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Ed Connor

Hidrojenin Gaz Kromatografisi (GC) icin Tasiyicl Gaz Olarak Secimi

Laboratuvarlarda hedef en kisa siirede en iyi ayrimi elde
edebilmektir. GC igin tasiyici gaz olarak en sik kullanilan
gazlar azot, hidrojen ve helyumdur. S6z konusu gazlar
arasindaki farklar van Deemter egrileri karsilastirildiginda
acikga gorulebilmektedir. Sekil 1'de van Deemter Denklemi
goralmektedir.

Azot gazi, helyum ve hidrojenle karsilastirildiginda en
distk minimum plaka yuksekligine sahip oldugu halde,
daha dar bir hiz araligi ve daha dik bir van Deemter egri-
sine sahiptir. Bu nedenle yuksek akis hizlarinda, ¢6ziinen
madde verimliligi ciddi anlamda dismektedir (Sekil 1). Ote
yandan, helyum kullanildiginda analiz siireleri azotun ya-
risi kadar iken verimlilik kaybi da diisiik olmaktadir. Helyu-
mun van Deemter egrisi azot egrisinden daha diz oldu-
gundan ortalama lineer hizdaki degisimler verimliligi fazla
dusirmemektedir. Hidrojen ise ylksek lineer hizlarda en
etkin tasiyici gazdir. Hidrojenin optimum lineer hizi (uopt)
40cm/sn’dir. Hidrojenin yiksek optimum lineer hiz degeri,
bu gaz ile s6z konusu (¢ gaz arasinda en kisa analiz suresi-
nin elde edilmesini saglamaktadir. Ylksek verimliligin elde
edilebildigi genis aralik, hidrojeni genis bir sicakhk aral-
ginda ayrisan bilesikleri iceren numuneler icin en iyi tasiyici
gaz yapmaktadir.

Azot, helyum ve hidrojen gazlarinin tima GC igin kulla-
nilabilecek gazlar oldugu halde, hidrojenle ilgili gtvenlik
endiseleri, azotun da nispeten daha duslik verim saglamasi

nedeniyle, yakin gelecege kadar helyum en sik tercih edilen
tasiyici gaz olarak kullaniimaktaydi.
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Choosing a Carrier Gas for GC

The aim within the laboratory should be to achieve the
best separation in the shortest time period. The most com-
monly used gases as carrier gas for GC are nitrogen, hy-
drogen and helium. The differences between the gases are
evident when comparing their van Deemter curves. This is
illustrated in the Van Deemter Equation (Figure 1).

Although it displays the lowest minimum plate height
compared with that of helium or hydrogen, nitrogen has a
much narrower velocity range and a steeper van Deemter
curve, so at higher flow rates, solute efficiency decreas-
es dramatically (Figure 1). Analysis times with helium are
about half of the value of nitrogen and with only a mi-
nor loss of efficiency. The helium Van Deemter curve is
much flatter than the nitrogen curve, thus changes in the
average linear velocity do not greatly decrease efficiency.
Hydrogen is the most efficient carrier gas at higher linear
velocities, with an optimum linear velocity (uopt) of 40cm/
sec. Hydrogen's high uopt results in the shortest analysis
times of the three gases. The wide range over which high
efficiency is obtained makes hydrogen, the best carrier gas
for samples containing compounds that elute over a wide
temperature range.

Although nitrogen, helium and hydrogen can all be con-
sidered suitable carrier gases for use in GC, historically
helium has been the most widely used due to the safety
concerns associated with hydrogen and also the fact that
nitrogen is much less efficient.
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Helyumun Daha Az Tercih Edilmeye Baslanmasinin Nedeni
Nedir?

Son dénemlerde, helyum gazinin tedariginde yasanan sorunlar
nedeniyle kullanicilar farkli alternatiflere yonelmeye basladilar.
Peki helyum tamamen terk mi ediliyor? Hayir, heniiz degil. Ancak
helyum tedariginde yasanan sorunlar ve medikal, bilimsel ve en-
dustriyel alanlarda artan helyum gazi talepleri bu az bulunan ga-
zin fiyatinin yiikselmesine neden oldu. Bircok dnde gelen GC iire-
ticisi bu konunun laboratuvardaki calismalara olasi etkilerini fark
ederek, tastyici gaz olarak her iki gazin da kullanimina olanak sag-
layan cihazlar Urettiler ve kullanicilarina helyumdan hidrojene ge-
cisi etkin bir sekilde tavsiye ettiler.

