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Basic Working Principle of Gas Chromatography

A gas chromatograph is used for identifying constituents in a gas mixture.

It contains a narrow tube (co/umn), through which different constituents (gases) of a
sample gas mixture flow at different rates depending on their various chemical and physical
properties.

The differential flow rate is increased by specific column filling, called the stationary
phase.

The gas mixture to be tested is injected at time # = Ointo the carrier gas stream,
typically helium.

As the gases exit the end of the column, they are detected and identified by their exit

time (retention time). Simiia —
/ injachor 1
Flow controller

_H\ #'asie
Datecior
Carrier gas Column oven
Diagram of a gas chromatograph. ey
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Varian 3900G6C Gas Chromatograph

The GC system used in Princeton is S

Varian 39006C, which is a single-channel 1
all-electronic gas chromatograph, Eﬂii/ﬁ —
equipped with a IW 1 1
Theon its sample valve has 5L ¥

5uL volume. kTR

It uses a fused silica capillar
30m x 0.53mm ID, coating Silicaplot.

At the end of the column is u‘@
(Thermal Conductivity Detector).

(Xiaolan Luo of THEP provided a lot of
useful information on running their HP
GC system, which was very helpful for S
setting up 3900GC system at Princeton.)
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/_f\__r_\_alysis of the OPE_RA__G__qs_MixTure at Princeton
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Area under peak . .
Peak results AN Four peaks can be clearly seen in the analysis of the
ndex|Wame  Time Guenity] Hegn WA= am=m|  OPERA gas mixture: Ar, SF6, C4H10 and R134A.
[Min] [*Areal ] [uh] [ub Ain] [3] .

T [unknown] s3] eeos[emees] weai] eeess| | he relation between the area under a peak and gas

2 UMEMOWM | 497 0.71 26.3 2.1 0.7oa . . . . . .

3 |unknowH [10E2|  esal seaa|  7ss8| ssa3 concentration is obtained by calibration with pure

4 UMNKMCWH | 11.35 2745 1148.0 2530 | 27452

gases.
| Tobal 100001731401 12850 [ 100 000
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Argon Calibration Chromatogram

Chromatogram : Ar 11_27_2007 1_44_17 PM1_channel1

Systam : System_1 Aoquired - 11272007 1:45:08 PM
Method : test-11182007B Processed 11272007 1.57:22 PM
User : Administrator Printed : 12082007 11:28:54 AM

Ar 1127 2007 1_44 17 PM1.DATA - TCD
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Peak results :

Index | Mams Time QCuantity Height Arsa| Area %
[Min] [% Area]  [ubf] | [uld Min] [%]
1 UMBEMOWM | 437 | 100.00 |7808.8] 1183.3 | 100.000

Total 100.00 [Fa0e.8] 1163.3 ) 100.000

=
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C4H10 Calibration Chromatogram

Chromatogram : C4H10 11_27_2007 9_08_30 AM1_channel1

Systam ; Systam_1 Acquired - 11272007 :15:14 &M
Method : test-111582007B Processed : 117272007 10:38:20 AM
User : Administraior Printed ; 12/8/2007 11:38:15 AM

CAH10 11_27 2007 9 08_30 AM1.DATA - TCD

isobutene

[
| Sl
0

Min

Peak results :

Index | Mame Time CQuantity Height Arsa| Arean

[Min] [% Ares]  [uM] | [uv Min] [*]

1 UNKMNOWN | 4.32 0.77 | 1008 15.8 0.773

2 |UNENCWH | 622 Deg]| 7348 B 0480

3 [UMENCWH | 8.83 0874 | 33377 | 1688.0) 88.737

3 Total 100.0013521.2] 2013.4 | 100.000

B

N
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R134A Calibration Chromatogram

Chromatogram : R134A 11_26_2007 5_19_16 PM1_channel1

Systemn : System_1 Acquired © 11262007 5:20:32 PM
Method : test-11182007B Processed © 11/28/2007 5:42:45 PM
User : Administraior Printed ; 12/8/2007 11:28:03 AM

R134A 11 26 2007 5 19 16 PM1.DATA - TCD
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Peak results :

