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Investigation of the performance of low-dosage hydrate
inhibitors combined with wax inhibitors for a mixed CH4-CO2
gas hydrate formation
Xuemei Lang, Pingping Lv, Shurui Xu, Baoyao Li, Shuanshi Fan, and Yanhong Wang

Abstract: Within the oil and gas industry, low-dosage hydrate inhibitors (LDHIs) are a proven technology to control hydrates.
Besides hydrate inhibitors, wax inhibitors (WIs) are frequently injected to prevent wax buildup in the crude oil pipeline.
However, little attention has been focused on the effect of wax inhibitors on the performance of LDHIs. In this study, perfor-
mance tests of 3 LDHIs in the presence of wax inhibitors were carried out for a 67% CH4/33% CO2 gas hydrate formation. Using
the isothermal cooling method at pressures of 9 MPa and temperatures of 4 °C (subcooling is 9 °C), the results showed that the
induction time of CH4-CO2 gas hydrate formation with LDHI/WI was shorter than the system with only LDHI. During the growth
period, when the concentration of the WIs was 1 mass%, the growth time of the system with LDHI/WI was prolonged. Taking the
induction time and the growth time into consideration, it was found that WIs had a more negative impact on the kinetic hydrate
inhibitor performance at low dosage. The effect of WIs at high concentration could be negligible.

Key words: gas hydrate, low-dosage hydrate inhibitor, wax inhibitor, CO2-rich gas, induction time.

Résumé : Au sein de l’industrie pétrolière, l’utilisation d’inhibiteurs d’hydrates à faible dose est un moyen reconnu pour
maîtriser la formation d’hydrates. Outre les inhibiteurs d’hydrates, des inhibiteurs de cire sont couramment injectés pour
prévenir la formation de cire durant le transport du pétrole brut dans les pipelines. Toutefois, les effets des inhibiteurs de cire
sur le rendement des inhibiteurs d’hydrates à faible dose ont peu été étudiés. Dans la présente étude, à l’aide d’une méthode de
refroidissement isotherme, à une pression de 9 MPa et une température de 4 °C (température de sous-refroidissement de 9 °C),
nous avons évalué le rendement de trois inhibiteurs d’hydrates à faible dose en présence d’inhibiteurs de cire dans des essais
portant sur la formation d’hydrates de gaz composés à 67 % de méthane (CH4) et 33 % de dioxyde de carbone (CO2). Les résultats
ont révélé que la période d’induction de la formation des hydrates de CH4 et CO2 en présence des deux types d’inhibiteurs était
plus courte que dans le système comportant seulement un inhibiteur d’hydrates à faible dose. Au cours de la période de
croissance, lorsque la concentration de l’inhibiteur de cire représentait 1 % p/p, la période de croissance dans le système en
présence des deux types d’inhibiteurs était prolongée. En prenant en compte les périodes d’induction et de croissance, nous
avons constaté que les inhibiteurs de cire avaient des effets plus délétères sur le rendement des inhibiteurs cinétiques lorsque
ceux-ci étaient utilisés à faible dose, alors qu’à concentration élevée, l’effet des inhibiteurs de cire pourrait être négligeable.
[Traduit par la Rédaction]

Mots-clés : hydrate de gaz, inhibiteur d’hydrates à faible dose, inhibiteur de cire, gaz enrichi en CO2, période d’induction.

Introduction
The crystalline structures of gas hydrates composed of small gas
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are different mechanisms of wax prevention by paraffin inhibi-
tors. Possible ways of preventing deposition of paraffin are: in-
creasing the wettability of the surface on which the wax are
deposited and creating conditions unfavorable to deposition of
wax on the pipe walls; prevention of growth of wax crystals by
modifying their structure.19,20 Perhaps the most effective way of
dealing with the problem of wax deposition in pipelines is to
prevent it from occurring in the first place.

To solve the hydrate and wax problem simultaneously, both LDHIs
and wax inhibitors are needed, which could possibly lead to incom-
patibilities. There have been a few studies on the interaction of these
two kinds of inhibitors. Swanson et al. reported the successful use of
both KHIs and WIs.21 However, a problem exists because incompat-
ibilities can emerge with different wax inhibitor and LDHI combina-
tions. Thus, our work studies the effect of wax inhibitors on the
performance of selected LDHIs (KHIs or AAs).