Hidrojenin GC icin Tasiyic1 Gaz Olarak Kullanimi

Hidrojenin taslyici gaz olarak kullaniimasina iliskin en 6nemli

avantajlar asagidaki gibidir:

Daha yuiksek hiz: Lineer akis hizinin arttirilmasi analiz edilen
numune sayisini ve dolayisiyla laboratuvarinizin verimliligini
arttirir.

* Daha dustk sicaklikta ayrim: Daha hizli aynm surelerinde, fi-
rin rampa hizinin arttinlmasi gerekli olmayabilir. Hatta analiz
icin gerekli olan maksimum sicakligin dustrilmesi bile mim-
kiin olabilir.

*  Daha uzun kolon émr: Daha diisuk sicakliklar daha az kolon
kanamasina neden olur ve kolonlarin daha uzun strelerde
kullanimina olanak saglar. Ayrica, hidrojen indirgen bir gaz
oldugu icin kolon tizerindeki potansiyel asidik bolgeleri orta-
dan kaldirarak kolon 6mriini daha da uzatabilir!

*  Temin edilebilme: Hidrojen suyun elektrolizinden elde edil-
mektedir ve Peak Precision Jenerator ile istek Uzerine Ureti-
lebilmektedir.

* Hidrojen gaz laboratuvarda farkli amaclar icin de kullani-
labilmektedir. Ornek olarak, en sik kullanilan GC dedektorii
olan ve bircok GC laboratuvarinda mevcut olan (FID) dedek-
tor icin atesleyici gaz olarak kullanilmaktadir.

GCicin en uygun hidrojen tedarik kaynaginin secimi, sistemin ve

sistemden alinan sonuclarin guvenilir olmasinda etkili olacaktir.

Bu amagla hidrojen jeneratorinin secimi ise laboratuvara bircok

farkli agidan fayda saglayabilir.

Hidrojen Tiplerinin Temini ile ilgili Hususlar

Laboratuvarlarda hidrojen tuplerinin kullanimina iliskin bircok

guvenlik hususu bulunmaktadir:

*  Taplerin kullanimi ve bulundurulmasi - Tuplerin sik degistiril-
mesi GC calismasini yarida kesmekte ve zaman kaybina ne-
den olmaktadir. Tiipin dolu oldugundan emin olmak Uzere
sistem surekli takip edilmelidir. TGplerin degistirilmesi ayrica
GC sisteminin ortam havasi ile kontamine olmasina dair riski
arttiracak ve bu da analizde problemlere neden olacaktir.

*  Guvenlik — Hidrojenin yanici dogdasi ve yiiksek hacimde hid-
rojen gazi iceren tlplerin laboratuvar ortaminda bulundu-
rulmasi glvenlik endiseleri dogurmaktadir. Ayrica, hidrojen
tlplerinin boyutu ve agirhg bile tip degisimini gerceklesti-
ren personel agisindan risk teskil etmektedir. Tlplerin degisi-
mi esnasinda 6nlem alinmali ve tlpler uygun tip tutuculan
ile duvara veya tezgaha sabitlenmelidir.

* Temin edilen gazin kalitesinde olasi farkhliklar — Kararl ve
diiz bir baseline eldesi icin tastyici gaz olarak kullanilan hid-
rojenin ylksek saflikta olmasi (zero grade veya daha iyi) bu-

Why Change from Helium?

The emerging helium shortage means that people have no
choice but to look at other alternatives. Are we running
out of helium completely? No, not yet. But a shortage of
helium and increased demand within the medical, scien-
tific and industrial fields is leading to this rare commod-
ity rising in price. Many leading GC manufacturers under-
stand the impact this may have in the laboratory and have
started to actively recommend switching carrier gas from
helium to hydrogen by developing instruments capable of
running with both carrier gases.

