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Introduction 
    Human health effects and material damage from corrosive acidic species like SO2 and NOx are confined to local regions around pollution sources.  In general, combustion flue gas lives in a low temperature atmosphere of 373-423 K with about 1000 ppm of NOx and SO2 respectively and an excessive amount of O2 is definitely included. NOx has a 7:1-10:1 ratio of NO to NO2. The advantages of processing combustion flue gas using general activated carbon are based on the fact that not only NOx and SO2 are removed, but noxious substances such as hydrogen fluoride (HF), hydrogen chloride (HCl), mercury (Hg) included in the combustion flue gas are removed at the same time.  Also, because industrial water is not used, secondary pollution is not the outcome and useful by-products can be obtained during this process.  Noxious substance removal using general activated carbon based on the physisorption, to this day, is still reported to have very low selective removal efficiency with the exception of volatile organic compounds. This is the reason for not using this method despite many advantages such as having high surface area, unique pore structure, economical factor, etc 

    We have proposed a mechanism in our previous study (Lee et al., 2001) using K-IAC to NOx and SO2 by conducting a research on surface chemistry along with the adsorption characteristics.  ToF-SIMS and AES/SAM were used as surface analysis methods for the first time in our previous study to define surface chemistry with NOx and SO2 adsorbed impregnated activated carbon and we were able to collect a great deal of information.  Related studies until recently have reported that when pure-component adsorption is conducted for both NOx and SO2 using KOH impregnated activated carbon (K-IAC), both showed several times to several tens of times higher selectivity compared to general activated carbon.  However, there were almost no reports doing research on simultaneous adsorption of the binary-component with NOx-SO2 using K-IAC, especially no study on surface chemistry exists.  During the recent years, studies on the surface group of the activated carbon itself were conducted with great interest, but the characteristics of the activated carbon surface group and its accurate amount is known to be very difficult to analyze.  The surface, in particular, has many pores in irregular sizes and roughness making the analysis all the more difficult.  To understand and use impregnated activated carbon appropriately, it is most important that the chemical characteristics as well as the selective adsorption behavior of the surface are accurately identified. 

    This study, therefore, aims at identifying the simultaneous adsorption characteristics of NO, NO2 and SO2 in the combustion flue gas condition using KOH impregnated activated carbon and defining the surface chemistry under the condition.

Experimental 

The adsorbent was prepared by impregnating a KOH (Junsei Chemical Co.) solution into granular activated carbon (GAC) obtained from coconut shell (Dongyang Carbon Co.).  GAC was sieved through a 8/16 mesh and treated with N2 flowing for 4 h at 413 K.  Next the treated GAC was dried at 383 K.  KOH was impregnated in an aqueous solution state in the GAC via incipient wet impregnation, and was used following dehydration at 403 K.  Manufactured K-IAC was stored in a desiccator from common airborne moisture and contaminants to prevent adsorbent function reduction.  At this time, cautions were taken for impregnation, drying, and storage of adsorbent because the processes have a great influence on the adsorption capacity.  Through atomic absorption spectroscopy (AAS) analysis, potassium loading of K-IAC was confirmed to be 9.96 wt. %.  
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The fixed-bed adsorption system used in this experiment is shown in Figure 1. The fixed-bed adsorption column was a 316 stainless steel tube, with an inside diameter of 10.9 

Figure 1.  Schematic diagram of fix-bed adsorption system for noxious gas control

mm and a length of 400 mm.  Inside the columns, steel mesh was placed in the upper and lower extremities of the adsorbent to support the samples and minimize channeling phenomenon.  The temperature of the column was maintained with an electric furnace located at its outer wall.  For the system line, the temperature was maintained by using a heat band and heat insulating material and was regulated with a proportional-integral-differential (PID) temperature controller.  The temperature was measured by connecting a K-type thermocouple (Omega Engineering Inc.) located inside the line and connected to a recorder.  Each certified 2% NO/N2 , 5000 ppm NO2/N2, 2% SO2/N2, high purity O2 was diluted to the desired concentration range via a mass flow controller (Brooks Co., model 5280E).  In the fore-end of the adsorption column, an in-line static mixer was installed to facilitate mixing.  Concentrations of NO, NO2 and SO2 that exhausted from the bypass line and adsorption column were analyzed by using a chemiluminescent NOx analyzer (Thermo Environmental Instruments Inc., model 42C) and a flue gas analyzer (Eurotron Instruments S.p.A., GreenLine Mk II) for SO2, CO and O2 analysis.  Daily NOx, and SO2 analyzer calibrations were performed with N2 (zero value) and NO, NO2, and SO2 gases certified by manufacturer analysis having a concentration of near 80% of the analyzer full-scale range (span value).  During the adsorption experiment, analysis on column outlet concentrations of NO, NO2, NOx (NO+NO2), SO2, CO and O2 is controlled with software.  Analytical data are captured every minute and read into a computer, generating 300 analytical values from every of 300-minute-long experiment.  Detailed conditions of each experiment are shown in Table 2. 
The surface chemical analysis was performed for samples by utilizing XRD (Rigaku, D/MAX-III A), AES/SAM (Perkin-Elmer, PHI Model 670), and static type ToF-SIMS (Perkin-Elmer, PHI Model 700 ToF-SIMS/SALI), XPS (PHI).

Results and Discussion

All experiments (Figure 2-4) shows the concentration curve of NOx and SO2 emitted from the column outlet after adsorption of 891 ppm NO, 116 ppm NO2, 1004 ppm SO2 and 18.1% O2 to K-IAC for 5 h.  The adsorbent amount was 10.6730g, reaction temperature was 403K, flow rate was 1.68 L/min, and linear velocity of 30 cm/sec with the contact time at 0.67 sec.  In the adsorption behavior and surface chemical results, it was noticed that oxide crystal was produced partially because of NOx as SO2 with stronger adsorption affinity became dominant in most of the selective adsorption site when SO2 and NOx (NO:NOx=7.7:1) coexisted in K-IAC.  It was also noted that a large amount of oxygen was chemisorbed.   From depth information of surface (Figure 5), SOx- also decreased in larger amounts than NOx-.  Meanwhile, amounts of OH- and KO- in KOH as selective adsorption site were reduced.  The NOx and SO2 adsorption on K-IAC took place by the chemical reaction between impregnant (KOH) and adsorbates (NOx and SO2), which clearly explains the fact that KOH was gradually losing its function as the selective adsorption site by NOx and SO2 adsorption.  When NOx-SO2 coexist, competitive adsorption occurs, losing more OH- and KO-, as secondary ions of selective adsorption site due to ToF-SIMS resulting from the reaction between KOH and SO2.  Cx- and CHx- are groups mainly formed on the existing activated carbon surface and these groups provide positive evidence that K-S-O and K-N-O are concentrated near the external surface. 
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Figure 4. NOx and SO2 Concentration profile  for adsorption of NOx-SO2 binary system.  Gas composition :  891 ppm NO, 116 ppm NO2, 1004 ppm SO2,  18.1 % O2.  T=403 K.  L.V. =29.971 cm/sec.
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Figure 3. O2 Concentration profile for binary-component adsorption of NOx-SO2.  
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Figure 2. CO Concentration profile


 for binary-component adsorption of NOx-SO2 . 
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Figure 5. Depth distribution of (a) SOx- and (b) NOx- ions obtained K-IAC adsorbed for 5h with 1007 ppm NOx and 1004 ppm SO2 at 403K.
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		20010430

		NO-SO2-Air		O2/100		CO		NOx		SO2		NO		NO2		O2		Conv(NOx)		Conv(SOx)		O2(*10)		C/C0(SO2)		C/C0(NOx)