In this study, we used commercial inhibitor Inhibex501 (ISP),
synthesized inhibitor HY-1,22 and anti-agglomerant KL-1and two
WIs, WJH-01 and BHFL-02, synthesized by CNOOC Energy Technology
& Services, Oilfield Technology Services. The chemical structures of
Inhibex501 and HY-1 are given in Figs. 1 and 2, respectively. The
major component of KL-1 is a surfactant. WJH-01 mainly contains
poly ether carboxylate (RO(CH2CH2O)nCH2COONa) and poly ether
carboxylic acid esters (RCOO(CH2CH2O)nCH2CH3). BHFL-02 mainly
contains alkyl poly ether carboxylate (RO(CH2CH2O)nCH2COONa)
and poly ether alkyl amine. The molecular formula of poly ether
alkyl amine is:

The testing gas was CH4-CO2 (33%) mixture gas, which simulates
the DongFang field gas in the South China Sea.

Experimental

Materials
The materials used in the experiments are shown in Table 1. The

concentration of the mixture gas was analyzed by Gas Chroma-
tography (GC). HY-1 was synthesized by free-radical polymeriza-
tion of N-vinyl–2-pyrrolidone in diethylene glycol monobutyl
ether.22 Inhibex501 (vinyl caprolactam/vinylpyrrolidone copoly-
mer in butoxyethanol solution (w = 0.5) is a commercial KHI. KL-1
is a type of AA supplied by China University of Petroleum. WJH-01
and BHFL-02 are common wax inhibitors. Distilled water used in
this study was weighed on an electronic balance with an accuracy
of ±0.1 mg and measuring range is 0–220 g.

Experimental apparatus
The schematic diagram of the experimental apparatus23 is

shown in Fig. 3. We used it to evaluate the performance of LDHIs
on the CO2-rich gas. The apparatus contains 6 identical magnetic-
stirred steel cells, and the volume of each is 100 mL. The refriger-
ation chamber (Xutemp Temptech Co., Ltd. Hangzhou, China)
provides a cold air bath, and the temperature is less than 0.5 °C.
Thermocouples (type J) with an accuracy of ±0.1 °C were placed to
measure the temperature. The pressure was measured by the
transducer (Senex DG-1300) with an accuracy of ±0.01 MPa. All
experimental data were recorded by a data logger (Agilent 34970A).

Experimental method
The induction time and growth time of gas hydrate with differ-

ent LDHIs were tested using the isothermal cooling method.24 The
deionized water with additives was prepared first. Then 40 g solu-
tions were put in the pressure cells. The temperature of the cham-

ber was raised to 30 °C and kept for 30 min. Then the CH4-CO2 gas
was pumped into the cells to 9 MPa (phase equilibrium point of
the mixture gas is 13 °C). Finally, the chamber was cooled contin-
uously to around 4 °C (subcooling temperature is about 9 °C),
which simulates the subsea temperature. Stirring was then started at
550 rpm.

Results and discussion

LDHI performance testing
Induction time is the most critical parameter to rank the per-

formance of LDHIs. At least two parallel experiments were carried
out to reduce deviation of results. The pressure and temperature
data of the mixture gas + water versus time using the isothermal
cooling method in an experiment are shown in Fig. 4.

In Fig. 4, we can see that the temperature drops at a constant
rate until the expected 4 °C. During the cooling period, the pres-
sure also drops at a constant rate. As the figure shows, we defined
the start time of experiment as time zero, and tb is the start time
of cooling; tc is the time that nucleation starts, in which there is a
sudden increase in temperature and a significant drop of pres-
sure; td is the time when the catastrophic hydrate formation is
finished. The induction time t0 is defined as the difference be-
tween tc and tb, t0 = tc – tb. The growth time ta is defined as the
difference between td and tc, ta = td – tc.

The effect of wax inhibitors on the blank (without hydrate or
wax inhibitors) system was summarized in Fig. 5. As Fig. 5 shows,
the average induction time shows almost no difference between
the system with 1% WJH-01 (3.95 h) and with deionized water

Fig. 1. Chemical structure of Inhibex501 (major component).

Fig. 2. Chemical structure of HY-1 (major component PVP).
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(3.7 h), while the induction time of the system with 1% BHFL-02
(5.21 h) is a little longer, which means there is a weak influence on
the CH4-CO2 gas hydrate formation. Additionally, both wax inhib-
itors can prolong the gas hydrate growth time. The 1% WJH-01 can
prolong the growth time (5.89 h) longer than 1% BHFL-02 (3.94 h).

