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ABSTRACT

The current Mg-Fe flameless heater is based on the
accelerated corrosive oxidation of magnesium regplt
from dissimilar metals placed in contact with an
electrolyte ,. Water is used to activate the heater, and
hydrogen is released as a by-product. RBC Techiedo
(RBC) and the Natick Soldier RDEC have developed a
flameless heater technology based on the diredatinn
of a metal in air. The new heater technology nexguno
additional reactants, and has no undesired by-ptedu

1. INTRODUCTION

The standard operational ration for the Departnaént
Defense is the Meal, Ready-to-Eat (MRE™). The MRE™
(Figure 1) includes a lightweight, low cost, easyte
chemical heater called the Flameless Ration Heater
(FRH). The FRH consists of a magnesium/iron mixture
sealed in a waterproof pouch. When one ounce afnigit
added to the FRH, it can raise the temperaturenaf o
MRE entree by 100°F in 12 minutes or less:

2Mg + O, + 2H,0  2Mg(OH), 1)
DH; = -5.92 kcal/g Mg

The Army is investigating alternative chemistribattare
entirely self-contained, so that the ration heatan be
activated without the use of essential drinking endiy
individual Warfighters.

RBC Technologies, through work funded by the Small
Business Innovation Research program, and in
partnership with the Natick Soldier RDEC, has depet
a self-contained air activated heater that camtegrated
into packaging configurations to provide a raticzater
for use with the MRE.

Figure 1. The MRE (left) utilizes the FRH (righorf
heating the main entrée pouch

The heater is based on the exothermic oxidation

reaction of Zinc (Zn):
2Zn+Q 2ZnO H¢=-1.28kcallgzZn (2)

This electrochemical reduction of oxygen readilkes
place on activated carbon. To achieve the reac#on
powder and activated carbon are embedded intociblite
binder substrate. This substrate is then rolled giteets
which can be cut, wrapped or folded into the desire
form.

Past work has identified several air activated
reactions, but each candidate possessed drawbhaks t
made it difficult to apply to military rations. Aactivated
reactions that utilize common metals, have been
categorized as “difficult to control”, “produces texme
temperatures”, and ‘“requires  special handling
procedures”. For these reasons, air-activated fehte/e
found niche markets at each end of the spectruow sl
reactions (hand warmers, medical heating pads)vend
aggressive reactions (infrared countermeasures)aiNo
activated reactions have been demonstrated to tepera
safely, affordably, and fast enough to provide the
time/temperature profile required for heating &f MRE.
However, the application of this technology within
combat rations extends far beyond only the MRE.e Th
flexibility of the heater sheets provides for apation to
commercial beverages, soups, and other platfoffhese
applications as well as the heater design and teesiill
be discussed.



1. HEATER DESIGN Porous packagir

Felt diffusion

Zinc fuel layer
Inner packaging

There is a narrow operating temperature range for
chemical heaters for this specific application. e Ttms,
seals, and materials used in the packaging of tREM
entrée have an upper temperature limit that appesac
300°F. There is also a lower operating temperdatomig
due to the need to heat the entrée by a temperature
difference of 100°F (56°C) within 12 minutes. This
brings a unique heat transfer challenge to the Zn
chemistry. Potential heater temperatures of odr’B
have been tempered by optimizing zinc, electrolgiel
binder percentages to control the reaction kineting
keep the packaging and materials from being damaged

MRE entrée

Figure 2. Exploded and assembly views of Zinc-Air
ration heater

The advantage of the heater sheet design is thestrob
nature of its application. The sheets can be trsdtbat
irregular surfaces (MRE entrée, water pouches) fla
surfaces (polymeric trays), and cylindrical surfaésoup
cans, coffee cups) Figure 3 demonstrates thebfkexi
nature of these heater sheets.

