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Characteristics of Uranium Adsorption/Desorption
using Anion Exchange Resin

Insung Hwang, Wongeun Lee, Jonghyuk Jeon, Younghun Kim, Kyeong woo Chung,

Jin-Young Lee, Joonsoo Kim and Choon Han*

Abstract : In this study, adsorption/desorption characteristics of uranium ion was investigated using an anion
exchangeresin. After anionization of uranyl(U022+) ion, batch tests were conducted using A500/2788 as an anion
exchange resin. Adsorption tests were conducted for various concentrations of acid, temperatures, concentrations
of uranium ions and adroption times whereas desorption tests were conducted for various concentrations of H,SO4
and reaction times. According to test results, the highest adsorption of uranium ion was obtainde in 0.01 M H,SO4
solution while the adsorption decrease in the strong acidic solution. Also, the adsorption rate was found to
adsorption capacity. Furthermore, the adsorption results were found to respond well to Langmuir isotherm equation
and follow the pseudo second-order kinetic model. In case of desorption tests, the high desorption was obtained
in concentrated H,SO4 solutions. Desorption of more than 70% was obtained at the beginning of 60 minutes
while the desorption rate decreased gradually and reached to the equilibrium after 6 hours.
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Fig. 1. Structure of A500/2788 resin.

Table 1. Physical and chemical characteristics of A500/2788

Characteristics Value

General Description

Ionic form as shipped Cl-

Functional group quaternary ammonium

Matrix crosslinked polystyrene
Structure macroporous
Appearance spherical beads

Physical and Chemical Characteristics

Total capacity (min.) 1.15 eq/L
Paricle size range 800 - 1300 /m
Moisture retention 53 - 58%
Specific gravity 1.08

Shipping weight (approx.) 670 - 700 g/L
Temperature limit 100C
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Fig. 2. Effect of acids concentration on the uranium
adsorption by anion exchange resin.
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Fig. 3. Effect of temperature on removal of uranium.

Table 2. Fomation constant data for uranyl ion (U0 compounds in acid solutions (H,SO4, HCI, HNO3) (Guillaumont

et al., 2003)
Species Reaction logio K°
UO,S04(aq) UO + 80% = U080, 3.150 (0.020)
UO(SOs)> U0 + 2807 = UO0xS0s)> 4.140 (+0.070)
UOx(SO)s™ U0 + 3807 = UOySOs)" 3.020 (+0.380)
UoCl* U + = uoLcr 0.170 (+0.020)
UO,Cly(aq) U0 +2CI = UOChaq) -1.100 (0.400)
UO,NO;" U + NO; = UONO;" 0.300 (£0.150)
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Fig. 4. Langmuir isotherm model for uranium.
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Fig. 5. Freundlich isotherm model for uranium.

Table 3. Langmuir isotherm and Freundlich isotherm
constant

Langmuir isotherm Freundlich isotherm
G b R2 KF 1/n R2

66.00 0.0973 0.9905 | 16.04 0.3177 0.9829
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constant

Dubinin-Radushkevich .
. Temkin isotherm
isotherm
Gy E R AQ e R?
8.09x10" 13.31 0.9892 | 0.1773 1.0514  0.9949

ot

AU gete)

<, il o
RT
4= GGG an

o714 ¢ = FAR AelN T el deKe
F25 §20] mele), A0 FAAoIA sl
(J/mol), &+ Temkin A=HV/mg), RS 7|APF(kI/mol - K),
= AY2=(K)E 2|3t Temkin 52412 2-8-3]
o] Fig. 7] UelRlem, Table 40] AQS} K FL& 5t
sick

Dubinin-Radushkevich 5-24]7} Temkin 524]-&
Ao Mg B Au}, 77+ &Zko] 0.9892, 0.9949
2 Ugrom, Dubinin-Radushkevich S-24]0 2 X
ZH| | 2|(£)9] Fke] 13.31 kl/mol & 8~ 16 kJ/mol
TE7]ol SRS olgugtor AP 4
(Helfferich, 1962). E3F Temkin 52412 5
Aol 7(AQ )7} 0.1773 Vmol <& oF

o 3o = L
M O oo (o rfe

TR

%0, ol

2~
2 T

%Olg g X0 o3t REkEQ| SEHUISAT

ol 2|9t 2o J —.”?lo o) ojst vk
%] 745 7] 93 12} ¥k W d(pseudo-first-order
kinetic)@} 2} HF2 ﬁﬂﬁ‘(pseudo second-order kinetic)
& Agstol .

