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AS new regulatlons take effect, fam|l|ar refrlgerants are belng phased out and a variety of
- -
next-generation materials and processes are being introduced

A

greed upon in October

2016 after negotiations

from over 170 nations,

the Kigali Amendment
to the Montreal Protocol seeks
to phase out the use of hydroflu-
orocarbon (HFC) refrigerants due
to their high global-warming po-
tential (GWP), paving the way for
newer, low-GWP refrigerant ma-
terials to enter the marketplace.
Although the Kigali Amendment
is certainly the most prominent
refrigerant-related ruling in re-
cent years, several other regu-
lations focused on reducing the
use of high-GWP chemical refrigerants have
been implemented, including major delistings
of HFCs in Europe, the U.S. and Japan. This
article provides perspective on low-GWP re-
frigerants and some attendant operational
considerations, and also highlights two refrig-
erant-free cooling technologies.

Growth in HFOs
Although the Kigali Amendment was not fi-
nalized until late last year, the industry has
been preparing for an eventual phasedown
of HFCs for many years. Manufacturing ca-
pacity for low-GWP hydrofluoroolefin (HFO)
refrigerants is set to ramp up significantly in
the coming years, thanks to investments from
companies like Honeywell (Morris Plains, N.J.;
www.honeywell.com) and The Chemours Co.
(Wilmington, Del.; www.chemours.com).
“Honeywell anticipated the need for next-
generation replacements to HFCs more than
a decade ago, and has invested $900 million
in R&D and new capacity to produce HFC
alternatives,” says Rajiv Banavali, vice presi-
dent and chief technical officer for Honeywell
Advanced Materials. The company is nearing
startup of what is said to be the world’s larg-
est manufacturing site for next-generation mo-
bile air-conditioning refrigerants in Geismar, La.

FIGURE 1. Chemours breaks ground on a major production site for low-GWP
HFO refrigerants
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“There are multiple factors involved in
phasing down a generation of substances
like HFCs,” says Banavali, including costs,
the availability of replacement substances,
the resources required to produce replace-
ments and the readiness of current applica-
tions to accept replacements without sig-
nificant retrofitting. To make the transition to
new refrigerants as seamless as possible,
HFO producers strive to make their products
“drop-in” replacements for legacy refrigerants,
and Honeywell’s Solstice suite of HFO-based
products has been reviewed by several regu-
latory and industrial organizations for use in
the intended applications. Low- and medium-
pressure chillers are an area where Solstice
products have been especially adaptable,
as 15 chiller manufacturers have launched
models based on Solstice refrigerants, says
Banavali. Increased energy efficiency is also
possible with HFOs in some applications, he
explains, describing medium-temperature
supermarket refrigerant applications as an
area where HFO blends have demonstrated
as much as 16% lower energy consumption
when compared with previous refrigerants.

In February, Chemours broke ground in
Ingleside, Tex. for a new manufacturing fa-
cility to produce the low-GWP refrigerant
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FIGURE 2. The magnetocaloric refrigeration system
being developed at ORNL uses a magnetic field to
remove heat

HFO-1234yf, tripling the company’s
global capacity (Figure 1). The new
plant is expected to start produc-
tion in the third quarter of 2018. “The
new HFO manufacturing processes
are directionally similar to incum-
bent HFC processes; although vari-
ous additional manufacturing steps
are included, making them generally
more complex,” says Diego Boeri,
vice president of Chemours’ Fluoro-
chemicals business.

Chemours was the first supplier to
commercially produce HFO-1234yf,
initially starting in 2011 from a facil-
ity in Japan. Since then, the industry
has seen the introduction of numerous
environmental regulations, making in-
vestments in low-GWP solutions all the
more crucial. Chemours’ Opteon low-
GWP product line was initially driven
by mobile air-conditioning applications,
but has seen an increase in more com-
plex applications on the horizon. “Che-
mours is actively developing several
new refrigerant fluids based on HFO-
1336mzz technology for a variety of
applications, including traditional chiller
systems and the emerging arena of
waste-heat recovery, such as high-
temperature heat pumps and organic
Rankine cycles,” comments Boeri.

