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ABSTRACT

This study was performed to test the combustive properties of Pinus rigida specimens treated with piperazinomethyl-
bis-phosphonic acid (PIPEABP), methylpiperazinomethyl-bis-phosphonic acid (MPIPEABP), and N,N-dimethylethylene-
diaminomethyl-bis-phosphonic acid (MDEDAP). Pinus rigida Plates were painted in three times with 15 wt% akylenedi-
aminoalkyl-bis-phosphonic acid solutions at the room temperature. After drying specimen trested with chemicals,
combustive properties were examined by the cone calorimeter (1SO 5660-1). It was indicated that the specimens treated
with chemicals showed the later time to peak mass loss rate (TMLRye) = (315~420) s than that of virgin plate by reduc-
ing the burning rate except for TPM Ry (280 S) treated with DMDAP. In adition, the specimens treated with chemicals
showed both the higher total smoke release rate (TSRR) (407.3~902.0) m*/m’ and COpean production (407.3~902.0) m%
m” than those of virgin plate. Especialy, for the specimens treated with PIPEABP, 1st-smoke production rate (1st-SPR)
(0.1250~0.1297) g/s was lower than that of virgin plate, while the 2nd-SPR (0.183 g/s) was higher. Thus, It is supposed
that the combustion-retardation properties were improved by the partial due to the treated a kylenediaminoalkyl-bis-phos-
phonic acidsin the virgin Pinusrigida.

Keywords: Alkylenediaminoalkyl-bis-phosphonic acid, Time to pesk mass loss rate (TPMLRe), Total smoke release
rate (TSRR), COpean production
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Scheme 1. Alkylenediaminoalkyl-bis-phosphonic acid deriva-
tives.
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Table 2. Combustive Properties of Pinus Rigida Plates Painted with the 15 wt% Alkylenediaminoalkyl-Bis-Phosphonic Acids
and Bis-(Dmethylaminomethyl) Phosphonic Acid Solutions at 25 kW/m® External Heat Flux

Samples TMLR ek (9) | 1st-HRR e (KW/M?) | 2n0-HRRpee (KW/M?) | EHCYegc (MIKG) | COpeen (Kg/kQ)
Untreated 285 133.75 170.34 54.73 0.0641
PIPEABP 420 69.71, 99.53 187.56 4556 0.0765
MPIPEABP 315 83.72, 91.82 170.52 39.40 0.0797
DMEDAP 360 69.35 156.79 49.99 0.0832
DMDAP 280 116.90 154.20 4757 0.0770
Samples COumeen (kg/kg) | 18t-COppex Rate (g/9) TSRR? (m°/m?) 1st-SPR® (g/9) 2nd-SPR (g/s)
Untreated 2.24 0.1219 344.9 0.0137 0.0129
PIPEABP 1.84 0.0683 526.1 0.0124 0.0183
MPIPEABP 2.07 0.0756 407.3 0.0137 0.0117
DMEDAP 2.1 0.0706 902.0 0.0167 0.0100
DMDAP 2.09 0.1076 535.2 0.0153 0.0149

®Time to peak mass loss rate; bpeak heat release rate; “pesk effective heat of combustion; %total smoke release rate; *smoke pro-
duction rate.

Fire Sci. Eng., Vol. 27, No. 6, 2013



60 A

27129 ARE 2™, Table 20 YeR 270 AU
o s}5t HEZ Mg AFH et MLRpeac> 7t
7} PIPEABP (0.1291 g/s at 420's), MPIPEAB (0.1330 g/s
at 275s), DMEDAP (0.1177 g/s a 360s), DMDAP (0.1250
g/s a 28090 2A] Fx]2]g A[§¥H(0.1100g/s at 28559)
o ®ale] Egkth. 22vt PIPEABP (at 420s), DMEDAP
(at 360 9= AH2E AlFHL HJAFHAE = A7)
g A t=2A Ak HulFFAE =E9A
o dZEitjoln| = H| -2 A YO R AT g A
S Hol thate] z}2; PIPEABP (4205), MPIPEABP (3159),
DMEDAP (360 )= 72| gk A 9% (285 9)H.t} 7IA|7H
° g2 ZAHEULE o]z AFH AHEH shet PES]
WA} 24 P-N-N-P2] 300| oJste] sAAlo] golat
2, ool oJsle] AJFH T & @ ALFTFE 2tsie]
AXAA E7E 3 Aoz osET). o]e] H]ate]
DMDAPZ A2j¥ AgHS HWAFLLE ATt
280 s24] FA1E] sk AlgA R Attt ©]22 DMDAPS]
EAEZ7F N-P-Ne| 25 73 Q7] Wiz o]
Ao, ] Ao age] 22 AL 279 A4dA
el o3l back effect7t U5l UEhbe ZloR o]
AcH®, ol tigte] MLR (m) & Thea} -8 A4 0
2 Fo -,