13} WSSEALS FaAIS FELY whe4Eo)
PR N 2 BAE Hel7] flske] 18984
Lagergren©]] o3} &2 02 AA|=| Itk Lagergren, 1898).
o] A& sgolirel gaAlRE S0 FANAL o

71 Slal 7 el AR Gl MSEEA S stol
W 4 (12)¢} 2t
dg _
by (q.~q) (12)
65
60 [ [ ]
q,= 13.9707InC_+0.7004
55 L R’= 0.9949 - "
n
50 |- -
@ 45 |- L]
T =
40 - -
35 - o
| ]
30 [ ]
25 1 L 1 L 1 L 1 s 1 L
2.0 25 3.0 3.5 4.0 4.5
InCe

Fig. 7. Temkin isotherm model for uranium.



A7) A k2 1A} v
efollAl S2HA %Hé%@ﬁ%%ﬁ%.%ﬂﬂo oF
(mg/g), q= THSAITE tollA S2FA| sHol|A 9] S25F
(mg/g), t= A)7Hmin)S UePdch B dlojas 2
(12)5 AAststo] ohat 2ol HPAA {853t

1nf@é532:>-JQt (13)
In(q, —¢,) =Ing, — Kt (14)
71N K& 13} WHe&E Ax(min'), ¢ & S
Aol A DAY SAE A

(mg/g), %L HEGAIZE toll A F2HA] HolA
(ng/g), += AZHmin) S LrERIT, Sakm Ao
32 2] (14)0] 288l Fig. 80| Lperiglom, 2414
QE—'?*H A3 K, g D R’ZES Table 50 UERYIC

22} W& AL Ao A Y] FRE RS v
o2 8h3 9lom, Hoot Mckayol 2J3) o3 43} Z7o|
8% thHo and Mckay, 1998).

Y kg~ (15)

4.5
wl
"

r -

3.5 - [ ]

In(q,-q)= -0.0036t+3.8976
R?=0.9641

In(q,-q)

0 vy
-100 0 100 200 300 400 500 600 700 800

time(min.)

Fig. 8. Pseudo-first-order kinetic fits of uranium by anion
exchange resin.

Sehsel uy 383

f
A
o

ot

Z}
A

7|4 k= 22} HESEE Ak (g/mgrmin), ¢ =
B Aol FAA Beldde FAE SA
Hmg/g), g= WAL toll A S2HA] oA 2

Hmg/g). 1+ AZHminyZ Lekdick 4] (15)2 4] (16)
3} e AMAom WYNA A8 4 ot

o mN ik
24 10

Z}
&S

El

t 1 1

- +—t 16

PRl (16)

9 Haiael 7187)9) AHoaRE K, ¢ @ hike
T3k 4 9k 27] SAES Y h(me/gmin)
oo 78 A E3) 3+ 4~ It Ghodbane et al.,
2008)

h=K,q 17)

FAEEAEY A3E 4 (16)°] 283k0] Fig. 9°
Uehfglom, FaaoRRe ST K, ¢, b U B
%= Table Sof UERHRIH:

Qe o] i A500/27882] SRAFATE 1
XH%Zﬂ-LoﬁE%Mlﬁ%6P1ME6mqﬁ_w+zﬂ

HRSE T A0 ZHE AL ¢ ZH62.03 me/g)S AP O R

FE AL g, W65.03 me/g) Tt TABHA FEHL

=)

12 - &
t/q= 0.0161t+0.6425
10 L R’=0.9910
n
8 |-
o 5
® .
4L
L]
2 - [
| ]
N
1 1 1 1 1 1 1 1

-100 0 100 200 300 400 500 600 700 800
time(min.)

Fig. 9. Pseudo-second-order kinetic fits of uranium by
anion exchange resin.

Table 5. Pseudo-first-order and Pseudo-second-order rate constant

Pseudo-first-order Pseudo-second-order Experiment
& A R 5 4 h R q.(exp)
3.62x107 49.28 0.9641 4.043x10™ 62.03 1.5562 0.9910 65.03

Als0d A3%



384

o

5ol A] - o] ¢l

1l o fsy

= AE - Y

R*ZF B3} Table 594 Ho]F5o] 13} HEEE Al HTH
27} WhgEEe] % o AYshthe AL Moz

EHAr2oH0|Me| Raks B
Pato] s} Gl vlale 33
A8 Pohny] 7 APom A %A fehs
387.8 mg/l-S $HG-5l= o8l 100 mlE 24 A7t wHt
sto] FARYL o] F ol LwBSA 0.5 g AHgF}o]
S2A8S A3slEnt oA 3wy gk e
%ﬂ%&OSMI“AkﬁﬂH%MM , 2.0 Moj|A]
HHES HYow, Ak FEr} U
ovg#—% %ﬁ%% A b B4 025 MojlAs
64%9] Z2E2 HTHFig. 10).