1.1.Flexible Sheet Design

It had been demonstrated that the electrochemical
oxidation of Zinc could be carried out in powderrfoto
generate heat. By mixing the zinc powder withetéd
carbon, and applying potassium hydroxide (KOH)
electrolyte, the reaction readily occurred in atpiasic
conditions. However, spreading the powder unifgrmi
around a water bag or MRE pouch proved to be ditfic
Moving or handling of the bag led to redistribution
shifting, and clumping of the powder, which makés i
difficult for the oxygen to access all the Zinc eél.
Also, a change in the powder redistribution carml leman
unpredictable performance, non-uniform heating, hod
spots that can affect package integrity. The nged
produce the heater in sheets comes from thesesissue

RBC Technologies created a process which involves
mixing zinc metal powder, activated carbon, a binded
a solvent within a mixgr The resulting ‘cake’ is passed
through a set of heated rollers, which leads tdliion
of the binder and formation of a flexible sheett tben be
cut into desired shapes. These sheets are staldé.i
The sheets are then treated with an electrolytatisal in
an oxygen deficient atmosphere. These heater sheets
enclosed within a pouch with air access holes. afibr
sheet with a peelable seal is then applied oveatoess
holes. The heater is activated by simply peelifighis
sealing sheet. The heater does not require any ipet
by the Warfighter, and does not produce any undelsr
byproducts, such as hydrogen. An exploded viewthef
heater assembly is shown in Figure 2.

Figure 3. Flexible zinc composite heater sheets

1.2.Heater Sheet Thickness

Heater thickness can also be adjusted to optimize
heating based on the application. For the appdicadf
the MRE, the goal is a 100°F temperature rise.dgsign
a heating profile that meets this goal requiresadeoff
between the speed of the reaction, the weight ef th
reactants, and the maximum temperature reachetheby t
heater. The thickness of the heater sheet direuofhacts
each of these properties. Heating profiles of edri
thickness heater sheets were measured, and tHes rasu
presented in Figure 4. As shown, there is a clear
correlation between the thickness and the temperatu
profile. However, heaters at 20 and 30 mils $tdd a
100°F temperature rise.
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Figure 4. Heating profile for different heater #nesses,
ranging from 20 to 50 mil.

2. HEATING PERFORMANCE

In order to meet operational requirements, anydneat
designed for use with the MRE must be capable of
heating one 8 oz. (230g) entrée pouch from 40°H@F
within 12 minutes. To accomplish this heating, esal
assumptions must be made: the heat capacity of o
equivalent to that of water (4.18 kJ/Ky, and the entrée
pouch is assumed to be a two-dimensional plane wall
practice, the heat capacity of food stuffs is dliglower
than that of water, and so is the thermal conditgtiv

2.1.Current Heat Transfer Mechanism

The current FRH heats the MRE entrée through two
heating mechanisms: thermal conduction and lateat h
of steam condensation. The first mechanism isutjino
direct conduction on one side of the MRE entréechou
The FRH acts as a plane wall with uniform heat
generation, and conduction in only one directid®ince
the reaction is fueled by water, it is controlled the
boiling point of water, and remains at approximatel
212°F for the length of the reaction. The second
mechanism, steam condensation, provides for steam
produced in the reaction to condense on the availab
surface area of the MRE entrée.

A heater containing 8g Mg powder, theoretically
produces 198 kJ of heat, about twice the energgateo
heat an MRE entrée by 100°F, 94 kJ. Empirical data
shows that a heater containing 8g Mg will actua#ise
the temperature by over 110°F, This leads to the
conclusion more than 1/3 of the heat of reactioloss to
the environment through convective heat transfed an
mass transfer in the form of steam. A byproducthis
reaction, hydrogen gas, contributes to this maamssfer
phenomenon by acting as a carrier for the steam.

2.2.Conduction Only Heat Transfer Mechanism

Due to the oxygen activated nature of the Zinc thase
heater, water is no longer a reactant, and steamnoa
longer be used as a highly efficient heat transfer
mechanism. Additionally, the absence of water
eliminates the self-regulating temperature, whishan
important attribute of the Mg-based heater. Catida
heat transfer remains as the sole heat transfehoaet
between the Zinc sheet, and the entrée pouch.