Using the isothermal cooling method and the same experimen-
tal condition, the induction and growth time of HY-1, Inhibex501,
and AA at different concentrations (1 mass%, 2 mass%, and
3 mass%) were tested and results are displayed in Fig. 6, Fig. 7 and
Fig. 8, respectively. In Fig. 6, the average induction time t0 of
1 mass%, 2 mass%, and 3 mass% HY-1 were 11.94, 8.58, and 4.34 h,
respectively, and the average growth times were 9.37, 13.085, and
17.12 h, respectively. When the concentration of HY-1 increased,
the induction time decreased, and the growth time was pro-
longed. In the case of KL-1, there is a clear statistical trend to

shorten induction time when the concentration of KL-1 increases.
It is noteworthy that the gas hydrate with KL-1 was growing all the
time till the end of the experiment. Because KL-1 is a surfactant, it
allows hydrates to form but prevents the hydrate crystals from
agglomerating and subsequently accumulating into large masses.
For the ISP-501 system, when the concentration of ISP-501 is
3 mass%, the average induction time is the longest, 7.32 h (Fig. 7).
It is worth mentioning that ISP-501 can delay hydrate formation,
but after the start of the formation, it will accelerate the dosage of
the hydrate.

Effect of wax inhibitor on LDHI performance
Figures 9, 10, and 11 show the effect of wax inhibitors (WJH-01

and BHFL-02) in different concentrations on the induction and

Table 1. Experiment materials used in this work.

Component Purity Supplier

CH4-CO2 gas 0.67 and 0.33(mole fraction) Guangzhou Zhuozheng Gas Industry Co., Ltd.
HY1 W�0.99 South China University of Technology
Inhibex501 w�0.999 ISP International Specialty Products Inc, USA
KL-1 w�0.99 China University of Petroleum
WJH-01 w�0.99 CNOOC Energy Technology & Services-Oilfield Technology Services Co.
BHFL-02 w�0.99 CNOOC Energy Technology & Services-Oilfield Technology Services Co.
Deionized water —

Fig. 3. Low-dosage hydrate inhibitor performance evaluation apparatus. GC-gas cylinder; VP-vacuum pump; PG -pressure gauge; PRpressure
regulator; PS-pressure sensor; RT-resistance thermometer; DL-data logger RV-refrigeration vessel; SC-Steel cell; MA-magnetic agitator.
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Fig. 4. Temperature and pressure evolution of CH4-CO2 gas with
distilled water during the isothermal cooling test.
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growth time of gas hydrate formation with HY-1, ISP-501, and KL-1,
respectively.

To evaluate the effect of WI on LDHI performance, a “% Perfor-
mance” scale of the LDHI was developed.25 In our work, “% Perfor-
mance” was determined by induction time and growth time. We
defined performance on the induction time as “PI”, “% Perfor-
mance” determined by the induction time as “%PI”, performance
on the growth time as “PG”, “% Performance” determined by the
growth time as “%PG”. Then the “% Performance” is the mean
value of %PI and %PG.

The concentrations of HY-1, ISP-501, and KL-1 in this study were
1 mass%, 3 mass%, and 1 mass%, which produce the longest average
induction times of 11.94, 8.27, and 7.32 h, respectively. The %PI of
HY-1, ISP-501, and KL-1 at that induction time was designated as
100%. In the same way, the percent performance without LDHI
was designated as 0%. Using eq. 1, %PIof any WI + LDHI combina-
tion can be calculated by the induction time of the system with WI
and LDHI.

(1) %PI �
Induction time of the system with WI � LDHI

Induction time of the system with LDHI
× 100

Using this equation, the impact of each WI on the LDHI perfor-
mance determined by the induction time (PI) can be calculated.
For example, the induction time of the system with 1mass% HY-1
was 11.94 h, with 0.1 mass% WJH-01 + 1 mass% HY-1 was 4.185 h.
Applying eq. (1), the %PI of HY-1 in the presence of 0.1 mass%
WJH-01 was 35%. Namely, adding 0.1 mass% WJH-01 to the 1 mass%
HY-1 reduced the PI of HY-1 by 65%. This means that the lower the %PI
of HY-1 in the presence of WI, the greater effect on HY-1.

