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Research and quality control
laboratories serving almost
any industry use highly pure
gases to operate a range of
equipment, such as gas chro-
matographs and other in-
struments. Historically, labs
have relied on deliveries of
compressed-gas cylinders
provided by various compa-
nies to provide these gases.
However, there are distinct
shortcomings to using cylin-
der gases, and in some areas
of the United States they
are even banned. An alterna-
tive, gas generators, produce
particular gases, including
hydrogen, nitrogen, and zero
air, so that instruments and
laboratory systems can work
without depending on cylin-
der gases.

The main drawback of
using compressed-gas cylin-
ders is safety. Cylinders are
difficult to move, and be-
cause they are heavy they
can cause injuries, and if the
mechanicals at the top of the
cylinder are damaged during
transport of the cylinder, the
cylinder can become a rocket
propelled to phenomenal

speeds by the compressed
gas within, killing those in
its way. Because of this, regu-
lations are often applied to
the use of cylinders. In some
areas of the country, controls
may be stricter than others.
For instance, Phil Allison at
Parker Balston remarked
that Palo Alto, CA, has
banned all hydrogen cylin-
ders because of the risk of
earthquakes and the explo-
siveness of hydrogen.

Cost is one extremely
important factor, and the
more a gas is used, the more
economical gas generators
become. Allison suggests that
gas generators typically pay
for themselves in 6 to 12
months and last almost a
decade. Steve Szymanski of
Proton Energy Systems adds
that most lab managers want
to see a two-year payback
period or less. 

“You have to consider
safety, as well as the time and
personnel needed to change
out cylinders,” Szymanski
says. Contamination can
occur when pipe fittings are
opened to replace cylinders.

When gas
generators are
used, there is
no need to
disconnect
pipes, reduc-
ing sources of
contamination.

Hydrogen
Whether labo-
ratories are
interested in
hydrogen
generators
varies with

geography, and not just
because of earthquake regula-
tions. “If you have a lot of
petrochemical processing in
an area, you have a very
cheap source of hydrogen,”
says Szymanski. However,
hydrogen generators depend
on something that is in
almost every lab, namely
ionized water.

“Pretty much any hydro-
gen generator makes hydro-
gen by electrolysis,” says
Allison. This basic process,
passing a current through
water, generates hydrogen
and oxygen. 

After the hydrogen gas is
produced, it contains water
vapor, which manufacturers
use a variety of techniques
to remove. “For carrier gas,
moisture can be very de-
structive to the columns,”
says Szymanski. “So having
a very high level of moisture
removal is critical for those
applications.” Until recently,
most manufacturers used
replaceable cartridges of
desiccant material, which

absorbs the water vapor.
The drawback to these
systems is that they need
semiannual cartridge replace-
ment, which increases oper-
ational maintenance and
costs. Ion-exchange mem-
branes have mostly replaced
desiccant cartridges, and
companies such as domnick
hunter are working on
improving the membranes’
longevity. Another option
is metallic membranes that
only allow hydrogen through.
Membranes made of palla-
dium and platinum can
now be found in commer-
cial hydrogen generators.
The metal membranes
operate at higher pressures,
allowing gas generators to
provide carrier gas for fast
GC, which typically re-
quires 150 psi or more.
After operating, the mem-
branes are depressurized,
allowing moisture and
oxygen that have collected
on the membrane surface
to be vented off.

Manufacturers offer sever-
al different-sized hydrogen
generators, and the size need-
ed depends on the flow rate
of hydrogen needed. Some
vendors, such as Proton
Energy Systems, can also
implement hydrogen gen-
eration for entire buildings,
but most of this field is de-
dicated to providing gas
routinely to between one
and a dozen dedicated in-
struments. For instance,
hydrogen is often used as
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Matheson Tri-Gas Chrysalis
hydrogen generator.

Parker Balston zero-air and hydrogen generator
connected to a GC.
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a gas in flame ionization
detection (FID) for gas chro-
matography, and it can be
used as a carrier gas in GC.
Although helium is often
used as a carrier gas, it can’t
be generated at the bench-
top, but for many applica-
tions it can be replaced with
hydrogen. “For example,”
says Allison, “if you are
doing capillary chromato-
graphy, people use a carrier
gas which is typically heli-
um, but a trend is [switch-
ing] to hydrogen because of
the resolution and higher
throughput you can get with
it.” One gas generator can
produce hydrogen for sever-
al instruments and reduce
the time researchers spend
switching cylinders, per-
forming calibrations on
new cylinders, and even
having safety training.

