 5 0.5 100~200 35 7.0—6.0
19 10 0.5 100~200 35 7.0—0.5
2 0|83 Z] Z} < x
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Fig. 2. XRD patterns of the engineered model
of PCC.
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Fig. 3. XRD pattern of the engineered model of
PCC.(No. 17).
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Fig. 4. SEM images of model controlled PCC
according to temp., Ca(OH), concentration
and CO, flow rate(Engineered model No.
1~10).
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Fig. 5. SEM images of the controlled model of
PCC according to electrical conductivity at
relatively low concentration of Ca(OH),.
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ol—)l

°o]7]& 43(3) 2011

o] et 54 w4 0}7] 9|5k Table 49| = &
AP K d g o ] Aleofstl o, ofof o
A O]UV‘] A 3}E Fig. 59 ‘/}EP”
o} A7F gAabd 4 Aol 24 No. 13, 15, 169] 73
TE 1.6 wt%= 1A 7].1_.C02~|C1’—

0.5 mL/min, A7| A =% 5 7}7}6.8,5.5,3.5 mS/cmi
28l 9lrk. B2 ek Alo] e No. 14 139] 7]

o}, 27 i
CESIEE I[N WﬂiEewciZﬁ&“q
E3 27

-ﬁxﬂoi EE*‘ No 13 15,
ﬂ%ﬂﬂ%ﬁ%ﬁﬂ”“ﬂ“@
E360C R LES 2H5}0] of3t wE No. 142] 7
9 APES U R WE7 2 TR AR A
FelE PR At

3.2.3 1=E9| Ca(OH), & M7|MEZ0f o2
2 EtzE o Hef Ed X

Table 59]| Urepl HEQ} Zo] Ca(OH), -84 9] &%=

£ 5, 10 wt% = AFSA7] 8 AV AEEES 6.0

mS/cm 2 0.5 mS/cm 0|3} 2 A o]5}o] AL 27} Ak

KNUEM1 15,

Model No. 17 Model No. 18

KNUEM1 15.0kV 1.

Model No. 19

Fig. 6. SEM images of the controlled model of

PCC according to electrical conductivity at
relatively high concentration of Ca(OH),.
(Engineered model No. 17~19)



7|A-8A4) £3tzAo] w2 Engineered PCC2| Jejehs 24

< F 9] SEM o] 1] 2] = Fig. 69 YRRt 7]
E56.0mS/cmzE 243 Ao] =¥ No. 16 X 179]
&S AP A FE7E R A /e, A7)
E%5 | mS/cmo|3t2 2% A7} eibd 49 74

- AP EA FEj 7 = ik ol Rt Ak 71
-@ﬂ%wﬂ@ﬂﬁﬁﬂﬁEEﬂﬂﬂCfﬂcm
O] T H3sHA H, o]of whe} o] 259 Hj o]
tEA ey b0l 24 g E = W atst gl A
71 = Hhg 27]0 7~8 mS/em Abo] ol A BHg-
# A 0.5mS/cm o|3}2 8175 A Hled 1= XA
N A7 AEEE 2F 6~7 mS/cm H == A5

~Q“*HﬂC¥+ﬂ901C03Oﬁliﬂﬂﬂmﬂk*ﬂ
ﬁEb—CaOMh+C0313@1%@0Vﬂﬂ§%bﬁ
Abzh430] ZAbr o] o) o] Ca® o] &-0] A A Ao ol
1A a1, o] o] what A u| 7} 2 A A P2
A QA7 E Ao = AbRETh wheba] A7)
L= 9 Ca(OH), 5% 243 Foho] AP A) 3 H
Hep o & A2 o] F AR A FEf o] Atz AAH

rzi 2 Ko

{0

o}

A o] 7453 Ao 2 wteke )
4, 4 E

ARAA PR T BT 8715 o] §3te] 418}
74 8003} o] AlB}ERA S 285 44§ Engincered
PCCO| B4 Alofstanat sheom, o) wh 4%
) e BAS BA stk BT A7) AE
= 27404 Ca(OH), %5 &, CO, %, £ %ol mh
W7 S O] e AP HE 2 2 ke

ﬂ&%ﬁﬂ%ﬁﬂ%#ﬂﬂﬁﬂﬂ?*%A“ﬂﬁ
#%ﬂ%ﬂ%@ﬂ@ﬂ%Eﬁ%ﬂ”ﬂﬂﬁﬂf
Q. He 23t AR

¢

> o

ek
ol
)
N
do
o
_>.:
I
R
N
2
H—]
FN

O
o
2 of

]ﬁﬂﬁ¥%W

AL Ab

B AFE AAAA L] of ] 2] A 7] & kAR
(ZHAH 3 2010T100200471, 0] AFsHEr A A9 2 718
29714 i <] A el gJste] == 5yt

10.

11.

119

ol
o

—

ror

=
(L

. Neimo. L., Stryker. J. J. and Paperi-insindrien S.,

Papermaking Chemistry, Vol. 4, TAPPI Press,
Helsinki, Finland, pp. 117-121 (1999).

. Lee. Y. K and Lee. H. M, The Effect of Precipitated

Calcium Carbonate Having a Small Particle Size on
the Print Quality of an Inkjet-Grade Paper, Journal of
Korea TAPPI 37(2): 39-46 (2005).

.Han. Y. R. and Seo. Y. B, Effect of particle shape and

size calcium carbonate on physical properties of pa-
per, Journal of Korea TAPPI 29(1): 7-12 (1997).

