1 REFRI GERATI NG METHOD AND DEVI CE. : The i nvention
relates tao.arefrigerating nethod-and—a—eHgerating gevice:

There*is a need for a refrigerating device which is lightweight, 5
portabl e and nonelectric in various fields, such as portable refrigerators,

refrigerated ‘gbg%,E etc. It has al ready fagfroRpappsed to
pr.oduce cold e adsorptlon of Cd err] on an adsorbent material and
t hen desorptlon of the adsorbed gas. EP- A- 0, 523, 849 descri bes a

devi ce, based on this principle, consisting of a 10 cylinder which
contains an adsorbent material and a conpressible gas (such as

Procédé et dispositif frigorigénes.

L’invention concerne un procédé et un dispositif
frigorigénes. :
Il existe un besoin pour un dispositif frigorigéne
5 léger, portable et non-électrique dans divers domaines tels
que les réfrigérateurs portables, les vé@tements réfrigérés,
etc...
On a déja proposé de produire du froid par adsorption
de CO, sur une matiére adsorbante, puis désorption du gaz
10 adsorbé. EP-A-0 523 849 décrit un dispositif, basé sur ce
principe, constitué d‘un cylindre contenant une matidre
adsorbante et un gaz compressible (tel que CO,), et d‘un
piston actionné par un compresseur pour compresser le gaz
afin de 1le faire adsorber par la matiére adsorbante.
15 Lorsqu’on rétracte le piston, le gaz se désorbe et produit
du froid. Par des compressions et décompressions
successives, on crée une zone froide et une zone chaude dans
la masse de matiére adsorbante. Des moyens (ailettes) sont
prévus pour refroidir la zone chaude et véhiculer les
20 frigories de la zone froide vers une enceinte 3 réfrigérer.
Ce dispositif, qui nécessite un compresseur pour
actionner le piston, souffre d‘'&tre lourd et encombrant. Il
ne s‘agit manifestement pas d‘un dispositif frigorigéne
congu pour 8tre léger et portable.

25 Egalement, la Demanderesse revendique, dans la demande
de brevet francais No. 93 09348 déposée le 29 Juillet 1983,
un dispositif de production de froid par

adsorption/désorption de CO, comprenant au moins une enceinte
garnie d‘une matidre solide adsorbante, caractérisé en ce
30 que cette matiére adsorbante comprend des fibres de carbone
activé ou un charbon actif et présente une surface



CJerr]) and of a piston actuated by a conpressor in order to conpress the
gas so as to nmake it be adsorbed by the adsorbent nmaterial. Wen the
piston is retracted, the gas is desorbed and produces cold. By
successi ve conpressi ons and deconpressions, a cold region and a hot
regi on are crwatozdston t he nass of 15 adsorbent naterial. MeTERYSioa3vs) are
provided in order to cool the hot region and to convey the frigories
fromthe cold region to an enclosure to be 2 refrigerated.

This device, which requires a conpressor in grder to actuate the

pi ston, suffers fFRAFHEIGRE €43y BAENHUTRY. mfAgsers umgnisuxfiop mréaifique
refrigerating 20 exteyne’'drsngnes d,0o8em? /ghEgRl efénttNd apaéhaie précitée

Li kewi se, the Appki | 115, .in Erepch Patent . . pLicatiqn
No. 93/09348 fil e#%ﬁi%u?@ggggyﬁ‘g%@‘{% %ée‘?/i 8@*8‘?‘%&668?%%’6% & 91“‘839
adsor pti on/ desor peffet o?u AOréscrptionpréessaitant dasmisacermewme ge deux
furni shed 5 W éflc@intedls dnRertofifbltedd! &t ab mépefGeebhigradl | Rat gL s
adsorbent material 25 acti vgt ?g_ carJl:_)on f berdse osry an _act |l%at ed

CONDI.i Ses
charcoal and has 2 sPef¥Te ot donc” pas stémes legers
et portables.

Le besoin pour un procédé de production de f£froid
pouvant &tre mis en oeuvre dans des dispositifs légers et

10 portables n’‘a donc pas été satisfait jusqu’a présent.
L’invention concerne un nouveau procédé de production

|
realisation

de froid par adsorption d‘un gaz pressurisé adsorbable par
une matiére adsorbante contenue dans un réservoir, puis
désorption dudit gaz, caractérisé en ce qu’on désorbe le gaz

15 sous une pression contrdlée supérieure & 1la pression
atmosphérique et en ce que le gaz désorbé est déchargé i
1’atmosphére ou capté dans un piége.

Contrairement aux procédés antérieurs, le gaz désorbé
n‘est ni réutilisé, ni transféré dans une autre enceinte

20 pour é&tre ultérieurement recyclé, et cette particularité
autorise la réalisation de dispositifs frigorigénes qui sont
simples, lé&gers et portables.

Par '"pression contrdlée® on veut dire une pression
constante ou sensiblement constante ou encore une pression

25 variable dont la variation est régulée en fonction d’'un
paramétre donné, notamment de la température du dispositif
mettant en oceuvre ledit procédé ou de l’article ou enceinte
refroidi par le froid généré au moyen d’un dispositif
mettant en oeuvre le présent procédé.

30 La désorption du gaz est effectuée sous une pression
contrblée supérieure & 1la pression atmosphérique afin
d’éviter que de l'air puisse rentrer dans le réservoir
contenant la matiére adsorbante.

La présente invention concerne aussi un dispositif

35 frigorigéne qui est léger, portable, et est d‘une
réalisation simple.

Plus particuliérement, 1’ invention concerne un



surface area of at least 700 n2/g and an external specific surface area of

0.005 nP/g. The_ aforenentioned—appticati on alse—speetri+eay

at | east

descri bes

and of heatin
producing lig
2

used in

refrigerating systens of the sinple effect type or of the
resorption type which require the use of two interconnected encl osures

ﬂ¥§§ﬁ§ﬁ?@nd 30 which therefore do not |end theraRleN@St O
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and portable systens.
The need for a nethod of prgducing cold, which can be

dispositif frigorigéne comprenant un réservoir tenant la
pression garni d’une matiére adsorbante, caractérisé en ce
qu’il comprend, en outre, une soupape a tare ajustable dont
le passage communique, d‘une part, avec 1l‘intérieur du
réservoir et, d’autre part, avec l’extérieur, et des moyens
pour mettre ledit réservoir temporairement en communication.
avec une source sous pression de gaz adsorbable par ladite
matiére adsorbante.

Selon un mode de réalisation particulier, 1lesdits
moyens consistent en un raccord rapide du type auto-obturant
en deux parties dont une des parties est fixée au réservoir
et l’autre partie est fixée 3 la scupape, de fagon que le
réservoir puisse &tre déconnecté de la soupape et connecté
4 ladite source sous pression pour &tre rempli de gaz
adsorbable.

En variante, on pourrait aussi utiliser un systéme de
recharge du type & percussion, c¢‘est-a-dire du type
comprenant une aigquille dont 1le canal est relié par
1’intermédiaire d‘un clapet ou similaire a 1la chambre
délimitée par le réservoir et une membrane prévue sur une
source de gaz adsorbable sous pression et que l’on vient
transpercer par l‘aiguille lorsqu’on désgire "recharger" le
réservoir.

De préférence, le gaz adsorbable est du .dioxyde de
carbone (CO,) et la sortie de la soupape débouche directement
4 l’atmosphére. -

En variante, 1le gaz adsorbable pourrait &tre de
l'ammoniac (NH;}, auquel cas la sortie de 1la soupape
déboucherait dans un piége 3 eau destiné & absorber
1l’ammoniac désorbé et a éviter ou minimiser fortement son
dééagement dans l’atmosphére. '

Egalement, on peut envisager d’utilisexr un gystéme a
plusieurs substances adsorbées afin de fonder la production
de froid sur deux ocu plusieurs systémes enthalpiques (co-
adsorption) au lieu d‘un. Un exemple d’un tel systéme est le

systéme dioxyde de carbone-eau.
Le réservoir du dispositif de 1l’invention doit &tre



| i ght wei ght and portabl e devices, has therefore not hitherto been net.