O (HRR) = m-Ah,

]

o

T=m=0 (HRR)Ah,  (3)

37194 Q (KW)=HRR; m (kg/s) = MLR; Ah (kJkg) =
EHCO. 2 A9t

MLRE HRRE &4 (effective heat of combustion,
EHO= U #o= A €t

Table 2 2 Figure 19] 27] 1st-HRRpue> EZZ o}
=2 291 2] A|@H| iste] ZH2t PIPEABP
(69.71 kW/m? at 160, 99.53 kW/m’ a 160s), MPIPEABP
(83.72 kW/m? at 130's, 91.82 kW/m? at 200 s), DMEDAP

(69.35 KW/’ at 1205) 0% el njel 7ro] FAE]Fh

Untreated

200 A --~-- PIPEABP

A ~------- MPIPEABP
kN

DMEDAP
150

DMDAP

[
[=]
[=]

Heat Release Rate (kKW/m?)
w
o

[=]

o 100 200 300 400 500 600 700 800
Time (s)
Figure 1. Heat release rate curves of pinus rigida plates
painted with the 15wt% akylenediaminoal kyl-bis-phosphonic
acid and bis-(dimethylaminomethyl) phosphonic acid solu-
tions at 25 kW/m’ external heat flux.
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Figure 2. CO production rate curves of pinus rigida Plates
painted with the 15wt% akylenediaminoalkyl-bis-phosphonic
acids and bis-(dimethylaminomethyl) phosphonic acid solu-
tions at 25 kW/m’ external heat flux.



02

0.18 1

0.16 4

DMEDAP
DMDAP

0.14 4

€Oy Production Rate (g/s)

400
Time (s)

Figure 3. CO, production rate curves of Pinus rigida plates
painted with the 15wt% akylenediaminoalkyl-bis-phospho-
nic acids and bis-(dimethylaminomethyl) phosphonic acid
solutions at 25 kW/m?’ external heat flux.

vle} o] A|FH ] 23lF COpeuc= PIPEABP (0.0042 g/
s a 675s), MPIPEABP (0.0046 g/s at 555s), DMEDAP
(0.0045 g/s at 545's), DMDAP (0.047 g/s at 520 5)7} -4
2] A1E¥(0.0028 g/s at 545 s)°ll HIEtd F72 3t COpes &
AEEE B o)A 9S gk G t]olu| =y
A2 2EA v A g o e EAEL 0] AA
Alell CO9| Aoz wrjgtol Ax
Aoz vty ozlt,

COomean T 313} g E0] X2lE AlgHe djst
o] 1.84~2.11 kglkg® = 72|t A FHE] COpmeen 'HA
(2.24 kglkg)ell ®Iate] HlwA WA Yepgth B oAl o
st CO, W& ZHollA] Jrefshd Figure 3014 Ho
T viel o] A|EHe] sl & vjA v o= X
234 2] Al 13H-FH Y] CO, Ay PIPEABP
(0.0683¢g/s a 160s), MPIPEABP (0.0756¢g/s a 9059),
DMEDAP (0.0706 g/s at 115s)ol] ¥]sle] F-x12]3k A g
(0.01219 g/s at 85 ).t} WA UERSITE ©]52 CO, A
&5t via-g o =4 2235 X27E 270e
AlFe] dadAel a3t e Aoz dAdEnh Ty
AlZke] ZAste] whE AAvF SoiEH APHe] B E
MR HH o R o] JHE o] ALhdA EHr} Ay
£ Ao = #Agddr}, 22y DMDAP (0.1076 g/s a 509)
2] AlgHe] Fxg] AlPHET WA 12-FHo CO, &
Az mgEE A2 2388 1 AA L] EAER(N-P-
N)oll eJste] A&7t golgh Aoz Ay & Uk

A7 AAEH gEo] AESA e oA Hztst ¢
glot}. A7|WEEof thsle] Table 2 2 Figure 404 1
o ule} 7o) g5t FFEE A AlgHe] FAY
252 (407.3-902.0) m/m*C & FXE]§ AHHe 4

EE 3449 Mmool vlsle] vre X2 Yehlie A
2 A2 ZAAZEL] AL e A F ofs|Hr.