Using Hydrogen as a Carrier Gas for GC

There are major benefits of using hydrogen as your carrier

gas:

* Increased speed: Increasing the linear flow rate in-
creases sample throughput, thereby increasing the ef-
ficiency of your laboratory.

* Lower temperature separations: At the faster elution
times, it may not be necessary to increase the oven
ramp rate. It may even be possible to lower the maxi-
mum temperature needed for the analysis.

* Longer column life: Lower temperatures lead to less
column bleed, which can mean a longer column life. In
addition, hydrogen is a reducing gas and can remove
potential acidic sites from the column, further increas-
ing column life!

* Availability: Hydrogen is readily available through the
electrolysis of water and with a Peak Precision Genera-
tor it can be generated on demand.

* Hydrogen gas is already being used in the laboratory
for a variety of purposes: It is the fuel gas for the most
commonly used detectors (FID) and therefore already
present in most GC Labs.

The selection of an appropriate hydrogen supply source

for GC contributes to the reliability of the system and re-

sults gained. Using a hydrogen generator can benefit a

laboratory in a number of ways.

Hydrogen Cylinders Supply Concerns and Consider-

ations

There are many safety concerns associated with the use of

hydrogen cylinders including:

Cylinder handling and storage - The frequent chang-
ing of cylinders interrupts the GC’s operation, and can
be time consuming and the system must be monitored
to ensure that the gas supply does not empty. Chang-
ing cylinders can also increase the risk of contamina-
tion the GC system with ambient air which can inter-
fere with the analysis.

* Safety - The flammable nature of hydrogen and the
high volume of hydrogen in cylinders present con-
cerns for cylinder handling and storage within the lab.
In addition, the size and weight of hydrogen cylinders
present hazards to personnel performing cylinder
changes. Care must be taken and cylinders should be
secured to the wall or bench top using appropriate
cylinder holders and restraints.

* Variation in quality of the gas - High purity hydrogen
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yik 6nem tasimaktadir. Belirli bir hidrojen sinifindaki safsizlik
seviyeleri ise istenen seviyeleri karsiliyor olsa bile tipten tlpe
farklihk gosterebilmektedir. Tupler arasindaki bu farkliliklar
hassas analizlerde sonuglari olumsuz etkileyebilmektedir.

*  Sistem safligini saglayabilmek icin uygun gaz temin ekipma-
ninin segimi — Tlp degisimi esnasinda, oksijen ve nem gibi
safsizliklarin GC sistemine giris riskinin minimize edilebilmesi
icin, yliksek saflikta gaz temin ekipmani kullanilmalidir.

Hidrojen Jeneratorleri Tiplere Alternatif Sunuyor

Guvenlik hidrojen jeneratérlerinin laboratuvarda tercih edilme-
sinde 6nemli bir rol oynamaktadir. Hidrojen jeneratorleri hem
yiksek saflikta hidrojen gazinin siirekli olarak eldesini saglamada
hem de laboratuvarda hidrojen tiplerinin kullaniminin getirecegi
bircok glvenlik riskinin ortadan kalkmasinda yardimai olacaktir.

Hidrojen Jeneratéri Sayesinde Daha Guvenli Gaz Temini
Hidrojen jeneratorinin kullanimi asagidaki nedenlerden dolayi
guvenlidir:

*  Bir hidrojen jeneratoriinlin icerisinde, herhangi bir anda 1 lit-
reden daha az hidrojen bulunmakta iken buyiik bir hidrojen
tlpd 9000 litreye kadar hidrojen icerebilmektedir.

* Jeneratérden gaz cikisi laboratuvarda paylayici seviyesine
ulasmayacak kadar disuktr.

*  Personelin yiiksek miktarlarda yanici ve yiiksek basincli gazla
calismasi gerekliligini ortadan kaldirir.

*  Sizinti durumlarinda cihaz otomatik olarak kendini kapatir.

*  Anizanin tespit edilmesinde sorun olmasi durumuna karsilik
mekanik kapatma da mimkdnddr.

*  Tup degisiminde yasanabilecek sizintilar jeneratér kullanimi
durumunda s6z konusu degildir.

Hidrojen Jeneratori Kullaniminin Saglayacagi Faydalar:

*  Gaz kalitesinde degisiklik s6z konusu degildir.