The invention relates to a novel nethod of producing cold by

adsorption of a pressurized gas, which can be adsorbed by an adsorbent 5
material held in a container, and then desorption of said gas,

characteri zedv®n114004 that the gas is desorbed under a contrQI/ERISIOIBOESSUr €
greater than atnospheric - pressure and in that the desorbed gas is

di scharged to atnosphere or captured inga trap.
Contrary to the prior nethods, the desorbed gas is neither reused nor 10
transferred to amapahleerds orniyr ik Oressicn th gz eglsenbapleedpckreduiand

this f eat ur epzad |é3&@§npfl%f ﬁ'&%&ék@&lf‘%é&@seéx% %aﬁﬁ%@“%ﬁduﬁhhﬁﬁagr@el
si npl e, | i ght wei ght .and f\{ controlle
pressure” is neaff®S c8ﬁ§'F§n?u 9rn é’é‘bg‘?ﬁﬁﬂ'ﬁ‘l’l‘i}’%&n{” congicteuy degta g
vari abl e pressur ehaiesy,vparaexenple epgukiaiank deplandiveg chargééSde Hikess
par anet er, eSBeCin@daﬂltiQ[% esenperature of the device used to inplenent

rti

said nethod or of the_article or encloiure cool ed by the cold generated by
Avantageusement, le réservoir a une forme allongée,

sensiblement cylindrique, pour offrir une grande surface
d’'échange thermique. '

De préférence, &galement, pour garantir un bon accés du

10 gaz adsorbable & la totalité de la masse de matidre

adsorbante remplissant le réservoir, cn prévoit llorifice

d’entrée du gaz adsorbable 3 une extrémité du réservoir, et

on ménage un chemin d’accés pour le gaz en disposant un

petit tube perforé ou en grillage dans 1le réservoir,

15 s’étendant depuis l’orifice d’admission du gaz adsorbable
jusqu’ad l’extrémité opposée du réservoir.

La matiére adsorbante peut &tre de toute nature. Des
exemples de matiéres absorbantes préférées sont des fibres
de carbone activé d’'une surface spécifique d’au moins 700

20 wm?/g, de préférence d'au moins 1000 m?/g, et d’une surface
externe d’au moins 0,2 m?/g, telles que les fibres vendues
sous la désignation AD’ALL par la Société japonaise OSAKA
GAS Co., Ltd ou sous les désignations KF (ou K-Filter) et AF
par la Société japonaise TOYOBO Co., Ltd, Osaka, Japon, des

25 charbons actifs d‘une surface spécifique d’au moins 700 m?/g,
de préférence d‘au moins 1000 m*/g, et d’une surface
spécifique externe d‘’au moins 0,005 m?/g, de préférence d’'au
moins 0,02 m?/g, tels que les charbons vendus sous 1la
désignation PICACTIF, référence TA 60 ou TA S0, par la

30 Société PICA, 92309 Levallois, France.

Avantageusement, on peut mélanger un matériau bon
conducteur de la chaleur avec la matiére adsorbante afin
d’améliorer 1les échanges thermiques au sein de ladite
matidre adsorbante et entre cette derniére et la paroi du

35 1réservoir. Un exemple préféré d'un tel wmatériau bon
conducteur de la chaleur est du graphite expansé recomprimé.
Du graphite expansé est disponible auprés de la Société LE
CARBONE-LORRAINE.



means of a device inplenenting the present nethod. The
desorptioh-afthe gas | s carid | ed pressthre —
great ér than atnospheric pressure so as to prevent air frombeing able to
get 20 back into the container holding the adsorbent material. _

‘The present | gufdsgtd @l so relates to a refrigerating devi cecppréshiied

I i ght wei ght, portable and sinple to produce. - Mre
particularly, the invention relates to a refrggerating devi ce
conprising a pressure-resistant container furnished with an adsorbent
ot Valve whose o Desarlarde Bl Grahiol! R Ao TRL LR A P T
set val ve whose .passage cornmuni cat es e one , i

of the contai ner é'ﬁ‘&,'l%re agﬁﬂ&‘@%?ﬁ@% ’ﬁ%ﬁlﬁ%}e%‘ﬁ’f' PReCTTSIMARE dnabaed
for bringing sai dgrephitreexpansé  pagoesenple idans connyhbirdite an mbyén ad’ un
pressurized sourceigkolas phi$Nehanidir-égnantadsor RALDYpSAk: agaor hite
material. 30 Accordi ng .tQ one particul ar enbodi nent, sai ans
consist of a > SPRBTEEr (FHAEEILE: i pRVRG M& hEusension dag kipes

one.of the parts pertticohes de matiére adsorbante dans un milieu liquide (eau
ou autre liquide) que l’on &limine aprés l’imprégnation, par

exemple par chauffage contr8lé.
Les raccords rapides auto-obturants sont des articles

10 bien connus commercialisés, par exemple par la Société
STAUBLI, 74210 Faverges, France, de méme que les soupapes a
tare ajustable, par exemple au moyen d‘un ressort 4
compression réglable, que l‘on peut trouver, par exemple,
aupr@s de la NUPRO COMPANY, Willoughby, Ohio (U.S.A.).

15 Le fonctionnement du dispositif de 1’invention est trés
simple, il suffit, aprés déconnexion de 1la soupape, de
connecter le réservoir a une source de gaz adsorbable, telle
qu‘une bouteille de gaz carbonique munie d‘un détendeur,
jusqu’é ce que la matidre adsorbante ait adsorbé la quantité

20 voulue de gaz adsorbable, ce qui peut é&tre déterminé par
simple pesée. Le temps nécessaire 3 la recharge dépend de
divers paramétres, mais on peut déterminer facilement un
temps approprié une fois pour toutes par une simple
expérimentation de routine. La recharge ne demande

25 habituellement que quelques minutes. Egalement, la plupart
des producteurs de matiéres adsorbantes fournissent des
abaques permettant de déterminer le volume de gaz adsorbé
pour un couple donné de pression et de température.

La pression de recharge est uniquement limitée par 1la

30 ré_sistance mécanique du réservoir du présent dispositif et
par la source de gaz adsorbable disbonible. A titre
indicatif, dans le cas du CO, comme gaz adsorbable, 1la
pression de recharge pourrait aller de 2 a4 72 bars et plus
(& une température ambiante de 30°C). La quantité de froid

35 pouvant &tre produite par un dispositif donné sera d’autant
plus importante que la pression de gaz dans le réservoir
sera plus élevée.



