Sol i d- sor bent boi | er-absorber apparat us. ‘method for maki ng sanme and - .

tefrigerating device using said apparatus. ‘ The invention
relate$ to & process for the manufacture of a unit = 5 containing a solid’
active material which can be used for the production of _ cold, the
unit thus obtained and a refrigerating device conprising at |east one

such unit. There are many known systens for producing cold
whi ch are ' based on the reaction of a solid active material such as a

metal salt wiSdlidsoglbent Hdilebubsorbar aapparatas, Thethode fon hbﬁigﬁ%ﬁhfé | gy of a
gas, such as carbon_dioxide _or ammoni a, previously adsorbed and/ or
absorbed i n dEXIRE g e ce Bsalgapparatus. active carbon, active.carbon
fibers, zeolites, expanded graphite and the like. . I'n

practical enbodinents of these systems the solid active material IS
generally placed ijn the nmpre or, | ess packed state in a netal container or
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are transm rst to the container an en, fro t he

fluid (for cold, theami thusioblaihed bndmemgérbﬁhgwrdé\ticemhmgﬁmgcmaﬁﬁfﬁé such
as nmetal fins nount ed on the contai ner. his kind of structure is
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The inventi oBcfive BABBH, Active Earb6 fibBls, 2851eS dxpanidd ERIpHiRGrd Yhe like.
In practical embodiments of these systems the solid active material
is generally placed in the more or less packed state in a metal container or
15 vessel connected by a conduit to the other components of the system. In
operation the negative calories generated in the active material are
transmitted first to the container and then, from there; to the fluid (for
example air) to be cooled by heat exchange components such as metal fins
mounted on the container. This kind of structure is relatively inefficient
20 thermally because the transfer of the negative calories from the active material
toward the container takes place badly as a result of a mediocre physical
contact between the internal surface of the container and the active material
which it contains. There is therefore a need for a unit containing an active
solid material which can be used for the production of cold, exhibiting
25 improved performance.
The invention is aimed especially at providing a process for the
manufacture of such an improved unit.
The invention is based on the concept consisting in forming the
container directly around the active material rather than first forming the

30 container and subsequently filling it with the active material.



container directly around the active material rather than first formng the

30 contai ner and subsequently filling it with the active material.

4 " A ’ More precisely, the invention relates to a process for
t he . manufacture of a unit including®a pressure-resistant container
proVi ded with at | east one connecting orifice, .and an active solid
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filament or band, for_exanpl e made of glass fiber, carbon fiber,
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W th an appropri at I nder, .such a resi,n in the. curable ] st at e,
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onto the mandrel, or, el se 20 filanment, can pe wound "dry" and the
resul ting ar tQ"GH’|9Y§ﬂrf°bBrQ‘f111§f%M%i’!% articles sysh s GaneRvessed-air cylinders der
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conbi ne two aarbo efiber,t haremidy fiber, ceramic fiber or Nmetal ofibens t usually and
patents 98 al iprl1 imvgl'tegngtielcia&ﬁﬁtanwgggrwﬂat%r binder such as a resin in the curable B
state, for example a polyester resin, an epoxy resin, a polyamide resin, a
silicone reéin or a phenolic resin and then, once the winding is finished, in
curing the resin to form the desired article. Alternatively, the filament may be
coated with a curable resin just before it is wound onto the mandrel, or else a
20 filament can be wound “dry” anci the resulting article can be impregnated
under pressure with binder resin, and the resin can be finally cured. Another
alternative form consists in employing a thermoplastic resin, in which case
the consolidation of the article requires the application of heat and pressure.
The winding may be of the circumferential, polar or helical type or may
25 combine two or more of these types.

Numerous articles and patents dealing with filament winding are
available in the published literature, and various machines and materials for
implementing it are available commercially. It therefore does not appear
necessary to describe this technique in greater detail here.