		0		18.2		0		0		0		0		0		1820		100		100		0		0.0000		0.0000

		1		18.2		1		81		0		81		0		1820		92		100		182		0.0000		0.0804		SO2		1004

		2		18.02		3		114		0		113		1		1802		89		100		180		0.0000		0.1132		NO		891

		3		17.98		4		139		0		138		1		1798		86		100		179		0.0000		0.1380		NO2		116

		4		17.98		4		155		0		154		1		1798		85		100		179		0.0000		0.1539		NOx		1007

		5		17.98		5		167		0		165		2		1798		83		100		179		0.0000		0.1658		O2		18.1

		6		17.97		5		176		0		174		2		1797		83		100		179		0.0000		0.1748		CO2		2.1

		7		17.96		5		185		0		183		2		1796		82		100		179		0.0000		0.1837		CO2		0.1

		8		17.96		6		192		0		190		2		1796		81		100		179		0.0000		0.1907		Tgas		20

		9		17.96		5		196		0		193		3		1796		81		100		179		0.0000		0.1946		Tamb		21

		10		17.96		5		200		0		197		3		1796		80		100		179		0.0000		0.1986		d P		-6.7

		11		17.96		5		202		0		199		3		1796		80		100		179		0.0000		0.2006		Vgas		Er

		12		17.95		4		207		0		204		3		1795		79		100		179		0.0000		0.2056		loss		Er

		13		17.96		4		211		0		208		3		1796		79		100		179		0.0000		0.2095

		14		17.96		5		217		0		214		3		1796		78		100		179		0.0000		0.2155

		15		17.97		5		222		0		219		3		1797		78		100		179		0.0000		0.2205

		16		17.95		5		224		0		221		3		1795		78		100		179		0.0000		0.2224

		17		17.96		5		229		0		225		4		1796		77		100		179		0.0000		0.2274

		18		17.96		4		233		0		229		4		1796		77		100		179		0.0000		0.2314

		19		17.97		4		238		0		234		4		1797		76		100		179		0.0000		0.2363

		20		17.97		5		246		0		242		4		1797		76		100		179		0.0000		0.2443

		21		17.97		5		252		0		248		4		1797		75		100		179		0.0000		0.2502

		22		17.96		5		258		0		253		5		1796		74		100		179		0.0000		0.2562

		23		17.97		5		261		0		256		5		1797		74		100		179		0.0000		0.2592

		24		17.96		5		267		0		262		5		1796		73		100		179		0.0000		0.2651

		25		17.95		4		275		0		270		5		1795		73		100		179		0.0000		0.2731

		26		17.96		5		283		0		277		6		1796		72		100		179		0.0000		0.2810

		27		17.97		5		292		0		286		6		1797		71		100		179		0.0000		0.2900

		28		17.95		5		299		0		293		6		1795		70		100		179		0.0000		0.2969

		29		17.96		6		303		0		296		7		1796		70		100		179		0.0000		0.3009

		30		17.95		5		313		0		306		7		1795		69		100		179		0.0000		0.3108

		31		17.96		5		325		0		317		8		1796		68		100		179		0.0000		0.3227

		32		17.97		5		337		0		329		8		1797		67		100		179		0.0000		0.3347

		33		17.97		5		349		0		340		9		1797		65		100		179		0.0000		0.3466

		34		17.96		5		359		0		350		9		1796		64		100		179		0.0000		0.3565

		35		17.97		5		366		0		356		10		1797		64		100		179		0.0000		0.3635

		36		17.96		5		379		0		368		11		1796		62		100		179		0.0000		0.3764

		37		17.98		6		396		0		384		12		1798		61		100		179		0.0000		0.3932

		38		17.97		5		413		0		400		13		1797		59		100		179		0.0000		0.4101

		39		17.96		6		429		0		415		14		1796		57		100		179		0.0000		0.4260

		40		17.97		6		442		0		427		15		1797		56		100		179		0.0000		0.4389

		41		17.95		5		456		0		440		16		1795		55		100		179		0.0000		0.4528

		42		17.96		5		472		0		455		17		1796		53		100		179		0.0000		0.4687

		43		17.96		6		494		0		475		19		1796		51		100		179		0.0000		0.4906

		44		17.96		6		520		0		499		21		1796		48		100		179		0.0000		0.5164

		45		17.95		6		540		0		518		22		1795		46		100		179		0.0000		0.5362

		46		17.98		5		551		0		527		24		1798		45		100		179		0.0000		0.5472

		47		17.97		5		566		0		541		25		1797		44		100		179		0.0000		0.5621

		48		17.97		5		583		0		556		27		1797		42		100		179		0.0000		0.5789

		49		17.98		6		613		0		584		29		1798		39		100		179		0.0000		0.6087

		50		17.98		7		639		0		607		32		1798		36		100		179		0.0000		0.6346

		51		17.97		6		664		0		629		35		1797		34		100		179		0.0000		0.6594

		52		17.98		6		679		0		642		37		1798		33		100		179		0.0000		0.6743

		53		17.97		6		689		0		650		39		1797		32		100		179		0.0000		0.6842

		54		17.98		7		704		0		664		40		1798		30		100		179		0.0000		0.6991

		55		17.97		7		730		0		686		44		1797		27		100		179		0.0000		0.7249

		56		17.97		7		755		0		707		48		1797		25		100		179		0.0000		0.7498

		57		17.97		7		770		0		719		51		1797		23		100		179		0.0000		0.7646

		58		17.96		7		779		0		725		54		1796		23		100		179		0.0000		0.7736

		59		17.96		6		782		0		726		56		1796		22		100		179		0.0000		0.7766

		60		17.95		6		795		0		736		59		1795		21		100		179		0.0000		0.7895

		61		17.96		7		817		0		753		64		1796		19		100		179		0.0000		0.8113

		62		17.96		8		833		0		763		70		1796		17		100		179		0.0000		0.8272

		63		17.98		7		832		0		758		74		1798		17		100		179		0.0000		0.8262

		64		17.97		8		830		0		752		78		1797		17		100		179		0.0000		0.8242

		65		17.98		8		822		0		741		81		1798		18		100		179		0.0000		0.8163

		66		17.97		7		823		0		737		86		1797		18		100		179		0.0000		0.8173

		67		17.97		7		841		0		748		93		1797		16		100		179		0.0000		0.8352

		68		17.95		8		856		18		754		102		1795		15		98		179		0.0179		0.8500

		69		17.97		8		860		40		751		109		1797		15		96		179		0.0398		0.8540

		70		17.97		8		859		61		743		116		1797		15		94		179		0.0608		0.8530

		71		17.97		8		853		82		732		121		1797		15		92		179		0.0817		0.8471

		72		17.99		8		846		102		721		125		1799		16		90		179		0.1016		0.8401

		73		17.98		6		855		128		721		134		1798		15		87		179		0.1275		0.8491

		74		17.98		7		876		155		732		144		1798		13		85		179		0.1544		0.8699

		75		17.99		9		894		179		739		155		1799		11		82		179		0.1783		0.8878

		76		17.99		9		899		196		735		164		1799		11		80		179		0.1952		0.8928

		77		17.99		9		899		210		728		171		1799		11		79		179		0.2092		0.8928