In India, SRF Ltd. (Gurgaon, Indig;
www.sfr.com) is constructing a pilot
plant to demonstrate a new HFO-
1234yf manufacturing process. “SRF
is one of the very few companies to
develop its own technology for manu-
facturing HFO-1234yf,” says Prashant

Yaday, president and CEO of SRF’s
Fluorochemicals & Engineering Plastics
business. Based on market needs in
India, SRF will progress to commercial-
scale manufacturing, mentions Yadav,
citing rising car production as an accel-
erator for refrigerant demand. “SRF is
preparing to meet this expected rise in
demand in the future with next-gener-
ation low-GWP refrigerants,” he says.

Compatibility factors
As industries begin implementing new
refrigerants, additional operational
considerations must be reviewed, in-
cluding compatibility with lubricating
oils and other auxiliary chemicals. A
group from JX Nippon Oil & Energy
Corp. (NOE; Tokyo; www.noe.jx-
group.co.jp) is developing polyol ester
(POE) refrigerant oils specifically for
use with HFO refrigerants. “Refrigera-
tion oils are generally required to have
good miscibility with the refrigerant,
good lubricity and chemical stability
under the refrigerant atmospheres.
In the case of HFO refrigerants, the
chemical stability could be a prob-
lem,” says Akira Tada, an engineer
with NOE’s Grease & Refrigeration Oll
R&D Group. Tada cites HFOs’ double
bonds as the source of these insta-
bility concerns, as they increase the
refrigerants’ likelihood of decomposi-
tion when compared to HFCs. “If air
gets into refrigeration systems using
HFOs, the decomposition of HFOs
proceeds drastically, and it leads to
the formation of hydrogen fluoride,”
he explains. The presence of hydro-
gen fluoride not only accelerates the
degradation of refrigeration ails, it also
can attack the system’s materials of
construction, resulting in serious oper-
ational problems. It is these concerns
driving NOE'’s development of new re-
frigeration oils for use with HFOs.
New additive formulations have
given way to POE oils that have
shown high chemical stability under
HFO atmospheres, even when con-
taminated by air. Furthermore, low
miscibility of oils with refrigerants can
generally lead to separation at low
temperatures, which can cause con-
gestion of oil in capillaries and de-
crease the amount of oil in the com-
pressor. However, these new oils
exhibit good miscibility and lubricity

with HFOs, and are also compatible
with HFCs and HFC-HFO mixtures.
Tada’s team is currently conducting
trials of these oils with clients to eval-
uate for commercial use.

Potential compatibility problems
can be introduced long before sys-
tems are running — for instance,
the chemistry of metalworking fluids
(MWEFs) used in fabricating refrigera-
tion equipment can negatively im-
pact operations. Residual MWFs may
become mixed into refrigerant and
compressor lubricants, causing inef-
ficiencies and premature failures. A
team of engineers from Chemtool Inc.
(Rockton, lIl.;  www.chemtool.com)
and CPI Fluid Engineering (Midland,
Mich.; www.cpieng.com) has been
studying the effects of MWFs on re-
frigeration systems. “Each MWF and
metal-cleaning solution should be
evaluated before doing any refrigera-
tion machining, parts washing or even
applying metal protective film during
manufacture and assembly,” ex-
plains Richard Butler, Chemtool fluids
technical manager. The researchers’
findings indicated that some MWFs,
such as those containing chlorinated
alkanes, could still cause corrosion
even after parts are washed, lead-
ing the team to recommend the use
of functional alternatives. The effects
of MWF-derived corrosion in refrig-
eration processes can be severe,
describes Butler:  “Increased acid
number will cause oxidation and deg-
radation of the compressor lubricant.
Similarly, corrosion of ferrous materials
will produce abrasive particles, lead-
ing to premature compressor failure.”
For common refrigerants, like R134a
and R410A, compatible MWFs and
lube oils do exist, says Butler. How-
ever, further work remains in the area
of next-generation refrigerants. The
team’s next project will include com-
patibility tests for the low-GWP re-
frigerant HFO-1234yf, as well as an
expansion to evaluate more metals,
including aluminum and copper.