*  Gazyalnizca ihtiyag halinde ve ihtiyac oraninda Uretilecektir.

* Tup degisimi esnasinda yasanan zaman kayiplar ortadan
kalkacaktir.

*  Peak hidrojen jeneratorlerinin kapladigi kiiclik alan sayesinde
laboratuvar tezgahinda yerden tasarruf edilecektir.

*  Tap kullanimi halindeki maliyetlerle karsilastirildiginda, sa-
tin alinan bir hidrojen jenerat6ri kendisini bir ya da iki yilda
amorte edecektir.

*  Cihazin gerektirdigi servis destegi minimumdur.

Sonug

GC icin uygun gaz seciminde dikkate alinan hususlar cesitlidir.
Helyum ve azotla kiyaslandiginda, hidrojenin tercih edilmesi, ge-
rek kromatografik sonuclar gerekse laboratuvar bltgesi agisindan
bircok avantaj saglamaktadir. Tasiyici gazin degistirilmesi labora-
tuvar isleyisi agisindan sikintili bir islem degildir. Ayrica, hidrojen
kullanimi analiz edilecek numune sayisini arttirmakta ve kolonun
daha uzun surelerde kullanimina olanak saglamaktadir. Labora-
tuvarda tlplerin kullanimi tehlikeli oldugundan, hidrojen jenera-
torine gecis bircok guvenlik riskinin ortadan kalkmasini saglaya-
caktir. Helyum gazinin temininde yasanan sorunlar ve artan hel-
yum gazi fiyatlar dikkate alinacak olursa, hidrojene gecis, 6zel-
likle de verimlilikte ve kolon édmriinde saglayacagi avantajlar agl-
sindan, laboratuvar maliyetlerini diistirecek bir ¢c6ziim olabilmek-
tedir.
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(zero grade or better) is required for use as a carrier
gas to ensure a stable, low baseline. Contaminant
levels for a given grade of hydrogen may vary from
cylinder to cylinder, and still meet the specifications.
This cylinder-to-cylinder variation may affect sensitive
analyses, which can have consequences for results.

* Selection of appropriate gas delivery equipment to
ensure system purity — To minimise the chance of con-
taminants such as oxygen and moisture from entering
the GC system during cylinder changes, high purity
gas handling equipment should be used.

Hydrogen Generators as an Alternative to Cylinders

The safety also plays a major role in justifying the use of
hydrogen generators within the laboratory; they provide a
continuous source of high purity hydrogen, and can elimi-
nate many safety concerns over using hydrogen cylinders.

Increased Safety Using a Hydrogen Generator

Using a hydrogen generator provides the following safety

features:

* A hydrogen generator contains less than 1 litre of hy-
drogen at any one time compared with 9000 litres in a
large hydrogen cylinder.

* The output from a generator is low enough that it is
very unlikely to reach explosive levels in a laboratory.

* Eliminates the need for personnel to handle large
quantities of the flammable, high-pressure gas.

* Automatic shut down on leak detection.

*  Mechanical shut down fail-safe mechanism.

*  No risk of new leaks when changing of cylinders.

Using a Hydrogen Generator Has the Following Benefits:

* No change in gas quality as can be encountered when
using gas from an almost empty cylinder.

* Gas on demand.

* No changing of cylinders, therefore saving time.

*  The small footprint of Peak hydrogen generators saves
laboratory space.

* Based on cylinder gas savings, purchasing a hydrogen
generator can pay for itself in one or two years.

*  Minimal maintenance required.

Conclusion

There are many considerations when choosing a suitable
gas for GC. Using hydrogen as opposed to helium or ni-
trogen has many advantages for both chromatographic
results and the laboratory budget. Switching carrier gas
can be achieved with minimal disruption to the laboratory.
Additionally, using hydrogen allows for higher throughput
in the lab and increased column life. Whilst the presence
of cylinders in the lab is often deemed to be dangerous,
many of these safety concerns are eliminated when using
a hydrogen generator. With the shortage and increasing
expense of helium, the switch to hydrogen can be a cost
saving solution, particularly in view of increased produc-
tivity and prolonged column life.




