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QH”) Designation: E 1510 — 95

Standard Practice for

Installing Fused Silica Open Tubular Capillary Columns in

Gas Chromatographs *

This standard is issued under the fixed designation E 1510; the number immediately following the designation indicates the year of

original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope TABLE 1 Typical Splitter Vent Flow Rates (50 to 1 split ratio)
(at optimum linear velocity)

1.1 This practice is intended to serve as a general guide for

the installation and maintenance of fused silica capillary carrier gas 0.25-pm 0. 032.pm 0. 058 pm 0.
columns in gas chromatographs which are already retrofitted helium 35 80 125
for their use. This practice excludes information on: hydrogen 70 160 250
1.1.1 Injection techniques.
1i§ gg![:rgg S{iﬁgggn' CGA P-9 The Inert Gases: Argon, Nitrogen and Helfum
o 9 . CGA V-7 Standard Method of Determining Cylinder Valve

1.1.4 System troubleshooting and maintenance.

1.2 For additional information on gas chromatography,
please refer to Practice E 260. For specific precautions, see
Notes 1-4.

1.3 This standard does not purport to address all of the3, Terminology
safety concerns, if any, associated with its use. It is the 3.1 Terms and relations are defined in Practice E 355.

responsibility of the user of this standard to establish appro- 3.2 Nomenclature for open tubular or capillary columns
priate safety and health practices and determine the applica\-Nith a bore of 0.75 mm or less:

it;::E'c?r/n?;trii?]uéaetgrééggi“gn;nzrﬁg:gsuzszi': or specific safety 3.3 porous layer open tubular (PLOBrefers to columns

: with particles attached on the inside wall consisting of copoly-
mers such as styrene/divinylbenzene, molecular sieves, or
adsorbents such as AIO, in film thicknesses of 5 to 50 um.

E 260 Practice for Packed Column Gas Chromatogréaphy 3.4 support coated open tubular (SCGHefers to fine

. articles (silica or fine diatomite) coated with liquid stationary
EtiIf)SnSSthgctlce for Gas Chromatography Terms and Relaghase which is then deposited on the inside column wall to

. . L improve stationary phase stability and sample capacity.
E 516 I_Dractlce for Testing Thermal Conductivity Detectors 3.5 wall coated open tubular (WCOByrefers to columns
Used in Gas Chromatography

E 594 Practice for Testing Flame lonization Detectors Use&Oated on the inside wall with a liquid stationary phase in film

in Gas Chromatograpfy st

Outlet Connections for Industrial Gas Mixtufes
CGA P-12 Safe Handling of Cryogenic Liquitls
HB-3 Handbook of Compressed Gakes

2. Referenced Documents
2.1 ASTM Standards:

E 697 Practice for Use of Electron—Capture Detectors Used
in Gas ChromatograpRy _ €178 160° 69
2.2 CGA Publications: E w0 oz R
CGA P-1 Safe Handling of Compressed Gases in Contain- =
erst 5
CGA G-5.4 Standard for Hydrogen Piping Systems at Con- = 03 H, (0= 0)
sumer Locatiorfs
0 10 20 30 40 50 6l0 ’;O 8l0 ;0
* This practice is under the jurisdiction of ASTM Committee E13 on Molecular Average Linear Velocity (cm/sec.)
Spectroscopy and is the direct responsibility of Subcommittee E13.19 on Chroma-
tography. Note 1—The curves were generated by plotting the height equivalent

Current edition approved May 15, 1995. Published July 1995. Originally 1 5 theoretical plate (length of column divided by the total number of

published as E 1510 — 93. Last previous edition E 1510 — 93. th tical plat HETP inst th | X i locit
2 Reprinted by permission of Restek Corp., 110 Benner Circle, Bellefonte, PA eoreucal p a'es, ET.P) ag_aln_s € co umn; average |nfear' ve 0(,:' Y-
The lowest point on the curve indicates the carrier gas velocity in which

16823-8812. ¢ _ i
3 Annual Book of ASTM Standardgol 14.02. the highest column efficiency is reached.
4 Available from Compressed Gas Association, Inc., 1725 Jefferson Davis FIG. 1 Van Deemter Profile for Hydrogen, Helium, and Nitrogen