3 Is fixed to the container and the other part of which is fixed to

the valve, so that “"The contai ner can be di sconnected fromthe val ve
and connected to said pressuri zed source in order to be filled with
adsor babl e gas. As a variant, a percussion-type recharging
syst em coul dWQ%G4088 5 used, that is to say one of the PYPEREMM? sing a
needl e whose channel is connected via a valve or the like to the
chanber delimted by the container and & nmenbrane which is provided on

a pressurized absorbable gas_source and
fois 1la recharge terminée, on déconnecte 1le

dispositif de la source et on reconnecte la soupape et le
réservoir, la soupépe étant ré€glée A& une pression
d’ouverture supérieure d la pression interne régnant dans le
5 1réservoir pour éviter toute fuite de gaz intempestive.
Lorsqu’on désire produire du froid avec le disposgitif,
il suffit de régler la soupape a une pression d’/ouverture
inférieure 4 la pression interne régnant dans le réservoir
pour que la désorption du gaz adsorbé se produise et génére
10 des frigories qui refroidissent la paroi du réservoir. Le
froid produit peut é&tre échangé avec de l’air ou un fluide
de toutes fagons convenables. Par exemple, on peut faire
passer un courant d‘air ou de liquide i refroidir autour du
réservoir & l’aide d’un ventilateur, pompe ou analogue. Les
15 échanges thermiques peuvent &tre accrus, en prévoyant des
moyens d’é&change de chaleur connus en soi, tels que des
ailettes métalliques ou similaires, autour du réservoir.
Le dispositif de l’invention est utile dans tous les
domaines d'application nécessitant une source de froid
20 légére et autonome. On peut citer, & titre purement
indicatif, les vétements réfrigérés et les réfrigérateurs
portables.
La description qui va suivre, faite en se référant aux
dessins, fera bien comprendre l’invention.
25 La figure 1 est une vue schématique d‘un dispositif
frigorigéne selon 1l’invention ; et
la figure 2 est une vue schématique illustrant la
recharge du dispositif de la figure 1.
Le dispositif frigorigéne de l‘invention comprend un
30 réservoir cylindrique 1 en acier inoxydable d’une longueur
de 165 mm, d‘un diam@tre intérieur de 30,5 mm et d'un
diamétre extérieur de 33,7 mm, garni d'un mélange 2 de 34,7
g de charbon actif PICACTIF TA 90 et de 18,7 g de graphite
expansé, d’une densité initiale de 0,04, recomprimé.
35 Au centre de la masse de matiére adsorbante est prévu

'Y

un petit cylindre 3 formé d‘une grille & mailles fines,

-

s’étendant d’'une extrémité 3 l’autre de réservoir, destiné



which is transpierced by the needle when it is desired to "recharge" the
cant ainer 10 —Pref erably—t-he—adsorbabl e gas—-s—earbonr—dioxi de

(Cderr]) and the outl et of the valve energes directly into the
at mosphere. As a variant, the adsorbable gas could be

ammoni a ( NH[ §gpbigebd? Whi ch case the outlet of the val peerpi@sibB3o£ e g€
into a water trap I ntended to absorb the desorbed anmmpnia and to
prevent or greatly minimze its release into,the 15 atnosphere.

It is also possible to envisage using a system i nvol ving several

adsor bed subst anGEsmé&tagts th hacesd NEadi XUl | @&z OhdsFshsIe tél\Dt&!ité@rEes

ent hal pi c systens Q- adsor t|on t e. AN X le,o uch.a
syst em s ti?eagt o? }éré gggoﬁ%an%% or1l r{Be 4 es h%revu a

cont ai ner of the wheyides thrﬁmltﬁﬂeﬂ¥|€wﬂ¥nﬁﬂelﬁ§ d@p@eirsief femelleob ol fup

the, pressure of tﬂ&c@qﬁoriaapi&e g&%tbnbbedysﬁe &2y 9¥388L C.adthar de cet
contai ner n’&y be onx:ai ?.cce) ﬁa par :Le ma e % aueggcgcrarém rap:.c{e es%oggogéxgecété
soudée & une soupape 7 dont la tare est ajustable par un
bouton 8. Sur la figure 1, la partie mlle et 1la partie

femelle du &raccord sont montrées en position de

raccordement.

10 A titre indicatif, le raccord utilisé, fourni par la
Société STAUBLI, comprenait un raccord SPM 5,5 (partie
femelle) et un embout SPM 5,5 {(partie m8le). De son c8té, la
soupape a tare ajustable (entre 0 et 15 bars), de
désignation 316 L, provenait de la Société américaine NUPRO.

i5 La figure 2 illustre schématiquement la recharge du
dispositif de la figure 1.

Aprés déconnexion des deux parties 5 et 6 du raccord
rapide, le réservoir 1 est relié au détendeur 10 d’une
bouteille 11 de gaz adsorbable (CO, par exemple) sous

20 pression, en raccordant la partie femelle 5, solidaire du
réservoir 1, & une partie méle 12 de raccord rapide,
similaire 3 la partie médle 6, reliée au détendeur 10. Il
suffit alors d’'ouvrir 1le détendeur pour que la recharge
s’opére. Une fois 1la recharge terminée, on ferme le

25 détendeur, on déconnecte les parties 5 et 12, et on
reconnecte les parties 5 et 6 aprés avoir fermé la soupape
7. .

On donne ci-aprés, & titre d’exemple non limitatif, les
résultats de deux essais conduits avec le dispositif de la

30 figure 1, le premier en mode de fonctionnement & pression

- constante, et le second en mode de fonctionnement & pression
variable.
Exemple 1 : Mode & pression constante

Le dispositif a é&té chargé de CO, jusqu’d ce que la

35 pression interne dans l’adsorbeur soit de 8,8 bars pour une
température extérieure de 13°C.

Le tarage {(pression d’ouverture) de la soupape a été



material which is a good heat conductor, for exanple a polyneric materi al

filled wwth netal fibers. 25 Advant ageousTy, the contai ner has
a substantially cylindrical el ongate shape in order to provide a |arge
heat exchange ar ea. Preferably too, in order to guarantee
good access WoIHIM@4adsor babl e gas to the entire nass POL/FReHIMIEeNt
material filling the container, the inlet orifice for the adsorbable

gas is provided at one end of the container &nd an access 30 path is

provi ded for the gas bg E).l acing a small tube which is _perforated or nade
réglé .3 bar. On a mesuré les températures T, et T, en

deux endroits différents de la paroi du réservoir, l'un (T,)
situé au voisinage de l'extrémité du réservoir ol se trouve
l’orifice 4 du réservoir et l’autre (T,) situé au voisinage
S de l’autre extrémité du réservoir 1.

Les résultats sont récapitulés dans le tableau suivant.
La pression p régnant dans le réservoir a été mesurée
périodiquement par un manométre branché directement sur le
réservoir.

10 ﬂ t (mn) T, T, P
| 16 13
2 3
5 3 1
1 0
15 5 1 0
1 0
5 1 0
2 0
5 2 1
20 2 1
5 2 1
3 2
7,5 3 2
8 3 2
25 8,5 4 3
9,5 4 3
10 5 4
10,5 5 4
11 5 4
30 12 6 5
13 6 5
14 7 6
15 7 6
16 7 6
35 7 6
8 7
8 7
8 7
8 7
40 9

* fermeture de la soupape

45 Exemple 2 : Mode & pression variable

Initialement, le dispositif a été& chargé de CO, jusqu'‘a



4 of mesh in the container, extending fromthe inlet orifice for the
adsorbable gas ri ght to the oppesite—end—of—t-he cont-at-rer

The adsorbent materi al may be of any kind. Exanples of preferred

absor bent rrat erials are activated-carbon fibers having a specific surface
area of twb?ﬁfh 4/00 nferr]/g, preferably at |east 1000 pHr@¥Ros@er and
havi ng an extern surface area of at least 0.2 nferr]/g, such as the
fi bers sold under the name AD ALL by the gJapanese conpany OSAKA GAS
Co. Ltd. or under the names KF (or K-Filter) and AF by the Japanese
conpany TOYOBO CoceL&de 1%&%s1éapmteﬁsé ideheed’ adsorbe\dF @RSy N dais
specific surface area rably at |east 10

1000 nferr]/g, anE°H§vPﬁ§ é\?ﬁm%%%tr"ﬁeﬁ g%’ééf’#cd%uiﬁ; e area of at |east
0. 005 n2/ g, pr ef ePabsycat essai, Ol®2tamage daicle spupape lvaritdalag ustid

under the nane manﬁé%éfb &8 BERRCRNT AL A P T bRl WRe 160HR3RY de
Pl CA, 92309 Le%/al ol s,

facon & maintenir la température de la paroi au voisinage de
6-7°C.