Nitrogen
Unlike hydrogen, there is so
much nitrogen in the air that
chemical or electrochemical
reactions are not needed to
generate it. Nitrogen simply
needs to be separated from
the oxygen, carbon dioxide,
water vapor, and other gases
that make up our atmos-
phere. Therefore, these units
use compressed air as their
source. Also unlike hydro-
gen, nitrogen is often used
in different purities for differ-

ent applications. Higher
volumes of nitrogen are
needed for LC-MS applica-
tions, while lower volumes
of the gas at a higher purity
are used in GC and ICP MS
applications.

For high-volume LC-MS
applications, nitrogen is
often separated from other
gases by forcing it through
a hollow fiber membrane.
“The membrane operates
on the principle of selective
permeation,” says John
Lipsky at Quadrex Corpo-
ration, which distributes
Peak Scientific gas genera-
tors. “The so-called fast
gases, such as H2O, CO2,
and O2, will permeate the
membrane wall, while so-
called slow gases (N2) will
not and will continue along
the membrane tube.” Peak’s
nitrogen generator using
this membrane can generate
99.5% pure N2, at more
than 18 L/min.

Higher-purity nitrogen
generators predominately use
pressure-swing adsorption
methods. These generators
use molecular sieve materials,
typically of porous carbon,
to allow nitrogen to pass but
prevent others from doing so.
However, the water vapor,
oxygen, and other gases build
up on the sieve surface, and
the system must be routinely
vented to release the contam-

inants. Thus, the term pres-
sure swing. Under pressure,
nitrogen passes through the
sieve; the pressure is then
turned off, and the water
vapor, oxygen, and other
gases diffuse off the sieve
surface.

Zero Air
The zero in zero-grade air
refers to the amount of
hydrocarbons, measured as
methane, in the gas stream.
“Nonmethane hydrocarbons
can be removed by scrub-
bers,” says Allison, “whereas
methane cannot.” Therefore,
zero-air generation systems
first scrub the air but then
catalytically combust any
remaining hydrocarbons into
CO2 and H2O. Essentially,
the catalytic process is similar
to that used in automobile
catalytic converters to reduce
emissions of uncombusted
hydrocarbons that create
pollution. Why would
hydrocarbons be a problem
for instrumentation? Zero
air is often used for flame
ionization detection for GC
because methane and other
hydrocarbons could give false
signals when they combust.
The alternative cylinders for
zero air are often expensive.
“People would most often
go off and buy blended air,
or synthetic air, in cylinder
form, and anytime you blend

a gas it can be expensive,”
Allison says.  According to
several manufacturers, GC
FID is the main market for
zero-air generators.

The Future
Gas-generation technology,
whether for hydrogen, nitro-
gen, or zero air, appears to
be fairly mature and now
competes with cylinders in
many markets. Improve-
ments in reliability and
maintenance have helped
generators become more
accepted, but with an esti-
mated 90% of labs still
using cylinders, there are
plenty of opportunities for
gas-generation systems. Lip-
sky suggests that because of
the similarity between hy-
drogen generators and fuel
cells, continuing fuel cell
research could ultimately
benefit hydrogen generators.

To lure more customers,
vendors are pursuing different
strategies. For instance, Parker
Balston has introduced a unit
that produces both hydrogen
and zero air, combining two
gases commonly used togeth-
er for GC. Because the two
are combined, only one unit
has to be purchased to be free
from cylinders, and less lab
space is used. Proton Energy
Systems also provides larger
industrial-capacity systems,
so that entire labs or build-
ings can be supplied with
hydrogen. Neil McPherson
of domnick hunter points
out that the company’s nitro-
gen generator has an econo-
my-saving mode that shuts
down the unit when it is not
being used, and that noise
levels have been reduced to
less than 55 dB. He also
points out that companies
need to provide field sup-
port so that generators can
be seen as being as easy to
use as cylinders.

Michael J. Felton ◆

Company Website Products 

Air Liquide America www.airliquide.com Alphagaz Flo 
domnick hunter  www.domnickhunter.com UHP laboratory gas generators for N2, H2, ZA, TOC,

and FTIR purge 
Matheson Tri-Gas www.matheson-trigas.com Chrysalis 
Parker Balston www.labgasgenerators.com Zero air, nitrogen, hydrogen 
Peak Scientific www.peakscientific.com NM30LA, CFH200, ZA035A, AD1010L-40 
Perma Pure www.permapure.com Zero-air generators 
Proton Energy Systems www.protonenergy.com Hogen H, Hogen 20 and 40, Hogen GC, PureFlow, N2 Flow 

Scott Specialty Gases www.scottgas.com 53-42H, 53-42Z 
Spectra Gases www.spectragases.com  NG-LCMS, GA series, PurN2O, zero air, high pressure 
Thermal Dynamix www.thermaldynamix.com Nitrogen, endothermic, exothermic 
For a more extensive list, visit www.labguideonline.com.

Table 1. Selected Gas Generator Manufacturers
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