kAR W g
3

100
%
s |- /
w0l
60 [
50 [

40 |-

Desorption(%)

30 -

20 -

0 1 1 I 1 I I 1 I 1 I
0.2 04 06 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2

Sulfuric acid Conc.(M)

Fig. 10. Effects of sulfuric acid concentration on desorption
of uranium.

1.0

09 L
08|
07 - - -
06

©05- m

cl/C

04

0.3

0.2

0.1

1 " 1 " TR T 1 " 1 " 1 "
200 400 600 800 1000 1200 1400 1600

n
n
n
| ]
n
1

0

time(min.)

Fig. 11. Desorption of uranium for desorption time.

ot

AU gete)

ot
Sl

s
PR

7] 60252t W &R ghxlo] ool 1 & 44]
A A E2kE si7E 641 o] Foll A 22k
o] o]FolR|= A& FIT 4 USUKFig. 11).
z B
Sehg molgoo 2 RE o] mekA] A500/2788
& AH8So] Ak FAHIES 3l 22 2Rt FollA
SeEAEY 9 FAEEAYE ek SR

%S %3l Langmuir, Freundlich, Dubinin-Radushkevich,
Temkin SAE2A7} TALCARS 25 12} 2 22}

AR B ool FAAATEN o1

SABA DA BESAHE Gl ol
A gkgrow, FAHAAE FHo| o]Ro] FoLk
]

SO JEE & B ARSIl I X

o3oith 52 AITOIAE Langmuireh Temkin
52400 Rgho] 099010 w7 rehton], gt

ﬁ
£ APe 125 23 vReE T Ao RrEZFo] 0.9910
o ¢ E9kh 23} HESAE A0 ¢ 7H62.03 my/g)S
AFZH65.03 mg/g) 0.2 A Lehon 2 Ay
270 Hsithe AES A 4 ATk WA b=
Mol T FHAYe A e obdsS S2hEol
olA|n, Abo]l WHE WHEEE 27] 605Ee wE
SR Yao] o|Roldl F YA} Zastel 6AKIlF o

ol =kt
AL At

o] st AXAA AAA7IE N EARI(2010
201030003B-13-3-010)2 2013 W% F-2cfatu A7ty
o ofste] A= glom, Aol A=Y

References

Amaral, J. C. and Morais, C.A., 2010, “Thorium and uranium
extraction from rare earth elements in monazite sulfuric acid
liquor through solvent extraction,” Minerals Engineering,
Vol. 23, pp. 498-503.

Dubinin, M. M., Zaverina, E. D. and Radushkevich, L. V.,
1947,
Adsorption of organic vapors,” Zhurnal Fizicheskoi Khimii,
Vol. 21, pp. 1351-1362.

“Sorption and structure of active carbons. I.



Freundlich, H. M. F., 1906, “Over the adsorption in solution,”
J. Phys. Chem., Vol. 57, pp. 385-470.

Fukukawa, B. H., 2003, “Activated carbon water treatment
technology and management,” Dong hwa Technol., pp. 69.

Ghodbane, 1., Nouri, L., Hamdaoui, O. and Chiha, M., 2008,
“Kinetic and equilibrium study for the sorption of cadmium
(II) ions from aqueous phase by eucalyptus bark,” J. of
hazardous materials, Vol. 152, No. 1, pp. 148-158.

Grenthe, 1., Fuger, J., Konings, R. J. M., Lemire, R. J., Muller,
A. B., Cregu, C. N.-T. and Wanner, H., 1992, Chemical
Thermodynamics Of Uranium, Vol. 1, North-Holland,
Amsterdam, Netherlands, pp. 55-58.

Guillaumont, R., Fanghénel, T., Fuger, J., Grenthe, 1., Neck,
V., Palmer, D. A., Rand, M. H., Mompean, F. J,
Illemassene, M., Domenech-Orti, C. and Ben-Said, K.,
2003, Update on the chemical thermodynamics of uranium,
neptunium, plutonium, americium and technetium, Vol. 5,
ELSEVIER, Amsterdam, Netherlands, pp. 64-75.

Helfferich, F., 1962, lon exchange, McGraw-Hill, New York,
pp- 260-162.