Because linear conduction is the only heat transfer
method the Zn heater uses, it is important to mearthe
surface area for heat transfer. Surface areatimized
by placing Zn heating sheets on both sides of tHREM
entrée. Another advantage of the air-activatedenaa
that physical orientation is not an issue duringragon.
Water activated systems require orientation, which
hinders military operations that require heat osHtiove.

A heater containing 42g Zn powder, within a fleribl

substrate, produces about 225 kJ of heat, slightye
than twice which is needed to heat an MRE entrée by
100°F, 96 kJ. As expected, these empirical reshitsv
that conduction alone is slightly less efficientarth
conduction combined with the latent heat of condéas.
Due to the absence of steam, the heater operatas at
temperature of approximately 350°F. Theoretically,
approximately 17g Zn is needed for heating, which
confirms these numbers.

In Figure 5, heating profiles are shown for each
heating mechanism. Both mechanisms display a dypic
first order response, but the conduction only maisma
is slightly more dampened than when steam is ptedén
is also apparent that the steam provides moderatich
provides a smooth temperature rise.
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Figure 5. Comparison of Heat Transfer Mechanisms



3. PACKAGING

For an air-activated heater, the design of the agek
is no less important than the heating elementfits€he

3.2. Activation

A peelable seal formed using the identified film,
provides the barrier properties discussed, andreng

material between the heater and the MRE entrée must enough to maintain integrity during shipping, whdgll

maintain its physical integrity during active heati For
both the outer and the inner packaging, good #twlaihd
oxygen barrier properties are needed to maintas th
heating properties of the zinc for at least 3 years
Additionally, good vapor barrier properties are thexz to
keep moisture from entering or escaping the pouthe
electrolyte, KOH, is at a set concentration forimzted
heating. If moisture were to enter or escape finotne
packaging, heating profiles could be significantly
changed.

3.1.Pouch Materials

Based on several experiments, 2.2 mil, 4-layer
metalized film storage bags, designed for foodyesers
excellent candidates. The film provides excel@ntgen
and water vapor barrier properties, was used in the
prototype heater pouches, and provided excellealsse
Although the metalized film worked very well, it $1a
highly reflective surface, which makes it unsuitalbor
military operations (Figure 6). Consequently, file
needed to be replaced by a non-reflective material.

Curlanf Grade 1834-K protective packaging film has
been identified as a film suitable for making heate
pouches and peelable seals (Figure 6). This mhifsria
coextruded film with a polyester layer, an adhedayer
and an EVOH EZ PeBl EVA layer. The material
provides an oxygen barrier property of < 0.2 CC
0,/100irf/24 hrs @ 73°F and 0% RH, and water vapor
transmission rate of < 1g,8 /100irf/24 hrs at 100°F and
90% RH.

i
Figure 6. Prototypes of air-activated heatersgiaid-

layer metalized film (left) and CurldhGrade 1834-K
protective packaging film (right)

being peelable by the end user. Nylon was ideuatifis
an excellent barrier film, but it can only be heaaled on
one side. Consequently, the material must be eetad
for each seal, which significantly slows the assgmb
process. EVOH has also been identified as an lextel
barrier material for oxygen sensitive applicationsThe
Curlanf material has the barrier properties of EVOH, but
the EVA provides additional flexibility and peelabl
properties. This material can be sealed on botssidnd
does not need to be reoriented. Short term st@agkes
have confirmed that the Curlam film seals welldonii an
oxygen barrier while maintaining good peel propmstti
Long term storage studies are being conducted.

3.3. Air Diffuser

The air diffuser is the layer between the poroysia
and the heater sheet. The porous layer is made them
same material as the heater pouch, and has openings
punched in it. The number and size of the openings
determines the rate and amount of air/oxygen regdie
heater sheet. To further control the rate and amofin
air/oxygen, an air diffuser layer is used. It d#és
air/oxygen across the thickness as well as laterafid is
light and inexpensive. In addition to distributiaiy to all
parts of the heater sheet, this layer also acés assulator
and helps in reducing heat loss from the heatethéo
environment.