The %PI of three LDHIs (HY-1, ISP-501, and KL-1) combined with
two WIs (WJH-01 and BHFL-02) at 0.1 mass% and 1 mass% are sum-
marized in Table 2. The effect of all WIs on the PI of the LDHIs is
clearly negative. The results were not so consistent with Swanson
et al.21 Overall, WI additives disadvantaged delay nucleation with
KHIs (HY-1 and ISP-501) at 0.1 mass% than at 1 mass%, as shown in
Table 2. Furthermore, increasing the concentration of WJH-01 de-
creased the PI of the AA (KL-1) to a greater degree. It is worth
noting that when the concentration was 0.1 mass%, WJH-01 had
almost no effect. BHFL-02 at a dosage of 0.1 mass% and 1 mass% had
a same influence on the PI of KL-1, while the concentration of WI
did not have a regular impact on PI. For instance, WJH-01 and
BHFL-02 had very different influences on the performance of the
KL-1 at 0.1 mass% concentration. BHFL-02 had a significant effect
on the PI of KL-1, bringing the %PI down to 40%, while WJH-01 had
no impact. In general, WJH-01 had a more negative impact on the



combination with WIs. The results showed that when the concen-
tration of HY-1, ISP-501, and KL-1 was 1 mass%, 3 mass%, and
1 mass%, the average induction time of the gas system was the
longest, at 11.94, 7.32, and 8.27 h, respectively. The performance of
LDHIs was significantly reduced in the presence of WIs at low
concentration. The effect of WIs at high concentration can be
negligible. This may be related to the adsorption of WIs on the
polymer. When the concentration is high, the surfactants will
play a role, which will affect the growth process. However, further
tests are required to verify the experiment mechanism.

Acknowledgements
This work was supported by the National Natural Science Founda-

tion of China (grant No. 51176051), the Fundamental Research Funds
for the Central University(grant Nos. 2013ZZ0032 and 2014ZP0007),
and PetroChina Innovation Foundation (grant No. 2013D-5006-0107).
We also thank SuZhou BingZhiHuo Ltd. Co., who supplied the hy-
drate inhibitors.

References
(1) Kelland, M. A. Energy Fuels 2006, 20, 825. doi:10.1021/ef050427x.
(2) Koh, C. A.; Westacott, R. E.; Zhang, W; Hirachand, K; Creek, J. L.;

Soper, A. K. Fluid Phase Equilib. 2002, 194, 143. doi:10.1016/S0378-3812(01)
00660-4.

(3) Wu, M.; Wang, S.; Liu, H. J. Nat. Gas Chem. 2007, 16, 81. doi:10.1016/S1003-
9953(07)60031-0.

(4) Koh, C. A. Chem. Soc. Rev. 2002, 31, 157. doi:10.1039/b008672j.
(5) Mokhatab, S.; Wilkens, R. J.; Leontaritis, K. J. Energy Sources Part A 2007, 29,

39. doi:10.1080/009083190933988.
(6) Fu, S.; Cenegy, L.; Neff, C. SPE International Symposium on Oilfield Chemistry;

Society of Petroleum Engineers, 2001.

(7) Glenat, P.; Peytavy, J. L.; Jones, N. H.; Grainger, M. Abu Dhabi International
Conference and Exhibition; Society of Petroleum Engineers, 2004.

(8) Kelland, M. A. Advanced Materials Research; Nova Science Publishers Inc., New
York, 2011; Vol. 8.

(9) Thieu, V.; Frostman, L. SPE International Symposium on Oilfield Chemistry;
Society of Petroleum Engineers, 2005.

(10) Salamat, Y.; Moghadassi, A.; Illbeigi, M.; Eslamimanesh, A.; Mohammadi, A. H.
J. Energy Chem. 2013, 22, 114. doi:10.1016/S2095-4956(13)60015-7.

(11) Mehta, A. P.; Hebert, P. B.; Cadena, E. R.; Weatherman, J. P. SPE Prod. Facil.
2003, 18, 73. doi:10.2118/81927-PA.

(12) Klug, P.; Kelland, M. A. Patent WO98/2384, 1998.
(13) Huo, Z.; Freer, E.; Lamar, M; Sannigrahi, B.; Knauss, D. M.; Sloan, E. D. Chem.