Highway, Arlington, VA 22202-4100. Carrier Gases *
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3 35 Standard quality septa High quality, low bleed septa
s 4 Hydrogen . |4 Helium
2 o 12,13 12,13
17 18 6 45
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4 8 12 16 U\QUJ ULJ_LJL
Carrier gas: Hydrogen Carrier gas: Helium : ! ' ' ' \ [ ‘ ) . . . ' .
Linear velocity: 40 cm/s Linear velocity: 20 cm/s 4 8 1216 20 24728 4 8 12 16 20 24 28

. L L Note 1—Septum bleed can obscure or co-elute with compounds of
_ Note 1—Fig. 2 shows that the rgsolutlon is similar b_ut th_e ana_IyS|s tlmeipterest, thus decreasing the analytical accuracy.
is reduced by 50 % when comparing hydrogen to helium in an isothermal Note 2—

analysis using optimum flow velocities.

Note 2—Hydrogen provides similar resolution in one-half the analysis 1. 2,4,5,6-tetrachloro- 8. Heptachlor 16. p,p-DDD
time of helium for an isothermal analysis. m-xylene (IS) epoxide 17. Endrin aldehyde
NoTe 3— 2. a-BHC 9. y-chlordane 18. Endosulfan sul-
3. B-BHC 10. Endosulfan | fate
1. Tetrachloro-m- 8. Heptachlor epoxide 15. Endosulfan Il 4. y-BHC 11. a-chlordane 19. p,p-DDT
xylene 9. v-chlordane 16. DDD 5. 3-BHC 12. Dieldrin 20. Endrin ketone
2. a-BHC 10. Endosulfan | 17. Endrin aldehyde 6. Heptachlor 13. p,p-DDE 21. Methyoxychlor
3. B-BHC 11. a-chlordane 18. Endosulfan sulfate 7. Aldrin 14. Endrin 22. Decachlorobi-
4. y-BHC 12. Dieldrin 19. DDT 15. Endosulfan II phenyl (I1S)
5. 8-BHC 13. DDE 20. Endrin ketone Note 3—30 m, 0.53-mm ID, 0.50 um 5 % diphenyl — 95 % dimethyl
?- :E‘th'or 14. Endrin 21. Methyoxychlor polysiloxane 0.1 uL direct injection of 50 pg pesticide standard.
. rin

Note 4—30 m, 0.25-mm ID, 0.25 pm 5 % diphenyl — 95 % dimethyl O‘;]e’:dtel';‘pe_’at“m: 150 to 275°C at 4°C/min,
polysiloxane 0.1-pL split injection of chlorinated pesticides. ° min

Injector temperature: 250°C Detector temperature: 300°C
Oven temperature: 210°C isothermal Carrier gas: Helium
Injector and detector temperature: 250°C/300°C Linear velocity: 40 cm/s (Flow rate: 10 cm®/min)
ECD sensitivity: 512 x 10 ECD sensitivity: 8 X 107! AFS

; - -
Split vent: 100 cm/min FIG. 4 ECD Septum Bleed

FIG. 2 Hydrogen Versus Helium (Isothermal Analysis)

4.3 Apply caution during handling or installation to avoid
scratching or abrading the protective outer coating of the
column. Scratches or abrasions cause the fused silica capillary
column to spontaneously break or fail during usage.

CH,
|
Cl-Si- Ct+ HO

5. Significance and Use

o € . _ 5.1 This practice is intended to be used by all analysts using
FIG. 3 Capping Silanol Gro“glfﬂ‘l’j"ghs')'methy' Dichlorosilane fused silica capillary chromatography. It contains the recom-
( ) mended steps for installation, preparation, proper installation,

_ and continued column maintenance.
thicknesses of 0.1 to 10.0 um. Also referred to as FSOT or

fused silica open tubular. 6. Hazards
. 6.1 Gas Handling Safety-The safe handling of compressed