La pression p et les températures T, et T, ont &té
mesurées comme décrit pour l’exemple 1. Les résultats

obtenus sont récapitulés dans le tableau ci-dessous :

10
7,86 12 12 12
4,55 8 8 12
4,51 7,5 8 12
4,52 7,8 8 12
15 4,52 8 8 12
4,51 8 8 12
4,51 8 8 12
4,51 8 8 12
4,51 8 8 12
20 4,35 7 7 12
3,18 6 7 12
3,17 6 7 12
3,17 6 7 12
3,17 6 7 11
25 3,17 6 7 11
2,85 6 7 11
2,77 6 7 11
2,72 6 7 J11
2,7 6 7 11
30 2,68 6 7 11
2,68 6 7 11
2,3 6 7 11
2,16 5 6 11
2,07 ' 5 6 11
35 2,01 5 6 11
1,97 5 6 11
1,96 5 6 11
1,94 5 6 11
1,55 5 6 11
40 1,46 4 5 11
1,4 4 5 11
1,37 4 5 11
1,31 4 5 11
1,26 4 6 11
45 1,29 5 6 11
_—




France. Advant ageously, it is possible to mx a materi al
which is a good heat 15—conductor with the adsorbent nmaterial so as to

i nprove the heat exchange wi thin said adsorbent nmaterial and between
the latter and the wall of the container. A preferred exanple of such
a material wwoeswasmsa good heat conductor is reconpre®PSTHRISNIMNTded
graphite. Expanded graphite is avail able fromthe conpany LE

CARBONE- LORRAI NE. 20 The m xture ot0reconpressed expanded
graphite and the adsorbent material may be made by firstly conpressing

expanded graphite, forErecomprEanh les répuwltistsdebtppuaedans diesa epempdas and
et Lo OB aonais el Ao B 0] e ¥ contausngcdomkimtdperpec
Taterial i a 1t SPSRh A vt ke ssehaRe S af) iBndhr fors B8R v
af ter inpregnati dremisor rekapjvement cbrefol teadisatduey. le mode & pression
Sel f-seal i ng @Ui GlerrAGHIRN SOLRdE NAScBt€n¥e| hmkngyfrgildiisdeent de "RBKRELE,
for exanple, by tglfpl%%%%n*a?gAg?HS,d‘zlggbjloe.Faverges, France, as
Il va de soi que le mode de réalisation décrit n’est
qu‘un exemple et l’on pourrait le modifier, notamment par
substitution d’équivalents techniques, sans sortir pour cela
10 du cadre de 1l’invention.



are adj set valves for exanple those set by nmeans of an adjustable
hNH mﬁ- ﬁﬂu‘ h may , |l e, f+romthe—NIRRO-30

o (US A).
*The operation of the device of the invention is very
5| rrpl e, It woonfeds i ces, after disconnecting the valve, tyr1R8eREs7 t he

container to an adsorbable gas source, such as a carbon di oxide
cylinder fitted with a pressure- reliefy valve, until the adsorbent
mat eri al has adsorbed the desired quantity of

REVENDICATIONS

1. Procédé de production de froid par adsorption d‘un
gaz pressurisé adsorbable par une matiére adsorbante
contenue dans un réservoir, puis désorption dudit gaz,

5 caractérisé en ce qu‘on désorbe le gaz sous une pression
contrdlée supérieure & la pression atmosphérique et en ce
que le gaz désorbé est déchargé a 1’'atmosphére ou capté dans
un pieége. :

2. Procédé selon la revendication 1, caractérisé en ce

10 que le gaz adsorbable est du dioxyde de carbone.

3. Procédé selon la revendication 1 ou 2, caractérisé
en ce que le gaz est désorbé & une pressicn sensiklement
constante.

4. Procédé€ selon la revendication 1 ou 2, caractérisé

15 en ce que le gaz est désorbé 3 une pression variable dont la
variation est régulée en fonction d’une température. donné.

5. Procédé selon la revendication 1, caractérisé en ce
que la matidre adsorbante est mélangée avec une matiére
bonne conductrice de la chaleur.

20 6. Procédé selon l’une quelconque des revendications 1
4 5, caractérisé en ce que le gaz adsorbable est l1l’un des
constituants d’'un systéme a plusieurs substances adsorbées.

7. Dispositif frigorigéne comprenant un réservoir (1)
tenant la pression garni d’‘une matiére adsorbante (2),

25 caractérisé en ce qu’il comprend, en outre, une soupape (7)
4 tare ajustable dont le passage communique, d’une part,
avec 1l’intérieur du réservoir et, d‘autre part, avec
l’extérieur, et des moyens (5, 6) pour mettre ledit
régervoir temporairement en communication avec une source

30 (10, 11) sous pression de gaz adsorbable par ladite matiére
adsorbante. ' ' '

8. Dispositif selon la revendication 7, caractérisé en
ce que lesdits moyens consistent en un raccord rapide du
type auto-obturant en deux parties dont une des parties est

35 fixée au réservoir et l’autre partie est fixée a la soupape,
de fagon que le réservoir puisse &tre déconnecté de 1la
soupape et connecté 3 ladite source sous pression pour &tre

This Sheet Has Been Re ﬂ
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5 ad | e whi ch may be determ ned sinply by weighing. The tine
necess;ﬂ”i Bu nﬂ ﬂupﬁunepends on various paraneters, but a suitable tine
may erm ned once and for all by a sinpl e routine

experi nment. Rechar ging usually requires only a few m nutes. Likew se,
nost pr oducervéo 8114004 adsorbent materials supply charts eCcaRISIgi36he

vol unme of adsorbed gas to be 10 determ ned for a given pressure and
tenperature pair. The rechar¥d ng pressure is solely linmted
by the nmechanical stren of the container of the present device and
by the avail abl e%‘bgﬁl gagaadsorbabl&y rce. By way of indication, in the
case of CJerr] as adsorba:hlspo@as;ft haselon llaecimxgimtj.qajt&&ﬁura C(wi d s,

range from2 to 7 %@gehi&peﬁe(ﬁueanl gng géce ﬁﬁgr%o%:se de

30[err]C). The hiq er the gas press in cont al ner he greatée
t he anount of coldéqm'ﬂ@hdéaﬁaﬁgof?ﬁoduced by a gi ven devi ce.
e M g ek ok ML
ey L1 eBRS AL " LI B0 S°UASRLES SR B bt
cont ai ner parmi des flbres de carbone activé et des charbons actifs.
il. Dispositif selon 1’une quelcongue des
revendications 7 & 10, caractérisé en ce qu’il comprend,
10 en outre, un petit tube perforé ou en grillage (3)
s’étendant de l’orifice d’admission du gaz adsorbable, prévu
& une extrémité du réservoir, jusqu’d l’extrémité opposée du
réservoir.
12. Dispositif selon 1la revendication 7 ou 10,
15 caractérisé en ce que la matiére adsorbante est mélangée
avec une matiére bonne conductrice de la chaleur.

Sheet Has Been Re laced




20 in order to avoid any inadvertent gas | eak. When it is
desired to-produce cold usi ng-the—dewvicer——it—suffices to set———-—+theval ve
to an-opening pressure |less than the internal pressure existing in the
contai ner so that desorption of the adsorbed gas occurs and generates

frigories Widohs OOl the wall of the container. The coje, Heed nmay
be exchanged ‘gg Wth air or a fluid in any suitable manner. For exanpl e,

a streamof air or liquid to be cooled may be made to fl ow around the
cont ai ner using a fan, punp or siniIaLL? vi ce. Heat exchange may be

i ncreased by providi ng heat-exchange ans known per se, such as netal
fins or the like, around the container. The device of the
invention is useful in all fields of application 30 requiring a

| i ght wei ght and aut ononbus source of con. Menti on may be made, purely
by way of indication, of refrigerated c ayd portable refrigerators.