		78		17.99		7		893		222		717		176		1799		11		78		179		0.2211		0.8868

		79		18.01		7		884		235		704		180		1801		12		77		180		0.2341		0.8779

		80		17.99		7		892		254		706		186		1799		11		75		179		0.2530		0.8858

		81		17.99		8		913		280		716		197		1799		9		72		179		0.2789		0.9067

		82		17.98		9		930		302		721		209		1798		8		70		179		0.3008		0.9235

		83		17.98		8		939		318		721		218		1798		7		68		179		0.3167		0.9325

		84		17.99		9		936		326		712		224		1799		7		68		179		0.3247		0.9295

		85		17.99		8		930		332		702		228		1799		8		67		179		0.3307		0.9235

		86		17.99		8		926		339		695		231		1799		8		66		179		0.3376		0.9196

		87		17.99		7		941		357		701		240		1799		6		64		179		0.3556		0.9345

		88		17.99		8		956		379		706		250		1799		5		62		179		0.3775		0.9494

		89		18.01		8		964		393		705		259		1801		4		61		180		0.3914		0.9573

		90		18		7		969		401		703		266		1800		4		60		180		0.3994		0.9623

		91		18		7		964		403		694		270		1800		4		60		180		0.4014		0.9573

		92		17.99		6		960		405		687		273		1799		5		60		179		0.4034		0.9533

		93		17.99		7		970		416		691		279		1799		4		59		179		0.4143		0.9633

		94		18		7		983		433		695		288		1800		2		57		180		0.4313		0.9762

		95		17.99		9		999		449		701		298		1799		1		55		179		0.4472		0.9921

		96		18		7		997		452		694		303		1800		1		55		180		0.4502		0.9901

		97		18		7		996		453		689		307		1800		1		55		180		0.4512		0.9891

		98		18		7		994		454		684		310		1800		1		55		180		0.4522		0.9871

		99		18.01		7		1002		463		686		316		1801		0		54		180		0.4612		0.9950

		100		18		7		1016		478		691		325		1800		(1)		52		180		0.4761		1.0089

		101		18.02		7		1023		487		691		332		1802		(2)		51		180		0.4851		1.0159

		102		18.01		8		1027		491		689		338		1801		(2)		51		180		0.4890		1.0199

		103		18.02		6		1025		490		684		341		1802		(2)		51		180		0.4880		1.0179

		104		18.01		6		1025		489		681		344		1801		(2)		51		180		0.4871		1.0179

		105		18		6		1033		495		684		349		1800		(3)		51		180		0.4930		1.0258

		106		18.01		7		1046		508		688		358		1801		(4)		49		180		0.5060		1.0387

		107		18		7		1058		517		693		365		1800		(5)		49		180		0.5149		1.0506

		111		17.99		8		1048		552		680		368		1799		(4)		45		179		0.5498		1.0407

		112		18		8		1071		533		687		384		1800		(6)		47		180		0.5309		1.0636

		113		18.01		8		1081		539		689		392		1801		(7)		46		180		0.5369		1.0735

		114		18.01		8		1081		540		684		397		1801		(7)		46		180		0.5378		1.0735

		115		18.02		8		1079		535		680		399		1802		(7)		47		180		0.5329		1.0715

		116		18.02		7		1067		527		670		397		1802		(6)		48		180		0.5249		1.0596

		117		18.03		7		1073		528		674		399		1803		(7)		47		180		0.5259		1.0655

		118		18.02		7		1089		541		681		408		1802		(8)		46		180		0.5388		1.0814

		119		18.01		9		1106		555		688		418		1801		(10)		45		180		0.5528		1.0983

		120		18.01		9		1115		559		690		425		1801		(11)		44		180		0.5568		1.1072

		121		18.01		8		1112		554		685		427		1801		(11)		45		180		0.5518		1.1043

		122		18.03		9		1096		542		674		422		1803		(9)		46		180		0.5398		1.0884

		123		18.02		8		1093		537		673		420		1802		(9)		47		180		0.5349		1.0854

		124		18.02		7		1102		544		678		424		1802		(10)		46		180		0.5418		1.0943

		125		18.01		7		1117		560		684		433		1801		(11)		44		180		0.5578		1.1092

		126		18.01		8		1128		569		687		441		1801		(12)		43		180		0.5667		1.1202

		127		18.02		8		1131		568		687		444		1802		(12)		43		180		0.5657		1.1231

		128		18.02		7		1124		561		681		443		1802		(12)		44		180		0.5588		1.1162

		129		18.02		8		1111		551		673		438		1802		(10)		45		180		0.5488		1.1033

		130		18.02		7		1113		550		675		438		1802		(11)		45		180		0.5478		1.1053

		131		18.02		8		1125		562		681		444		1802		(12)		44		180		0.5598		1.1172

		132		18.03		8		1135		575		684		451		1803		(13)		43		180		0.5727		1.1271

		133		18.02		9		1140		579		685		455		1802		(13)		42		180		0.5767		1.1321

		134		18.04		7		1132		572		679		453		1804		(13)		43		180		0.5697		1.1241

		135		18.04		7		1125		566		674		451		1804		(12)		44		180		0.5637		1.1172

		136		18.03		8		1121		559		673		448		1803		(11)		44		180		0.5568		1.1132

		137		18.01		7		1136		569		682		454		1801		(13)		43		180		0.5667		1.1281

		138		18.01		7		1147		582		687		460		1801		(14)		42		180		0.5797		1.1390

		139		18.02		8		1151		588		686		465		1802		(14)		41		180		0.5857		1.1430

		140		18.02		8		1151		587		685		466		1802		(14)		42		180		0.5847		1.1430

		141		18.02		7		1142		578		679		463		1802		(14)		42		180		0.5757		1.1341

		142		18.03		6		1132		570		674		458		1803		(13)		43		180		0.5677		1.1241

		143		18.01		7		1143		577		681		462		1801		(14)		43		180		0.5747		1.1351

		144		18.01		8		1156		592		688		468		1801		(15)		41		180		0.5896		1.1480

		145		18.01		8		1169		605		693		476		1801		(16)		40		180		0.6026		1.1609

		146		18.02		8		1173		606		694		479		1802		(17)		40		180		0.6036		1.1648

		147		18.02		7		1167		600		689		478		1802		(16)		40		180		0.5976		1.1589

		148		18.01		7		1158		589		685		473		1801		(15)		41		180		0.5867		1.1500

		149		18.02		7		1151		583		683		468		1802		(14)		42		180		0.5807		1.1430

		150		18.02		6		1159		591		688		471		1802		(15)		41		180		0.5886		1.1509

		151		18.03		7		1171		605		694		477		1803		(16)		40		180		0.6026		1.1629

		152		18.02		8		1181		614		698		483		1802		(17)		39		180		0.6116		1.1728

		153		18.02		7		1180		612		695		485		1802		(17)		39		180		0.6096		1.1718

		154		18.03		7		1173		603		692		481		1803		(17)		40		180		0.6006		1.1648