Index | Mame Time Cuantity | Height Area  Area %
[Min] [% Arca] ] [ub] [ul.Min] [%]
1 | JMEMCWH |10.84 | 100.00 | 3508.5| 1827.5 | 100.000

Total 100.00 | 3508.8 | 1927.5 | 100.000

=

4 g . ‘:747 |
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SF6 Calibration Chromatogram

Chromatogram : sf6 11_27_2007 12_51_06 PM1_channel1

Systermn : System_1 Acquired - 11272007 12:52:27 PM
Method : test-11182007B Processed ;11272007 1:28:10 PM
User : Administraior Printed ; 12/8/2007 11:25:54 AM

sf6 11_27 2007 12_51_06 PM1.DATA - TCD
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Peak results :

Index | Mame Time Cuantity Height Area  Area %
[Min] [% Area] [uv] [ul.Min] [%8]
1 JMEMCWH | 465 | 10000 |15005.1( 20485 |100.000

Total 100.00 | 15005.1 [ 20428 ) 100.000

=

4 g . ‘:747 |
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Four Calibration Peaks

Ly Ay 11 272007 1_31_11 Phi1 DATA,
15,000 R1348 117262007 519716 PR DATA,
C4H10 11 27 2007 9 05 30 Akl DATA,
14,000 (=16 1127 2007 17 510k PRl D8 T4
13,000
12,000

11,000

10,000
9,000
8,00
7,001
i, 001
5,001
4,002
5,001

hH 100.00 {00

2,000%

1,001]

= T =T = =1 L RT [min]
1] 1 2 3 4 3 & 7 & 4 10 11 12 13 14

The areas under four peaks are different, so use their
ratios as the calibration constants.
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Daya Bay RPC Gas Distribution Panel

|
FAR HALL Flow-Resistor Panel:

Gas distribution system onhe inlet splits to

16 sub-branches through
To other gas distribution pannels . . 9
: capillary flow resistors.
Direct exhaust to
experimental hall
4 7
= RPC module, 48
7 RPCs —
/
gas mixture /’/— N\
from mi}{iﬂg dUUmE flow s e ot Pl Epd gl rd Py Epd B P P By
system registors Flow fesisto} panel,
1 1 1 1 16 sup-brgpfches
\\\ I 4/
S — I — Gas distribution pannel

[TLTILLIL]]
e e Elgctionic gas bubbler
hall gas distribution DETHEL 16 sub-branches

manifold with safety
bubbler and rotameter

To other gas distribution pannels
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Gas Flow-Resistor Study

Does the capillary gas flow-resistor affect the gas-mixing ratio?

We have studied the gas mixing ratio with 6C for 1, 2 and 7 flow-
resistor branches to see if the mixing ratio is stable.

File Ar R134A C4H10 SF6 Sum comment
opera 11 29 2007 1_00_39 PM2 872.1 331.4 78 7.8 1 branch
mixing ratio (opera) 77.70 17.82 4.07 0.42
opera 11 29 2007 1 25 40 PM2 858.9 353.5 77.8 8.4 2 branches
mixing ratio (opera) 76.50 19.00 4.05 0.45
opera 11 29 2007 2_27 52 PM2 848.1 353 75.8 9.1 7 branches
mixing ratio (opera) 76.26 19.16 4.10 0.49

Slight differences were observed between one branch and 2 or 7
branches.

This could be due to uncertainties in the test procedure.

More test will be done before drawing any conclusion.
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Gas Mix at the RPC Gas Outlet

Chromatogram : opera 12_2_2007 3_00_34 PM2_channel1

System

: Systam_1

Method : analyze-11302007A
User : Administrator

Acquired - 127272007 3:01:40 PM
Processed : 127272007 3:33:54 PM
Printed : 12/8/2007 12:34:10 PM

opera 12_2 2007 3_00_34 PM2.DATA - TCD
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Peak results :
Index | Mams Time CQuantity | Height Area Area %
[Min] [* Area)| [uv] [uV.Min] [%]
1 UNMEMOWM | 4.20 868.07 [ 5783.7 537.0| 668.070
2 UMEMOWH | 4.04 0.863 R 2.0 0.835
3 UNENOWH [ 10.57 75| 2885 73.0 5762
4 UNKENOWH [ 11.3D 2753 (11357 S5 | 27534
; otal 00D 7287 7| 1268585 | 100 000
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Gas at the Outlet of RPCs, IT

