Available onlinenvww.jocpr.com

Journal of Chemical and Phar maceutical Resear ch, 2012, 4(2):1426-1435

ISSN : 0975-7384

Review Article CODEN(USA) : JCPRC5

Column Installation: Importance of a Properly Installed Column
Kaushal K. Chandrul and Anand

Shivdan Singh Institute of Technology and Managénm#?, India

INTRODUCTION

The importance of a properly installed capillarjuron is under-appreciated in most cases. A poartyoc installed
column can lead to inferior chromatographic res#itso, permanent damage to the column may rekthieiproper
installation precautions are not taken before colwwonditioning and use. Any gas chromatographmdtdid by the
weakest portion of the system column installatienai part of the system just as much as the columiheo
instrument itself. There is a large number of ga®matographs in use. If is often stated that g@smatography is
the most common instrumental analytical techniqueoutine use. The availability of easy to operaféordable
and feature laden instruments has made GC a pavanréliytical technique accessible to nearly evabotatory.
Commercially available capillary columns of highatity have existed for about 25 years. For a nunofeeasons,
many GC users are not extremely experienced ipithetice of capillary gas chromatography. Manyhase users
do not possess a level of comprehension of thenigal that allows them to prevent and solve manyhef
problems that commonly occur. Much of this comprsfien comes from years of experience and the pmubtbat
accompany that experience. The combination of addes instruments and capillary columns along with
inexperienced users has created the need for gahotformation on the care, maintenance and teshaoting of
capillary columns and instruments.

1Installing Fused Silica Capillary Columns

1.1 Column Installation Steps’: The basic column installation steps are the samprfxtically every column and
GC system. Every precaution applies to all colurand situations. Some of the later steps are natssecy to
properly install a column; however, they are vesdfion of a proper installation and often provééovery useful in
the event that troubleshooting is necessary dea date. The basic steps are:

1.Cutting the column

2.Installation in the injector

3.Turning on and verifying the carrier gas flow

4.Installation in the detector

5.Verifying column installation and detector operatio

6.Conditioning the column

7.Setting the linear velocity

8.Performing a bleed test

9.Injecting a column test mixture

1.2 Cutting Fused Silica Capillary Columns® For the best performance, it is critical for botius of a fused silica
capillary column to be even and without any buctsps or uneven areas. This is accomplished bygusie proper
technique and tools when cutting the column. A ickrlor diamond tipped pencil, a sapphire cleaviogl or
ceramic wafer is needed to cut the column. Scisdides or similar tools are not acceptable cuttiogls. The
choice of a cutting tool is primarily a personatf@erence and perhaps a cost issue. The cuttingshmaild only be

1426



Kaushal K. Chandrul et al J. Chem. Pharm. Res,, 2012, 4(2): 1426-1435

used to cut columns and not other items or magerReégardless of the tool, the basic techniquesisame. The tips
of a pencil or the edge of a wafer or sapphire &relused as the cutting edge. Lightly scribe thigimide coating
with the cutting edge. The goal is to create a weak in the polyimide coating that exposes thedusilica tubing.
Attempting to cut through the fused silica tubinghathe cutting tool results in an uneven and us&attory cut
since the column is crushed in this area. Pladeoa $ength of the column against a finger or paiis makes it
much easier to feel how much pressure is beingeppb the tubing by the cutting tool. The tubihgxes if it is
not supported which makes it difficult to contrbketamount of applied pressure. Lightly drag théirmgitool edge
across the column in the desired location. Gasgahann 1-2 cm below the scribe mark. Gently bdregart of
the column above the scribe away from the scribeknifiproperly scribed, the column breaks easiigd @venly. If
the column does not break, re-scribe the colummtab@m below the previous scribe. Attempt to briekcolumn
again making sure it breaks at the point of the seribe and not at the first one. A small amounpiafctice is
required to consistently cut a fused silica colusfter a while it becomes easy and routine; howgthes cut should
always be inspected regardless of one’s experiandeskill. Sometimes the column breaks unevenlytdus fault
or error in the cutting technique or method. Itésommended to inspect the column ends with a rfiagnifter
cutting, the ends of the column should be examimitl a 10—-20x magnifier to verify a clean and gfhaicut has
been obtained. If the column end is jagged or umerecutting is necessary. The column needs tefpait until a
satisfactory end is obtained. A poorly cut columaymesult in peak tailing or adsorption. Small pieof the jagged
edge of the column can fall into the column andseasevere peak tailing or blockage of the tubimyalSpieces
may also enter the detector and cause it to mdlimcRegardless of the analysis, column or GCesgsta good
column cut is essential to obtain the best perfocea