.Hwang, J. W., Lee, Y. and Lee. D. H., Morphological

change of precipitated calcium carbonate by reaction
rate in bubble column reactor, Korean Chem. Eng.
Res., 47(6): 272-733 (2009).

.J. G. Carmona, J. G. Morales, J. F. Sainz, E. Loste, and

R. R. Clememte, The mechanism of precipitation of
chain-like calcite, H. of Crystal Growth 262: 479-489
(2004).

. Lee. J. W., and Kim. S. Y., Patent analysis for syn-

thesis of precipitated calcium carbonate, Journal of
Korea Institute of Geoscience and Mineral Resources
6(6): 562-571 (2007).

Feng B., Andrew K., and An. H, Effect of various fac-
tors on the particle size of calcium carbonate formed
in a precipitation process, Materials Science and
Engineering A 445-446: 170-179 (2007).

. Domingo. C, Loste. E., Gdmez-Morales. J., Garcia-

Carmina. J. and Fraile. J., Calcite precipitation by a
high-pressure CO, carbonation route, J. of Supercritical
Fluids 36: 202-215 (2006).

L 7FEA, A7 Bz o) Al % 74 B3, V)4

FHA BN, FRIE|E
(2003).

Martos. C., Coto. B., Pen"a. J. L., Rodriguez R.,
Merino-Garcia. D. and Pastor. G., Effect of precip-

FEATY, pp. 3

itation procedure and detection technique on particle
size distribution of CaCQs, J. of Crystal Growth 312:
2756-2763 (2010).

Uebo. K., Yamazakib. R., and Yoshidac. K.,
Precipitation mechanism of calcium carbonate fine

particles in a three-phase reactor, Advanced Powder
Technology 3(1): 71-79 (1992).



120 olgF - AT - FFA Hx - Fol7]& 43(3) 2011
12. Carmona, J. G., Morales. H. G. and Clemete. R. R., 237-239: 2205-2214 (2002).
Rhombohedral -scalenohedral calcite transition pro- 14. Carmona. J. G., Morales. J. G., Sainz. J. F. and
duced by adjusting the solution electrical con- Clement. R. R., Morphological characteristics and
ductivity in the system Ca(OH),-CO,-H>O, J. of aggregation CO, through a Ca(OH), suspension in the
Colloid and Interface Science 261: 434-440 (2003). presence of additives, Powder Technology 130:

13. Kitamura. M, Controlling factor of polymorphism in 3017-315 (2003).
crystallization process, J. of Crystal Growth.




<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AGaramondPro-Regular
    /ahn2006-B
    /ahn2006-L
    /ahn2006-M
    /AmiR-HM
    /Apple-Chancery
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /Batang
    /BatangChe
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ChosunilboNM
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Dotum
    /DotumChe
    /EstrangeloEdessa
    /ExpoM-HM
    /FranklinGothhvy
    /FranklinGothic
    /FranklinGothic-Bold
    /FranklinGothic-BoldItalic
    /FranklinGothicCondensed
    /FranklinGothic-Italic
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinGothlte
    /FZSY--SURROGATE-0
    /FZXBSFW--GB1-0
    /FZXBSJW--GB1-0
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /H2gprM
    /H2gsrB
    /H2gtrE
    /H2gtrM
    /H2hdrM
    /H2mjrE
    /H2mjsM
    /H2mkpB
    /H2porL
    /H2porM
    /H2sa1M
    /H2wulL
    /HaansoftBatang
    /HaansoftDotum
    /Haettenschweiler
    /HeadlineR-HM
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /HelveticaNeue-HeavyCond
    /HelveticaNeueMedium
    /Helvetica-Oblique
    /HYbdaL
    /HYbdaM
    /HYbsrB
    /HYcysM
    /HYdnkB
    /HYdnkM
    /HYgprM
    /HYgsrB
    /HYgtrE
    /HYhaeseo
    /HyhwpEQ
    /HYkanB
    /HYkanM
    /HYKHeadLine-Medium
    /HYmjrE
    /HYmprL
    /HYnamB
    /HYnamL
    /HYnamM
    /HYporM
    /HYsanB
    /HYsnrL
    /HYsupB
    /HYsupM
    /HYtbrB
    /HYwulB
    /HYwulM
    /Impact
    /Kartika
    /Latha
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /MagicR-HM
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal-Regular
    /MaturaMTScriptCapitals
    /MDAlong
    /MDArt
    /MDEasop
    /MDGaesung
    /MDSol
    /Mhansek
    /MHunmin
    /MicrosoftSansSerif
    /MingLiU
    /Mla
    /MoeumTR-HM
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MVBoli
    /NewGulim
    /NSimSun
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PMingLiU
    /PyunjiR-HM
    /Raavi
    /San02M
    /SandJg
    /SandKm
    /SandTg
    /SandTm
    /SeoulHangangM
    /SeoulNamsanM
    /SeUtum
    /SHeadG
    /Shruti
    /SimHei
    /SimSun
    /SinMyungJoyakja
    /Sylfaen
    /SymbolMT
    /TaeM
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TSThgrgl
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /YDIGasiIIB
    /YDIYGO120
    /YDIYGO330
    /YDIYMjO150-KSCpc-EUC-H
    /YDIYMjO220
    /YDIYMjO230
    /YDIYMjO240
    /YDIYMjO320
    /YDIYMjO330
    /YDIYMjO340
    /YDIYMjO350
    /YDIYMjO360
    /YDSAH
    /YetR-HM
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