Figure 5= A7kl w& A7dA) £25 Yeplidh

< L
=SEe

¢

N

— =
o7 AgdE EA A5 61
1200
Untreated
< 1000 PIPEABP
-1; MPIPEABP
e DMEDAP
£ 80O
2 DMDAP
2
2 600 .
] e
E —
£ - e
E 400 p————— T
& — T o —
200 L
0 T T T T T T T T T

200 400 600 800 1000 1200 1400 1600 1800 2000

Time (s)

Figure 4. TSR curves of Pinus rigida plates painted with the
15wt% alkylenediaminoalkyl-bis-phosphonic acids and bis-
(dimethylaminomethyl) phosphonic acid solutions at 25 kW/
m” external heat flux.

Q
o
w

Untreated
-~ MPIPEABP
DMDAP

PIPEABP
DMEDAP

Q
o
~
wn

(=]

o =]
= o
wn =]

Smoke Production Rate (m2/s)
o
o
=

0.005 4 !

300
Time (s)

600

Figure 5. SPR curves of Pinus rigida plates painted with the
15wt% alkylenediaminoalkyl-bis-phosphonic acids and bis-
(dimethylaminomethyl) phosphonic acid solutions at 25 kW/
m? external heat flux.

SPR AB= ZH¢] FolaE zteth A HA| Folas &
A L] 7Y 2R 2|7 kel dojdt), 18l F
A Folae= AdHe RE HH| dul(therma wave)’t
AT L] FZoA RALE R R AP A ALEErt S
7Fsh= back effectel] ©]ste] WA gt F jo]=L Alo]¢]
A7 S B 7] e vl Fetel] AAMA o
oPItt. Ishihara=s =A e} 9ko] 1dshe 1tel 7Hd2
Tt AsER Frbshe AR tAas s wEt A7EA
2 A7) s wr} S7evka Baskdt®)

Algde] #sle 1s-SPRS PIPEABP (0.0124g/s at
13095 AlFH-2 A|9stal zFz DMEDAP (0.0167 g/s a
110s), DMDAP (0.0153 ¢/s at 35922 Uebt) 42
3 AP HL 1s-SPRo] 0.0137 gfs (at 759) 0. & H]wF
Al Vet B 2nd-SPRell tisle] PIPEABP A 2] 3F A]
o] 43504 0.0183g/sE F*i2] A1g¥ (0.0129 g/s
a 315 9)°ll Hlste] w9 =UTh o] A2 A4 Al PIPEABP

Fire Sci. Eng., Vol. 27, No. 6, 2013



62 A

o] EAE, P-N-N-P7} 4740 golste] AaofA &
7} lﬂ-%;]‘ Zo 7 olaf|Ht}). Ik o]9l= t}EX|%t DMDAP
2] A1EH(0.0149 g/s at 310 9% H|w A A7) &
7} uula]—r/]. v} N-P-N9| Ex%E zh= DMDAP=
7Foj= Hre] ALA a3E VER AL QAR P-N-N-
PTxE Z= 5}6‘ Hthk= Seisin.

A7V B Ferell olsl FZErEHAAN F4u7]
2ol 27 AA (A EE), S71, FI9AE gaE 2
e A=l UEheE = v o] Ve EFARA
B HAe ERs=Y AdE e 'R
G el =2 Adste by B3I dskras 74
doh 223 B e £ WS WATE U] |
B GYoRRE EHAALE Hee AV H
=3tk FAYE 3 9 58t s EE A2E 7]
o] 7] A A 4 ol A717F A
HAoH, A7 SreegdiEEe] B2 XA =
7] 7] A SERT ST

o >{,n‘.

ox L i

M| AFEAFYUA} 1329] H)
2 XSt 27tk AU
ISO 5660-1 ¥l u}
Fasion, o e

w

i

1o,
e
)
£}
u)
o
=)
o
¥ e
il

JI,

A

1’5

¢
¢

15

o |
>

o

oo

ol

o,

2 g
)
m{o

2
B>
Jm
i ox
ik

[e)
1) AL SRS SDATob| =0 0] 2
2 Hel| th3le] 217} PIPEABP
(420s), MPIPEABP (315s), DMEDAP (360 )24 -4
g AFA@859)H Tt 1IXTEe R SAH T oA
Aol AHele sket A=l A 724 P-N-N-P9
Tz o8] Aol Golsteg, oo &t} AldH
ERo] & W AATEE Adslel Aol EATt $4