4. Summary of Practice gases and cryogenic liquids for use in chromatography is the

4.1 The packed gas chromatography system is described t@sponsibility of every laboratory. The Compressed Gas Asso-
Practice E 260 and is essentially the same as a capillary gasation, a member group of specialty and bulk gas suppliers,
chromatography system except for modifications to the injectopublishes the following guidelines to assist the laboratory
and detector to accommodate the low flow rates and samplghemist to establish a safe work environment:
capacity associated with capillary columns. Refer to the gas _ N _
chromatography (GC) instrument manual for specific details orf - Installation Procedure for Fused Silica Capillary
injector or detector pneumatics for capillary columns. Columns

4.2 Prior to performing a capillary GC analysis, the capil- 7.1 Abrief outline of the steps necessary for installing fused
lary column configuration must be determined. The stationargilica capillary columns in capillary dedicated gas chromato-
phase type, stationary phase film thickness, column insidgraphs is as follows:
diameter, and column length must be selected. It is beyond the 7.1.1 Cool all heated zones and replace spent oxygen and
scope of this practice to provide these details. Consult anoisture scrubbers,
column or instrument supplier for details on selecting the 7.1.2 Clean or deactivate, or both, injector and detector

appropriate capillary column configuration. sleeves (if necessary), Documents

CH,

Document Sharing Hub

Full document details: ASTM E1510-95


http://www.avadocuments.com/doc/astm-e1510-95
http://www.avadocuments.com/doc/astm-e1510-95

iy £ 1510
7.1.3 Replace critical injector and detector seals, installed system-wide, a leaky fitting downstream of the
7.1.4 Replace septum, purifier could allow oxygen and moisture to enter the gas
7.1.5 Set make-up and detector gas flow rates, stream and degrade column performance.

7.1.6 Carefully inspect the column for damage or breakage, 7.2.1.2 Only high—purity gases should be used for capillary
7.1.7 Cutapproximately 10 cm from each end of the columrchromatography. All regulators should be equipped with stain-
using a ceramic scoring wafer or sapphire scribe, less steel diaphragms. Regulators equipped with rubber or
7.1.8 Install nut and appropriately sized ferrule on bothelastomeric diaphragms should not be used because oxygen,
column ends, moisture, and elastomeric contaminants migrate through the
7.1.9 Cut an additional 10 cm from each end of the columrdiaphragm and enter the flow.
to remove ferrule shards, 7.2.1.3 Both indicating and non-indicating traps are avail-
7.1.10 Mount the capillary column in the oven using aable from most capillary column suppliers. Indicating purifiers
bracket to protect the column from becoming scratched oare recommended since they allow analysts to visually assess

abraded and to prevent it from touching the oven wall, whether the purifier has exceeded its useful life. Also, a
7.1.11 Connect the column to the inlet at the appropriatenoisture trap should be installed prior to the oxygen trap. If
distance as indicated in the instrument manual, hydrocarbon contamination is suspected, a hydrocarbon trap

7.1.12 Set the approximate column flow rate by adjustingshould be installed between the moisture and oxygen trap.
the head pressure (see column manufacturer’s literature), Since mostindicating traps are made from glass, care should be
7.1.13 Set split vent, septa purge, and any other applicabl@ken not to apply lateral torque on the fittings, or they will
inlet gases according to the instrument specifications, snap. To prevent spontaneous breakage of the trap, the line
7.1.14 Confirm flow by immersing column outlet in a vial of leading to and from the purifier should be coiled to relieve

acetone or methylene chloride, strain and isolate instrument vibrations.
7.1.15 Connect the column to the detector at the appropriate 7.2.2 Carrier Gas Selection-A fast carrier gas which
distance as indicated in the instrument manual, exhibits a flat van Deemter profile is essential to obtain
7.1.16 Check for leaks at the inlet or outlet using a thermabptimum capillary column performance. Because capillary
conductivity leak detector (do not use soaps or liquid-basedolumns average 30 m in length (compare®tm for packed
leak detectors), columns), a carrier gas that minimizes the effect of dead time
7.1.17 Set injector and detector temperatures and turn ois important. In addition, capillary columns are usually head
detector when temperatures have equilibra@dution—Do  pressure controlled (not flow controlled like most packed
not exceed the phase’s maximum operating temperature), columns), which cause the carrier gas flow rate to decrease by
7.1.18 Inject a non-retained substance (usually methane) #0 % when the column is programmed from ambient to 300°C.