File Ar R134A C4H10 SF6 Sum comment

opera 12_2 2007 3_00_34 PM2 837 348.8 73 8 7 branches

837 210.5105 42.71675 | 4.778885 | 1095.006 |at outlet of 2
mixing ratio (opera) 76.44 19.22 3.90 0.44
Calibration
Ar 11 27 2007 1 44 17 PM1 1163.3

R134A 11 26 2007 5 19 16 PM1 1927.5

C4H10 11 27 2007 9 52 16 AM1 1988

SF6 11 27 2007 12 51 06 PM1 1947.4

1 0.603528 | 0.585161 0.597361

No additional peaks are visible.
The mixing ratio is close to that of the original gas mixture.
HF production is not expected to be detectable with our GC system.

A GC-MS (Mass Spectrometer) system, might be able to see very low
levels of HF in the outlet gas mixture.
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Daya Bay RPC Gas Mixture

Due to gas safety considerations, Daya Bay RPC has chosen a
different, non-flammable gas mixture has been chosen as the Daya
Bay RPC baseline: Ar/R134A/Isobutane/SF6(65.5/30/4/0.5).

10,0003 uv Dyabay ZNa- T3 13 13 SE DA TE]
9,200
i Test of the gas mixture as prepared by one of
5,000 the Daya Bay/Swagelok gas mixing systems.
7200
ol Based on the calibration constants obtained from
6,00 studies of pure gases (see previous slide, last row
3,900 . o e o 0
ol in the table), the mixing ratio is very close to the
4 500
iy expected value.
3,500
30004
2,500F
2,000
1,500
1,00042
EDDEE DayabBay 2009-3-13 13 13 5026.0. 1553. 10 1704 206
':'; T[\"i - - 1200 | 2378.71
5000123455?8910 mixingcraltilin[measurecl) 6530 | 3021 | 399 0.50 > 100.00
ibration
m Name | Time Min] | Quantiy [% Are] Height [0v] | Area [V Mo Area % (2] alihra
B 1 |[UMENOWHN 4.30 5258 9314.9 1553.2 52576 Ar2 25 2008 2 12_24 PM20 10999

2| UNKNOWN 4.94 0.70 167.1 206 0.655 R134A 2 25 20089 11 13 AM20 1851.8

3| UNKNOWN 1052 5.7 £29.9 170.4 5.767 CAH107 76 20084 47 33 PIA 1976.8

4 | UMENDWH 11.29 40.96 3289.8 1210.0 40.953 SE6 2 2'? Z_U'U'B 10'12'19&'“31 1948

100.00 14021 6 2954 1 100.000 1 0.593963 0.556404 0582574
) Gas calibration =
April 7, 2009 C.Lu | constants (see 14 b"” =/
previous slide) 13




Quotes from Varian and Perkin Elmer

Varian's quote for 2 sets of 430-GC (newer version of 3900-GC) and
one software license (can be used for 2 or 3 systems) is $23,389.

A third 430-GC is adding additional $10,320.
Total cost for 3 systems will be $33,709.
Perkin Elmer's quote for 3 sets of ARNEL-CLARUS 500 GC is $51,105.

The 3900-6C we purchased two years ago was $15,770. Varian is
offering us a deep discount!
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Conclusion

The Varian 39006C system studied here is a reliable, high-quality tool to check Daya
Bay RPC gas system, including the concentration of isobutane.

Tests of gas mixing ratio before and after the gas flow-resistor panel show no
unexpected differences.

The gas mixture at the exit of two working 2 x 1 m? THEP RPCs (OPERA gas mixture
at 6000V) shows no unexpected extra peaks or difference between the input and
output mixing ratio.

The GC also verified that Daya Bay RPC gas as mixed by one of the Daya
Bay/Swagelok mixing panels has the desired mixing ratio o better than 0.5% in all 4
component gases.

Varian is offering a deep discount for 2 or 3 of their new version 430-GC systems.
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