Beyond the compression cycle

A handful of new cooling technologies
forgo some of the concerns associ-
ated with refrigerants by eliminating
them altogether. Oak Ridge National
Laboratory (ORNL; Oak Ridge,
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Tenn.; www.ornl.gov) is developing
one such technology, leveraging a
thermal phenomenon known as the
magnetocaloric effect. The key to
magnetocaloric cooling is the pre-
cise application of a magnetic field
to specialized powdered metallic
materials. The magnetocaloric ma-
terials can expel and absorb heat
through a cycle of being magnetized
and de-magnetized. “Studies have
shown that these materials have
the potential to be 20-25% more
efficient than conventional vapor-
compression systems,” says Ayyoub
Momen, lead researcher for ORNL's
magnetocaloric  refrigeration  proj-
ect, which is working along with GE
Appliances toward commercializing
the first magnetocaloric refrigerator.
“When you put these materials inside
of a magnetic field, their temperature
suddenly goes up,” explains Momen,
“but when you remove the magnet,
their temperature goes down.” The
project aims at leveraging this cool-
ing effect in a refrigerator. The critical
property for magnetocaloric materi-
als is the temperature at which they
lose their magnetism, or the Curie
temperature. Researchers at ORNL
have fine-tuned cooling performance
by layering as many as 15-20 differ-
ent magnetocaloric materials based
on their Curie temperatures to ex-
pand the temperature span of the
refrigerator, says Momen.

Beyond manipulating the magne-
tocaloric materials to improve their
cooling behavior, a second facet of
the research is to design the refrig-
eration machine itself (Figure 2). In-
side the refrigeration process, the
magnetocaloric materials are peri-
odically magnetized and de-magne-
tized while a working fluid, such as
water or glycol or a mixture of the
two, moves into and out of the sys-
tem. As the fluid passes through the
particulate materials, on one side, a
cooling effect is generated, while the
other side generates a heating effect.
Analogous to a vapor-compression
refrigeration cycle, here, the cool side
acts as the evaporator and the hot
side acts as the condenser.

“One of the main challenges, from
a performance point of view, is the
pressure drop,” says Momen. Other

design challenges he mentions
are the complex valving system
required for the process and
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the refrigerant materials can be
recycled when their service life
is up, adds Momen. “The target
is to make the system as robust
as a conventional refrigerator with a
lifetime of around ten to fifteen years,”
he explains. In addition to investigat-
ing magnetocaloric cooling for refrig-
erator applications, the ORNL team is
also looking into scaling the system
into a small air-conditioning unit.

Thermoelectric devices — those
that leverage the heat flux between
two materials of differing conductiv-
ity and require no refrigerant chemi-
cals — are also being increasingly
considered for cooling applications.
A new refrigerated incubation system
from Thermo Fisher Scientific Inc.
(Waltham, Mass.; www.thermofisher.
com) is based on the thermoelectric
Peltier effect, providing both cool-
ing and heating in a single module.
The company developed the Peltier-
based Heratherm incubator (Figure
3) in order to overcome some of the
disadvantages of traditional com-
pressor-based cooling processes
used in similar products, explains
Konrad Knauss, global product man-
ager of Thermo Fisher's constant
temperature products. Compressor-
based systems are especially en-
ergy consuming when systems must
regulate temperatures near ambient,
because both the compressor and
heating element run simultaneously
to stabilize temperature. In tests con-
ducted by Thermo Fisher, the Peltier
units consumed a fifth of the energy
required for running a compressor-
based cooling system.

Unlike compressor systems, the

Thermo Fisher Scientific

Functional principle of Peltier
module in cooling mode

FIGURE 3. Based on Peltier thermoelectric technology, this
refrigerated incubator consumes much less energy than a
traditional compressor-based cooling system

Peltier system generates no vibrations.
Another advantage is that the Peltier
system generates very little heat ex-
haust, so its operation will not impact
a laboratory’s ambient conditions.

Within the Peltier element, the con-
nection between two metals with
different electric conductivities pro-
motes heating on one side and cool-
ing on the other side. “In the refriger-
ated incubator, we switch the sides
when we need cooling or heating —
the cool side is on the inside, and the
hot side is on the outside, and vice
versa,” explains Knauss. While the
Peltier effect is extremely efficient in
the near-ambient range, there are ef-
ficiency disadvantages when operat-
ing at extremely high or low tempera-
tures, says Knauss.

Although Peltier cooling systems
are available commercially for small-
scale applications like household wine
coolers, Knauss says refrigerated in-
cubation is the first commercial appli-
cation of the technology in the indus-
trial science sector. Peltier Heratherm
incubators are currently available in a
178-L benchtop model and a 381-L
floor model, but with the addition of
more internal Peltier elements, the
system could effectively be expanded
for higher capacities. According to
Knauss, the company plans to even-
tually scale up the system for a larger
offering, but there are several chal-
lenges to overcome with regard to
cost and ease of operation. [ |

Mary Page Bailey
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