		155		18.03		8		1160		593		685		475		1803		(15)		41		180		0.5906		1.1519

		156		18.03		6		1153		585		683		470		1803		(15)		42		180		0.5827		1.1450

		157		18.02		6		1164		595		691		473		1802		(16)		41		180		0.5926		1.1559

		158		18.03		7		1182		617		700		482		1803		(17)		39		180		0.6145		1.1738

		159		18.02		8		1195		630		705		490		1802		(19)		37		180		0.6275		1.1867

		160		18.02		8		1200		632		707		493		1802		(19)		37		180		0.6295		1.1917

		161		18.02		8		1199		625		706		493		1802		(19)		38		180		0.6225		1.1907

		162		18.03		7		1183		611		698		485		1803		(18)		39		180		0.6086		1.1748

		163		18.04		7		1166		598		690		476		1804		(16)		40		180		0.5956		1.1579

		164		18.04		6		1165		597		692		473		1804		(16)		41		180		0.5946		1.1569

		165		18.03		7		1173		610		697		476		1803		(17)		39		180		0.6076		1.1648

		166		18.03		8		1186		624		704		482		1803		(18)		38		180		0.6215		1.1778

		167		18.03		7		1191		630		705		486		1803		(18)		37		180		0.6275		1.1827

		168		18.03		8		1188		626		704		484		1803		(18)		38		180		0.6235		1.1797

		169		18.03		7		1177		618		698		479		1803		(17)		38		180		0.6155		1.1688

		170		18.03		6		1170		611		696		474		1803		(16)		39		180		0.6086		1.1619

		171		18.04		6		1168		614		696		472		1804		(16)		39		180		0.6116		1.1599

		172		18.03		8		1182		630		704		478		1803		(17)		37		180		0.6275		1.1738

		173		18.03		6		1188		639		707		481		1803		(18)		36		180		0.6365		1.1797

		174		18.03		7		1188		638		707		481		1803		(18)		36		180		0.6355		1.1797

		175		18.02		7		1182		633		703		479		1802		(17)		37		180		0.6305		1.1738

		176		18.03		6		1172		622		699		473		1803		(17)		38		180		0.6195		1.1639

		177		18.03		7		1167		619		698		469		1803		(16)		38		180		0.6165		1.1589

		178		18.03		7		1181		635		707		474		1803		(17)		37		180		0.6325		1.1728

		179		18.04		7		1188		648		710		478		1804		(18)		35		180		0.6454		1.1797

		180		18.04		7		1191		652		710		481		1804		(18)		35		180		0.6494		1.1827

		181		18.04		7		1190		648		710		480		1804		(18)		35		180		0.6454		1.1817

		182		18.04		6		1180		638		705		475		1804		(17)		36		180		0.6355		1.1718

		183		18.04		6		1170		631		701		469		1804		(16)		37		180		0.6285		1.1619

		184		18.04		5		1176		636		706		470		1804		(17)		37		180		0.6335		1.1678

		185		18.04		7		1185		649		711		474		1804		(18)		35		180		0.6464		1.1768

		186		18.04		6		1190		657		713		477		1804		(18)		35		180		0.6544		1.1817

		187		18.03		6		1189		656		712		477		1803		(18)		35		180		0.6534		1.1807

		188		18.04		6		1180		648		708		472		1804		(17)		35		180		0.6454		1.1718

		189		18.03		6		1176		643		707		469		1803		(17)		36		180		0.6404		1.1678

		190		18.04		5		1179		647		710		469		1804		(17)		36		180		0.6444		1.1708

		191		18.03		6		1191		661		718		473		1803		(18)		34		180		0.6584		1.1827

		192		18.03		6		1197		670		721		476		1803		(19)		33		180		0.6673		1.1887

		193		18.04		6		1192		669		716		476		1804		(18)		33		180		0.6663		1.1837

		194		18.07		6		1179		658		710		469		1807		(17)		34		180		0.6554		1.1708

		195		18.04		5		1176		653		710		466		1804		(17)		35		180		0.6504		1.1678

		196		18.04		6		1184		657		716		468		1804		(18)		35		180		0.6544		1.1758

		197		18.03		6		1195		669		723		472		1803		(19)		33		180		0.6663		1.1867

		198		18.04		6		1198		675		724		474		1804		(19)		33		180		0.6723		1.1897

		199		18.03		7		1201		678		726		475		1803		(19)		32		180		0.6753		1.1927

		200		18.03		5		1195		673		723		472		1803		(19)		33		180		0.6703		1.1867

		201		18.03		6		1186		664		720		466		1803		(18)		34		180		0.6614		1.1778

		202		18.04		6		1185		665		721		464		1804		(18)		34		180		0.6624		1.1768

		203		18.04		6		1189		673		724		465		1804		(18)		33		180		0.6703		1.1807

		204		18.04		6		1191		679		725		466		1804		(18)		32		180		0.6763		1.1827

		205		18.04		6		1190		678		725		465		1804		(18)		32		180		0.6753		1.1817

		206		18.04		5		1179		671		719		460		1804		(17)		33		180		0.6683		1.1708

		207		18.05		6		1173		668		717		456		1805		(17)		33		180		0.6653		1.1648

		208		18.04		6		1191		686		729		462		1804		(18)		32		180		0.6833		1.1827

		209		18.04		7		1211		705		740		471		1804		(20)		30		180		0.7022		1.2026

		210		18.04		7		1218		713		743		475		1804		(21)		29		180		0.7102		1.2095

		211		18.05		7		1213		707		740		473		1805		(21)		30		180		0.7042		1.2046

		212		18.04		6		1208		698		738		470		1804		(20)		30		180		0.6952		1.1996

		213		18.04		6		1197		685		733		464		1804		(19)		32		180		0.6823		1.1887

		214		18.04		6		1191		677		733		458		1804		(18)		33		180		0.6743		1.1827

		215		18.05		6		1196		686		738		458		1805		(19)		32		180		0.6833		1.1877

		216		18.04		6		1204		700		742		462		1804		(20)		30		180		0.6972		1.1956

		217		18.05		6		1204		702		742		462		1805		(20)		30		180		0.6992		1.1956

		218		18.05		7		1198		696		739		459		1805		(19)		31		180		0.6932		1.1897

		219		18.05		6		1184		684		732		452		1805		(18)		32		180		0.6813		1.1758

		220		18.05		6		1182		681		734		448		1805		(17)		32		180		0.6783		1.1738

		221		18.05		6		1189		692		740		449		1805		(18)		31		180		0.6892		1.1807

		222		18.05		6		1201		709		747		454		1805		(19)		29		180		0.7062		1.1927

		223		18.05		7		1208		717		750		458		1805		(20)		29		180		0.7141		1.1996

		224		18.05		6		1205		713		749		456		1805		(20)		29		180		0.7102		1.1966

		225		18.05		6		1195		704		744		451		1805		(19)		30		180		0.7012		1.1867

		226		18.05		6		1184		695		739		445		1805		(18)		31		180		0.6922		1.1758

		227		18.04		5		1179		689		739		440		1804		(17)		31		180		0.6863		1.1708