1.3 Column Placement in the GC Oven® Most GC’s have a column hanger in the oven. Someéradesigns only
allow one column to be placed on the hanger. H@sd column is installed in the same GC oven,larapproach
has to be taken. Sometimes the second column céwirige directly on the cage of the first columnthis is not

possible, there are usually several holes in theofdhe GC oven where small pieces of wire or pafips can be
attached. The wire can be fashioned into a suitahteyer and the second column cage can be hungli@pieces
of wire. Unwind enough of the tubing on both enfishe column so there is ample tubing free fromdhge. The
column should be placed in the GC oven so thaktiseno contact between the tubing and other abjacthe GC

oven such as column identification tags, oven waltdumn hangers, etc. The forced air currentddsshe oven
cause movement of the column and these contactspoiay abrade the column. This may lead to breaktteese
abrasion points since the polyimide has been weském these areas. Avoid tight or sharp bends énttiing.

These sharp bends place an excessive amount £ sinehe tubing, thus increasing the possibifityreakage. The
avoidance of sharp bends becomes more criticalohsno diameter increases. Large diameter tubing raan
tolerate sharp turns or bends as well as small efiantubing; therefore, it is more susceptible teakage due to
stress. Regardless of tubing diameter, it is musthebto remove several centimeters of column lemggtead of
subjecting the column to an extreme bend or tutme Toss of several centimeters has no affect onnuol
performance.

1.4 Column Installation in the Injector®: After placing the column in the GC oven, the ne®psis to install the
column in the injector. Place the column nut andule on the tubing making sure of the proper atignt of each
piece. Consult the GC manual if necessary. In roases, the flat surface of the ferrule should tahetl at surface
in the fitting or column nut; the tapered regiomusld touch a tapered region in the fitting or rAny time a ferrule
is placed on a column, 2-3 cm from the end of tlaran must be cut off. There are no exceptions! ruglaing
the ferrule on the column, very small fragmentssiraved from the inner surface of the ferrule lgysharp edge of
the column end. These ferrule particles can ehtrcolumn and severely interfere with the chrom@tplgy. Peak
tailing and adsorption are the most common symptofiferrule particles in the column. Sometimes, plagticles
migrate long distances into the column and permiinaffect its performance. This is a greater peoblwith larger
diameter columns. The insertion distance of theiaol into the injector is an important measureméhe GC
manual provides this measurement. Installing thieneo at the incorrect depth may lead to efficienagses,
changes in injector discrimination or peak shamdl@ms. In some cases, an improvement may occer diftance
is usually stated from the end of column to a exfee point such as the top of the ferrule or thigobo of the
column nut. It is very easy to move the column fribnis distance during installation. The carrier gas be on or
off during column installation. If it is on, this iinsurance that the carrier gas is on during &ter Istages of
installation where carrier gas flow is essentidk0A if the carrier gas is on, the injector fittthgan be checked for
leaks after the column is installed. It is not reseey to cool the injector to install a column.léisg as hot fittings
can be tolerated, it may be best to leave the timjext a higher temperature. Fittings have tendeadgak when
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subjected to large changes in temperature. If anaolis installed while the injector is cool, itrscommended to
slightly tighten the column nut after the injectwas reached the set temperature. The use of ligalddetection
fluids require the injector fittings to be belowQltC.