The air diffuser is in contact with the heater srerel
therefore the material must not react with the KOH
electrolyte.  After testing various materials, dilter
media initially was found to be satisfactory. lrate
experiments showed that the material slowly reaoti
the electrolyte and fell apart, losing the “opetrusture.
Shelf life deteriorated to about 8 weeks.

To find a replacement, initial experiments focused
separator materials that are currently used in liakka
batteries. Materials that are treated to be hyawbj or
are naturally hydrophobic were tried first. It wiasind
that a simple polymer felt acts as a good diffumat has
the added advantage of providing insulation progert

4. SAFETY

For any ration heater, it is necessary to address t
hazards and environmental issues including the
characteristics of the materials which are preserthe
sheets before activation (zinc, carbon, and Tefimer
and potassium hydroxide solution) and after reactznc
oxide).



4.1.User Safety

In the heater sheet, fibrillated solid materiapresent
as a binder, and KOH is absorbed in the pores ef th
sheet. As there is no free KOH electrolyte presenthe
surface, the hazard associated with coming in comidh
the skin and causing chemical burn is eliminated.

Similarly, zinc powder and carbon in the non-redcte
heater and zinc oxide in the reacted heater aracdoua
matrix and are immobilized. This reduces/elimisatiee
hazard associated with powder being able to gbbaie
and thereby getting into eyes, coming in contac¢h the
skin, being inhaled or ingested.

The air-activated heater also poses an inhererartiaz
of a skin burn if touched when hot. Such a hazard i
reduced by the air diffuser layer on the outsidetief
heater sheet, which prevents contact with the sKihis
layer helps in directing the heat towards the itenbe
heated. Additionally, diffusion of oxygen towartise
heater acts as a natural heat barrier. This aids i
preventing extreme temperatures from coming in actnt
with the user. In tests, the highest temperatueasured
on the exterior of the heater was approximately°E60
well within the limits of heaters of this type.

4.2.Regulatory Issues

The major components of the heater system are zinc
powder, carbon black, binder fibers, potassium btyidie
solution, plastic films and polymeric felt. Thenai
powder, carbon black, and binder are not regulébed
transportation by the Department of Transportation
(DOT) and can therefore be shipped using normainsiea
Potassium hydroxide solutiodoeshave DOT shipment
regulations as this is a caustic liquid that isllabie.
However, in the fabricated heater sheet there idre®
liquid KOH, because it is completely absorbed wittiie
heater structure and can't be spilled. The plddticand
plastic felt materials are completely inert ancdadse not
regulated for transportation by the DOT.

During the manufacturing of the heater sheet thege
no chemical changes effected on any of the indalidu
components that would cause them to be reclassified
regulated. After use, the product of the heataagtion is
zinc oxide, an inert chemical used in many différen
products such as sunscreen, creams for diaper aash,
paint pigments. This material is also not reguater
transportation by the DOT and not regulated fopadssi
by the EPA.

5. OTHER APPLICATIONS

The Unitized Group Ration — Express (UGR-E),
utilizes the Mg-based heating technology at theugro
ration level (Figure 7). The UGR-E heats 4 polyimer
heat and serve trays in 30-45 minutes. Four 3G@&tithe
pouches contained within the UGR-E are used tvateti
the Mg-based heaters located under each polynmc t
Application of the air-activated heater to the UGR-
would allow for the elimination of Hydrogen by-pnaats,
remove regulatory restrictions, reduce packagingd a
eliminate the need for the four heating trays ttdhbe
saline pouches and activated heaters. This rexuati
weight, packaging, volume, and in turn cost, wolelad
to improved military logistics.

Figure 7. UGR-E in operation (left) and its corgen
displayed (right)

6. CONCLUSIONS

An air-activated, flameless ration heater that bases
the energy of oxidation of Zinc to heat an MRE éetr
pouch in a reasonably simple, practical and cdscgfe
way has been achieved. The electrochemical héater
entirely self-contained, requiring only exposing tieater
pouch to air. The rate of reaction or “cookinghé has
been adjusted by controlling air permeation andtdrea
configuration. The heater meets the Army spedifica
of increasing the temperature of an eight ounceemwat
pouch from 40°F to 140°F (+100°F) in less than 12
minutes.
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