Ho, Y. S. and Mckay, G., 1998, “The kinetics of sorption of
basic dyes from aqueous phase by eucalyptus bark,” The
Canadian journal of chemical engineering, Vol. 76, No. 4,
pp- 822-827.

KIGAM(Korea Institute of Geoscience and Mineral
Resources), 1999, “Study on the radionuclides concentrations
in groundwater,” NIER(National Institute of Enviromental
Research), pp. 6-33.

Kim, J. T. and Park, S. K., 2004, “Adsorption of Uranium(VI)
Ion Utilizing Cryptand Ion Exchange Resin,” ANALYTICAL
SCIENCE & TECHNOLOGY, Vol. 17, No. 2, pp. 91-97.

Lagergren, S., 1898, “About the theory of so-called adsorption
of soluble substances,” Kunglia Svenska Ventenskapsakademiens
Handlingar, Vol. 24, No. 4, pp. 1-39.

Langmuir, 1., 1918, “The adsorption of gases on plane surfaces
of glass, mica and platinum,” J. of the American Chemical

$ehse)

=

|t

A 385

ojot

Society, Vol.40, No.9, pp. 1361-1403.

Lam, O. P., Heinemanna, F. W. and Meyer, K., 2010, “A new
diamantane functionalized tris(aryloxide) ligand system for
small molecule activation chemistry at reactive uranium
complexes,” Comptes Rendus Chimie, Vol. 13, pp. 803-811.

Na, C. K., Han, M. Y. and Park. H. J., 2011, “Applicability of
theoretical Adsorption models for studies on adsorption
properties of adsorbents(1),” J. of Korean Society of
Environmental Engineers, Vol. 33, No. 8, pp. 606-616.

Marino, G. P., 2008, “European uranium forum,” Uraniumletter
International, http://www.goldletterint.com.

Park, S. K., Bae, J. S., Hwang, 1. S, Lee, J. Y., Yoon, H. S.,
Kim, J. S. and Han, C., 2011, “Adsorption/Desorption
Behavior of Uranium by Synthetic Ion Exchange Resin
Using Tetramethylammonium Hydroxide Pentahydrate
((CH3)4NOH-5H,0),” J. of Korean Society For Geosystem
Engineering, Vol. 48, No. 4, pp.473-482.

Rahmati, A., Ghaemi, A. and Samadfam, M., 2012, “Kinetic
and thermodynamic studies of uranium (VI) adsorption
using Amberlite IRA-910 resin,” Annals of Nuclear Energy,
Vol. 39, No. 1, pp. 42-48.

Singh, D.P., Shishodia, N., Yadav, B.P. and Rana, V.B., 1997,
“Synthesis and characterization of bivalent metal complexes
of a tetradentate N6 macrocyclic ligand,” Polyhedron, Vol.
16, pp. 2229-2232.

Srncik, M., Kogelnig, D., Stojanovic, A., Korner, W.,
Krachler, R. and Wallner, G., 2009, “Uranium extraction
from aqueous solutions by ionic liquids,” Applied Radiation
and Isotopes, Vol. 67, pp. 2146-2149.

Stumm, W. and Morgan, J. J., 1995, Aquatic chemistry:
chemical equilibria and rates in natural waters(3rd ed.),
JOHN WILEY & SONS, NEW YORK, NY 10158(USA).

Temkin, M. 1., 1941, “Adsorption equilibrium and the kinetics
of processes on nonhomogeneous surfaces and in the
interaction between adsorbed molecules,” J. Phys. Chem.
(USSR), Vol. 15, pp. 296-332.

Als0d A3%



386 ol ol HEH - YYE- 3RS ol

WA oot sfekastat Mg

A oot setpsta AT
(E-mail; wongry@nate.com)

71 o
=]

[—3
o =

_ o - Sz o 2000 tfetw skehaetal kAl
A _1_]—_Cr>_ Sk SFaLslal A ALTEA] il = = o=
HA sk SherEE A T ot o

(E-mail; jhjeon@kw.ac.kr)

=198
¥ae
19964 dlika FaEstt gl o
19981 STl B4rgatat Fatgar A BETRhL SISty
20049 AN Bt STkl FTEPakA} (E-mail; koreal@kw.ac.kr)

g L

A PR AALATY FEALATRY AT A TR ANEAT Y TEUd ey Adavd
(E-mail; case7@kigam.re.kr) (A Bt 549% W15 200

5 =
= st =

o

A ARAVAAATY BEALATEY A7
KB 9% 15 B

~





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