Sl
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6 The description which follows, given wth reference to
t he dr make the invention clearly under st ood.

Figure glﬂﬁﬂﬂ"“.m ic view of “a refri gerating device according to
the inv Figure 2 is a diagrammtic view

illustrating the recharging of the devi @& of Figure 1.
The refrigerating device of the invention conprises a cylindrical

st ai nl ess- st eel

of

15

20

25

30

35

container 1 having a | REMENDACATHIONSn an internal diameter

1. Procédé de production de froid par désorption d‘un
gaz pressurisé préalablement adsorbé dans une matiére
adsorbante contenue dans un réservoir, caractérisé en ce
qu’on désorbe le gaz sous une pression contrdlée supérieure

‘4 la pression atmosphérique et en ce que le gaz désorbé est

déchargé 4 l'atmosphére ou capté dans un piége.

2. Procédé selon la revendication 1, caractérisé en ce
que le gaz adsorbable est du dioxyde de carbone.

3. Procédé selon la revendication 1 ou 2, caractérisé
en ce que le gaz est désorbé 3 une pression sensiblement
constante.

4. Procédé selon la revendication 1 ou 2, caractérisgé
en ce que le gaz est désorbé & une pression variable dont la
variation est régulée en fonction d’une température donﬁée.

5. Procédé selon la revendication 1, caractérisé en ce
que la matiére adsorbante est mélangée avec une matiére
bonne conductrice de la chaleur.

6. Procédé selon 1'une quelconque des revendications 1
& 5, caractérisé en ce que le gaz adsorbable est 1l‘’un des
constituants d’un systéme & plusieurs substances adsorbées.

7. Dispositif frigorigéne comprenant un réservoir (1)
tenant la pression garni d’une matiére adsorbante (2), dans
lequel 1le froid est produit par désorption d’un gaz
préalablement adsorbé dans 1ladite matiére adsorbante,
caractérisé en ce qu’il comprend, en outre, une soupape (7)
d tare ajustable dont le passage communique, d‘une part,
avec l’intérieur du réservoir et, d’autre part, directement
avec l'extérieur, et des moyens (5, 6) pour mettre ledit
réservoir temporairement en communication avec une source
(10, 11) sous pression de gaz adsorbable par ladite matiére
adsorbante.

8. Dispositif selon la revendication 7, caractérisé en
ce que lesdits moyens consistent en un raccord rapide du
type auto-obturant en deux parties dont une des parties est
fixée au réservoir et 1l’autre partie est fixée & la soupape,
de fagon gque le réservoir puisse étre déconnecté de la

FEUILLE MODIFIEE



’ 30: 5 mmand—an ext ernal di aneter of 33.7 mm furnished'mﬁth a mxture 2 of

10 3 f TA 90 activated charcoal and 18.7 g of expanded
. grap i! IIIII |Iy havi ng a density of 0.04, which has been
R i Provided at the,center of the mass of

reco

adsorbent material is a small cyl i nder formed by a fine-celled nesh

extending fro ' s §0 i ner J r i nt.e

provi de easy 2%%& ?ﬁ%r&{ hct'e(;&g‘a%%}:%a%l gg%glg%ggsq"t‘oé%l%B%%r?)g‘g%?itaﬁeﬁgﬁg bbre

adsor bent mat ereaipliAdergdz cedgorbapievi ded at one of the ends of the

cylinder and the fenrple paehoaiefisd sgbisfealidg %hz%'ﬁd%s‘éak@irbﬁpunl ing, g
e -

“i's welded around this orifice. The na art 6 of ‘the qui ck-action coupling

i's i t sel f cagPEEERiSS Il vES7 GHEchla3htBe SEPLSEaIRSE samay SREEIES ofle
a knob 8. Il g4oxbld@ide lcatbsngnl e part and the female part of the
coupling are shown“in a 20 coupled position. of

i ndi cation, the coupl®-ngPdsRes | ISRy ﬁﬁb(ﬁﬂﬁﬁﬂﬂﬁcatioﬁﬁiﬁBwﬁy ou 3,
conprised a 5. 8a2BMr@auld nen(feavlepalh) i 8rd. adEMisite estf i Ehbh8ie
(male part). The adi (Rlabl % S8 48" L8 bMCh S L% e 2oiNE SN0 00 1 s
11. Dispositif selon 1'une quelcongque des

10 revendications 7 & 10, caractérisé en ce qu’il comprend,
en outre, un petit tube perforé ou en grillage (3)
s’étendant de l’'orifice d’admission du gaz adsorbable, prévu
3 une extrémité du réservoir, jusqu’a 1’extrémité opposée du

réservoir. | ‘
15 12. Dispositif selon 1la revendication 7 ou 10,
caractérisé en ce qgue la matiére adsorbante est mélangée

avec une matiére bonne conductrice de la chaleur.



*bér),? of the 316 L type, cane fromthe Anerican conpany NUPRO 25

Figure 2 illustrates diagranmatically the recharging of the device of
Figure 1. After disconnecting the two parts 5 and 6 of the
qui ck-action coupling,: the containel 1 is connected to the
pressure-relief valve 10 of a bottle 11 of pressurized adsorbabl e gas

(for exarrpleerr I|n the female part 30 5, fastened to the
contai ner 1, QU ANDIEYIGE part 12, sinilar to the

mele part 6, connect el‘?\e ﬁwteﬁ "SRR 5 Rotdrierifthy ‘?nétﬂod'%r{d LNRrigdisting

device.

There is a need for a refrigerating device which is lightweight,
5 portable and nonelectric in various fields, such as portable refrigerators,
refrigerated clothing, etc.
It has already been proposed to produce cold by the adsorption of
CO, on an adsorbent material and then desorption of the adsorbed gas.
EP-A-0,523,849 describes a device, based on this principle, consisting of a
10  cylinder which contains an adsorbent material and a compressible gas (such as
CO,) and of a piston actuated by a compressor in order to compress the gas so
as to make it be adsorbed by the adsorbent material. When the piston is
‘retracted, the gas is desorbed and produces cold. By successive compressions
and decompressions, a cold region and a hot region are created in the mass of
15 adsorbent material. Means (fins) are provided in order to cool the hot region
and to convey the frigories from the cold region to an enclosure to be
refrigerated.
This device, which requires a compressor in order to actuate the
piston, suffers from being heavy and bulky. This is manifestly not a refrigerating
20 device designed to be lightweight and portable. _
Likewise, the Applicant Company claims, in French Patent
Application No. 93/09348 filed on July 29, 1993, a device for producing cold -
by adsorption/desorption of CO,, comprising at least one enclosure furnished
with an adsorbent solid material, characterized in that this adsorbent material
25 comprises activated-carbon fibers or an activated charcoal and has a specific
surface area of at least 700 m%/g and an external specific surface area of at least
0.005 m%*g. The aforementioned application also specifically describes
refrigerating systems of the simple effect type or of the resorption type which
require the use of two interconnected enclosures and of heating means and
30 which therefore do not lend themselves to producing lightweight and portable -

systems.