1.5 Turning On and Verifying the Carrier Gas Flow®: Heating of a column without carrier gas flow restit
serious and usually permanent damage of the coliBafore the oven is heated after column instalhatiod is
necessary to verify that there is a reasonable @ibearrier gas through the column. If there i®asonable pressure
on the gauge, it is often assumed that there isecagas flow in the column. This is not a completeeliable
method. Flow controller or pressure regulator fafy or blockage in the gas lines or column carcadbte a
pressure reading on the gauge; however, therétles i no carrier gas flow through the column. Ram to the
column occurs upon subsequent heating. Worse idaheage to any replacement columns installed irsdinee GC
with the same problem. The best method to verifywmoa flow is very quick and simple. Place the eridhe
column in a small vial containing a light solveetd., hexane, methanol). If there is carrier gaw flhrough the
column, a steady stream of bubbles is visible. Aseace or a very slow stream of bubbles indicatpsoblem.
Check the GC system and gas supply, and make agugtants or repairs before proceeding with column
installation.

1.6 Column Installation in the Detector® Column installation in the detector follows all thfe same guidelines
and precautions as for installation in the injectdre proper alignment of the nut and ferrule, adgocolumn cut, the
proper insertion distance and leak free connedienall important. Proper column installation ie tthetector may
not be as critical as for the injector, but gremtecshould be taken anyway. One of the carryovera packed GC
column usage is leaving the detector end of themsnldisconnected until the column is conditionedhilé/this is
not absolutely necessary for capillary columns dnds not result in any harm to the column or GGs istill
practiced.

1.7 Verifying Proper Column Installation and Detector Operation’: A leak allowing oxygen into the column or
no carrier gas flow while the column is at highemperatures (50 °C or higher) can rapidly damaggwamn. After
the column is installed in the GC, the next stepoisditioning the column at a high temperature oBeheating the
column, it is best to verify the existence of aargas flow. The easiest and most secure methtdingect a non-
retained compound into the GC while the oven 4050 °C. A pressure on the column head presswgega not
always reliable. Do not heat the column above 5Mmé€re carrier gas flow is verified. Before injagt the non-
retained compound, the detector needs to be othentblumn head pressure set at an appropriate.valu

. Head Pressure (psig)
Diameter(mm) | Length(m) Nitrogen | Helium | Hydrogen
0.18-0.20 10-12 3-5 8-12 8-10
0.25 15 2-4 6-9 6-8
0.32 15 1-2 4-6 4-5
0.53 15 0.5-1 1-2 1-2
Tablel

Table 1 lists the approximate head pressure rafogesome common column dimensions and carrier gagdhat
the linear velocity is set close to the recommengsdes. The head pressure (linear velocity) dagsaed to be
exactly adjusted and set at this time; this is dater when setting the average linear velocitye €ampounds used
to verify carrier gas flow are the same ones usextt the average linear velocity.

Detectors Non retained compounds
FID Methane, Butane
ECD Methylene chloride, Dichlorodifluoromethane

NPD Acetonitrile
TCD,MS | Methane, Butane, Argon, Air

Table?2

1.A disposable lighter is a possible source of butdace the syringe needle into the flame outleheflighter.
2.Depress the small button allowing the gas to escBp# up 1-2ul of the gas.

3.Headspace or diluted in solvent.

4.Use a column temperature of 40°C or greater.
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5.Use a column temperature of 90°C or greater.

» Headspace: Fill an auto sampler vial with about di@ps of solvent. Tightly seal the vial with a c&hake the
vial for several seconds. Pierce the septum wighsfringe needle, but do not insert the needletmdiquid.

 Pull up 1-2ul of the headspace above the liquid.

» Solvent dilution: Add 25-5@ of the appropriate solvent to 10 ml hexane ooiane and thoroughly mix. Inject
0.1-0.2ul. Further dilution may be necessary dependinghengensitivity of the detector.

Table 2 lists some recommended non-retained congso@ne advantage of injecting a non-retained camgpat
this time is the additional information that ismad. The presence of a peak for the non retainegheond confirms
that the detector is on and that the data systesorieected; the shape of the peak helps to confioper column
installation. Avoid large volume injections or higbncentrations since column overload can be neigineéted as
poor peak shape. Using a split injection workshbst. If a peak does not appear, there is no cdluig, the head
pressure is set too low, not enough of the norimetacompound was injected, the detector is nottfaning

properly, or the recorder is not on or properly mected. It is absolutely necessary that a peakbbeined before
proceeding. The peak obtained must be extremelypshad without any tailing. If a broad or tailinggk is

obtained, the following items should be inspectedrecked:

1.Injector liner (breakage)