set the proper dead time (linear velocity), Therefore, a carrier gas which retains high efficiency over a
7.1.19 Check system integrity by making sure dead volumevide range of flow rates is essential towards obtaining good
peak does not tail, resolution throughout a temperature—programmed chromato-

7.1.20 Condition the column at the maximum operatinggraphic analysis.
temperature fo2 h (consult column manufacturer’s literature)  7.2.2.1 The optimum average linear gas velocity for hydro-

to stabilize the baseline, gen (,: 40 cm/s) is greater than all the others, and hydrogen
7.1.21 Reinject a non-retained substance (usually methanexhibits the flattest van Deemter profile. Helium is the next

to set the proper linear velocity, best choice (i, 20 cm/s). Note that head pressures at
7.1.22 Run test mixtures to confirm proper installation andoptimum flow rates are similar for hydrogen and helium

column performance, and because hydrogen has half the viscosity but double the linear
7.1.23 Calibrate instrument and inject samples. velocity as helium. Because of the low optimum linear velocity

7.2 The following section provides in-depth information on (U,pe 10 cm/s) and steep van Deemter profile, nitrogen gives
instrument preparation procedures for installing and operatingnferior performance with capillary columns and is usually not
fused silica capillary columns in capillary dedicated gasrecommended.
chromatographs: 7.2.2.2 Temperature programming usually provides similar

7.2.1 Gas Purificatior—The carrier gas must contain less analysis times between hydrogen and helium since the elution
than 1 ppm of oxygen, moisture, or any other trace contamief most compounds strongly depends on the oven temperature.
nants. Otherwise, oxygen and moisture degrade column pefherefore, the savings in analysis times are not as great as
formance, decrease column lifetime, and increase backgrounghen isothermal oven conditions are utilized. In addition,
stationary phase bleed. Contaminants such as trace hydrocatewer carrier gases, such as helium, can improve the separa-
bons cause ghost peaks to appear during temperature progration of very low boiling or early eluting compounds since they
ming and degrade the validity of the analytical data. Make-upllow more interaction with the stationary phase. Fig. 5
gas should also be contaminant-free or baseline fluctuatioriBustrates that hydrogen is only slightly faster than helium
and excessive detector noise may occur. Detector gases suchveisen both carrier gases are operated under the same tempera-
hydrogen and compressed air should be free of water andire to programmed conditions. Also, note that helium im-
hydrocarbon or excessive baseline noise may occur. proves the resolution of the early eluting compounds (Peaks 1

7.2.1.1 Install purifiers as closely as possible to the GC’sand 2) as compared to hydrogen for a temperature programmed
bulkhead fitting, rather than system-wide. If purifiers areanalysis. Documents
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Lg 1 (b) Plumbing the lines to exit into a vial of water, and

2 (c) Plumbing the exit lines to a position where analysts could not get

6 burned or a fire could not be started if inadvertent ignition occurred.

3 7.2.3 Flow-Regulated PneumatiesFig. 6 illustrates a
L, ; flow-regulated back pressure system commonly used today for

‘ 10 split splitless inlets. A flow controller positioned upstream of

10 the injector serves to control the total amount of carrier gas that
8 is expelled from the split vent, septum purge, and column. The

’ back pressure regulator stops or reduces flow from exiting the

)

[ J J J | split vent until the desire_d column head pressure is reach_ed.
b T L The flow controller, sensing that no flow is exiting the split
PR e R L vent, provides the increase of pressure necessary to meet the
v el requirements of the back pressure regulator. Thus, it is the back
Carrier gas: Hydrogen Carrier gas: Helium pressure regulator which is located downstream of the split
Linear velocity: 40 cm/s Linear velocity: 20cm/s . .
point that actually controls the capillary column flow rate. One
Note 1—Hydrogen is only slightly faster than helium when both Of the primary benefits of a flow-controlled/back pressure-
carrier gases are operated under the same temperature-programmed otegulated system is that adjustments to the capillary column

