     We use the MKS-gas-system to mix a gas with 88% CO2, 2.5% C4H10, and 9.5% Ar.  The full-scale ranges are set at 500 sccm for C4H10 and Ar, and 10 slm for CO2.  The GCFs are 1.8, 0.6 and 0.8 for C4H10, Ar and CO2 respectively.
     We put the gas through a gas chromatograph (GC) and obtained chromatograms with peaks corresponding to the three gas components and peak area % corresponding to their mixes. We compared the results with chromatograms of a gas bottle with the same mix. The bottled gas is mixed by Praxair Distribution, Inc.  Comparison shows that area % of C4H10 peaks on the two chromatograms differ by an average of 49.4%.  Ar and CO2 differ by 9.1% and 1.0% (Table 1) respectively.  To find out where the discrepancies come from, we decided to use a bubble-flowmeter to measure the flowrates of the gases coming out of the MKS, to check if they are consistent with the values entered in the MKS.

     We measured the time it takes for a thin-film bubble to travel from the 0ml to 500ml line (494ml actual volume) in the bubble-flowmeter, and included room temperature and atmospheric pressure in the calculations of the actual flowrates.  We found out that flowrates set by the MKS are slower than actual flowrates by 31.0%, 5.3% and 4.6% for C4H10, CO2, and Ar respectively (Fig. 1 – 3).  We suspect this is the main reason of the fact that GC results of the MKS-mixed and bottled gas do not match.
     We made adjustments to the MKS-flowrate of each individual gas using the error % mentioned above.  For example, the C4H10 flowrate error is 31.0%.  If we want it to flow at 70.3 sccm, we enter 53.7 sccm in the MKS.  First we made adjustment only to the C4H10 flowrate.  The differences in peak area % of the chromatograms are now 2.3% (C4H10), 6.5% (Ar) and 0.8% (CO2) (Table 1).  Then we adjusted the flowrates of all three gases and the results are 0.8% (C4H10), 5.2% (Ar) and 0.8% (CO2) for the area % differences (Table 1).  
     We mixed another gas (89% CO2, 8% C4H10, 3% Ar) and did similar adjustments.  Comparing the peak area % again with bottled gas, the GC results are 1.4% (C4H10), 2.1% (Ar) and 0.1% (CO2) (Table 2).  
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	88% CO2 / 2.5% IsoB / 9.5% Ar
	 

	 
	
	
	

	 
	 
	             Average Area (%)
	 

	 
	Bottle 
	MKS-0
	MKS-1
	MKS-3

	Argon
	8.808
	8.007 (9.1%)
	8.234 (6.5%)
	8.352 (5.2%)

	CO2
	86.983
	86.127 (1.0%)
	87.935 (1.1%)
	87.692 (0.8%)

	C4H10
	3.92
	5.857 (49.4%)
	3.829 (2.3%)
	3.953 (0.8%)

	Note: numbers in parentheses are the % differences of areas of MKS-mixed gas peaks to those

	         of Bob gas bottle
	
	 

	MKS-0: MKS-mixed gas with no flowrate adjustment
	 

	MKS-1: MKS-mixed gas with adjusted C4H10 flowrate
	 

	MKS-3: MKS-mixed gas with adjusted Ar, CO2 and C4H10 flowrates
	 



	89% CO2 / 8% IsoB / 3% Ar

	 
	
	
	 

	 
	Average Area (%)
	 

	 
	Bottle 
	MKS-3
	 

	Argon
	2.626
	2.572 (2.1%)
	 

	CO2
	84.939
	84.83 (0.1%)
	 

	Isobutane
	12.425
	12.595 (1.4%)
	 

	Note: numbers in parentheses are the % differences of areas of MKS-mixed gas peaks to those

	         of Zeus gas bottle
	
	 

	MKS-3: MKS-mixed gas with adjusted Ar, CO2 and C4H10 flowrates
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