2.Position of the column in the injector and detector

3.Leaks in the injector and detector fittings

4.Leaks in the septum

5.Quality of column ends (i.e., poor cuts)

6.Ferrule or septum debris in the column

7.Split ratio (too low)

8.Inadequate makeup gas flow

1.8 Column Conditioning

1.8.1 Column Conditioning® All columns have a small amount of volatile contaamits originating from their
handling, installation and storage. Column conditig involves heating the column to a high temperato rapidly

remove these contaminants. Conditioning is necessar time a column is installed even if it hasrbpeeviously

conditioned. Failure to condition a column resuitbaseline problems. The baseline severely riseeeacolumn is
heated and numerous peaks, humps and blobs maisibkevWhile these contaminants do not foul ornha

detector, they are interferences in the chromatogra

1.8.2 Conditioning Temperatures’: There are two approaches concerning the best temuperto condition a
column. One is at the isothermal temperature lohithe column or 20-25 °C above the highest ovemptature
that will be used without exceeding the upper tempee limit. Using the upper temperature limit ditions the

column faster, but it may shorten column lifetimedxposing the column to unnecessarily high tentpesa. If the
highest operating temperature is more than 50 #W&iddhan the column’s upper temperature limit, ¢howing at

20-25 °C above that operating temperature may tterb&he drawback to conditioning at lower tempenes

occurs if a higher column temperature needs tosiee at a later date. The column usually has tefmmnditioned
at a higher temperature to accommodate the newetetype conditions. Failure to re-condition theuomh may
result in a rising and erratic baseline when theiroo temperature exceeds the previous conditioténgperature.
The rate at which a column is heated has no impaatolumn conditioning. Rapidly heating a columresimot

damage it, thus slowly heating the column to thed@toning temperature is not necessary. A tempeggbrogram
is not needed nor is repeated cycles of heatingcanting. The GC oven can be directly set at thed@@mning

temperature and the column heated at whateverthiateven reaches this temperature. There is neee@that
temperature programming or cycling between tempegatimproves conditioning or increases columntlifee or

performance.

1.8.3 Conditioning the Column while Connected to the Detector’®: Occasionally there is a fear that the
contaminants eluting from a column during conditignwill contaminate or foul the detector. Whilestlis a valid
concern with packed GC columns, it is not for dapyl columns with a few exceptions (e.g., very khiikm, polar
stationary phases; PLOT columns). The amount ¢iostary phase and contaminants in capillary coluisnguite
small. Also, most column manufacturers preconditioa columns for prolonged periods as part of tleslpction
process. There are several advantages to condigaaicolumn while it is attached to a functioningtettor.
Conditioning a column while it is disconnected frone detector is not a problem; however, some in&ion is
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lost and a short conditioning step is still neededs best to monitor the progress of column ctinding so that
problems can be immediately noticed before coluemmabe can occur. The detector should be alreadyidmmng
due to the carrier gas flow verification step. Bet recorder or data system with a 120 minute stopj time and
the attenuation or sensitivity setting used for dhalyses. Input the conditioning temperature theoGC and start
the recording device. The baseline should stashtoply rise after several minutes and continuéstbeyond the
time when the GC oven reaches the set temperafditer 5-15 minutes at the conditioning temperatubes
baseline should start to rapidly drop. After 30+ihutes at the conditioning temperature, a steaaelne or
detector signal should be obtained. As soon a$é#seline is stable for more than several minutesditioning
should be stopped. Usually the entire plot looks k& large blob with some peaks riding on top (Fégl). Further
conditioning reduces the baseline by only a verglsamount and usually is a waste of time. Moreapstationary
phases, thick film columns and greater sensitiséttings usually require longer conditioning timeer very low
level analyses (sub ppb), 4-8 hours of column ¢amwdng may be required.