conditions. flow rate (by means of head pressure changes) do not affect the
Note 2— amount of carrier gas exiting the splitter vent. Thus, once the
1. Phenol _ desired split vent flow rate is achieved, analysts should not
g: gﬁﬂ:‘;r;’if’::;f" ;: giglaﬂ'frg:;’;gﬁgf”o' have to change the flow controller setting when installing
4. 2,4-dimethyl phenol 9. 4-nitrophenol different columns.
5. 2,4,dichlorophenol 10. 2-methyl-4,6-dinitrophenol 7.2.3.1 Flow-regulated back pressure systems prevent a
Nore 3i3‘8°::f’r8'_3é'gﬁhr¥]' ’,’B‘B’”S!ZS1Lllmpgn(f/icg'$ﬁg';§ﬂ°'_ 95 9% dimethyl drastic carrier gas loss that could occur if an inlet fitting or
polysiloxane 0.1-pL split injection of phenols. column leak were to occur. Leaks are indicated by a failure to
Oven temperature: 50°C (hold 4 min) to 250°C at 8°C/min (hold 5 min) obtain the proper column Operating pressure by adeSting the
Injector and detector temperature: 280°C back pressure regulators. Acommon mistake made by analysts
FID sensitivity: 32 x 107 not familiar with flow-regulated back pressure systems is to

li : 3/mi . .
SPit vent: 40 cm/min increase the total system flow by turning up the flow controller

(split vent adjustment knob) when a proper head pressure can’t
be obtained rather than checking for inlet leaks.

7.2.4 Head Pressure-Regulated Pneumatic Systeffig. 7

Nore 1—Warning: Exert caution when using hydrogen as a carrier jllystrates a head pressure regulated inlet system used in some
gas. Hydrogen is explosive when concentrations exceed 4% in air andp|it/splitless inlet systems. A single stage pressure regulator is
should only be used by individuals who have received proper training an ged to control the flow rate in the capillary column by

understand the potential hazards. Proper safety precautions should X . . .
utilized to prevent an explosion in the oven chamber. Some gas chromatddcreasing or decreasing the upstream inlet pressure. The split

graphs are designed with spring—loaded doors, perforated or corrugat&€nt and septum purge flow rates are controlled by a needle
metal oven chambers, and back pressure/flow controlled pneumatisgalve or variable restrictor, downstream of the pressure regu-
which minimize the hazards when using hydrogen carrier gas. Additionalator. Head pressure systems require readjustment of the needle

precautions used by analysts include: _ » ‘valve controlling the septum purge or split vent every time a
(a) Frequently check for carrier gas leaks using a sensitive electrom%hange is made in the column’s head pressure

leak detector, . -
(b) Use electronic sensors that shut down the carrier gas flow should an 7.2.4.1 It is recommended that a throttling valve (needle

explosive atmosphere be detected, valve or restrictor) be placed on the carrier gas inlet bulkhead
(c) Purge an inert gas @) into the oven chamber to displace oxygen fitting of pressure-regulated systems to prevent a catastrophic
and prevent an explosive atmosphere from forming, and carrier gas loss should an inlet leak occur. If several GCs are
(d) Minimize the amount of carrier gas that could be expelled in theattached to a common carrier gas source, a leak in one GC

oven chamber if a leak were to occur by installing a needle valvecq|d drain the carrier gas from all other GCs, causing a loss of
restrictor, or flow controller prior to the carrier inlet bulkhead fitting (head

pressure regulated systems only). S
Note 2—Warning: Analysts should also be aware that hydrogen will capillery inlet needlc valve

be expelled from both the split vent and septum purge when it is used as EL _ @ purge vent

a carrier gas. Because of the fast diffusivity of hydrogen, an explosion in et ]

a laboratory setting is highly unlikely. However, a spark from static oven colling - oven ceiling

electricity (particularly the case if a lab is carpeted) can ignite the inlet seal \pmvcm

hydrogen exiting from septum purge or split vent, which could cause a inlet slceve i

burn or a fire. Since hydrogen flames are colorless, an analyst would not

know that the split vent was ignited unless he inadvertently touched it.

FIG. 5 Hydrogen Versus Helium (Temperature-Programmed
Mode)

e
4

back pressure
regulator

Precautions to minimize the problems with hydrogen exiting the split vent
or septum purge include: X O
(a) Plumbing the exit lines to a hood or venting the escaping gas N2l dutector
outside, FIG. 6 Flow-Regulated Back Pressure SBGICU ments
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