F
|
s
10
o
O
HU
_Nn_',
Ak
%
>,
o
r {

gadloz X2]d AYHS COpar (0.0765~0.0832) kg/
kge2A FA gt AP COmen (0.0641 kg/kg)H Th
=7 A=A

ol AlAHe AE 33 FHEE
o] 2hg-3sle] UitslEkd WA o] ol
21=3

3) st3t P = FEA o A3 AP FANEE
F2 (407.3~902.0) mYm*e. 2 2R o, T st A
g FA7WEE 249 mme] Hlsle] S FAE
UFERASIEE. o] RS o]Ee] A E¢bd 4= <
s 2o 2 Ak

4) NP 3t 14-SPRS )23 AP Ho] 1st-
SPRo] 0.0137g/s (at 759224 318 HEZ Aed
sk &

vheks] =8, A)273d A63%, 2013

32

Al ze] A7IAE 7 586 vERd 21 oL
1st-SPR =2A|7H 7H2; PIPEABP (130s), MPIPEABP
(955), DMEDAP (10 9% ¥-x2] A @H s} s x|
= At} ©]% 2nd-SPRell thated DMDAP (0.01498 g/s at
3109)E Aelgt FA2] AlgHe] 0.0129¢/s (at 3159k
T} 315~435s2 A A=At o]A-2 AlAH| AE]H s}8}
=] A 2 P-N-N-Po] Fxol o]t £A14
o] 4%1 st®, o]of e]ate] AJEH J%ﬂ d g Ay
w2 Aptete] Ao arF g e g olsjdTh
upebA AlAH A28 58 e Ee] % =& P-N-N-
P= A7) Ak € AR JArheT)

References

1. E. Baysd, M. Altinok, M. Colak, SK. Ozski and H.
Toker, “Fire Resistance of Douglas Fir (Psedotsuga men-
Ziees) Treated With Borates and Natural Extractives’,
Bioresour. Technol., Vol. 98, No. 5, pp. 1101-1105
(2007).

2. O. Grexa, E. Horvathova, O. Besinova and P. Lehocky,
“Falme Retardant Treated Plyood”, Polym. Degrad. Stab.,
Vol. 64, No. 3, pp. 529-533 (1999).

3. Y. J Chung, “Comparison of Combustion Proprties of
Native Wood Species Used for Fire Pots in Korea”, J.
Ind. Eng. Chem., Vol. 16, No. 1, pp. 15-19 (2010).

4. Article 43 of Building Code, Article 61 of Enforcement
Ordinance, “The Internal Finish Material of the Build-
ing” (2004).

5. Article 12 of Firefighting Basic Law, Article 20 of
Decree, “The Subject Merchandise Flame and Flame Per-
formance Standard” (2005).

6. P W. Lee and J. H. Kwon, “Effects of the Treated
Chemicals on Fire Retardancy of Fire Retardant Treated
Particle Boards’, Mogjae-Gonghak, Vol. 11, No. 5, pp.
16-22 (1983).

7. T. S. Mcknight, “The Hygroscopicity of Wood Treated
With Fire-Retarding Compounds’, Fore. Prod. Res. Branch,
Dep. of Forestry, Canada. Report No. 190 (1962).

8. J. C. Middleton, S. M. Dragoner and F. T. Winters, Jr.
“An Evaluation of Borates and Other Inorganic Sdlts as
Fire Retardants for Wood Products’, Fore. Prod. J. Vol.
15, No. 12, pp. 463-467 (1965).

9. I. S. Goldstein and W. A. Dreher, “A. Non-Hygroscopic
Fire Retardant Treatment for Wood”, Froe. Prod. J,, Vol.
11, No. 5, pp. 235-237 (1961).

10. R. Kozlowski and M. Hewig, “1st Int Conf. Progress in
Flame Retardancy and Flammability Testing”, Pozman,
Poland, Institute of Natural Fibres (1995).

11. R. Stevens, S. E. Daan, R. Bezemer and A. Kranenbarg,
“The Strucure-Activity Relationship of Retardant Phos-
phorus Compounds in Wood”, Polym. Degrad. Stab., Vol.



12.

13.

14.

15.

16.