Idlinutes
Figurel

If the baseline is unstable or excessively higlera®®0—90 minutes, column conditioning should besta. Most
likely there is a leak in the GC or a contaminaggoblem. If there is a leak, the baseline remaina high level
since damage to the stationary phase is occufTimg.high baseline is due to the elution of the dégtion products
of the stationary phase. Additional heating onlsttiear damages the column, thus conditioning shbeldtopped.
The most common location of leaks is around thecigr. Check the septum, column nut and all ofitector

fittings for leaks. Be sure that the recording devis not set at one of its most sensitive leygtgmal but small
deviations in the detector signal appear to be lange at these very sensitive settings. Contamoimas primarily

visible as an erratic baseline and/or the presehearious size and shape peaks. The GC is usoatlguitable for
use while contaminated, thus conditioning shouldtopped so that the GC can be cleaned. A dirgctoj or gas
lines are the most likely source of any contamoratiin some cases, installation of a new colummo iat
contaminated injector results in a contaminatedirool. If this contaminated column is transferrechtdifferent,

contaminant free GC for troubleshooting purposkse, $ame problem arises. The incorrect conclusian ttne

column is defective may be reached when in factdblemn was contaminated by the first GC systermetv

column should not exhibit high bleed. High quakitylumns do not self destruct upon shipping or gferand are
tested for bleed levels during the manufactures&ing process. Some detectors require severas howstabilize
especially if they have been off for more than hefrs. The most common detectors that exhibittdmnsglency are
the ECD, NPD and MS. Upon monitoring the baselihenay appear that the baseline does not stabdim
continues to drift downward. This drift may be doedetector stabilization. The column maybe fulbnditioned,

but the detector requires additional time to siadil It is difficult to determine whether the drift column or
detector related. Experience with a particular cletreusually helps in determining the source oftiheeline drift.

1.8.4 Conditioning the Column while Disconnected from the Detector™: Fears of detector fouling by
contaminants eluting from the column during comditng leads some chromatographers to leave themecolu
disconnected from the detector. Fouling of the deteby the column is a very rare occurrence. CRLOT
columns and very thick film stationary phases haweugh material to foul a detector. Columns candrelitioned
while they are disconnected from the detector wittemy problems. The baseline or background sigaalnot be
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monitored during conditioning. This makes it diffitto determine whether the column is fully coratied. Also,
ongoing damage to the column due to a leak at tagtperatures can not be detected until significamage has
occurred. If a column is conditioned while discocted from the detector, 10-20 cm of the free eretia¢o be cut
off before installation in the detector. A small@mt of air enters the end of the column and dastge stationary
phase in this region. After the column is installedhe detector, a small amount of additional ¢oowing is still
necessary. The process of handling and installwegcolumn slightly contaminates the end of the mwiu This
requires the column to be held for about 15 minatethe conditioning temperature or until a stdideeline is
obtained. Some detectors may require hours bdfieredtabilize and a flat baseline is obtained.

1.9 Setting the Carrier Gas Average Linear Ve ocity**: The best time to accurately set the linear velasitgfter
the column is properly conditioned. The linear eitlpcan be set before conditioning; however, timeequired for
the column to stabilize (condition) at the tempematused to set the linear velocity. Since cagas flow has been
previously verified, there is no need to set tmedir velocity prior to conditioning. The retentibme of a non-
retained compound is used to set the average livadacity. A list of recommended compounds can duentl in
Table 2. The desired average linear velocity arldran length is used in Eq. 1 to determine the megliretention
time for the non-retained compound. The column hgradsure is adjusted downward to increase thatietetime
and adjusted upward to decrease the retention timtié the desired one is obtained. A retention tiafet0.05
minutes from the calculated value is sufficientrinst cases.

t,, =L/60u Eq.1

t,, = retention time of a non-retained compound (min)
L = column length (cm)
u = desired average linear velocity (cm/sec)

The average linear velocity is dependent on thamoltemperature. It is important to set the lineglocity at the
same temperature for a given analysis. Using aehnigamperature results in a slower velocity andoael
temperature results in a faster velocity than édsicChanges in retention times and efficiency oaeith the
measurement error. Usually the initial temperaifr@a program is the most convenient. In practiecs; eolumn
temperature can be used; however, a consistentetatope of measurement is the most important ceresidn.
After the linear velocity is set, the column isdgdo use. There are several more steps that ameegessary for the
best performance of the GC system; however, thgypnave to be very useful when troubleshooting fEois.