		228		18.05		6		1181		697		741		440		1805		(17)		31		180		0.6942		1.1728

		229		18.07		6		1187		710		744		443		1807		(18)		29		180		0.7072		1.1787

		230		18.05		6		1190		713		747		443		1805		(18)		29		180		0.7102		1.1817

		234		18		5		1163		750		737		426		1800		(16)		25		180		0.7470		1.1549

		235		18.01		6		1173		717		739		434		1801		(17)		29		180		0.7141		1.1648

		236		18		6		1179		719		744		435		1800		(17)		28		180		0.7161		1.1708

		237		18		5		1184		727		747		437		1800		(18)		28		180		0.7241		1.1758

		238		18		6		1183		731		746		437		1800		(18)		27		180		0.7281		1.1748

		239		18		5		1180		729		745		435		1800		(17)		27		180		0.7261		1.1718

		240		18.01		5		1169		719		739		430		1801		(16)		28		180		0.7161		1.1609

		241		18		5		1164		715		738		426		1800		(16)		29		180		0.7122		1.1559

		242		18		5		1175		723		747		428		1800		(17)		28		180		0.7201		1.1668

		243		18		5		1178		735		748		430		1800		(17)		27		180		0.7321		1.1698

		244		18.01		6		1176		738		746		430		1801		(17)		26		180		0.7351		1.1678

		245		18.01		6		1171		736		743		428		1801		(16)		27		180		0.7331		1.1629

		246		18.02		5		1163		728		738		425		1802		(16)		27		180		0.7251		1.1549

		247		18.01		5		1162		723		740		422		1801		(16)		28		180		0.7201		1.1539

		248		18.02		5		1166		731		743		423		1802		(16)		27		180		0.7281		1.1579

		249		18.01		6		1183		748		755		428		1801		(18)		25		180		0.7450		1.1748

		250		18.01		6		1183		752		753		430		1801		(18)		25		180		0.7490		1.1748

		251		18.01		5		1183		749		754		429		1801		(18)		25		180		0.7460		1.1748

		252		18.01		5		1176		738		751		425		1801		(17)		26		180		0.7351		1.1678

		253		18.02		5		1162		727		744		418		1802		(16)		28		180		0.7241		1.1539

		254		18.02		4		1159		725		744		415		1802		(15)		28		180		0.7221		1.1509

		255		18.02		4		1164		736		748		416		1802		(16)		27		180		0.7331		1.1559

		256		18.02		5		1173		747		754		419		1802		(17)		26		180		0.7440		1.1648

		257		18.02		6		1176		752		756		420		1802		(17)		25		180		0.7490		1.1678

		258		18.01		6		1175		748		756		419		1801		(17)		25		180		0.7450		1.1668

		259		18.01		5		1163		737		749		414		1801		(16)		27		180		0.7341		1.1549

		260		18.01		5		1157		733		747		410		1801		(15)		27		180		0.7301		1.1490

		261		18		5		1168		744		756		412		1800		(16)		26		180		0.7410		1.1599

		262		18.01		5		1169		751		756		413		1801		(16)		25		180		0.7480		1.1609

		263		18.02		5		1165		750		753		412		1802		(16)		25		180		0.7470		1.1569

		264		18.02		5		1156		742		749		407		1802		(15)		26		180		0.7390		1.1480

		265		18.02		4		1155		743		749		406		1802		(15)		26		180		0.7400		1.1470

		266		18.01		5		1165		754		757		408		1801		(16)		25		180		0.7510		1.1569

		267		18.02		5		1172		762		762		410		1802		(17)		24		180		0.7590		1.1639

		268		18.02		5		1168		764		758		410		1802		(16)		24		180		0.7610		1.1599

		269		18.01		5		1162		758		754		408		1801		(16)		25		180		0.7550		1.1539

		270		18.01		5		1154		748		751		403		1801		(15)		25		180		0.7450		1.1460

		271		18.01		5		1153		748		752		401		1801		(15)		25		180		0.7450		1.1450

		272		18.02		4		1162		761		758		404		1802		(16)		24		180		0.7580		1.1539

		273		18.02		5		1166		771		760		406		1802		(16)		23		180		0.7679		1.1579

		274		18.02		5		1168		772		761		407		1802		(16)		23		180		0.7689		1.1599

		275		18.01		4		1164		767		759		405		1801		(16)		24		180		0.7639		1.1559

		276		18.01		4		1153		758		753		400		1801		(15)		25		180		0.7550		1.1450

		277		18.02		5		1149		752		753		396		1802		(14)		25		180		0.7490		1.1410

		278		18.02		4		1158		763		760		398		1802		(15)		24		180		0.7600		1.1500

		279		18.01		5		1168		778		765		403		1801		(16)		23		180		0.7749		1.1599

		280		18.01		5		1174		785		769		405		1801		(17)		22		180		0.7819		1.1658

		281		18.02		4		1167		780		764		403		1802		(16)		22		180		0.7769		1.1589

		282		18.02		5		1161		774		761		400		1802		(15)		23		180		0.7709		1.1529

		283		18.01		4		1156		765		760		396		1801		(15)		24		180		0.7620		1.1480

		284		18.01		5		1153		762		760		393		1801		(15)		24		180		0.7590		1.1450

		285		18.01		4		1159		773		764		395		1801		(15)		23		180		0.7699		1.1509

		286		18.01		5		1165		785		767		398		1801		(16)		22		180		0.7819		1.1569

		287		18.01		4		1165		787		767		398		1801		(16)		22		180		0.7839		1.1569

		288		18.01		5		1164		783		767		397		1801		(16)		22		180		0.7799		1.1559

		289		18.01		6		1155		774		762		393		1801		(15)		23		180		0.7709		1.1470

		290		18.01		5		1147		766		759		388		1801		(14)		24		180		0.7629		1.1390

		291		18.01		4		1151		773		763		388		1801		(14)		23		180		0.7699		1.1430

		292		18.02		5		1163		790		770		393		1802		(16)		21		180		0.7869		1.1549

		293		18.01		4		1171		801		775		396		1801		(16)		20		180		0.7978		1.1629

		294		18.01		5		1173		800		777		396		1801		(17)		20		180		0.7968		1.1648

		295		18.01		5		1167		793		773		394		1801		(16)		21		180		0.7898		1.1589

		296		18.01		4		1155		781		767		388		1801		(15)		22		180		0.7779		1.1470

		297		18.01		5		1146		772		762		384		1801		(14)		23		180		0.7689		1.1380

		298		18.03		4		1146		773		765		381		1803		(14)		23		180		0.7699		1.1380

		299		18.02		5		1160		794		774		386		1802		(15)		21		180		0.7908		1.1519

		300		18.02		5		1168		807		778		390		1802		(16)		20		180		0.8038		1.1599
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18.2
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010530

		20010430

		NO-SO2-Air		O2/100		CO		NOx		SO2		NO		NO2		O2		Conv(NOx)		Conv(SOx)		O2(*10)		C/C0(SO2)		C/C0(NOx)