17.

18.

10.

20.

21

SELISREISE ERYPE 28

22

91, No. 4, pp. 832-841 (2006).

Y. J. Chung, Y. H. Kim and S. B. Kim, “Flame Retar-
dant Properties of Polyurethane Produced by the Addi-
tion of Phosphorous Containing Polyurethane Oligomers
(1", J. Ind. Eng., Val. 15, No. 6, pp. 888-893 (2009).

Y. J. Chung, “Flame Retardancy of Veneers Treated by
Ammonium Salts’, J. Korean Ind. Eng. Chem., Vol. 18,
No. 3, pp. 251-255 (2007).

M. L. Hardy, “Regulatory Status and Environmental
Properties of Brominated Flame Retardants Undergoing
Risk Assessment in the EU: DBDPO, OBDPO, PeB-
DPO and HBCD”, Polym. Degrad. Stab., Vol. 64, No. 3,
pp. 545-556 (1999).

Y. Tanaka, “Epoxy Resin Chemistry and Technology”,
Marcel Dekker, New York (1988).

V. Babrauskas, “New Technology to Reduce Fire Losses
and Costs’, Eds. S. J. Grayson and D. A. Smith, Elsevier
Appied Science Publisher, London, UK. (1986).

M. M. Hirschler, “Therma Decomposition and Chemi-
ca Composition”, 239, ACS Symposium Series 797
(2001).

1SO 5660-1, “Reaction-to-Fire Tests-Heat Release, Smoke
Production and Mass Loss Rate - Part 1: Heat Release
Rate (Cone Caorimeter Method)”, Genever (2002).
Korean Patent, “Organic Phosphorus-Nitrogen Compounds,
Manufacturing Method and Compositions of Flame Retar-
dants Containing Organic Phosphorus-Nitrogen Com-
pounds’, No. 10-2011-0034978 (2011).

Y. J. Chung and E. Jin, “Synthesis of Alkylenediami-
noalkyl-Bis-Phosphonic Acid Derivatives’, J. of Korean
Oil Chemist's Soc., Vol. 30, No. 1, pp. 1-8 (2013).

Y. J. Chung and E. Jin, “Synthesis of Diakylaminoalkyl

£how AE BAle) A4S

22.

23.

24.

25,

26.

27.

28.

29.

30.

63

Phosphonic Acid and Bis(dialkylaminoalkyl) Phosphinic
Acid Derivatives’, Appl. Chem. Eng., Vol. 23, No. 6, pp.
383-387 (2012).

Cischem Com, “Flame Retardants’, Chischem. Com.
CO,, Ltd. (2009).

Y. J. Chung and E. Jin, “Combustive Characteristics of
Pinus rigida Treated with Bis-(diakylaminoakyl) Phos-
phinic Acid Derivatives’, Appl. Chem. Eng., Vol. 24,
No. 6, pp. 633-638 (2013).

W. T. Simpso, “Drying and Control of Moisture Content
and Dimensional Changes’, Chap. 12, Wood Handbook-
Wood as an Engineering Material, Forest Product Labo-
ratory U.S.D.A., Forest Service Madison, Wisconsin,
U.SA. pp. 1-21 (1987).

M. Delichatsios, B. Paroz and A. Bhargava, “Flammabil-
ity Properties for Charring Materials’, Fire Safety Jour-
nal, Vol. 38, No. 3, pp. 219-228 (2003).

M. J. Spearpoint and G J. Quintiere, “Predicting the
Burning of Wood Using an Integral Model”, Combus-
tion and Flame, Vol. 123, No. 3, pp. 308-324 (2000).

V. Babrauskas, “The SFPE Handbook of Fire Protection
Engineering”, Fourth Ed., National Fire Protection Asso-
ciation, Massatusetts, U.S.A. (2008).

J. G Quintire, “Principles of Fire Behavior’, Chap. 5,
Cengage Learning, Delmar, U.S.A. (1998).

A. P Mourituz, Z. Mathys and A. G Gibson, “Heat
Release of Polymer Composites in Fire’, Composites:
Part A, Vol. 38, No. 7, pp. 1040-1054 (2005).

S. Ishihara, “Smoke and Toxic Gases Produced During
Fire”, Wood Research and Technical Notes, Vol. 16, No.
5, pp. 49-62 (1981).

Fire Sci. Eng., Vol. 27, No. 6, 2013




<<
  /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
  /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
  ]
  /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 <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