Eng. Sci. 2001, 56, 4979. doi:10.1016/S0009-2509(01)00188-9.
(14) Zanota, M. L.; Dicharry, C.; Graciaa, A. Energy Fuels 2005, 19, 584. doi:10.1021/

ef040064l.
(15) Ribeiro, F. S.; Souza Mendes, P. R.; Braga, S. L. Int. J. Heat Mass Transfer 1997,

40, 4319. doi:10.1016/S0017-9310(97)00082-3.
(16) Esaklul, K. A.; Fung, G.; Harrison, G.; Perego, R. Offshore Technology

Conference, Houston, May 5–8, 2003.
(17) Jennings, D. W.; Newberry, M. Offshore Technology Conference, Houston, May

5–8, 2008.
(18) Jennings, D. W.; Newberry, M. International Petroleum Technology Conference,

Kuala Lumpur, Malaysia, December 3–5, 2008.
(19) Zhang, F. S.; Jian, Q. Y.; Hong, L.; Feng, X. F.; Zhang, H. B. Chem. Technol. Fuels

Oils 2001, 47, 53. doi:10.1007/s10553-011-0256-5.
(20) Kelland, M. A. Production chemicals for the oil and gas industry; CRC Press, 2014.
(21) Swanson, T. A.; Petrie, M.; Sifferman, T. In SPE International Symposium on

Oilfield Chemistry; Society of Petroleum Engineers, 2005.
(22) Hu, J.; Wang, Y. H.; Lang, X. M.; Du, J.; Li, Q. P.; Fan, S. S. Sci. China: Technol. Sci.

2011, 54, 3289. doi:10.1007/s11431-011-4583-x.
(23) Fan, S.; Du J.; Long F. China Patient, CN 101692077, 2011.
(24) Lone, A.; Kelland, M. A. Energy Fuels 2013, 27, 2536. doi:10.1021/ef400321z.
(25) Schultz, R. L. Proceedings of the 8th International Conference on Gas Hydrates,

2014.
(26) Rsocigno, P.; Asaro, F.; Pellizer, G.; Ortona, O.; Paduano, Luigi; Langmuir

2003, 19, 9638. doi:10.1021/la034928r.

Lang et al. 997

Published by NRC Research Press

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

So
ut

h 
C

hi
na

 U
ni

ve
rs

ity
 o

f 
T

ec
hn

ol
og

y 
on

 0
4/

24
/1

7
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 

http://dx.doi.org/10.1021/ef050427x
http://dx.doi.org/10.1016/S0378-3812(01)00660-4
http://dx.doi.org/10.1016/S0378-3812(01)00660-4
http://dx.doi.org/10.1016/S1003-9953(07)60031-0
http://dx.doi.org/10.1016/S1003-9953(07)60031-0
http://dx.doi.org/10.1039/b008672j
http://dx.doi.org/10.1080/009083190933988
http://dx.doi.org/10.1016/S2095-4956(13)60015-7
http://dx.doi.org/10.2118/81927-PA
http://dx.doi.org/10.1016/S0009-2509(01)00188-9
http://dx.doi.org/10.1021/ef040064l
http://dx.doi.org/10.1021/ef040064l
http://dx.doi.org/10.1016/S0017-9310(97)00082-3
http://dx.doi.org/10.1007/s10553-011-0256-5
http://dx.doi.org/10.1007/s11431-011-4583-x
http://dx.doi.org/10.1021/ef400321z
http://dx.doi.org/10.1021/la034928r

	Article
	Introduction
	Experimental
	Materials
	Experimental apparatus
	Experimental method

	Results and discussion
	LDHI performance testing
	Effect of wax inhibitor on LDHI performance