		0		18.2		0		0		0		0		0		1820		100		100		0		0.0000		0.0000

		1		18.2		1		81		0		81		0		1820		92		100		182		0.0000		0.0804		SO2		1004

		2		18.02		3		114		0		113		1		1802		89		100		180		0.0000		0.1132		NO		891

		3		17.98		4		139		0		138		1		1798		86		100		179		0.0000		0.1380		NO2		116

		4		17.98		4		155		0		154		1		1798		85		100		179		0.0000		0.1539		NOx		1007

		5		17.98		5		167		0		165		2		1798		83		100		179		0.0000		0.1658		O2		18.1

		6		17.97		5		176		0		174		2		1797		83		100		179		0.0000		0.1748		CO2		2.1

		7		17.96		5		185		0		183		2		1796		82		100		179		0.0000		0.1837		CO2		0.1

		8		17.96		6		192		0		190		2		1796		81		100		179		0.0000		0.1907		Tgas		20

		9		17.96		5		196		0		193		3		1796		81		100		179		0.0000		0.1946		Tamb		21

		10		17.96		5		200		0		197		3		1796		80		100		179		0.0000		0.1986		d P		-6.7

		11		17.96		5		202		0		199		3		1796		80		100		179		0.0000		0.2006		Vgas		Er

		12		17.95		4		207		0		204		3		1795		79		100		179		0.0000		0.2056		loss		Er

		13		17.96		4		211		0		208		3		1796		79		100		179		0.0000		0.2095

		14		17.96		5		217		0		214		3		1796		78		100		179		0.0000		0.2155

		15		17.97		5		222		0		219		3		1797		78		100		179		0.0000		0.2205

		16		17.95		5		224		0		221		3		1795		78		100		179		0.0000		0.2224

		17		17.96		5		229		0		225		4		1796		77		100		179		0.0000		0.2274

		18		17.96		4		233		0		229		4		1796		77		100		179		0.0000		0.2314

		19		17.97		4		238		0		234		4		1797		76		100		179		0.0000		0.2363

		20		17.97		5		246		0		242		4		1797		76		100		179		0.0000		0.2443

		21		17.97		5		252		0		248		4		1797		75		100		179		0.0000		0.2502

		22		17.96		5		258		0		253		5		1796		74		100		179		0.0000		0.2562

		23		17.97		5		261		0		256		5		1797		74		100		179		0.0000		0.2592

		24		17.96		5		267		0		262		5		1796		73		100		179		0.0000		0.2651

		25		17.95		4		275		0		270		5		1795		73		100		179		0.0000		0.2731

		26		17.96		5		283		0		277		6		1796		72		100		179		0.0000		0.2810

		27		17.97		5		292		0		286		6		1797		71		100		179		0.0000		0.2900

		28		17.95		5		299		0		293		6		1795		70		100		179		0.0000		0.2969

		29		17.96		6		303		0		296		7		1796		70		100		179		0.0000		0.3009

		30		17.95		5		313		0		306		7		1795		69		100		179		0.0000		0.3108

		31		17.96		5		325		0		317		8		1796		68		100		179		0.0000		0.3227

		32		17.97		5		337		0		329		8		1797		67		100		179		0.0000		0.3347

		33		17.97		5		349		0		340		9		1797		65		100		179		0.0000		0.3466

		34		17.96		5		359		0		350		9		1796		64		100		179		0.0000		0.3565

		35		17.97		5		366		0		356		10		1797		64		100		179		0.0000		0.3635

		36		17.96		5		379		0		368		11		1796		62		100		179		0.0000		0.3764

		37		17.98		6		396		0		384		12		1798		61		100		179		0.0000		0.3932

		38		17.97		5		413		0		400		13		1797		59		100		179		0.0000		0.4101

		39		17.96		6		429		0		415		14		1796		57		100		179		0.0000		0.4260

		40		17.97		6		442		0		427		15		1797		56		100		179		0.0000		0.4389

		41		17.95		5		456		0		440		16		1795		55		100		179		0.0000		0.4528

		42		17.96		5		472		0		455		17		1796		53		100		179		0.0000		0.4687

		43		17.96		6		494		0		475		19		1796		51		100		179		0.0000		0.4906

		44		17.96		6		520		0		499		21		1796		48		100		179		0.0000		0.5164

		45		17.95		6		540		0		518		22		1795		46		100		179		0.0000		0.5362

		46		17.98		5		551		0		527		24		1798		45		100		179		0.0000		0.5472

		47		17.97		5		566		0		541		25		1797		44		100		179		0.0000		0.5621

		48		17.97		5		583		0		556		27		1797		42		100		179		0.0000		0.5789

		49		17.98		6		613		0		584		29		1798		39		100		179		0.0000		0.6087

		50		17.98		7		639		0		607		32		1798		36		100		179		0.0000		0.6346

		51		17.97		6		664		0		629		35		1797		34		100		179		0.0000		0.6594

		52		17.98		6		679		0		642		37		1798		33		100		179		0.0000		0.6743

		53		17.97		6		689		0		650		39		1797		32		100		179		0.0000		0.6842

		54		17.98		7		704		0		664		40		1798		30		100		179		0.0000		0.6991

		55		17.97		7		730		0		686		44		1797		27		100		179		0.0000		0.7249

		56		17.97		7		755		0		707		48		1797		25		100		179		0.0000		0.7498

		57		17.97		7		770		0		719		51		1797		23		100		179		0.0000		0.7646

		58		17.96		7		779		0		725		54		1796		23		100		179		0.0000		0.7736

		59		17.96		6		782		0		726		56		1796		22		100		179		0.0000		0.7766

		60		17.95		6		795		0		736		59		1795		21		100		179		0.0000		0.7895

		61		17.96		7		817		0		753		64		1796		19		100		179		0.0000		0.8113

		62		17.96		8		833		0		763		70		1796		17		100		179		0.0000		0.8272

		63		17.98		7		832		0		758		74		1798		17		100		179		0.0000		0.8262

		64		17.97		8		830		0		752		78		1797		17		100		179		0.0000		0.8242

		65		17.98		8		822		0		741		81		1798		18		100		179		0.0000		0.8163

		66		17.97		7		823		0		737		86		1797		18		100		179		0.0000		0.8173

		67		17.97		7		841		0		748		93		1797		16		100		179		0.0000		0.8352

		68		17.95		8		856		18		754		102		1795		15		98		179		0.0179		0.8500

		69		17.97		8		860		40		751		109		1797		15		96		179		0.0398		0.8540

		70		17.97		8		859		61		743		116		1797		15		94		179		0.0608		0.8530

		71		17.97		8		853		82		732		121		1797		15		92		179		0.0817		0.8471

		72		17.99		8		846		102		721		125		1799		16		90		179		0.1016		0.8401

		73		17.98		6		855		128		721		134		1798		15		87		179		0.1275		0.8491

		74		17.98		7		876		155		732		144		1798		13		85		179		0.1544		0.8699

		75		17.99		9		894		179		739		155		1799		11		82		179		0.1783		0.8878

		76		17.99		9		899		196		735		164		1799		11		80		179		0.1952		0.8928

		77		17.99		9		899		210		728		171		1799		11		79		179		0.2092		0.8928

		78		17.99		7		893		222		717		176		1799		11		78		179		0.2211		0.8868

		79		18.01		7		884		235		704		180		1801		12		77		180		0.2341		0.8779

		80		17.99		7		892		254		706		186		1799		11		75		179		0.2530		0.8858

		81		17.99		8		913		280		716		197		1799		9		72		179		0.2789		0.9067

		82		17.98		9		930		302		721		209		1798		8		70		179		0.3008		0.9235

		83		17.98		8		939		318		721		218		1798		7		68		179		0.3167		0.9325

		84		17.99		9		936		326		712		224		1799		7		68		179		0.3247		0.9295

		85		17.99		8		930		332		702		228		1799		8		67		179		0.3307		0.9235

		86		17.99		8		926		339		695		231		1799		8		66		179		0.3376		0.9196

		87		17.99		7		941		357		701		240		1799		6		64		179		0.3556		0.9345

		88		17.99		8		956		379		706		250		1799		5		62		179		0.3775		0.9494

		89		18.01		8		964		393		705		259		1801		4		61		180		0.3914		0.9573

		90		18		7		969		401		703		266		1800		4		60		180		0.3994		0.9623

		91		18		7		964		403		694		270		1800		4		60		180		0.4014		0.9573

		92		17.99		6		960		405		687		273		1799		5		60		179		0.4034		0.9533

		93		17.99		7		970		416		691		279		1799		4		59		179		0.4143		0.9633

		94		18		7		983		433		695		288		1800		2		57		180		0.4313		0.9762

		95		17.99		9		999		449		701		298		1799		1		55		179		0.4472		0.9921

		96		18		7		997		452		694		303		1800		1		55		180		0.4502		0.9901

		97		18		7		996		453		689		307		1800		1		55		180		0.4512		0.9891

		98		18		7		994		454		684		310		1800		1		55		180		0.4522		0.9871

		99		18.01		7		1002		463		686		316		1801		0		54		180		0.4612		0.9950

		100		18		7		1016		478		691		325		1800		(1)		52		180		0.4761		1.0089

		101		18.02		7		1023		487		691		332		1802		(2)		51		180		0.4851		1.0159

		102		18.01		8		1027		491		689		338		1801		(2)		51		180		0.4890		1.0199

		103		18.02		6		1025		490		684		341		1802		(2)		51		180		0.4880		1.0179