30 For the purpose of the invention, however, it is appropriate to

choose a filament/binder pair which forms a composite material which has



avai l.able in the published literature, and various machines and material s
f or implerenting it are available comercially. It therefore does not
appear - -necessary to describe this technique in greater detail here. 30
For the, purpose of the invention, however3 it is appropriate to choose
a filanment/binder pair which forns a conposite materi.al which has
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features of the
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chloride and calcium  chloride, nmetal carbonates, sulfates and .
nitrates, oxialgandseldeceiving the filamrevduring theawindingof the letiemi nati on or with
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of active natstlidanateriats afe expainded graphite, adtive warbom, dctivated carbon fibers,
15 zeolites and the like. Examples of reactive solid materials are metal halides
such as 'barium chloride, manganese chloride, nickel chloride and calcium
chloride, metal carbonates, sulfates and nitrates, oxides, and the like, taken
alone or in combination or with an activating material such as expanded
graphite, recompacted or not. _
20 These active materials can adsorb, or react with, gases or vapors,
such as ammonia, amines, methanol, ethanol, carbon dioxide, sulfur dioxide
and trioxide, and the like.

Examples of active materials and of systems for producing cold can

be found in FR-A-2 626 496, FR-A-2 642 509, EP-A1-0 129 473 and WO-A-
25 91/15292, among others.

The body of active material must, quite obviously, have a
sufficient cohesion to withstand the winding process. Vérious binders can be
employed for this purpose, but it has been found that recompacted expanded
graphite, as described in EP-A-0 129 473, forms an excellent binder,

"30 additionally promoting the active material/gas reaction.
Since the winding of the filament on the material-forming body is

usually performed with the filament under some tension, the container finally



be faund in FR-A-2 626 496, FR-A-2 642 509, EP-A1-0 129 473 and WO-A- 25

91/ 15292, anong ot hers. The body of active material nust,
qui t e obvi ously, have a ° sufficient cohesion to withstand the w nding
process. Various binders can be enplbyed for this purpose, but it has
beeh found that reconpacted expanded graphi te as described in EP-A-0
129 473, for xcel | ent der 30 a t|on pronntlng t he actlve
mat eri al / gas @ %’@P&cﬁ’l‘em a ma pressure on;t % ?fbsub'ﬂgt‘“be’ﬁel lgrtnt on

the material - [Eapgnﬁoﬁjr\én’n I contad% P%%ﬁ’ tl%e'il'ft&rrﬁ?@u\%ég %Qﬁeféén?@guﬁ ‘s a

under sone t |on e .cont al ner tarned
mar ked presswml the mineriabcontainedthéneimnsuri ng an excel | ent . -physi cal
and thermal contact between the internal surface of the container and

the material contai nethe Hveatign also relates to the unit phtained byt thenprocess of| at es

d |
2ountt | nowniiBh PRGN ablrinr pEGRERe R upitin Which i ebntiadt Fonsstd Bid ch o
a good heat Gflafhent WlndﬁfgeM'iéphé’ a?d&d‘ﬂbﬁl%@ﬁductor, prEféH’cﬂ? d 'vhﬁalriﬁ'”'oi"h' ch

the various turns or coils are bonded toget her her moconduct i ve
bi nder for ni mgrbomﬁuerxnfwhldmhmef vamnsnturnscorax)llsoaréobmdaed togetherobpasi t e

mat eri al V\/mc has a her CT.IVIt hlg n 18 Wm K

The unit of ttHEM gﬁ?&‘}‘? % E!"stbe amenbrig as to Jfo"m a
conponents. %gﬁp His lid to
be cool ? e'ﬁé\tgﬁmrr%v@'dbe eoaluﬁ‘p?tf)@ l “ﬁi%ﬁg% 5#1 r&%f t he
cont ai neLo wi t iTRearugit ofirthacimehtioh ma hamarmn‘eeﬁ?rsucad@iﬁohans
made of a materi al that is a good heat conductor and, optionally,

with an i nsulComMpRens. Ths ial order ta-ifapiyerthe beatr@mhansg V\tlﬂéﬂ'@ﬂlddrterbﬁer s,
uhe et s S g el e, popipel, o 8 el b b RSl 205
T et " YRR M g R0 s s o ity
' that is a good heat conductor and, optionally, with an insulating peripheral
15 enclosure surrounding the said members, the members and the enclosure
defining, with the wall of the storage vessel, one or more channels for passing
the fluid to be cooled. The members, for example fins, may be attached onto
the container by being positioned on the filament winding before the binder
is cured, so as finally to obtain an integral unit‘fmembers combination.
20 If desired, the insulatiné peripheral enclosure may also be formed
by the filament windihg technique or may be produced separately and
subsequently fitted around the heat exchange members.