78 %+ fequires to be done js to open the pressure-relief valve in order

for recharging to ~take place. Once recharging has been conpleted, the
pressure-relief valve is cl osed, the parts 5 and 12 are di sconnected
and, after closing the valve 7, the darts 5 and 6 are reconnected. 5

G ven below, by way of nonlimting exanple, are the results of two
tests carried out using the device of ;Lfgure 1, the first in

constant-pressure  Theopmeadafarngy methed dprasiicing: 60ld, iwhighr catbbe- ysedsiur e
ST T AW £1018 O [ EE TR ERT N M N
adsorber was 8.8 bar 1harjR@nfSh Cfeldtbs t6MRCAGE!" Metodl Jf eprdducing cold by
adsorption of a pressurized gas, which can be adsorbed by an adsorbent
5 material held in a container, and then desorption of said gas, characterized in
that the gas is desorbed under a controlled pressure greéter than atmospheric
pressure and in that the desorbed gas is discharged to atmosphere or captured
in a trap.
Contrary to the prior methods, the desorbed gas is neither reused nor
10 transferred to another enclosure in order to be subsequently recycled, and this
feature allows refrigerating devices to be produced which are simple,
lightweight and portable.
' By “controlled pressure” is meant a constant or substantially constant
pressure or a variable pressure whose variation is regulated depending on a
15 given parameter, especially the temperature of the device used to implement
said method or of the article or enclosure cooled by the cold generated by
means of a device implementing the present method.
The desorption of the gas is carried out under a controlled pressure
greater than atmospheric pressure so as to prevent air from being able to get
20 back into the container holding the adsorbent material.
The present invention also relates to a refrigerating device which is
lightweight, portable and simple to produce. |
More particularly, the invention relates to a refrigerating device
comprising a pressure-resistant container furnished with an adsorbent material,
25 characterized in that it furthermore comprises an adjustably set valve whose
passage communicates, on the one hand, with the inside of the container and,
on the other hand, with the outside, and means for bringing said container
temporarily into communication with a pressurized source of gas which can be
adsorbed by said adsorbent material. '
30 According to one particular embodiment, said means consist of a -

two-part quick-action coupling of the self-sealing type, one of the parts of which



The Setting (opening pressure), of the valve was adjusted to 1.3 bar.

The tenperatures T[err]
t he wal |

of

| ocat ed near the other end of the container 1. The
results are given in the follow ng table. The pressure p

cont ai ner wasisixeddaitee coptainas anddhe othergpart of ‘é’b&‘ih (-] fg@ééodbﬁ rYéEVteeéo that

directly
Tlerr]

13

PRERR©

26

25
25

10

15

20

25

30

thteocct)n %ln%gnéaaﬂ e’ dlsconneQ}ed from( rTIJIe valve ang6con|[\ecte& to said

pressurilz.%g7153urce in order to b% lﬁged with adsorbable gas.g
1. 2As a variant, a per@ussion-type recharging sgstem could also be
used, tgétSis to say one of the p}pe comprising a needlgowhose channel is
connected via a valve or the like to the chamber delimited by the container and
a membrane which is provided on a pressurized absorbable gas source and
which is transpierced by the needle when it is desired to “recharge” the
container.
Preferably, the adsorbable gas is carbon dioxide (CO,) and the outlet

of the valve emerges directly into the atmosphere.

As a variant, the adsorbable gas could be ammonia (NH,), in which

case the outlet of the valve would emerge into a water trap intended to absorb

the desorbed ammonia and to prevent or greatly minimize its release into the

atmosphere.

It is also possible to envisage using a system involving several
adsorbed substances so as to base the production of cold on two or more
enthalpic systems (co-adsorption) instead of one. An example of such a system
is the carbon dioxide/water system.

The container of the device of the invention must be capable of
holding the pressure of the adsorbable gas introduced. For example, the
container may be made of a metal such as steel or made of a composite
material which is a good heat conductor, for example a polymeric material
filled with metal fibers.

Advantageously, the container has a substantially cylindrical
elongate shape in order to provide a large heat exchange area.

Preferably too, in order to guarantee good access for the adsorbable
gas to the entire mass of adsorbent material filling the container, the inlet orifice

for the adsorbable gas is provided at one end of the container and an access

path is provided for the gas by placing a small tube which is perforated or made -

and T[err] were neasured at two different points on
the container, one (T[err]) |ocated near that end of the
contai ner where the orifice 4 15 of the<xontainer is and the other (T2)

0
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1. 25

1 0
2 0 1.25
2 1 1.25
2 1 4 : 1.25
2 1 1.25

of mesh in the container, extending from the inlet orifice for the adsorbable gas
right to the opposite end of the container.

The adsorbent material may be of any kind. Examples of preferred
absorbent materials are activated-carbon fibers having a specific surface area of
at least 700 m?g, preferably at least 1000 m%g, and having an external surface
area of at least 0.2 m%/g, such as the fibers sold under the name AD’ALL by the
Japanese company OSAKA GAS Co. Ltd. or under the names KF (or K-Filter) and
AF by the Japanese company TOYOBO Co. Ltd., Osaka, Japan, activated
charcoals having a specific surface area of at least 700 m*/g, preferably at least
1000 m%g, and having an external specific surface area of at least 0.005 m?/g,
preferably at least 0.02 m%g, such as the charcoals sold under the name
PICACTIF, reference TA 60 or TA 90, by the company PICA, 92309 Levallois, -
France.

Advantageously, it is possible to mix a material which is a good heat
conductor with the adsorbent material so as to improve the heat exchange
within said adsorbent material and between the latter and the wall of the
container. A preferred example of such a material which is a good heat
conductor is recompressed expanded graphite. Expanded graphite is available
from the company LE CARBONE-LORRAINE.

The mixture of recompressed expanded graphite and the adsorbent
material may be made by firstly compressing expanded graphite, for example in
a cylinder by means of a piston, and then by impregnating the porous block of
recompressed expanded graphite obtained with a suspension of fine particles of
adsorbent material in a liquid medium (water or another liquid) which is
removed after impregnation, for example by controlled heating.

Self-sealing quick-action couplings are wellknown articles
marketed, for example, by the company STAUBLI, 74210 Faverges, France, as
are adjustably set valves, for example those set by means of an adjustable
compression spring, which may be obtained, for example, from the NUPRO

COMPANY, Willoughby, Ohio (U.S.A.).
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1. 32 The operation 2of %He?, 1device of theginvention is very simgle, it
suffices, after di'sconnec‘?mg the valve, to coﬁr)neq. the container t%)53a5n
adsor??%lg gas source, snic7h ad a¥arbon dioxide c}'}ﬁinder fitted with a preésure—
relie valve, until the adsobent material has adsorbled the desired quantity. &f7
adsorbable gas, which may be determined simply by weighing. The time
necessary to recharge depends on various parameters, but a suitable time may
easily be determined once and for all by a simple routine experiment.
Recharging usually requires only a few minutes. Likewise, most producers of
adsorbent materials supply charts enabling the volume of adsorbed gas to be
determined for a given pressure and temperature pair.

The recharging pressure is solely limited by the mechanical strength
of the container of the present device and by the available adsorbable gas
source. By way of indication, in the case of CO, as adsorbable gas, the
recharging pressure could range from 2 to 72 bar and higher (at an ambient
temperature of 30°C). The higher the gas pressure in the container, the greater
the amount of cold which can be produced by a given device.

Having completed the recharging, the device is disconnected from
the source and the valve and container are reconnected, the valve being set to
an opening pressure greater than the internal pressure existing in the container
in order to avoid any inadvertent gas leak.

When it is desired to produce cold using the device, it suffices to set
the valve to an opening pressure less than the internal pressure existing in the
container so that desorption of the adsorbed gas occurs and generates frigories
which cool the wall of the container. The cold produced may be exchanged
with air or a fluid in any suitable manner. For example, a stream of air or liquid
to be cooled may be made to flow around the container using a fan, pump or
similar device. Heat exchange may be increased by providing heat-exchange
means known per se, such as metal fins or the like, around the container.

The device of the invention is useful in all fields of application
requiring a lightweight and autonomous source of cold. Mention may be made,

purely by way of indication, of refrigerated clothing and portable refrigerators.