1.10 Bleed Test™: After the column is conditioned, a bleed test i® amethod to measure the amount of column
bleed. As a column is used, the bleed level slamtyeases. Eventually, it reaches a level thateenthe column
unsuitable for most uses. By having a bleed lewehsarement for the column when it was new, theseréference
point for future comparisons. There are two methoast commonly used to determine the amount ofrgolu
bleed. The detector signal at the column’s condiitigQ temperature is used as a measurement. Thestigh
background signal should be obtained at the camdiig temperature or isothermal temperature limftichever is
the highest. The signal can be obtained from tha dgstem/recorder or detector output signal. Ibegter to
compare this signal to the background signal abwet column temperature (usually between 50-10Q °C)
Contributions from sources other than the colunenraw factored out of the measurement. The diffexdretween
the two signals is used as the bleed level measmertollecting a bleed profile is probably the toeethod to
measure the bleed level. A bleed profile is gererdity running a temperature program without anctige (i.e.,
blank run). The temperature program should folloese guidelines: initial temperature of 50—-100rddp rate of
10-20 °C; final temperature equal to the isotherom@er temperature limit of the column or the ctinding
temperature (whichever is lower); and a final hiifde of 10 minutes. The appearance should be gittdléhat in
Figure 2. If the appearance is significantly difiet, it may be a sign of a column or GC problenme $ize of the
rise in the baseline is the important feature. dxgglas the same scale is used to draw both chrgraato(before
and current), the rise in a current bleed profda be compared to the one generated when the col@minstalled.
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Column: DB-5ms, 30 m x 0.25 mm, O.2%
Oven: 100-325 °C at 15°/min, 325 °C for 15 min
Figure 2

1.11Injecting Column Test Sample': After the column has been conditioned and a blestirun, some type of
column test mixture should be injected and analyZéxre are two types of test samples. One isdheessample
used by the column manufacturer to test a newlyenwdumn. The other is a representative or actamlpte like
the ones analyzed with the GC. Perhaps both carsée to test different aspects of the GC's perfoceaNearly
every capillary column comes with a performanceofatogram generated using a specific test mixttitee same
conditions and sample are used, the chromatograrargted should be nearly identical to the one watht the
column. Large differences are indicative of a peablwith the gas chromatographic system or pertap@torrect
test conditions. When a good chromatogram is obthiit should be stored for future reference. gpfeblem should
arise in the future, the test mixture can be igéand the chromatogram compared to the one gedenath the
properly working system. The diagnosis of many peots can be accomplished with the proper interpogtaf the
results of the test mixture chromatogram. Eachhef tcompounds in the test sample provides a spduifiof
information about the column. This information iery useful when trying to troubleshooting colummlgems.
Instead of a manufacturer’s test sample, a reptatsesm or actual sample can be used to test sysgformance. In
some cases, this sample is a better test of tHerpemce of the gas chromatographic system. Soralyses are
less demanding of the column than the column téstune. A column that appears to be bad with thieiroom test
mixture performs satisfactorily for the sampledraérest. It is probably unreasonable to discaad dolumn based
on the results of the column test mixture wherdéguately performs the desired analyses. Somesasalire more
demanding of the column than the column test méxtér column that appears to be good with the coluest
mixture performs less than satisfactorily for ttemgples of interest. While this is fairly uncommandifferent
sample than the column test mixture is needed ¢g@wately judge the performance of the column. Ugtiaére are
only a few compounds or peaks that place high ddsiam the column. The test sample should contaseth
compounds; the other sample compounds may not bessary especially if they are not as demandinghen
column. One simple method to monitor system peréoree is to make an overhead transparency of aerefertest
chromatogram. The transparency can be placed owerrasponding test chromatogram generated usmgdme
conditions and printed in the same size as thedepéited on the transparency. Acceptable performa&adations
can be noted on the transparency. Factors suchaksrptention, shape and size, and baseline risalche easily
noted and measured even the most inexperienceds8C kior example, a box can be drawn around aerefer
peak on the transparency and the corresponding ipeille generated test chromatogram has to resiihénvthe
box boundaries to be acceptable. The need forraystaintenance can be easily discovered before armpegblem
develops. Also, this helps to prevent the use obtirect conditions or methods since the chromatogravill not
match.