The unit can also be pbvided with porous or perforated diffusing

means which are embedded in the active material and intended to facilitate
25 the circulation of the gas within the bulk of active material.

Lastly, the unit may be provided with heating means, such as an
electrical resistance heater, which are intended to ehable the unit to be
regenerated after a stage of producing cold.

It should be noted, however, that the unit can also be regenerated

30 by an external means of heating, for example by passing a stream of hot fluid

(gaseous or liquid) around the unit.



is cured,. so as finally to obtain an integral unit/nenbers conbination. 20
If desired, the insulating peripheral enclosure may also be forned by
the filament wi ndi ng techni que or may beaﬁroduced separately and

subsequently fitted around the heat exchahge nmenbers. The
unit can al so be provi ded W th porous or perforated di f f usi ng : means
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made of appefAded drawings] will ﬁiake'tﬁe WehtiohQPropérhy bﬁﬂer@toiid" lar unit in
whi ch the cont ai ner I s made of stainless steel, the saving in :
wei ght, insofar as thin thedrawings: i s concer ned, " bei ng of the order of
a factor of 4. 5 descr t|on wWich is to foll ow given
with regard to the F'S"&%B@H&éﬁ@g W‘VI'“ section Rf  firgg it
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Figure la is a diag ammatic view in axial section of a first unit

accordi ngoto the i nveﬁlgumlbis(hdlagrammatlc view fin gross-séttiorpalongithg@lineribt i c
vi,ew in crosss%tlon alonCf'n pe line |b- b of Figure la, of this
first unit; igure Ta, of this fiistUp; 2 | s a di agranmmatic view in axial

sectlon of a second

"Figure 3 is a di agﬂ% 58@%’%@% bge‘&éﬁlaf(%lgg{lf b&g\ﬁeggntig.mlt
rrakl ng use ofacddrding &Sﬁﬂﬁﬂl\/@ﬂlém the invention, one of the half-shells
form ng

- Figure 3 is a diagrammatic plan view of a refrigerating device
15 making use of units according to the invention, one of the half-shells forming
the casing of this device being removed, and

; Figure 4 is a diagrammatic view in partial cross-section of this

device. |
Figures 1a and 1b show a first embodiment of a unit according to
20 the invention. This unit includes a'l body or block of active material 1 and a
container 2 formed by winding a carbon fiber preimpregnated with a curable
carbon binder around this body, and then curing the binder by crosslinking.
The wall thickness of the container 2 must be sufficient for the container to
hold the pressure to which it may be subjected in use and which can reach
25 several tens of bars, according to circumstances. The container comprises a
tapped orifice 3 enabling a coupling 4 to be screwed therein for connecting
the unit to other components of a refrigerating device via a conduit 5. The
container illustrated incorporates, within its wall thickness, an optional
electrical resistance heater 6. A perforated tubular diffuser 7 is advantageously
30 embedded in the active material 1 to facilitate the conveying of the gas from
| the connecting orifice toward the most distant portions of the active material.

The unit also includes lengthwise fins 8 made of carbon, fixed



t he casing of this device being renoved, and - Figure 4 is
‘a diagrammatic view in partial cross-section of this devi ce.