I L 7 138 20

8 7 1.39 21 8

7 1.4 24 9 12

1.43 25 10 6 12 1. 44

50 12 o 11 1.51 85

13 11 ; 1.58 * Cosing of the valve

Eﬁanpl S 2: Xagiq abl e- pfihesdascrption avhich follows, given withtre%mr;qe torfbe gkawingswas
charged wit Jerr] until the interngl pressure in the adsorber was
8.2 bar for avillanakethe ‘Péﬁ'i!fg?’hflﬁﬁﬂyb’f‘gﬁ'i"?@cﬁ] C. 5 In this test,

the setting of the \Y\;ié’tﬁ‘g\l\fi% Q(Hiéﬁéﬁ%a{f&nﬂﬁw of gﬁr'gfe}gaémg‘g %?viEé‘ aEE&idling

tenperature of the oadasto Intain the te tur t he wa
close to 6 - td kg inveention; and The pressure p and the tenperatures

T[err] and T[err] were measured as
5 Figure 2 is a diagrammatic view illustrating the recharging of the
device of Figure 1.
The refrigerating device of the invention comprises a cylindrical
stainless-steel container 1 having a length of 165 mm, an internal diameter of
30.5 mm and an external diameter of 33.7 mm, furnished with a mixture 2 of
10  34.7 g of PICACTIF TA 90 activated charcoal and 18.7 g of expanded graphite,
initially having a density of 0.04, which has been recompressed.
Provided at the center of the mass of adsorbent material is a small
‘cylinder 3 formed by a fine-celled mesh extending from one end. of the
container to the other and intended to provide easy access for the adsorbable
15 gas to all parts of the adsorbent material. An orifice 4 is provided at one of the
ends of the cylinder and the female part 5 of a self-sealing quick-action coupling
is welded around this orifice. The male part 6 of the quick-action coupling is
itself welded to a valve 7 which can be adjustably set by means of a knob 8. In
Figure 1, the male part and the female part of the coupling are shown in a
20 coupled position.
By way of indication, the coupling used, supplied by the company
STAUBLI, comprised a 5.5 SPM coupling (female part) and a 5.5 SPM end
fitting (male part). The adjustably set valve (which can be set between 0 and 15
bar), of the 316 L type, came from the American company NUPRO.
25 Figure 2 illustrates diagrammatically the recharging of the device of
Figure 1.
After disconnecting the two parts 5 and 6 of the quick-action
coupling, the container 1 is connected to the pressure-relief valve 10 of a bottle
11 of pressurized adsorbable gas (for example CO,) by coupling the female part
30 5, fastened to the container 1, to a male quick-action coupling part 12, similar

to the male part 6, connected to the pressure-relief valve 10. All that then



described in Exanple 1. The results obtained are given in the table bel ow
9 t(mn) p T[err] T[err] T[err] O

7. 86 12 12 12 2 4.55 8

8 12 7

requires to be done is to open the pressure-relief valve in order for recharging to
take place. Once recharging has been completed, the pressure-relief valve is
closed, the parts 5 and 12 are disconnected and, after closing the valve 7, the
parts 5 and 6 are reconnected.

5 Given below, by way of nonlimiting example, are the results of two
tests carried out using the device of Figure 1, the first in constant-pressure

operating mode and the second in variable-pressure operating mode.

Example 1 : Constant-pressure mode
10 The device was charged with CO, until the internal pressure in the

adsorber was 8.8 bar for an external temperature of 13°C.

The setting (opening pressure) of the valve was adjusted to 1.3 bar. -
"The temperatures T, and T, were measured at two different points on the wall of
the container, one (T,) located near that end of the container where the orifice 4

15 of the container is and the other (T,) located near the other end of the container

1.

The results are given in the following table. The pressure p in the
container was periodically measured using a pressure gage connected directly

to the container.

t(min) T, T, p
0 16 13 8.77
2 2 3 1.31
2.5 3 1 1.29
3 1 0 1.26
3.5 1 0 1.25
4 1 0 1.25
4.5 1 0 1.25
5 2 0 1.25
5.5 2 1 1.25
6 2 1 1.25
6.5 2 1 1.25




4.51 7.5 8 12 4.52
8 12 3.5 4.52 8
4.51 8 8 12 4.5
8 8 8> 5 4.51
12 6 4.51 8 8 12
4. 35 i 7 12 Q 3 18
7 7 P2 9.53 3.17 2 6 1.26 7
3.17 6 7 12
67.5 7 3 11 12 3.17 1:26
11 1 2.85 6 7 11
. 77 3 6 3 7 2 1.26
8.5 4 3 1.26
9.5 4 3 1.29
10 5 4 1.3
10.5 5 4 1.31
11 5 4 1.32
12 6 5 1.34
13 6 5 1.35
14 7 6 1.35
15 7 6 1.32
16 7 6 1.35
17 . 7 6 1.36*
18 8 7 1.37
19 8 7 1.38
20 8 7 1.39
21 8 7 14
24 9 12 1.43
25 10 12 1.44
50 12 11 1.51
85 13 11 1.58

* Closing of the valve

Example 2 : Variable-pressure mode

Initially, the device was charged with CO, until the internal pressure

in the adsorber was 8.2 bar for an ambient temperature of 12°C.

In this test, the setting of the valve was adjusted manually depending

on the temperature of the wall so as to maintain the temperature of the wall

close to 6 - 7°C.

The pressure p and the temperatures T, and T, were measured as -

described in Example 1. The results obtained are given in the table below:



15
11
11
11
11

11

21
25
28

2. 72 6 7 11 16 7
7 11 17 2.68 6 7
18 2.68 11 19.5 2
7 11 20 2.96 5
2.07 5 6 11 22 .01
6 11 24 1 97 c
61'%ﬁ““) 11 2;5 1.2%6 k él 26 e >4
51.460 11.%36 1.%%5 12 il 29 12 14
2 4.55 8 8 12
2.5 4.51 7.5 8 12
3 4.52 7.8 8 12
3.5 4,52 8 8 12
4 4.51 8 8 12
4.5 4,51 8 8 12
5 4.51 8 8 12
6 4.51 8 8- 12
6.5 4.35 7 7 12
9 3.18 6 7 12
9.5 3.17 6 7 12
10 3.17 6 7 12
11 3.17 6 7 1
12 3.17 6 7 1
13 2.85 6 7 1
14 2.77 6 7 1
15 2.72 6 7 1
16 2.7 6 7 1
17 2.68 6 7 11
18 2.68 6 7 11
19.5 2.3 6 7 11
20 2.16 5 6 11
21 2.07 5 6 11
22 2.01 5 6 1
24 1.97 5 6 11
25 1.96 5 6 11
26 1.94 5 6 1
27 1.55 5 6 1
28 1.46 4 5 1
29 1.4 4 5 1
30 1.37 4 5 11
32 1.31 4 5 1
35 1.26 4 6 11
36 1.29 5 6 11




32 +° . .1.31 4 5 11 35 - 1.26

4 6 11 36 1.29 5 6
11 _ _ 10 By
conparing the results obtained in Exanpl e$01 and 2, it may be seen t hat

the constant-pressure node enables relatively strong cooling to be
obtained for a relatively short tine, while the variabl e-pressure node
enabl es By coriparing the results obtained in Examples 1 and 2, it may be

seen that the constant-pressure mode enables relatively strong cooling to be
obtained for a relatively short time, while the variable-pressure mode enables
more modest cooling to be obtained but for a longer period.

5 It goes without saying that the embodiment described is merely an
example and that it could be modified, especially by substitution of technical

equivalents without thereby departing from the scope of the invention.
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CLAIMS

—

CLAI

1. A method for producing cold by adsorption of a pressurized gas,

which can be adsorbed by an adsorbent material held in a container, and then
5 desorption of said gas, characterized in that the gas is desorbed under a

controlled pressure greater than atmospheric pressure and in that the desorbed

gas is discharged to atmosphere or captured in a trap.