		104		18.01		6		1025		489		681		344		1801		(2)		51		180		0.4871		1.0179

		105		18		6		1033		495		684		349		1800		(3)		51		180		0.4930		1.0258

		106		18.01		7		1046		508		688		358		1801		(4)		49		180		0.5060		1.0387

		107		18		7		1058		517		693		365		1800		(5)		49		180		0.5149		1.0506

		111		17.99		8		1048		552		680		368		1799		(4)		45		179		0.5498		1.0407

		112		18		8		1071		533		687		384		1800		(6)		47		180		0.5309		1.0636

		113		18.01		8		1081		539		689		392		1801		(7)		46		180		0.5369		1.0735

		114		18.01		8		1081		540		684		397		1801		(7)		46		180		0.5378		1.0735

		115		18.02		8		1079		535		680		399		1802		(7)		47		180		0.5329		1.0715

		116		18.02		7		1067		527		670		397		1802		(6)		48		180		0.5249		1.0596

		117		18.03		7		1073		528		674		399		1803		(7)		47		180		0.5259		1.0655

		118		18.02		7		1089		541		681		408		1802		(8)		46		180		0.5388		1.0814

		119		18.01		9		1106		555		688		418		1801		(10)		45		180		0.5528		1.0983

		120		18.01		9		1115		559		690		425		1801		(11)		44		180		0.5568		1.1072

		121		18.01		8		1112		554		685		427		1801		(11)		45		180		0.5518		1.1043

		122		18.03		9		1096		542		674		422		1803		(9)		46		180		0.5398		1.0884

		123		18.02		8		1093		537		673		420		1802		(9)		47		180		0.5349		1.0854

		124		18.02		7		1102		544		678		424		1802		(10)		46		180		0.5418		1.0943

		125		18.01		7		1117		560		684		433		1801		(11)		44		180		0.5578		1.1092

		126		18.01		8		1128		569		687		441		1801		(12)		43		180		0.5667		1.1202

		127		18.02		8		1131		568		687		444		1802		(12)		43		180		0.5657		1.1231

		128		18.02		7		1124		561		681		443		1802		(12)		44		180		0.5588		1.1162

		129		18.02		8		1111		551		673		438		1802		(10)		45		180		0.5488		1.1033

		130		18.02		7		1113		550		675		438		1802		(11)		45		180		0.5478		1.1053

		131		18.02		8		1125		562		681		444		1802		(12)		44		180		0.5598		1.1172

		132		18.03		8		1135		575		684		451		1803		(13)		43		180		0.5727		1.1271

		133		18.02		9		1140		579		685		455		1802		(13)		42		180		0.5767		1.1321

		134		18.04		7		1132		572		679		453		1804		(13)		43		180		0.5697		1.1241

		135		18.04		7		1125		566		674		451		1804		(12)		44		180		0.5637		1.1172

		136		18.03		8		1121		559		673		448		1803		(11)		44		180		0.5568		1.1132

		137		18.01		7		1136		569		682		454		1801		(13)		43		180		0.5667		1.1281

		138		18.01		7		1147		582		687		460		1801		(14)		42		180		0.5797		1.1390

		139		18.02		8		1151		588		686		465		1802		(14)		41		180		0.5857		1.1430

		140		18.02		8		1151		587		685		466		1802		(14)		42		180		0.5847		1.1430

		141		18.02		7		1142		578		679		463		1802		(14)		42		180		0.5757		1.1341

		142		18.03		6		1132		570		674		458		1803		(13)		43		180		0.5677		1.1241

		143		18.01		7		1143		577		681		462		1801		(14)		43		180		0.5747		1.1351

		144		18.01		8		1156		592		688		468		1801		(15)		41		180		0.5896		1.1480

		145		18.01		8		1169		605		693		476		1801		(16)		40		180		0.6026		1.1609

		146		18.02		8		1173		606		694		479		1802		(17)		40		180		0.6036		1.1648

		147		18.02		7		1167		600		689		478		1802		(16)		40		180		0.5976		1.1589

		148		18.01		7		1158		589		685		473		1801		(15)		41		180		0.5867		1.1500

		149		18.02		7		1151		583		683		468		1802		(14)		42		180		0.5807		1.1430

		150		18.02		6		1159		591		688		471		1802		(15)		41		180		0.5886		1.1509

		151		18.03		7		1171		605		694		477		1803		(16)		40		180		0.6026		1.1629

		152		18.02		8		1181		614		698		483		1802		(17)		39		180		0.6116		1.1728

		153		18.02		7		1180		612		695		485		1802		(17)		39		180		0.6096		1.1718

		154		18.03		7		1173		603		692		481		1803		(17)		40		180		0.6006		1.1648

		155		18.03		8		1160		593		685		475		1803		(15)		41		180		0.5906		1.1519

		156		18.03		6		1153		585		683		470		1803		(15)		42		180		0.5827		1.1450

		157		18.02		6		1164		595		691		473		1802		(16)		41		180		0.5926		1.1559

		158		18.03		7		1182		617		700		482		1803		(17)		39		180		0.6145		1.1738

		159		18.02		8		1195		630		705		490		1802		(19)		37		180		0.6275		1.1867

		160		18.02		8		1200		632		707		493		1802		(19)		37		180		0.6295		1.1917

		161		18.02		8		1199		625		706		493		1802		(19)		38		180		0.6225		1.1907

		162		18.03		7		1183		611		698		485		1803		(18)		39		180		0.6086		1.1748

		163		18.04		7		1166		598		690		476		1804		(16)		40		180		0.5956		1.1579

		164		18.04		6		1165		597		692		473		1804		(16)		41		180		0.5946		1.1569

		165		18.03		7		1173		610		697		476		1803		(17)		39		180		0.6076		1.1648

		166		18.03		8		1186		624		704		482		1803		(18)		38		180		0.6215		1.1778

		167		18.03		7		1191		630		705		486		1803		(18)		37		180		0.6275		1.1827

		168		18.03		8		1188		626		704		484		1803		(18)		38		180		0.6235		1.1797

		169		18.03		7		1177		618		698		479		1803		(17)		38		180		0.6155		1.1688

		170		18.03		6		1170		611		696		474		1803		(16)		39		180		0.6086		1.1619

		171		18.04		6		1168		614		696		472		1804		(16)		39		180		0.6116		1.1599

		172		18.03		8		1182		630		704		478		1803		(17)		37		180		0.6275		1.1738

		173		18.03		6		1188		639		707		481		1803		(18)		36		180		0.6365		1.1797

		174		18.03		7		1188		638		707		481		1803		(18)		36		180		0.6355		1.1797

		175		18.02		7		1182		633		703		479		1802		(17)		37		180		0.6305		1.1738

		176		18.03		6		1172		622		699		473		1803		(17)		38		180		0.6195		1.1639

		177		18.03		7		1167		619		698		469		1803		(16)		38		180		0.6165		1.1589

		178		18.03		7		1181		635		707		474		1803		(17)		37		180		0.6325		1.1728

		179		18.04		7		1188		648		710		478		1804		(18)		35		180		0.6454		1.1797

		180		18.04		7		1191		652		710		481		1804		(18)		35		180		0.6494		1.1827

		181		18.04		7		1190		648		710		480		1804		(18)		35		180		0.6454		1.1817

		182		18.04		6		1180		638		705		475		1804		(17)		36		180		0.6355		1.1718

		183		18.04		6		1170		631		701		469		1804		(16)		37		180		0.6285		1.1619

		184		18.04		5		1176		636		706		470		1804		(17)		37		180		0.6335		1.1678

		185		18.04		7		1185		649		711		474		1804		(18)		35		180		0.6464		1.1768

		186		18.04		6		1190		657		713		477		1804		(18)		35		180		0.6544		1.1817

		187		18.03		6		1189		656		712		477		1803		(18)		35		180		0.6534		1.1807

		188		18.04		6		1180		648		708		472		1804		(17)		35		180		0.6454		1.1718

		189		18.03		6		1176		643		707		469		1803		(17)		36		180		0.6404		1.1678

		190		18.04		5		1179		647		710		469		1804		(17)		36		180		0.6444		1.1708

		191		18.03		6		1191		661		718		473		1803		(18)		34		180		0.6584		1.1827

		192		18.03		6		1197		670		721		476		1803		(19)		33		180		0.6673		1.1887

		193		18.04		6		1192		669		716		476		1804		(18)		33		180		0.6663		1.1837

		194		18.07		6		1179		658		710		469		1807		(17)		34		180		0.6554		1.1708

		195		18.04		5		1176		653		710		466		1804		(17)		35		180		0.6504		1.1678

		196		18.04		6		1184		657		716		468		1804		(18)		35		180		0.6544		1.1758

		197		18.03		6		1195		669		723		472		1803		(19)		33		180		0.6663		1.1867

		198		18.04		6		1198		675		724		474		1804		(19)		33		180		0.6723		1.1897

		199		18.03		7		1201		678		726		475		1803		(19)		32		180		0.6753		1.1927

		200		18.03		5		1195		673		723		472		1803		(19)		33		180		0.6703		1.1867

		201		18.03		6		1186		664		720		466		1803		(18)		34		180		0.6614		1.1778

		202		18.04		6		1185		665		721		464		1804		(18)		34		180		0.6624		1.1768

		203		18.04		6		1189		673		724		465		1804		(18)		33		180		0.6703		1.1807