Figures la and | b show a first enbodi nent. of a unit according to 20 the
invention. This unit-includes a body or- B ock of active material 1 and a
container 2 fornmed by w nding a carbon fiber preinpregnated W|th a curable
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enbedded i n fofieokk;tive material 1 to facilitate the conveying of the gas
from t he connectlng orlflce toward the nost distant portions of the -
active material . Figure 2nillustsates a ppituwbich @Gr\gtf'ml\il's@ thatsof Figute bf
carbon, fixed
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around the fins, he outer surface of the casing, the enclfosure 9 and
the finsl® dbbdynaﬁgctlve materlrainnel s 10 intended for passing the fluid to be

cqol ed. The active eri al be any one the agtive terials
known to be usabl e f&IBYRS Br aagcﬂnmstrate d Jrortah ?%I a"'CO"J;t'O"'"S evice

Figure 2 il I t :
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axially in the 10 body of active rraterlal Figures 3 and

4 illustrate a portaﬂ'hé5 levicen ciompises gtwie vinjts according to the invention,
15 namely a “cold” unit 11 and a “hot” unit 12. The cold unit is filled, for

example, with a mixture of expanded graphite and barium chloride which has
previously been reacted with ammonia to form solid BaCl,-8NH;, kept under
pressure in the container of the unit 1. This prodﬁct is capable of
decomposing endothermally to BaCl, and (gaseous) NH, when the pressure is
20 released. |
The hot unit 12, which is at a pressure that is lower than that
prevailing in the unit 11, is filled with a mixture of expanded graphite and of
manganese chloride, capable of reacting exothermally with the released
ammonia originating from the unit 11 when these two units are connected to
25 each other. _

The units 11 and 12 have a structure which is similar to the unit of
Figure 2, unit 12 being, however, of a larger size than that of the unit 11,
since the capacity of MnCl, to absorb NH, by reaction is smaller than that of

BaCl,.
30 The unit 11 can be brought into communication with the unit 12
by means of the conduit 13 and a valve 14 fitted in this conduit. A conduit 16

equipped with a nonreturn valve 17 is fitted as a bypass of valve 14.



“intended to be connected to a garment, such as an overall or jacket, which
1s to be worn in a "hot" environnent, in order to "air-condition" it.
Thi s ‘devi ce- conprises two units according to the invention, 15 nanely a

"cold" unit 11 and a:"hot" unit 12. The-cold unit is filled, for

exanple, with a mxture of expanded graphite and bari.um chl ori de which has
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conprises an entry 19 for recycled air, which is relatively warm
or ingi nati ng theni¢ayes for the atmpsphare At 25. The Gasing Alsq Fempsisesd sécomds
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cool ed before being reinjected into the air-conditioned garnent fromthe
exi t entering at 26 is drawn in by the fan 28 and is mixed with the stream of
15 recycled air, compensating for the air conditioning air losses which occur in
the garment, the air conditioning air being usually maintained at overpressure
in relation fo atmospheric pressure.

The device also includes a purge valve 29, norrﬁally closed, one of
the ends of which is connected to the conduit 13 by a conduit 30 and the

20 other end of which is open to the étmosphere. Lastly, it includes a battery 31
used to power the various fans, the electrical connections between the battery
and the fans not being shown for reasons of clarity of illustration.

To produce cold, the unit 11, which is assumed to be filled under
pressure with the product CaCl,-NH,, is connected to the unit 12 by opening

25 the valve 14 and by adjusting this valve to set the flow rate of ammonia and,
hence, the extent of the production of cold by the unit 11.

The ammonia released reacts exothermally' with the manganese
chloride in the unit 12, resulting in the need to cool the unit 12 with a stream
of ambient air originating from the entry 23, _

30 When the unit 11 is exhausted, it can be regenerated by heating
the unit 12 by means of the resistance heater 6’, by connecting the latter to a

source of electrical current. With the valves 14 and 15 having been closed



22. The casing also conprises an entry 23 for anbient air. The anbient air
‘entering at 23 is drawn in by a second fan 24, passed through the heat 10
exchange channels 10 of the unit 12 with a viewto cooling the latter, and
then | eaves for the atnosphere at 25. 'Hm?ca5|ng al so conprises a second
entry 26 for anbient air, which may, optionally, be preceded by .an NBC
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various fans, the el efHd pufge 99!08@29'|9rlﬁe8%\“"?ﬁ£in§d?ﬁ'n? .ﬁ)étem and 36d the
fans not beln shown for reasons of clarity of 11l ust