	Conclusion

	Acknowledgements
	References


<<
	/CompressObjects /Off
	/ParseDSCCommentsForDocInfo true
	/CreateJobTicket false
	/PDFX1aCheck false
	/ColorImageMinResolution 150
	/GrayImageResolution 300
	/DoThumbnails false
	/ColorConversionStrategy /LeaveColorUnchanged
	/GrayImageFilter /DCTEncode
	/EmbedAllFonts true
	/CalRGBProfile (sRGB IEC61966-2.1)
	/MonoImageMinResolutionPolicy /OK
	/AllowPSXObjects true
	/LockDistillerParams true
	/ImageMemory 1048576
	/DownsampleMonoImages true
	/ColorSettingsFile (None)
	/PassThroughJPEGImages true
	/AutoRotatePages /PageByPage
	/Optimize true
	/ParseDSCComments true
	/MonoImageDepth -1
	/AntiAliasGrayImages false
	/JPEG2000ColorImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/GrayImageMinResolutionPolicy /OK
	/ConvertImagesToIndexed true
	/MaxSubsetPct 99
	/Binding /Left
	/PreserveDICMYKValues false
	/GrayImageMinDownsampleDepth 2
	/MonoImageMinResolution 1200
	/sRGBProfile (sRGB IEC61966-2.1)
	/AntiAliasColorImages false
	/GrayImageDepth -1
	/PreserveFlatness true
	/CompressPages true
	/GrayImageMinResolution 150
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoFilterGrayImages true
	/EncodeColorImages true
	/AlwaysEmbed [
	]
	/EndPage -1
	/DownsampleColorImages true
	/ASCII85EncodePages false
	/PreserveEPSInfo false
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/CompatibilityLevel 1.3
	/MonoImageResolution 600
	/NeverEmbed [
		/Arial-Black
		/Arial-BlackItalic
		/Arial-BoldItalicMT
		/Arial-BoldMT
		/Arial-ItalicMT
		/ArialMT
		/ArialNarrow
		/ArialNarrow-Bold
		/ArialNarrow-BoldItalic
		/ArialNarrow-Italic
		/ArialUnicodeMS
		/CenturyGothic
		/CenturyGothic-Bold
		/CenturyGothic-BoldItalic
		/CenturyGothic-Italic
		/CourierNewPS-BoldItalicMT
		/CourierNewPS-BoldMT
		/CourierNewPS-ItalicMT
		/CourierNewPSMT
		/Georgia
		/Georgia-Bold
		/Georgia-BoldItalic
		/Georgia-Italic
		/Impact
		/LucidaConsole
		/Tahoma
		/Tahoma-Bold
		/TimesNewRomanMT-ExtraBold
		/TimesNewRomanPS-BoldItalicMT
		/TimesNewRomanPS-BoldMT
		/TimesNewRomanPS-ItalicMT
		/TimesNewRomanPSMT
		/Trebuchet-BoldItalic
		/TrebuchetMS
		/TrebuchetMS-Bold
		/TrebuchetMS-Italic
		/Verdana
		/Verdana-Bold
		/Verdana-BoldItalic
		/Verdana-Italic
	]
	/CannotEmbedFontPolicy /Warning
	/PreserveOPIComments false
	/AutoPositionEPSFiles true
	/JPEG2000GrayACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/PDFXOutputIntentProfile ()
	/EmbedJobOptions true
	/JPEG2000ColorACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/MonoImageDownsampleType /Average
	/DetectBlends true
	/EmitDSCWarnings false
	/ColorImageDownsampleType /Average
	/EncodeGrayImages true
	/AutoFilterColorImages true
	/DownsampleGrayImages true
	/GrayImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.15
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/AntiAliasMonoImages false
	/GrayImageAutoFilterStrategy /JPEG
	/GrayACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.15
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/ColorImageAutoFilterStrategy /JPEG
	/ColorImageMinResolutionPolicy /OK
	/ColorImageResolution 300
	/PDFXRegistryName ()
	/MonoImageFilter /CCITTFaxEncode
	/CalGrayProfile (Gray Gamma 2.2)
	/ColorImageMinDownsampleDepth 1
	/PDFXTrapped /False
	/DetectCurves 0.1
	/ColorImageDepth -1
	/JPEG2000GrayImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/TransferFunctionInfo /Preserve
	/ColorImageFilter /DCTEncode
	/PDFX3Check false
	/ParseICCProfilesInComments true
	/DSCReportingLevel 0
	/ColorACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.15
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/PDFXOutputConditionIdentifier ()
	/PDFXCompliantPDFOnly false
	/AllowTransparency false
	/UsePrologue false
	/PreserveCopyPage true
	/StartPage 1
	/MonoImageDownsampleThreshold 1.0
	/GrayImageDownsampleThreshold 1.0
	/CheckCompliance [
		/None
	]
	/CreateJDFFile false
	/PDFXSetBleedBoxToMediaBox true
	/EmbedOpenType false
	/OPM 0
	/PreserveOverprintSettings false
	/UCRandBGInfo /Remove
	/ColorImageDownsampleThreshold 1.0
	/MonoImageDict <<
		/K -1
	>>
	/GrayImageDownsampleType /Average
	/Description <<
		/ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
		/PTB <>
		/FRA <>
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
		/NOR <>
		/DEU <>
		/SVE <>
		/DAN <>
		/ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
		/JPN <>
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/SUO <>
		/ESP <>
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
	>>
	/CropMonoImages true
	/DefaultRenderingIntent /RelativeColorimeteric
	/PreserveHalftoneInfo false
	/ColorImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.15
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/CropGrayImages true
	/PDFXOutputCondition ()
	/SubsetFonts true
	/EncodeMonoImages true
	/CropColorImages true
	/PDFXNoTrimBoxError true
>>
setdistillerparams
<<
	/PageSize [
		612.0
		792.0
	]
	/HWResolution [
		600
		600
	]
>>
setpagedevice