		204		18.04		6		1191		679		725		466		1804		(18)		32		180		0.6763		1.1827

		205		18.04		6		1190		678		725		465		1804		(18)		32		180		0.6753		1.1817

		206		18.04		5		1179		671		719		460		1804		(17)		33		180		0.6683		1.1708

		207		18.05		6		1173		668		717		456		1805		(17)		33		180		0.6653		1.1648

		208		18.04		6		1191		686		729		462		1804		(18)		32		180		0.6833		1.1827

		209		18.04		7		1211		705		740		471		1804		(20)		30		180		0.7022		1.2026

		210		18.04		7		1218		713		743		475		1804		(21)		29		180		0.7102		1.2095

		211		18.05		7		1213		707		740		473		1805		(21)		30		180		0.7042		1.2046

		212		18.04		6		1208		698		738		470		1804		(20)		30		180		0.6952		1.1996

		213		18.04		6		1197		685		733		464		1804		(19)		32		180		0.6823		1.1887

		214		18.04		6		1191		677		733		458		1804		(18)		33		180		0.6743		1.1827

		215		18.05		6		1196		686		738		458		1805		(19)		32		180		0.6833		1.1877

		216		18.04		6		1204		700		742		462		1804		(20)		30		180		0.6972		1.1956

		217		18.05		6		1204		702		742		462		1805		(20)		30		180		0.6992		1.1956

		218		18.05		7		1198		696		739		459		1805		(19)		31		180		0.6932		1.1897

		219		18.05		6		1184		684		732		452		1805		(18)		32		180		0.6813		1.1758

		220		18.05		6		1182		681		734		448		1805		(17)		32		180		0.6783		1.1738

		221		18.05		6		1189		692		740		449		1805		(18)		31		180		0.6892		1.1807

		222		18.05		6		1201		709		747		454		1805		(19)		29		180		0.7062		1.1927

		223		18.05		7		1208		717		750		458		1805		(20)		29		180		0.7141		1.1996

		224		18.05		6		1205		713		749		456		1805		(20)		29		180		0.7102		1.1966

		225		18.05		6		1195		704		744		451		1805		(19)		30		180		0.7012		1.1867

		226		18.05		6		1184		695		739		445		1805		(18)		31		180		0.6922		1.1758

		227		18.04		5		1179		689		739		440		1804		(17)		31		180		0.6863		1.1708

		228		18.05		6		1181		697		741		440		1805		(17)		31		180		0.6942		1.1728

		229		18.07		6		1187		710		744		443		1807		(18)		29		180		0.7072		1.1787

		230		18.05		6		1190		713		747		443		1805		(18)		29		180		0.7102		1.1817

		234		18		5		1163		750		737		426		1800		(16)		25		180		0.7470		1.1549

		235		18.01		6		1173		717		739		434		1801		(17)		29		180		0.7141		1.1648

		236		18		6		1179		719		744		435		1800		(17)		28		180		0.7161		1.1708

		237		18		5		1184		727		747		437		1800		(18)		28		180		0.7241		1.1758

		238		18		6		1183		731		746		437		1800		(18)		27		180		0.7281		1.1748

		239		18		5		1180		729		745		435		1800		(17)		27		180		0.7261		1.1718

		240		18.01		5		1169		719		739		430		1801		(16)		28		180		0.7161		1.1609

		241		18		5		1164		715		738		426		1800		(16)		29		180		0.7122		1.1559

		242		18		5		1175		723		747		428		1800		(17)		28		180		0.7201		1.1668

		243		18		5		1178		735		748		430		1800		(17)		27		180		0.7321		1.1698

		244		18.01		6		1176		738		746		430		1801		(17)		26		180		0.7351		1.1678

		245		18.01		6		1171		736		743		428		1801		(16)		27		180		0.7331		1.1629

		246		18.02		5		1163		728		738		425		1802		(16)		27		180		0.7251		1.1549

		247		18.01		5		1162		723		740		422		1801		(16)		28		180		0.7201		1.1539

		248		18.02		5		1166		731		743		423		1802		(16)		27		180		0.7281		1.1579

		249		18.01		6		1183		748		755		428		1801		(18)		25		180		0.7450		1.1748

		250		18.01		6		1183		752		753		430		1801		(18)		25		180		0.7490		1.1748

		251		18.01		5		1183		749		754		429		1801		(18)		25		180		0.7460		1.1748

		252		18.01		5		1176		738		751		425		1801		(17)		26		180		0.7351		1.1678

		253		18.02		5		1162		727		744		418		1802		(16)		28		180		0.7241		1.1539

		254		18.02		4		1159		725		744		415		1802		(15)		28		180		0.7221		1.1509

		255		18.02		4		1164		736		748		416		1802		(16)		27		180		0.7331		1.1559

		256		18.02		5		1173		747		754		419		1802		(17)		26		180		0.7440		1.1648

		257		18.02		6		1176		752		756		420		1802		(17)		25		180		0.7490		1.1678

		258		18.01		6		1175		748		756		419		1801		(17)		25		180		0.7450		1.1668

		259		18.01		5		1163		737		749		414		1801		(16)		27		180		0.7341		1.1549

		260		18.01		5		1157		733		747		410		1801		(15)		27		180		0.7301		1.1490

		261		18		5		1168		744		756		412		1800		(16)		26		180		0.7410		1.1599

		262		18.01		5		1169		751		756		413		1801		(16)		25		180		0.7480		1.1609

		263		18.02		5		1165		750		753		412		1802		(16)		25		180		0.7470		1.1569

		264		18.02		5		1156		742		749		407		1802		(15)		26		180		0.7390		1.1480

		265		18.02		4		1155		743		749		406		1802		(15)		26		180		0.7400		1.1470

		266		18.01		5		1165		754		757		408		1801		(16)		25		180		0.7510		1.1569

		267		18.02		5		1172		762		762		410		1802		(17)		24		180		0.7590		1.1639

		268		18.02		5		1168		764		758		410		1802		(16)		24		180		0.7610		1.1599

		269		18.01		5		1162		758		754		408		1801		(16)		25		180		0.7550		1.1539

		270		18.01		5		1154		748		751		403		1801		(15)		25		180		0.7450		1.1460

		271		18.01		5		1153		748		752		401		1801		(15)		25		180		0.7450		1.1450

		272		18.02		4		1162		761		758		404		1802		(16)		24		180		0.7580		1.1539

		273		18.02		5		1166		771		760		406		1802		(16)		23		180		0.7679		1.1579

		274		18.02		5		1168		772		761		407		1802		(16)		23		180		0.7689		1.1599

		275		18.01		4		1164		767		759		405		1801		(16)		24		180		0.7639		1.1559

		276		18.01		4		1153		758		753		400		1801		(15)		25		180		0.7550		1.1450

		277		18.02		5		1149		752		753		396		1802		(14)		25		180		0.7490		1.1410

		278		18.02		4		1158		763		760		398		1802		(15)		24		180		0.7600		1.1500

		279		18.01		5		1168		778		765		403		1801		(16)		23		180		0.7749		1.1599

		280		18.01		5		1174		785		769		405		1801		(17)		22		180		0.7819		1.1658

		281		18.02		4		1167		780		764		403		1802		(16)		22		180		0.7769		1.1589

		282		18.02		5		1161		774		761		400		1802		(15)		23		180		0.7709		1.1529

		283		18.01		4		1156		765		760		396		1801		(15)		24		180		0.7620		1.1480

		284		18.01		5		1153		762		760		393		1801		(15)		24		180		0.7590		1.1450

		285		18.01		4		1159		773		764		395		1801		(15)		23		180		0.7699		1.1509

		286		18.01		5		1165		785		767		398		1801		(16)		22		180		0.7819		1.1569

		287		18.01		4		1165		787		767		398		1801		(16)		22		180		0.7839		1.1569

		288		18.01		5		1164		783		767		397		1801		(16)		22		180		0.7799		1.1559

		289		18.01		6		1155		774		762		393		1801		(15)		23		180		0.7709		1.1470

		290		18.01		5		1147		766		759		388		1801		(14)		24		180		0.7629		1.1390

		291		18.01		4		1151		773		763		388		1801		(14)		23		180		0.7699		1.1430

		292		18.02		5		1163		790		770		393		1802		(16)		21		180		0.7869		1.1549

		293		18.01		4		1171		801		775		396		1801		(16)		20		180		0.7978		1.1629

		294		18.01		5		1173		800		777		396		1801		(17)		20		180		0.7968		1.1648

		295		18.01		5		1167		793		773		394		1801		(16)		21		180		0.7898		1.1589

		296		18.01		4		1155		781		767		388		1801		(15)		22		180		0.7779		1.1470

		297		18.01		5		1146		772		762		384		1801		(14)		23		180		0.7689		1.1380

		298		18.03		4		1146		773		765		381		1803		(14)		23		180		0.7699		1.1380

		299		18.02		5		1160		794		774		386		1802		(15)		21		180		0.7908		1.1519

		300		18.02		5		1168		807		778		390		1802		(16)		20		180		0.8038		1.1599
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Reaction time (min)
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18.2

Sputter time (min)

O2 Concentration (%)
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