To produce c r@inlnmthanﬂltswhenvmstﬂdewedssurred to be fi I I ed under

‘pressure with the pr CaCl[errNH err i S connegt to the unit 12 by
opening 25 the val ve 4 gﬁﬂ Sycéd# t iYEntions @§B§e'§ eifsd0 @hecOMPact at e

of ammoni a a'?ﬁiplementatlaﬁ'iilﬁﬁcah% &28il Thel Baeag‘?al%eg-?ﬁ&lkon of cold by the

unit 11. anmoni a ease reac éXothermally with the
manganese chloride in the unit 12, resulting in the need to cool the
unit 12 with a stream of anmbient air originating fromthe entry 23.
30 When the unit 11 is exhausted, it can be regenerated by
heat i ng the unit 12 by neans of the resistance heater 6', by
connecting the latter to a source of electrical current. Wth the

val ves 14 and 15 havi ng been cl osed

8 beforehand, the amoni a which had conbi ned with the nmanganese chl oride
during the col d-producing cycle dissociates fromthe latter and flows in
the conduit 13 and then in the conduit 16 via the valve 17, in the
direction of the :



unit .11, where-+t reconbines wth the bariumchloride. The unit 11 is then
Teady for The purge valve 29 is used for pmintaining the
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CLAI V5 A process for_the manuf acture of a unit incl udi ng
a pressure- resi stant contai ner %M.%ed with at | east one connecting
orifice, and an active 5 solid material contained in said container,

characterized in that the container Is formed directly on a preforned

body of active materiflprotdss fori theCaidnafdttire of a uRRi ﬁﬂ:ld’ﬂiﬁg é)fpréss'i.rl?é-e“ al
whi ch has a thermal conduct ivity hi ﬂher than 18
The process &esistanticantainer pravidad wijt cahdmtoaemamtrtmgmce,laadm actlve

container_is _fo t. Wi n rocess as
claimed it cF%?qu%ﬂa?%'é‘Paiaéal c‘?'ﬁﬁ'ﬁ“e& %*%ﬂ'%ﬁ"zed n thqt pRtaner,ound.
4. Th I e
turns gr%@?aéﬁgﬁw ;ﬁg?rﬁn}elgl gd ntgf 3@5’% dé? %ﬂ ZﬂE.gegt EB?% I'Falé}car bon
bi nder 15 fbemgng\aderufta imaterial whic¢h has a thershalioonductivitydhigber thars 380f
solid active KI whi ch can be used for producing cold, and a
pressure-res?’%& cont ai ner provided with coupling . neans, containi ng
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by a thexrgroceotditiaricformedey filmentoviadingi ri x for the filanment so as to
form 3. The process as claimed in claim 2, characterized in that a carbon
filament is wound. '
4, The process as claimed in claim 3, characterized in that the tﬁrns
or coils of the carbon filament are bonded together in a carbon binder
15 forming a matrix. | _ |
5. A unit including a mass of solid active material which can be used
for producing cold, and a pressure-resistant container provided with coupling
means, containing said mass, characterized in that said container is made up
of a filament winding in which thg various turns or coils are bonded together
20 by a thermoconductive binder forming a matrix for the filament so as to form
a composite material which has a thermal conductivity higher than
18 W/m.K. '
6. The unit as claimed in claim 5, characterized in that the filament
winding is made of carbon. |
25 7. The unit as claimed in claim 5 or 6, characterized in that the
binder is made of carbon. '
8. The unit as claimed in claim 5, 6 or 7, chafacterize_d in that the
unit additionally includes heat exchange members on the external surface of
the container.
30 9. The unit as claimed in claim 8, characterized in that the said

members are fins.
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in that it additionally includes porous or per u5|ng nmeans
whi ch are that itadditivedlly nnclhdes porausaot pedoratéddiffusing means 3hich are  A.

device for pro I,Nn | d, acterl ze in that it conprises at 10 | east
one unit as ﬁgﬁeﬁgﬁgﬂh I e repteriak 5 to 12.

A device for producing cold, characterized in that it comprises at’

10 least one unit as defined in any one of claims 5 to 12.
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