2. The method as claimed in claim 1, characterized in that the

adsorbable gas is carbon dioxide.

10 3. The method as claimed in claim 1 or 2, characterized in that the gas
is desorbed at a substantially constant pressure.

4, The method as claimed in claim 1 or 2, characterized in that the gas
is desorbed at a variable pressure, the variation of which is regulated as a
function of a given temperature.

15 5. The method as claimed in claim 1, characterized in that the
adsorbent material is mixed with a material which is a good heat conductor.

6. The method as claimed in any one of claims 1 to 5, characterized in
that the adsorbable gas is one of the constituents of a system having several
adsorbed substances.

20 7. A refrigerating device comprising a pressure-resistant container (1)
furnished with an adsorbent material (2), characterized in that it furthermore
comprises an adjustably set valve (7) whose passage communicates, on the one
hand, with the inside of the container and, on the other hand, with the outside,
and means (5, 6) for bringing said container temporarily into communication

25 with a pressurized source (10, 11) of gas which can be adsorbed by said
adsorbent material.

8. The device as claimed in claim 7, characterized in that said means
consist of a two-part quick-action coupling of the self-sealing type, one of the
parts of which is fixed to the container and the other part is fixed to the valve,

30 so that the container can be disconnected from the valve and connected to said -

pressurized source in order to be filled with adsorbable gas. e

Vil
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11. The device as claimed in any one of claims 7 to 10, characterized in
that it furthermore comprises a small tube (3) which is perforated or made of
mesh, extending from the inlet orifice for the adsorbable gas, provided at one
end of the container, to the opposite end of the container.

10 12, The device as claimed in claim 7 or 10, characterized in that the

adsorbent material is mixed with a material which is a good heat conductor.

is Sheet Has Been R laced

T




t5 ¥ 6.0 - ' The nmethod as clained in any one of clains 1 to 5,
characterized in that the absorbabte gas is one of the constituents
of a system having several absor bed substances. 7. A
refrigerating device conprising a pressure-resistant container (1)
furnished with an adsorbent material (2), wherein cold is produced by 20
desorbing a gas previously adsorbed byﬁshid adsorbent materia
characterized in that it.furthernore conprises an adjustably set valve
(7) whose passage communi cates, gn the one hand, with the inside of
t he contai ner and, on the ot her ™ th the outside, and neans (5,
6) for bringing said container tenmpdilddli | y/ i nto comunication with a
pressuri zed source (10, 11) of gas which -
adsor bent naterial . 8. The diWpae as clained in claim?7,
characterized in that said neans go gf a two-part quick-action
parts of which is fixed
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1. A method for producing cold by desorbing a pressurized gas,
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previously adsorbed by an adsorbent material held in a container, characterized

in that the gas is desorbed under a controlled pressure greater than atmospheric

pressure and in that the desorbed gas is discharged to atmosphere or captured

in a trap.

2. The method as claimed in claim 1, characterized in that the

adsorbable gas is carbon dioxide.

3. The method as claimed in claim 1 or 2, characterized in that the

gas is desorbed at a substantially constant pressure.

4, The method as claimed in claim 1 or 2, characterized in that the

gas is desorbed at a variable pressure, the variation of which is regulated as a

function of a given temperature. ‘

5. The method as claimed in claim 1, characterized in that the

adsorbent material is mixed with a material which is a good heat conductor.

6. The method as claimed in any one of claims 1 to 5, characterized

in that the absorbable gas is one of the constituents of a system having several

absorbed substances. |

7. A refrigerating device comprising a pressure-resistant container (1)

furnished with an adsorbent material (2), wherein cold is produced by

desorbing a gas previously adsorbed by said adsorbent material characterized in

that it furthermore comprises an adjustably set valve (7) whose passage

communicates, on the one hand, with the inside of the container and, on the

other hand, with the outside, and means (5, 6) for bringing said container

temporarily into communication with a pressurized source (10, 11) of gas which

can be adsorbed by said adsorbent material. |

8. The device as claimed in claim 7, characterized in that said means
consist of a two-part quick-action coupling of the self-sealing type, one of the
parts of which is fixed to the container and the other part is fixed to the valve, so
that the container can be disconnected from the valve and connected to said

pressurized source in order to be filled with adsorbable gas.



11 MS clainmed in any one of clains 7 to 10,
chariﬂ,ﬂ’lmu gl that it furthernore conprises a small tube (3) which
is pers 4 ’””’I’rﬁ@ of mesh, extend\zng fromthe inlet orifice for

t he adsor babl e gas, «Provi ded at one end of the container, to the
opposite end of the container. 10 12. The device as clainmed in

claim7 or 10, characterized in that the . adsorbent material is mxed
with a materi 8 which i $he devige acetaimeddnclaim 7 or 8, characterized in that said

. source is a carbon dioxide source.
10. The device as claimed in claim 7, 8 or 9, characterized in that the
adsorbent material is chosen from activated-carbon fibers and activated
5 charcoals.

11. The device as claimed in any one of claims 7 to 10, characterized
in that it furthermore comprises a small tube (3) which is perforated or made of
mesh, extending from the inlet orifice for the adsorbable gas, provided at one
end of the container, to the opposite end of the container.

10 12 * The device as claimed in claim 7 or 10, characterized in that the

adsorbent material is mixed with a material which is a good heat conductor.

L ERDE AR mn ey et




PCT ORGANISATION MONDIALE DE LA PROPRIETE INTELLECTUELLE
Bureau international

DEMANDE INTERNATIONALE PUBLIEE EN VERTU DU TRAITE DE COOPERATION EN MATIERE DE BR
(s1) Classification internationale des brevets 6 : (11) Numéro de publication internationale: W f1

]
.

F25B 17/08, 35/04 (43) Date de publication internationale: 17 aviil 1997 (17.0497)

(21) Numéro de la demande internationale:  PCT/FR95/01307 \/él) Etats désignés: AU, CA, CN , JP, KR, NO, SG, US, brevet
européen (AT, BE, CH, DE, DK, ES, FR, GB, GR, IE, IT,

(22) Date de dépdt international: 6 octobre 1995 (06.10.95) I/ LU, MC, NL, PT, SE).

(71) Déposant (pour tous les Etats désignés sauf US): MANUFAC- | Publiée
E VETEMENTS PAUL BOYE S.A. [FR/FR]; 53, Avec rapport de recherche internationale.

quai de Bosc. F-34200 Séte (FR).

(72) Inventeurs; et

(75) Inventeurs/Déposants (US seulement): SPINNER, Bemard
(FR/FR}; 23, avenue Joffre, F-66200 Comeiila-del-Vercol
(FR). BOYE, Philippe [FR/FR]; 64, rue de Laraussane, F-
34200 Sate (FR). HEINRY, Didier [FR/FR]; 38, rue de
Turenne, F-66000 Perpignan (FR).

(74) Mandataires: DE BOISSE, L., A. etc.; Cabinet de Boisse, 37,
avenue Franklin-D.-Roosevelt, F-75008 Paris (FR).

(54) Title: REFRIGERATING METHOD AND DEVICE
(54) Titre: PROCEDE ET DISPOSITIF FRIGORIGENES

(57) Abstract

A refrigerating device including a pressure-scaled container (1) lined with an adsorbent
material (2) and further mcludmg an adjusmble-ca]lbre valve (7) with a bore communicating
both with the inside of the container and with the environment, and means (5, 6) for temporarily
connecting said container to a pressurised source (10, 11) of a gas that can be adsorbed by said
adsorbent material. The device may be used in refrigerated garments or portable refrigerators.

(57) Abrégé
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