2 Column Ferrules™: Graphite and graphite/vespel are used to makelagpiolumn ferrules. Ferrules made of
both materials are available for some GC’s whileecd may be limited to only one. Essentially, fexnmaterial is
often a personal preference; however, a few mafd®C’s require a specific type of column ferrulethese cases,
the exact ferrule is required since non standdtidds are often used for the injector and detecwaphite ferrules
are very soft which makes them easy to seal. Thikes it easier to get a leak free connection. Timess of
graphite also creates a few problems. Upon ovéitdigng, graphite ferrules sometimes generate sfia&ibs of
graphite. These small flakes can contaminate iojsctetectors, fittings and columns. The soft bitepflows into
the threads and openings of the injector and datdittings. In severe over tightening cases, git@pban be
extruded into the injector or detector. Removakho$é material is necessary before the next colusnimstalled.
Graphite ferrules are not recommended for use em#tector fitting for GC/MS and ECD systems. Srpadtes of
the graphite can contaminate these particulatdtasendetectors. GC/MS systems require hours ofktorclean out
particulate matter. The vacuum in a MS system aiafies it easy to suck ferrule particles into therse. ECD
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cells are sealed, thus ferrule particles in thé metessitate return of the detector to manufactarel days of
downtime. Over tightening graphite ferrule makedifficult to re-use the ferrule multiple times. gkaphite ferrule
can be used 10-15 times providing it is not defatriog repeated over tightening. Graphite is mucdtdérathan
graphite ferrules. This makes their propertiesdpposite of graphite ferrules. A leak free seahire difficult to
obtain with graphite ferrules since they are muatdhbr. It is much harder to over tighten graphéteuies. Graphite
ferrules do not flake and are better suited fori@&and ECD systems. Graphite has the tendencyetpait higher
temperatures. The ferrule changes shape upon peatileak free fitting at one temperature can laak different
temperature. If the fitting temperature is changgdnore the 25-30 °C, it is recommended to cheekitling for
any leakage after it has reached the new temperatipon over tightening especially at higher terapges,
graphite ferrules usually stick to fused silicaigh Often the tubing has to be cut since the ferdoes not come
off of the tubing. Ferrule size is determined by BC fittings and column diameter. The GC fittiggsrerning the
outer diameter and height of the ferrule. The ncoshmon outer diameter is 1/8” with a few 1/4” andtrit sizes.
This size does not refer to the outer diameterhef ferrule, but to the size of the fitting. The énrdiameter is
governed by the column diameter. There are thriéereit ferrule inner diameters in common use. &ablists the
ferrule inner diameter need for the various coludiameters.

Column Internal Diameter(mm) | Ferrule(mm)
0.05-0.25 0.4
0.32 0.5
0.45 0.8
0.53 0.8
Table3

3. Tightening Fittings'®: Column nuts are often over tightened. This is dualk of the cautions about avoiding
leaks and the damage they cause. It is temptingéa lot of force when tightening the column Wuhile this does
not cause any real damage, most ferrules can not-bsed if they are seriously over tightened. Tais be quite
expensive over the course of a year and a numbeslomn installations. There are several guidelithes can be
used to avoid excessive tightening of fittings. @ite ferrules are very easy to seal, thus liftstening of the
fitting is needed. When using a new graphite fesralfter tightening the column nut by hand, theiowl nut only
needs to be turned about 1/4 of a turn using a atxeAny more is using excessive force. A used gtagderrule
often seals in less than 1/4 of a wrench turrs #dsy to tell if the column nut is tight enoudtthe column can not
be pulled from the fitting, it will not leak. If thcolumn moves during the pull test, make sure fetpositioned in
the proper location. Upon removal of the fittinfthe graphite ferrule is highly deformed or a pmthas been
forced through the opening in the fitting or columut, the fitting was over tightened. Graphite dés are hard,
thus more difficult to seal than graphite. Whemgsa new graphite ferrule, after tightening theuomh nut by hand,
the column nut only needs to be turned about 1/2 wfrn using a wrench. Column nuts on GC/MS tremisfies
may require slightly more than 1/2 of a turn. Angmemis using excessive force. A used graphite fiertten seals
in less than 1/2 of a wrench turn. If the column oat be pulled from the fitting, it will not leak.is more difficult
to over tighten a graphite ferrule. If the ferrupggmanently stick to the fused silica tubing aroasistent basis, the
fitting was probably over tightened.

4. Techniques for Measuring Column Insertion Distances'”: The proper position of the column in the injector
and detector is important. The position of the owoluis usually controlled by maintaining a distabetween the
end of the column and a reference point on theneolaut/ferrule assembly. It is not easy to mainthia distance
while inserting the column into the fitting andhtgning the column nut. As little as 2 mm of slippacan result in
poor performance for some GC's. There are seversy éechniques to ensure the column remains irptbper
position throughout the installation process. Thestfamiliar procedure is to use liquid correctfand (“White-
Out”) to mark the column. The column is positionesl noted in the instruction manual, the correcfiaid is
applied immediately below the column nut. The tbthe mark aligns with the bottom of the column (figure 3a,
left). After the correction fluid is applied, makere the ferrule does not drop or slip into weidfllOnly a small
amount of fluid is necessary to mark the columre Pphesence of excess material in or on the femalg prevent a
leak free seal from forming between the column tnadferrule, and may also cause contaminatiorhdfferrule
slips into the wet fluid, remove the ferrule, ciit the marked portion of the column, and start pihhecess again.
Another method of measuring column insertion distanutilizes a used disk type GC septum. The colisnn
inserted through the hole in the septum made byique injections. The column nut and ferrule arentiplaced on
the column. The septum is position so that thernalunut and ferrule are in the proper location (Fég8b, right).
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The septum fits snugly on the column and holdsctilamn nut and ferrule in the proper place durimstallation.
The septum stays on the column during use, buds chot affect the column in any manner.

__— Fernile e

Column Mt —

yd x

Correction I — Colunmﬁﬂ I| GC Septum
Fhud

Figure3

5. Leak Detection'®: Detecting leaks can be a difficult task. There many places where leaks can develop with
the injector fittings being the most common areguld leak detectors are often used to detect |dakisthey do not
work in many applications. Using an electronic lekdtector is the most convenient, but they are espensive.
They work on hot fittings which is not possible kviiquid leak detection fluids. Liquid leak detextifluids are
easy to use and inexpensive. The most commonifiuigferred by the brand name of Snoop. When sgliohto a
fitting, a leak becomes visible by the continuocmsfation of bubbles in the liquid. The absenceudftides indicates
that there is no leak present. A 50/50 mixturesofpropanol and water can also be used as a l¢aktida fluid.
Liquid leak detection fluids do not work on hottifigs. Most detection fluids have an upper tempeeatimit of
90-100 °C. Most injector and detector fittings amaintained at temperatures well above 100 °C. Texklthe
fitting for leaks, it has to be cooled below 100B€fore the leak detector fluid can be used. Fj#tioften develop a
leak upon heating especially if equipped with apbree/vespel ferrule. If the fitting is leak chedkat a lower
temperature, tighten the fitting by about 1/16-af& turn after it has reached the higher tempegatdne method
to determine whether an injector or the gas lieasling into it are leaking is to use a static lelaéck. This involves
pressurizing the injector and gas lines and chectie column head pressure gauge for a loss ofymes

Applications

The goals of the above information provided theiinfation for maximize both capillary column lifegmand the
performance of the gas chromatographic systemofiter goal is to provide an efficient and logicalibleshooting
guide with the real intention to reduce or preveetformance breakdown problems from occurring. Addepth
knowledge of chemistry and chromatography is nquired. This article, attempts to thoroughly explaivery
detail about Column Installation; it is intendedaagractical guide so that the urge to hit the Gtb & hammer as a
last resort does not occur. In-depth technical rmfition about GC techniques, instrumentation, g$igeci
applications and other details can be found indHisle.

CONCLUSION

Chromatography has grown over the past centurgtihé central separation science; it has becomtbtlukge” (or
the common denominator) for analytical methodstelad of measurement of only one or several comgsriera
sample, chromatography facilitates the separatitstection, identification, and quantitative meamast with
selective detectors of usually all the componemts sample. Its characteristics of sensitivityesgVity, versatility,
and quantitative features on micro, macro, and gradjve scales have led to its rapid expansion.driving forces
of chromatography include the persistence and igigaif scientists, their experimental investigats, their
interrelated seminal concepts, their research pmarmand other publications, and the relevant sifient
organizations.
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